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SlClION I 

GENERAL 

c. To "",inn;" el«t<Ol «r>ir"""" """ ohould ImDw 
the fund_to a...r p,i<l<iploo of 'I«nidry. The Ii ... 
1 ...:Ii"... of Ihoi .......... 1 .".',' .k<tnc.l lurui>mc<I .... 
....r ohould be .wdicd IJ>orousI>ly. 

d ....... 1"11:;.. Iu~ O«»iono.Uy hom wo«I 10 "",ke 
.Iertric.ol r""damMulo ...... I<> undef.and: I., ..... ,. 
tb<y oometimes do """ D><Ily '<p<=n1 the od<nIi6< 
.. platwio<l of the futldomeotab. 

2. WOIK. Elo:tricilJ' i. one form of """.9. EtIo'£1 
""'y be Mcfly dclir><d .. the abililJ' I<> do work. 
M«hanril <D<f.9, hea~ and chemical .... '111 a~ other 
form.. Su,,,,,,ndi~ <V<<J p<t>O<l ~ i. """" lorm of 
«><cgy _mut;' obi, 10 tranofotm one Iorm 01 <""1;1 
10 ........ ,. In .;""o!~ """""-nir:&l _If;! i. ItIl"" 
formod (converted) to .r"",.-nJ <D<f~ _ clcct.-nJ to 
.....,""'ical. EI«IriaJ ",,,:rtT ;, .x,;,,& work ..-hen it 
ope,ot<> a motor lot bornb-boy.r-.. landin, 11<"', "'" 
\urryt~ iWt<n, <1<. 

3. ILler.teAl. VOn"'Of . • • Eloctroouivc forte, 
<ItctriaJ P"""". vol,.. or>d dif.~ of poi<r>li.1 
............ Ii- to the force iQ ekctrici!y that ", .. be • 
...... ll '''''ged po<!ide. through the ";ra (<Or>ducton) . 
/1-1051 of ,be PreJ<n' ai«"k hn e 12 or 24 ~ 01 
praou... Gen.ruon _ II<>rag< bon";" ... t...o 
"""« .. of ,hoi. ,I""'tinl ptUSU'" or forte. The .11 .. • 
noror (aI ....... ;"g<u,""" 3""'<'0101) i. alf .. uoed on 
" ...... '" oi" .. ( . ... """"" of oI""rical 0Dff1;1 • ...r can 
... up. ptUSUrc of III .01 ... Some .i'!'I ..... ...,..,. b<­
in, design«! .. ill Iu~ ~pba .. , 4·"; ... l"'rru'or~ the 
vol .. " ""'-" """"" bejn, 2011 and bel .. ..,,, "')" 
pIu>t and """, .. r, 12<) vol... Theoe s<r><raton mAc 
pcw.sible the opera/ion of 3-pbue, 2OII·voII "'I"ipmcnl 
and .. "81<·.".... IlO-voIt "I";P""'"t fr<>m the >arne <i,. 
cuit (por. ll<). 

to. The ImOWII of vol"" or <lif,,",,,,, of poI<nIioJ 
;............,r by • vol''''''''' the ."....ruclion 01 ,,'hidr i. 
deo:';be.! in p&U8"plI 31. The two ... i .... ( !<>d.) of 
the ."!t""",, arc conr>OCt«l to Ihe ",,,,,;"0.1. of the unit· 
Ibevoh",o( (or OI) ... hidr i.1O bem<a>llM:! ("-i- 3). 

Or>.. If-" 
UNIVE~\lTY Of CAl.fORNIA 

, 



• 

4. fLEer.le CUUENT. G. Wbrn • ,..,." .... , aIkt. 
".,"" or ,,",,"'1 prod""" • \1lIul!< or i",,< <XI • ,,,,,. 

_. tllio >"OIu.,. pou/><t J,ule ''''''sod p""iclrt (<&Ikd 
01«1_> t"""'Sf> the <OtI.t..:to.. Tho """' ......... 1 of 
these .locI""", .b,.,..p • <O<tdu<tor ;. ",f .. ,"" to .. 
<I«uit&! O"'~. 

It. CIltt<tll i ........ «<1 in omp<<a by ItI .".,do, 
(Iia. ~ ) "hid> ;. d<oaib<J in ,,""gtaph )~. Tho 'J"'l' 
1,01$ wN ." ~P"" <urrrnt ore I &oJ (1<I<IIOIim<s) II. 

Fi, •• , •. .......... , t . ",", .-~, ....... " .... 

b . 'Tho ,1OCI,iool r<>iot.,.... of • sub$ta""" i . ...... "', ... 
by. "rut o{ , .. iot""" ",I.,J ""1,,,,:' 'Tho .ymhol .>«1 
'" .. ptcA ,...:,.""" i. R . • "" n. lbe 11\'« I~I, 
00","""" an _iotion for "ohm:' 

6. CONDUCTOIS. II. 1\ "",JI>CIOI ;, • ""*_, 
" 'hi<h is able to '''",{ .. <I"",on ... i,h com!", ro'i ...... , 
in g<l><n.I. """" ",d !hcir .u..,-. or. BOO<! cond""",,­
In .irc"ft, roppor i. the <0IlWDDfI rondoctor " .... I" 
,,,,,,1« <lOCItorI. ('0 rondo« 01«100") '0 and [""" 
<1OCI,icol dni.«s _ h .. ,,,.is''''''' IInd;"g. and io· 
"1"UI'I>O<It lightS; mot"" """"'"8 I.ooing pr <n<d>o. 
n;,rn. bomb-boy doon. lllpo. <tt. 

b . II """"-,,,,,,, ,lilt coMOl ,,,,,,f .. <lOCI""" .. i'h .... 
is .., iruillitor Of <~H""JI>CI"'. Non-<on.dl>Cl", •• r< 
,,>«I to <0'«' Of i"",ul< • rondl>Cl'" ( .. i,.). Son>< 
<Omn'IOn nort-<onductotJ (i"",I, toto) .to mica. g ..... 
",bbo1- and !>ok"i ... Sp«isll, '«>IoJ an>bri< IfId "y"'" 
ott' mat";." oommot:lfy ....,.j to i"",I", <Ionriool <on_ 
d\lCfO" in .ireraft. 

7 . STATIC EllCT.letTY • •. II """<loci,,, Of non· 
<O<I<II>CI". CO<> tu,~ on <>«» OJ doh"<"<J o{ <1«Irom. 
In thi ......... nctd OUI<, it 1..0 . .. "" (_ """'ing) 

- l 

-
,hi,s< 0/ ,1«Irie",_ Wbe ..... " <lUIg«! body <Orne. 

do,. to ....,."" DOO'HO"dlKlor or to • _Juctor "!'" 
~!<I, <harp, the: 01(<1«1111 .. ill jump f'''''' ,t.. on< 
ba.ly to the or ........... ,h .. product • >p>rk. AI"""" 
... ... , ........... pni<n<<<I 'hi> opot\ ... heft ,I".£ffi"r;"'''''' 
• fUjI; 011 • «lId dry .!or ... d thrn ''''''hing • _1Ii< 
obj«t. This w«I< "",Id .,. ",,,,dN by bolding. wir. 
<ann«t«I to ,be ", ... Ili< obj«t in "' .... band ",IOIe 
st../IIin& or""" .11< "'g. s...:h ... i~ p"",id<, (IX the 
bo.rmI..o non·<p<'ldin~ dixhar!, of .... i< <I«tnc;,y. 
SiD« ",i .... >«1 10< thi. P'"E''''' ore 8<"<"lIy <onno<t<d 
to (Of touch) .Il< ,round. ,....,. ore f~11 rd.,r..:! 
to AS g",.".,J ...;= 

b. [ 1«1",.,. ..... , pie "I' on OIl ';'ph"" ... hjl. in 
~;81>t I() t .... ther. i> ..... ..,. .... l< c""'g< • ...wlling 
011 !h< .,'PI ..... f,., it j. IUld<J. A dioclu,8" 01 thll 
.>lie electricit, bttw..", • guo] ..... hook .Dd tbe tw 
mig.. ",..,1, in. d>ng< ......... plooion. for thi. ' ....... 
,.;.pl ...... or, «rJipp«l ... im • &!OUnJ "'ire ... 1UdI i. 
fl>tal<d '0 ,be ",< .. Ili< p>n of the 'i'r.l . ... and d"p 
on the """"d '0 dJ,dwg< ,hi. ""i< < on,i<i'J .. -.n 
.. ,be ,.;<pw.. ,,,,,,boo ,be g""'n.d (fig_ 6) . 00_ 
,.;'1'1 ........ borl ,i.., .. h ~ h ... ill <0<1<10« 0I""hci'J ... 
u>«l i" .. ..J of . 8"",,,d .. ·i... M .... ! otbe, P""""""" 
'f< ,.un to p....."t ,be ""'",,,,u. io<twte' o{ .... ,i< 
<Ion,i<~y. 

I. $YMIOLS. Figure 1 ..t-. tbe ron.· ... "i .... 1 rlt<· 
tricot .)1IboI~ 

9. ElECTRICAL C'ICUIT . II. An <'on.iool cirtUil is . 
, Iooai r"h through ... h;m on <1«1<'" """,,,, <>0 1Iow. 
" <Of'f'" ron<!u<tor ...... 11, fOlmo thi. f"'h. In figu.o 
8. ... ,to is run from tho bott<ry to. I .. , pump ......... 

li,_ '" G_u .if, .. k'J.",p _it <I«"~~J. 

Or.". IL" 
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&nd bode to Ibr bo,,, ... y to romp"'" an <i«lr;ru oj"",;" 
In """" airrl ...... ,br .... utn I",h is ,h_gh the lram<-
work or ",!..r " .... I F.';,.n of , .... ';'rl"".:. "<ucl~' •. 

b. A oJ>on cimli. "I«q ''''lr , .... "..,.. of ,kctriool 
.roubles. If II,. ",i,. le.ding from a t..tt<f}' to the fud· 

,w. ••. 

.. , .. ~ ~- .. ........ 
, _. - ""- .... ~ .... 

.... " .• '"'' :::1:: .. ' ........ 
, 

- ++ 
.......LJ.f- _._. 

-- -"V- '. 

-
1"''''1' roo<or and bodc to the Ntf<ry C<I<Ilpl ..... I"th 
boto« it _ the mo<or j, wm b .. ~ its rl",,;' 

Jh>rt<Md (.6&. 9). 1'h<'f'f_. !he """or will _ '"". 
",bon • obo<I cirtun is prnent. 

"",,1\-
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SECtION II 

DIRECT-CURIIENT CIRCUITS 

10. OHM'S LAW. D. 11>0: .yri»l for ""]'''lr'' d;l!<,· 
.nee bd_ , ... mi.w. of • 1-1 .wit (lU"e, _'. 
I",,,,,,,,,,,, I,,*,,~ <1<.) ;, E. 1 "p",. ... " out""', 
".......,"";n ""'J'<- R ""'_. tht ~aDC< of ,I>< 
Iood ""i, _nod " mn""ed in ohms. no. "t.'H><uh;p 
b<f,,«n ,1>0 'h"", i, kno •• " .. OIvn", law wd .... , be 
ape.....! bt' tb< foJlowiog focmaLu : 

(I) Amp<tft _ ""h, di.idcd br ohms, Or I _! 
If 1 = 4, E = 8, &lid R = 2. ,1>0 followi"!l i, 

dniDed: «( = ~ ). 
(2) Volu _o.mp<'" mul'iplied bt' ohms, or F. = 

IR.. Subsh' .. in' ........ Ji, .... in (I) : 8 = 
" s 2. 

(l) Ohms - ""Its di.idcd bt' amp<tft; R = i-
Suboiitulin& .. 11><1 Jiom in (1): 2 =' ! 

b. If ""'"8< &lid <ftistan<c.r< known, fOtmuia (1) 
an be ... d to find tb< amoo'" 01 ",,«1\' (amp''''') 
uocd; if out«'" ODd <fti1Uo« ... known rotmU!.. (2) 
an be uocd 10 6nd ,ol"g<; if """.,11 and ... It>&< .r< 
_D form"b (l ) ..... , be _d '0 6nd ... ~ 

<. A convenirnt ... y 10 1<mOn'Ibcr !hex matiONbipo 
i, bt' tb< _ of tl>< da y.." i" ~ 10. II <><I< pi", .. 
o fing<r .,... the.,.,.t>ol tq>"'::::"J tb< """'-"" 'I"""­
'i'y. ,I>< "(,<,,'ion .. be p«f '-;Ih tb< other ...., 
'1"'''';';''' "tho ..... bt' 11 .. dittetiOll 01 ,I><: Ii ... bctwern 
Ih<rn (tb< "'tin! I;". oip>ilieo tnrIltipliatioo and tb< 
I>Oti,,,,,,.1 liM: "Bni" di.isioo). 

E 
VOLTS --

R 
O ..... S 

I I. AI.CIAIT ELECnlCAl CIRCUlTS. AD .1«. 
,"ul malll ; •• <Ios<d po<h Ihl""~ .'hO:h d«lhO'l' 
ca" Bow. A 'ypic.ol .I«t,ical cirarll <"OtI"su of • 1>./. 
, .. ,. t<w"",,,,. a< 01' ........ '" U ..... ,U of ",Itag< to 
Io«e Clmen' th"",p • p>th; 0 ,~""."., ( .. ir<) _ 

• ( 

a.rtie> ,I>< """''''; a ,,,·;,,b (control~) to "'1' ,1>0 
!law of d«ui<itJ Ot to P''''''' .I«trod" '0 !law; ... d 
... . 1",rie.J 11",;« '0"" tb< .l«trioJ ...... 81 (6.J. IL). 

C , .. " ". L"~T 
F;p .. 11. T), ... , u,M , ft",. 

~ • ,.; .. r""" tb< _«< 01 ek<thO'l' (p. 
croUT Ih""'8f>' ,.,itch ) to the .It<:ltical dt;>;c. '"1";";"lI 
<ka,ie ...... 10' /a< its opet"ion ond b>dr to tb< -= 
(""'" '" .!ennul cilCli4. l'ba."", 11> .... typos of 
.I<nrical cittUi" uocd ia aircraft; 1ICr;'" 1"',.Ud • ..,d 
.... ;..-ponJleL 

12. SERIES CIRCUlT . A .. rio> QrtWt has • ., clooed 
poth Ih......p> whid> ..,1"", can pu.t> the <'II'''''''. s.-.. 
etal ..........,.. ..... , be <UI<I«INl '0 lotIO 0 .. n.. d ... 
coit .. in Sgu .. 11. 'The ..... ,_.", of curm>< .. 
ror<ed throu,<:lr the fir>! uni, i. oJso fotced thfO<l&h the 
«b .... To ~nod ",,~ .... hog<. Of ...... ...,.. Ohm', 
b. .. is wed. If f<Iu, roils Of< """"""ed in .. ries ond • 
"",..." of 7 .... y<, .. is fo<wl throup ,he cimUt bt' 
28 ""II, tb< total lnistanC< mar be r ..... d bt' wina I",· 

R, 

" R, 
Fir_ 11. hoi".., io _. 

Or'" .11_" 
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mula (1). F"'''8''pIo 10. In ... riel <ir<ui~ ,be fOl&I 
<u<WII IIowo through <><h unit. The t<>taI ... ,," i. 
oqu,l t<> the SUtn oi the .00tag« ><rooo ..m .. pu ... 
"n~. Toto, ""5Iorn i . "'l.,1 '" the.."" 01 the <aid, 
. ne<l 01 !he ocpar<k unru. 
13. 'AIAu.n CirCUITs. M ... of .be ~le<triW do· 
VK<' on "ra.t • .,< <O<ItI«Iod ;" PM,U.I. "po. .. 11<1 
circuit i, """ in ... hich '''''' 01 """' •• ltctti<. 1 applianas 
"IF.,. ind<pMdent P<lh. th~ .. MIl the cum:nt .... , 
ft_ (5&. 1» . 1i.c vol'ag< 0<"""..:11 'pplian« iJ tho: 
_ . Tbe t<ItIl cwl'<nt i. equ.1 to tho IWD of tb< CIlf· 

,m" in .odI 'ppli.",.. Tho toto! =UI' ''''< it I .. , th.., 
tl>< ..... 11<>1 ,....w.:._ Tbe more .It<th<al .... ~ <l< 

, ..... "'. ~ in ". .. 11d tho In\al\cr ,he .... i.t.nn: 
of the """'plel' cimllt. Eltctric.t opplia<>« •• r< ron· 
I>«f«i in pon.lkl to ~ r..at&IX' HId to oJlo ... 
them to be 0l"" .. td "'F, ..... I,. J{.,... 'II'I~ in • 
po'''''] ci",u' 1>..,.... ""t. , .... oth<" '" remain io 
01""';<><1, To fin.d 'be!<JUl resi ....... 01. p. l*lld ,i,· 
<uit, ..... 1M foiloohnS 1.,....,10: , 

R L , 1 
Y = T, - T,-T, - dC. 

- , - -
• I I I I 
--- " .. •• == ....... • ---
- I - - -

F~"'. II. S; .. /I . ,...110/ ,,,,,,it. 

14. SlllfS_'AlALlIL Oleum. Tho .. &It • low 
l<ne..p ... lkJ cimoitl in .., ulpw... Somt .i" ... r. 
..." ... ·rnoIor odd ciK\ljtl .r< connect"! in o<ria.por.lIcl. 
A rheostaI in .. cieo ..,;t!I ,ho k>nna!;"" ligh .. i< • scrios­
p"ull<l <;mli. (6.&. I~) . Eoch UJlrt;' , rounded..h>< 
II, _ .ormiD&! 01 eo<h ODi. u axlno<tod 10 the: motalli< 
ai'Plan< >IN<tu''': II .... the: ...... 1Ii<; . i'Pl .... """""" 
f"O"idd the: «tum pat.b 10 the: ~'l" 

U. POWU IN DIUCT·CUUlHT el.euns. _, 
i, thr , .. 1< of doing ... 0<1<- For in .. ~. IZI .iKrU. 
'''Jli.,. U fO .. d in ~wer. 0". ""~ it equ.al 
to tho work done in ,..';og. '»-I:'"',,,,d ""gM t foot 
in 1 _d (fig, I'). Some "''''ral, m~in<S ';11 
dn-elop 2,000 "" .... p" • .., or _ . Th< .Ioct,JaJ unit 
of P""'" i. tho .... ... 746 ....... of elettriaJ e.....-gy U 
equ.al to 1 """"powt,. n.. nwnbn of .... tt • .....! i. 
akuI.ted t:.,. n'Wtiplrin~ ampna lor yol .. ; fo, example. 
• JluI<, mol", ... i"Jl 70 amp<'" ... ilh • ~'" of l4 
YOIb ..... \,680 -.. 01 .I«!,ic. 1 po"'" Dr dividing 
1,680 .. , II, t:.,. 746 ...... (Iho .l«ttietJ oquiv. l<ru 01 
I ho<o<p""Ot) j, will be foutKl ,"" such. 1iUt<' """'" 
will ""-'Iop .p"""" ..... dr I """ .. po"'" 
16. SOLUTIO'" Of SI/II .... I ,.0ItI/ll5. .. . Table I 
i, • oumtIWJ' 01 tho relationship> bctw ..... E. I. It .nd ,. 

b . n.. IIOlut;"" 01 trPialol""ri<a1 pt<>blftn. folio .... 
(I) Slogl, 1-' N~". (o) "'oW ..... "typkol 12· 

0"01, limaf. landing light i. " ted 10 d"w. ""mil of 
20 &11)1"'''''' What i, i"....utanre wh", in .... (hor ° )r 
What i. its ... ".,? 

(t) JOIN/;"". Find the Ion.,..." ond . nk"""", ... 11m 
.. 1011-1, 

E = 12 vol,~ R = ! olu"o. 
I = 201mrem" P == 1 o!uno. 

a.oo.,. tho ' pprop"'" 1""....,1. {""" F'g"ph 100. '0 
dtt<'mine ,ho -unkn"..'o v,I .. , In th" a.oe, by u" 0/ 
fo'mola (3) , " R = T Of R = lO = 0.60 ohms ,<Si ... """ 

To det,,,,.;,,. tho .... ".ge ..... P"""" formula gi='> in 
pa<>gt.ph 16. t.Ihl< 1. Thu .. by uS< of this lotmult: 

P = 12X20=240 ....... 

• u.t ... _ I .. . ""m..!, "".- ,.u.r 01 .Io<t.;..j de· 
.~ .. ... . 1 ................. i.., oonolition, (u."", "'" -bof") . 

TMI, /, v«,,;, • .. " " .. , 
~ 

Met." .... d VoI'met<t in paull .. 

Series cilC'Uil I>r=E,+E,+E, 

.....,,, £,,=E,=E.=E • 

( 

- I -c .. _ _ --
M<UlJr..! wi,h ohm· ,-" 

" 
.00 -" " ","'" 

I""" fotmu~ 

/T=I,=I,=I, RT= R, + R, + R, 

IT=I,+I. +I, I 1 1 1 
-=T. +-+~ R.., , R, 

Or. ,I< 
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Vol' ...... , 

_. 
.~ _. 

Ixl!=p( ...... ) 
W~ 
l'l6 = hp 

IXE=P( w .... ) 
W~ 
74if =hp 

• 



C.~"". ent.iI 
E = 12 ",100. 
I = ? omI"' .... 
II ::) ......... , :: , ........ 

No ..... or ' .. '" .......... i, , ............. J ; ... """'"' .. ~"" "'«. ' ' ft ..- be dniSftt'd to it •• d, <_, .. will 
__ be .1>0_ ri .. , it is to be -.llhat .... """'-'lu 
nnnot be _f~llr oprlied in tbo a... 0( """"" 01 
tbr 10M unlt~ 0< t"" ""' .. cimoj,. "' ....... ' k OJ ..,11-
of tho , ....... t!. /, It ""d P (&lid"'" ,_ o. """,red) 
i. k_n in .orb ..... Thc .. f_, it i ........ '7 to 
".....~ .. 01 mo.n .. lali ... ",,1" beo"«11 ,he Iood unitl 
.nd ,he .. ui .. timit. The ..... ul Ii for !he rnd<or 
_ E. fo< ,he '-p ~kl be ...... 1 .0 Ii IOf .... <Bti,. 
<ifNi. (p" .. ,npll 11). 'Th<ttf-. E for ,t.. .... _ 
.... be 9 ¥OIb. no;. """'" t-.. ......... inod, I '-"<I ,. 
lot .... tcoiotor 01> be ........... d .. follow>: , , 

I ;; T """'6iI "" O.I)! "'f'"'' 
,. = El = 9 X O.IU = 1.19 ... otn. 

/n.·= ....... tbt ... " .... I !INtI be tbo ...... Ih.~ 
tbr..n.. cioaait, it foil"..., th&t I in tho ",",p _in .... 
"",if< 6r<u~ i. O-Bl ompot". II _ ,. fo, the lamp 
flU1 ....... be d ... ,mit>«i .. foil.,..." 

Ii = 3 
11 = .,- 0 =22.7 ......... , .1l1 
,. = El "" 3 X 0.1)2 = O.196 ... .om. 

FOt ........ l .. ci ..... , 

• 
_Ii Il _ ~oh-. 
- T 0.132 - 510-7 

,. = EI = n X O.I)! = UI ........ 
The ..... of tho ... 1I1ap of tbo lamp """ tho ...u.o. 
"""'1<1 bc .,..wI 10 tho ... ....,. I", tho .... 1 .. cimoil. 
Abo, tho ...... '" the ~ of tho .... d ... i" ohould 
<qU,1 tbo 101,1 rftl ....... 01 !be cilOllo (por. II) . n.... 
e<>n<f;tioru ~ .. d.1i«! ohtlUn ,11.,...!.1. limi" bt' the 
lo .. pn, 101.'; ... , • ."d tho IICtIll'tq of th. rakuJ .. iono 
i> [bolo .. ,i£od, 

0) w..J n;rs ;" ,m."f'JI~. (4) P .. iI"". 
Three reiJIon , .. .-ud to. 12 · ..... batt..., in JU<h 
.......... 'Il0l ............. "" thraqh 11,. , ..... 'htoufh 
II, ood 110 in p .... 1k1. o.noI bod to u.. baI,...,. ",. ~ 

",. odd~"", of , .... ,.,;,ronco to thai of II, (2 IIJ 
~) p>n • totol of ~ -. f .............. 1Un<. 
01 ,he com.ol. ",. <wm>t d ..... o f ...... t~~ batt...,. • iU 

-~ , " I = T = T = J.."".. .... 
(4) fA.MI .~", io ,..11". (4) P •• I>I_ • • Si.4· 

.... " n .. ir.,,100 I,mI' bult.. Ol' "P"'".J ,n PI"lIol .... 
• fW'i<uOl . I",,,k "hie" u'" • 12·...,1' d< .,...m. 
H .... m""h ,~" .... ....., <>do bulb d ..... ? WIuI I. ,ho 
<eli ... ",. of <och ........ bot! WIuI I. ,he ,,,,.1 ........ 
d ..... n' WI\OI I ..... to"~ of ,he efOjl .. ,i"";,' 
Wloot i. ,he _I ~ ........... ? 

r·-- ....... 
i : • • , , (--_.--:.:;;:; '" ... __ ... _ ...... :J 

...... :.(9 t f.-.<!>::~' _ .... .JI\- .-...... " -"-Y._-... , .. ' .•.. _. 
"~ " " ..•.. ,,-, .... 

\ ~ ( , "" \ .. _._ •• .1 r: '"-.... . . . , .~ , ' , . 
........ 1\ ./ 

....... \ 1 .... -· .. 

(.) $<>i." ,~, D"., • dl.S'om and '''''icole ,he 
""""'n .. I .... " tho 'PI''''f',I'''plaao ( Ii&. 17). find 
,too """"'" .nrI .nkr",,, ••• 1 .... fo' ."h ioo.d ~nl' ond 
for , ........ 1 .. ci""" 1 .. 10110 ... " 

lM! I. .. , .... 
f = U~ 
I = ? .... po .... 
/I = , ........ 
P = 4 ........ 

f= 11_ 
1=lompn ... 
/I = I ........ 
P =, ........ 

.............. of 11, . /I .. """ 110 ... ~ 1/ ). 2, ...a 4 
ohrDO. mpectiod,. ~ .... ,ott If whido <iwF 
... ;\1 &ow ... of .... batt...,.. f inr ......... ' 0 ,ppIy Oh",. law to on, of the ....... 

(') $J •• w.. 0,. .... di'l'''" and iMiar..... 0< to ........ i •• cilnOir. If two of ,he th ..... _ E. f 
k ...... ·n •• 1 ..... , ,he 'ppropru .. 1'10< .. (i.e- 1 '). "" _ /I p<rUininl '0 ony 01>< of ,he ""in Of to ,he .... ire 
.... miM ..... of /I, ,.d 110 i. fooind .. foU ..... , ciraoit ••• k""", •• O!uto. 1 .... con be 'pplOtd i.n .... 

I I 1 1 
/1 := 1=1 = iTt '" 0.'0 + 0.2' = 0." "" I.JH = IY,ohmo. - - -II, R. j 4 

• 



m;o"",,' ~ in P'''f''p/I 10. If only 0<1< of ,boo< 
th, .. ,<I"" j. k..,...,. ,f " is k...,...", the pfObl"'" can 
be ..,I.cd by "X of tt.: 'Pr«'!",;,t< 1"""<1 /0",,"10. 
Thu, in "'" P''''"' =t<, it "1«fI , .... Ohm', 10 .. 
<Ot\tIOI br .ppli<d i ",,,r,. B.rt tho d....."d of 
UtI> lamp i, ,i,· ..... 4 ... ,,", ]" currmt, I, may be 
r"""" by """8 tho I_I. P == £1, 

4 ;llX I ; 
0., 

1=~ ==~...,~. 
n.e «flU''''.' unknown ".1"" fo< .>eh bulb, R. .... 
now be .... «miJl«! by "'" of Ohm', 10.,. Applyina 

the formulo R = i 
" R=v.= 12X3=J.601un> 

Sirn there . f< 6 lamp bulb. N<II d .... ing III of ... 
""1"''", it j, ....., th .. "'" ,aul CUI"'"' will be 10m· 
1".... Th. ~i .. UK. R of .1>< ..... i .. ]ooJ <imli. mo, 

!>OW be dd."ni .... d trr u .. of tt.. for ..... l. R = i 
a> follow", , 

---

" T 

. 

Th< ..,.., 1fiU)' .......Jd be obrtin«! by d;.id~ the 
, ... ill""'" of I lamp (J.6 ohms) by the IIUJl'Ibct of laml" 

(6) ';1>« ,he t..m.p> 110 •• "lu,1 mill""" (pot. II). 
Th< powC1 d<mand of the «Ifi", ]OId aD can bo d ... ,_ 
mined by ox of tho POW" formula .. loll"",,; 

P = I X f = 11 X 1 = 24*011:1 

- -• 1 
t ",I '.' ----- "·1 ,,' ",I ---

- I I 

11 """'Id ... tKIkd tlul the ....... taul """" could be 
obi""", trr m"llip/rin, the· 4-... It drnund of ... h 
lomp"" the ,oul "wnbn of lamp' (6). The 6", pr.,. 
'NU'" ...... Id work if the 10&<1 uni .. we,. to ~ .. 
"""'f'"1 "~<laI>r<; the _d ptOCNO= would nOl. 

ow ..... , o .. t<o 

• ~-"(f - Cf"j)'" <j - .. --, 
.oTT'-"" <j -

~ 

. 
F'I'" ,). u.J • • ~'" ,.,.IId. 
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MAGNfTlSM AND MAGNETIC DfVlClS 

17. C1IA .... ('TElISTI CS OF MAGNETISM .... Tho 
loIloa<;ng f><to ma, b< _~ with lap«! (0 tb< 
boha.;g,- 01 m>gn<'" 

(') 11>< ..,.u 0( . .... gn<t it< ""',. atti.., (<II>g" 
~j<1l1y) ,ban. ;" crnI ,,1 part. I~. ma~ ;. dipped 
'"'0' boll of "on 61,ng., ""' .. lihnp w,lI ding to Ih< 
end. IIwI 10 .... middle (lis, 18). The...d. of • 
m'8nct .r< <.lIed its .... ,.,,;t fdI". 

F •• "" ,._ .1>.",(_ ., (ti;" , to . _.n, 
(1) If. ""1"<1 i, .... pm<kd " ito midpoint bJ' • 

fin. th'<ad, it ,..i I .1 .... , . «1m< to , ... with on< 1",,;c,.,I .. 
pol. ,.,....,d ,"" nonlt. n." pol. i, all'" til< ""81><1" 
~."b """ II>< oth<, pol. i, ito , •• ,b ,oJ<. 

0) II...., m>&"," . f'< .. "pmd«l" mid.,.. ... by . 
"';"8 HId .r. /..., to move, tbtU Iik< pol .. repel <><II 

CD ~' K E POLES REPEL 

-' ( 

",b«, .. h'r'" their union pol .. attracl eodI _ 
(iii' 19). 

«() Tho .... p>eti< fOl<. of • pole i, <OIIlf'O"rinl, 
P""'<rfol in til< Of<' ,""ounding the pol< bu, bu ...... 
--Ut f.rth<, .... , from i~ Coru.idc,,"1c rOle< i, * 
'l"j~ to ddOlh an iron ""il from • ""'1fl<I' but 0I'><c 
the ... 1 h .. """" ",,,,,,I'd , $hot! di,u",< from the 
mogr><I it ..,.y I>< .. ".,...,d I .. ' ...... ""th relatlvc .... . 

b. n.. ne<dk of "'...., mlp><Iic «>0\.,... i, in .... Iity 
• ""'8.... It hu • """,It or.d • 10UIh pol. . It " 
"""'Dlod "" • I?!_ h .. iog "'l' !inlo fnmon, .. thai 
~ nul rum ,,,,!, "".!or .ho .... "' .. k inll.....,. of .ho 
•• <th. n..: ."d of .ho <Ompuo needl. ",hich poin .. 
"""h ... td is • ""rth nu.gnoIN: pol< (by d.r.ru.i",,) . 

II. MAGNETIC '1IlD . ". A .... 8J><I is sultGUnded 
by • mogn<tN: fodd, Tho.po« ._,,<1 • m,&,,<1 in 
which its 10K< ""'Y to. d<!«tod is<alled tho ""'I - ,Ii< 
ptJ of tho .... 8"<1-

b. Tho ""'gro<IN: todd is "",do up of Ii." ./ /."" 
"Tho """'"." in wIoich tho Ii".. of Iot<e . .. "'8"" .hom· 
.. I ... in • ~ ... ic fodd of /0'" m' l be ob.><<ved by 
>if'i", iron 61i"!!. up"" • pit« 0/ 1"1""' w... •• bat 
m1gro<I. Th. lil;ng< .,.11 .... nll< .h<m><I ... in oocord· 
..." wi.h .ho,. Ii".. of /0«< (n!_ 20) _ 

c. T .... fo' d,'«1;"" 0/ • m'8nctic: /oold ....... .1 • 
... if< . f< p<rlorm«i .. -ilh • <Omp''' ncoJl.. no. """h 
polo 0/ the n«JI. is ""IKfN in ,10< di_ion 01 ,ho 
t..IJ . ... hilo ,10< "",th pol.;, pull.<I ,ho ",ho, .... ,. Tho 
""0 fOK .. CO"" lb. n«dl. '0 .urn uO>(il it "",,,,,,,, 

@ UNl '"E PQL[S ATT RACT 
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<Ill/ ... , ...... 1-<_,.., I .. , .. ,.~iI" ., _ .... 
F;, ... 14. 

(j) ® 
Fi,." 1' . . '"".!."" hi .. ,.. •. 

21. UnNTION Of MAGNETISM. o. R-*' of 
~ " tho abohty of • ""8 ..... '>«1 p;«< of ", ... 1 
10 bold ~. RUgn<li"". SolO< m.t~""', .. ill ... , ""3' 
.... i><d Ion&<r .h." ","'n. no.lmgth 01 ti ..... mo,t;ntt 
'-"" ;" m.&gnet''''' O. "'Y' nug .... i...! d<~. on 
tho mote';') of "'hich it i, rJUdc .• od ........ y ,I i. horn· 
dJr:d. Alnico, ... olio,-~ of olumin""" ni<l«l 
..,d cobol. i> dillioo.r l •• 0 nu):lldi .. but ... ill ... , ""I· 
ndi><d 0< ,.. .. n ," magnet'..., jnd<finrt.ly if 1'''01''''' 
JunJlod. If >1>.1 .... pr<t i, ...... <1 core.oi.oI, Or Jwn. 
m<rN i. will "'" ..... 'n it> .... ~""'i"". M.B"""' .... d< 
of ",ft iron . .. cu, to _grctizc but tb<r will Dot ,... 

( 

tain mogneIiom loris. no. m.tgn<to pole shoeo ("-8. 16) 
a« /I:OOJ ~~ 01 ""8"<1' "'hklr ..... in ""3""1;"" 
100.1o.t p<1i of tim<. Tl><>< """" <an be magnet j...! 
and .xa..gD<ti...! radii,. Grocuton iu,.. .lect .... 
.... B""'" tIut ... iIl "'" _in. their .... iJ ... 1 .... gn<tism 
;1 h<21od. ~ .. Ir 0< if ot...ot<I. 

II. n.. •• j, u ..... JIy jUJt. littk ""S .... ic el!:oct left in 
• pi«< <>f iroo whklr bo. born '<mpon.a, rnasn«i...! 
by ;"J"",i"". Thi. rrnu.ining ""gnctism i> kno ... n .. 
", •• .1 _,,,,Ii,,,,. G<o< • .,,,, a.nJ motor poJr piKCS 
Ju,.. • I;~" nugneti"" ..... ir>«! .. ..... d • • 1 ""3"<1i,," 
.. ·trro .10< unit i. "'" """""ins; Iro .. ~·« .• hi. m.tp>et;om 
i. "'" .... ir>«! 1008. If a !r<"<" •• Of Of .-or i. not .10<1 
fo .. a I""g period 01 .i ..... if it ;, hnt..J ~,. 0< 
if il i. Iwrdl<.! roughlr. tho pol. pi«<'< nu, '- thei .. 
"';JoaJ m>gn<ti""_ 

22. MAGNETIC CI.CUIT. o . G. n . .... 1. An unmag­
"<lim! pie<. of ",f' iron ... ill b«o>mc .empo ... rit, but 
_«full, mognctim! by iOO"",ion if plOO<d "" ...... tlo< 
<nd. of. U·ohorcd (~) nu.!! .... ("-8. 27) . no. 
rotating nugnet in • magneto can '<mponril, a.nJ pow. 
<tlull, nugn<ti ... be pol< """" a.nJ <oil <Ott. 1t.1o< 
.~ ", .. rouOOins .be ll-oho~ nu.gncr 0< magneto pol. 
s!ro<>;, cb<dt<d /0< ~K licld .rrngth. tho licld ... ill 
be ... ...J: &in« tho m>gnetic lic ld i, rorx<nt • .,<d in the 
""It i"", and ...... .gncr ,,'bklr nuke up. "",n.,i, ';". il. 
Tho IicId ... ,tlr'n , ... cioari. ""1 10< ,~t<d by Ii .... 
... hich"", p.ro Ihc ...... 1 diroction. "'jlh reopoct 10 tho 
pol« in tho ,imoi •. 

b . M~!ln_"'oti • • 1o ... . M.gnctomoti,.. fOf«. Of 

m.m.! .• i,.10< name 'PI'liod to tho m.tgtl<li.inl irulr>m<e 
... hi<h ..... .gncr ot roil of ""rmi<at'1ing "'i~ an .un 
in , ""3""Iic cimli •. It «>IT<If"""I. to <.m.f. (par. l) 
in .Ioctricol cimliu. Tho licld co;j, of . gro< ... ",...torn 
""'1ing 01 ... "" n"=' .<en a m.m.!. no. amount of 
ffi<8I><IOmOIivc I"",. 1'- licld roil .... n i, .. p......:l 
in arnp<t<-tum,. On< ampor< 01 ",,,,,,,t ft""';n8 tlr"",p 
• '~rn of, roil <oo .. i"" .. 1 ampote'tum. 1\ 8<",.01", 
pol< bo';,,8 2(l I~m. 01 ... i ... """00 tire pol .... i.h 10 

0.",. If-" 
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s 

CD -''/110 POLE ® .0 .... POI.[ 

n . .. ,... ....,."" ,.,., _/ ' .. , •• "., 

amp<= B,""~ 'hrnugh i, .. ill ..... 200 tmp' ..... 'um' 
of mogn<l""""'<¢ fom:. 

• • fin. FI .... in, ""'gn<lic <i""i, i , ..:",il .. '0 cu,· 
""" in on .l«trinl circuit. nu, .... y be r<p«><aIcd '" 
li_ of fom: "hO:tr or< i""'~ncd tv a;i .. in ,he omtir. 
Tho g ....... the numbe, of 'urn. of "i .. (rIu< i .. ,ho 
p<-at .. the numbe, of ""p'<e-,u,n.) , g<n<ralor pol< 
""". ins ond ,be g ..... , ,t.< ""=' 'hrnugh ,!>em. ' ho 
£I"'" ,t.< ""'8"<'< flu,. 

d . Ioludon •• , lI..h'<lanoe in , nu.!!n<tk amli. ;, 
,imil .. '0 "",rIO""" in an .I"'rico.! am.,'. 1I..1""'1tI« 
dt:r., ........ bo .. much 8.x "ill be "">hliobtd .. 'ben • 

sorT ,_ 
E; . . .. n . ....... ,~, ,;..,~ Jo._ " ,.._.., ...... " 

~ "" • • , " I' "." 
( 

8i .... , moon' of m.m.!. i. 'rrloe.! '0 ,be "mo". 11.< 
8 ...... ' ."' « I"" . ", ••• "" f ... .." .. ,II be ,he flu, Ii"", 
whO:tr , ~" . ." "'.m.!. '''' ... >hh'" ,n 'm.lg"""' ';'(\J.t . 
n..: $bor,,, ,ho I"'F,h ,nJ ,be ,h"k .. ,he ,to» >«'I"", 

of 1""> of ,I .. m'g"""' (; '''';', ,ho ,m.tl l<, "";11 be ;" 
,cl"",,,,,,. The clo«' tl>< 1"'"' p;c<" .re 'o.he .. m., 
'.". , .... t... ,I", "Wi"'., 

•. 1" ,. " . lo,ion,hip . ~to~n .. """""'. {Of«. 8"x. 
ond «1"''''''''1e ,nJetr.I".J ,n, rtU" .... , ';m.l" '0 tl.. 
Ohm', I .... ,ci";"""',p bet"...,. ,he (Qr""I""'Jon~ quon, 
titi« in ,iIe .I«"K,I ,;,<"11;' ('ol .. ~ •• "'P".,.. • ...I ,', "" ..... ). 
U. IL ECnO MACNEflC FI(lDS OF COILS. a. H. 
cu,m>t " I"'''''J th'''''gh • ,,,,I of ",'or. corw",n8 of 8 
'un» clo",lr ~'''''nJ .• oJ .n "l",1 """nt i. f"Io«I 
'hrnugl. , ,in"le--tum loop of ,he "n,. d,.,.....« .,.he 
roil. ''''' nu~"" ... ""1,1, ~""I>< 10 • .00 to he .1""", ;""n· 
he. 1 in d,""t"'" """'}' PO'"', HO"'",·Cf, the ""1""';< 
bclJ " "'n);lh of I"' 8 'urn (01 1 ~';II he 'i'!"0.i"",,, lr 8 
,;"'" ' hot 01 , ,,"~l._'"'n loop ""'. ,he fie"" 01 the 
';ghr ' " '", . f< ,.,. ..... 111 1",,1I.r "' ,tt. .><h ",he, .. n'.ry 
point • • ...1 tbe" 'ff«" '" the,efore ru"",t..,,,,.,, <>'"'1 
point. 

b. If, 00..'"',,, the ~ t",n. If< 'rr" J 0." ,oto. heli· 
col <oil 0' ",I"""J. the m>l""'"' Ii<IJ ~,II he II o!>o~n 
in 6~,o lH. 11 .. flelJ ""err ,"',.uc bet . '«" ."" '"'n~ 
bocw", tbe Ii<IJ, of ""t,,«I' .""" Of. "I'f""'" ," J,«<. 
'''''' onJ ""J '0 , ..... 1 ."h ",",r. 11.0, ,n,.de'he ""<. 
"",d. ,I>< he]'!' II. cum"' .. ,,·. for ,I>< "'"" I"rt. ,nd lhe 
"'" ""ult ;, • ",on~ oclJ of f"rly uniform in"""t,. 
"pre,mte.! bj' n':art" ,,,,,#.t Ion .. 0/ for(f, 

•. b h of the coil. m •• """"J 'O'ill h,,'., nonh '"'"8· 
.... ;,; pol. " """ .oJ ,oJ, ,,,,,,I, m.llt""" pol. ,. tho 
0("". 1'he d,«<,;oo of lbe helJ depmd, ul"'" the Ji· 
«<lion of ,u"ro' 1\0,. ,n.1 ""'1 be J""m,ocJ "'"'" of 
the right h • ...I ,ul<. 

24. SOLENOID AND ( L( CTIOMAC NET. ~ . Sol._ 
.... d . "",I,,,,,,J ""1 I", de_ocJ ... co;! of "Of' 
""""J "".onJ • t-.;.II"", c)'lmck,. ,nJ "0«1 '0 1"0<1"", 
"'W"'''' odd In ';'(fIf, ci"'r><>1 "lu;pment, • "",I<. 
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ooid" t. ... <Ott ' ....... bok 0' p'" ol .. hieh ;, 11ft '0 
"-~. n.. kid of , .... <Oil !<tid, 10 pull' .... <Of< ;oro 
tho coil ......... r .... "<=I, ;, '.mod .... M.t.r ...... ,.;w 
"!'PI.....,.. ao be """",lied "'" this ""'""". Th< ">l!er 
motor Iw • ooImoiJ who>< movable CO« open> aad 
<'-> (,,,,,,,oj.) tho droll. pmnittins Qlcrrnt '0 01""'" 
tho _0' (fi~. 19) . II orqpl ... itt ffOfll. tho ooI<noid 
to , .... <»<ipo' aad {""" <»<iI" to bott..,- "'/'Plies 
caoush cu,m>!. '0 opu ... , .... "",'noid. II '1'''"3 ;, 
pbc<d in tho ooI<ooid to pwh tho (Of< bod: to ito normal 
£IOOi';'" Ut<, ..... rur""" bu '-" tum«! 01£. 

b. 11.<1<0 .... 8" .. . (1) n.e ""B'"'<'ic "'Ofl8lh 01 
Of! dcctnxtLlp<'l ( a oolmcid "';,h a 6. td <0«) dtpmd. 
0fI ..... ....m.r of '.rrut 01 .. ire ~nd .""",d ..... co",­
the kind 01 "' ... .1 in the <=, ODd u.. """"'''' of c.rcrrnt 
>tnt '''-g:h the coil 

( 1) Ekct'O"",!M" at< ..oed f<t<f'><"llr in ';'«oft 
doct,nl equipmm<...eII u landinS'f,3'>' ,oUy ..... IIIA< 
«gUUtor, fUCrrnf rut ........ lay,.i,," • ...d gcn« . .... kid 
<Oi1<. n.e .k<tromap<'l;1 1~"",'ly ""f'fot'ed u ,be 
......... 11"" 01 In """";"s J<.ice, ...ell .. ;, foond in 
u.. lanJin5·1i~ «lay 0' , .... 11'"""''''''' <otI!roI pant!. 
Th< pti",;~1< of op«&I;'" of , .... ~1<ct.-"""8"<'ic """,. 
.. ins d<.ir< ... ill be diONlK<! .. i,h , .... aid 01 ,be <Ie­
....... "" «I., "",",'R in Iigu'" 30. II ""all j>ie« of 
..,{, ifOR i, f .. ,cned to • ,,'ip of ,--conJu<t,nA !ILl' 

'tri,1 "bidr i. pi_...l at _...!. n.e ifOR is h<!d 
'.'r lrom Ihe cote of the ,Ioctrom.gn<t hr •• p<inS· 
When the ru~ il r~m<J on, ,I>< iron i. 1"'11«1 toward 
,Ire <Ott, In ....... a.ser., it ;, "",roinod "'" ........ ol. 

" 
l 

----

U . FO.a OM CUUIHT_CAUYING COHOUCTOI. 
W ...... , ... it< wflich carri .. "'" .... , i. ploc«1 in , ",.,.. 
""i.e k!d. the kid 01 ,be ...;« """'. "';<h rho: orho' 
fi<ld ..... Iti"l! io , fore. OIl u.. .. i«. Fitu«)1 CD 
.t-• • "to.ip "';tt ( .. x"rb~"I! • .,.;,. f""" ei,hot 
• m<O:Of or ~ .... ) .i' ..... ' "".en< . It i.< plaa.! in 
• ma~Xo kid p<<p<t><bCIil .. to .... Ii .... of fOttt J'U'" 
ing from the DO«b poI •• o the _h pol<. In ligutt 
)1 ®, "" ..... i, lIowin8 in , .... conducto'. Th< kid 
.. ,...,r>o;linS ,ho c.rfT<fl'""'''-';n~ cond.ctor _0<1 , .... ""'s· 
""i.e kid ffOal .... fOI< ri«" will reul, in, foc"I~. 
)1 (0). Th< dir«bOR of 'hi.< Iott. i, frond "'" the of" 
b.t#1,.1. (lig. )2). "Tho Itft-haArI ,hurrrb ,. .... dir«' 
.;.., ol mot;.." the ",<b "OB« ~ , Ire di_ion of 
magn<ti.e lidd •• nd ,II< ""one! ling« inJi<aI .. tunmf 
di«<t;"'. A, ""od btf .... rnasn<'Xo MM. odd to 0< 

1Ubrn<l from <'OCh otbcr, d<p<nding upon rhei, ditt<· 
ri<>ru, If. in In .mu'u~ "';"'. the ,,"trn! i. fl""';n~ in 
...ell dif<CI;"'" •• to < ..... , rlodr: .... fr<ld ..... 0<1 .ho: 
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~,_ Jo. [I . .... , .. , • .u" 

CD ""R~ ... ,n."uT '''''RENT ® WIRE WITH ' ..... REN' 
LOC"'U> IN .. Wo<;N[1O: ''''LD IoND .. 'Coo.ol> ....... ,N<i r/ELD 

" 

• 

s 

@ RUULTIoN' .,ELD ANO 
. DACE ON "" Rt 

Pi, ... U .. .11_ I~ m •. 
l., 

Fi" " ss. r ... , ....... ".,'""'""', .... 
Or.". IL" 
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~''' •• ...d ,ho 601d lrom doe pol« i. lrom ,i&ht '0 Wt. 
.hor 601d, .... 11 .dd .... doe bollom aI ,hor ."""'.,. ... if< 
... d ~''''' 0< ...... ,.Ii .... ,I>< "'I' Thi. dill .. mce 01 
""S ..... O: Mid ... ill push ''''' .. i,. up. 

2~ . l OIOUE ON (UIUNT·CAUVING COIL. " . 
1 .... t<..Jmcy 10 r;'U"<' • luI .... i", __ "'" i. k_" OJ 

'or'f'< (,wi'''<1& ). If 11ft ''' .... oorquo "';11 p .... 
""'. """IOn. Po< I"''P'''''' aI lhoomic.1 .... ""'i"'" 
COMide< • 1'«11"«"10, «>il to I>< 10<.0«<1 bn ...... ..... 
raIt ,... ... 'su" )). w;n. ........ """"" ''',.,..to doe 
' 001 ... doe di ..... .,.. indicoltd. 0... <OIIdu.ctor will II< 
lorm! "f\ lhor oU ... , dow ... 

b . nw ..... mce &nod clir«lioft a1 .... ''''1''' ctftt<d 
"" • <11'''"'""'')";''11 ,oil ....... red '" • ....,....,ic 6.ld 
"")" .1 ... bt <OII,;d<ml "" II>< bo,;, of i ....... .,.. bo­
' .''"'" Iht rol, pi« .. . 0.1 'ht pot .. of 'ht 1n1l.,I!i"ary 
m.~ .... wi.hi" • ' .'''"''<" ".i''6 roil , One .... , do-"""i ... II>< rol"", 01 'hi> i"",I'ru., .......... b, YI< aI 
.ht .; ..... . ,,"'.1 ",I • . 

I. Tht __ of .... 'f'< ..... 1<Iftd i" • <oil d.pmdo 
<Ii ..... " ur- I"". (""an; doe 01..-., 'ht ..... "h aI doe 
licld in .. ""h ..... coil ;, ...... «1. the "urnbot aI "' ..... 
aI ~.;,. in ttw «>il •• r><! doe ..... .,.. aI 'ht coil ~';,h .... 
'f"'"' ro ,ht .. 1.I. II doe coil cam.. ••• ad, Cltlm'll ...t 
" " , .... <.1 in • ..,.;Iotal f>rId, doe IOtqIIf .. """ .... ,.., 
J'Oi"""'" of ''''' <oil .,ill nrr ... i,h .... . ,10, .. _" i" 
"P'", )04 . Wht. doe pI .... 01 ,he coil .. VO"n.1 .. ~h 
'ht !K Id. 11\0 ,or"", i ... . m.tii"' ..... W ...... ,II< pI .... 
of ,Ile coil i, p<'I"'"dicul" '" ,ht F.: ld. ,Ile "'''f'< i • . ,. 
27 . D'AUONVAL MEnl MOVEM ENT. .. . Tho 
J)' A._,-. I '1r< 0/ _ .. """ ......... h ..... ;,Je ' 11'10< •• 
,.,. in .... ...,. Ai, FOIU< ok<trit:al ..... ,.......... T1w 
<»<1lfi&1 I .. , ., .. at 'ht ................. >Nw" in 'suA: 
}S. S ...t S It. Iht ro't J;-ft at • ,..,r..,wrH II\Og><I 
....... of ... " Ioy .. ""h .. ""pobIo aI ......... i"ll II>I,f" 
..... ,rtd " • ''''' ...... ,,,Il00 oY<f • 1on8 ~ aI ,;"",. 
A I)' lindor aI , .. .r", ma ...... iud _ .1 .• ot .... "'" """""1 Itt,.-..... ''''' rot. r ot< ... .I, .. " ''''' .... "....ic fitld "';,hin 
i,,,,1f and ,ht • ..". .... h. , .... Ii .... of lorn bot"" .. " itxl f 
. "J ,Ile poi< pt«<> ' 1'1'" .. imat", mli.1 in dil'«lion. nw 
, !' I" ,"', ......... ~ • r'" of I .... 1lU,!!r><! " d lClt;t, . 0.1 in· 
"'",.,~ thor II,,. "r mludn~ ,1\0 ,.1"".",. aI ,Ile , ircuil_ A"",,,''''''' <011 . ompoootl. a1. n~_. of ""'" at .... " .. 

s 

fi ....... i,.. i. """""..I an i<-IN bot.ri"ll'o Spirol h.oi" 
'P .... '" 1 ..... «1 .. , .... r ..... ....r Ndr. at ,ho coil hold 
Iht ,oil in _,m'II p<><it;.,.. If "" .. «I ....... w" 
r""" ,hi. p<><it"'" (no "" ..... 110"';".). ,ht 'pri",. 
bti", 'ht <Oil book into ,ht o~~jn.' p"'tt""" A ~nl<' 
. " .. bed 10 1M coil indi<>t<t ''''' do" .. aI """", .. on 
• «lib .. ,«1 ... 10. EIo<t,inl <011""'''''', '0 tho ,oil.,,, 
sma-.lIr ....... tluoup the .pi • .tl <prin.,.. 

~ . If "'It .... I. pou«i ,h_p ,,,,, ... 1 in .... di",,· 
..... io.dicotN. ' clod .... . _"'" moth If the CIt,· 
f<nt .. , .... oed, .... coil i> ...utod doe 'Fi ' ft ~-.,. 
1 ... _ at .... o;wmtll i> liaUt..t, ;" ......,1 ..... ,,, 
nlun wlUo;h .,~! .... "".., ,he coil "' ... ·1, ,ho ,oJi&I 
pan_ at tho magntti< MId. ..... ''''''''' tit ... Ioped ~ 'II 
be I""""" •• n.oI to tile Cltnrnt. The bo.i'·'P''''P .1< ... 
.... ,.,..r ,hot ,!wi. "1?P"'i"ll '''''I'''". t<&",jltoo of .... 
dil«f"'" aI ..... ""'. " "Klly propon;""'1 '0 , .... <k-
g, .. of ,hei, ,,.i,,. nw",/o .. , , .... doll«!"", oS ,Ile 
point .. i, proportional to Ille "',., ..... i" ''''' coil, 

21. DIU CT. CU UINT MOTO I . a . The ok mot", 
"!"' .... on ,Ile _ bosic principlo .. the D' ",.,.,-.1 --. 

s N 
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0"I0<0r ",., be incrn><d "" U""8 fout pok pi« ..... ~ 
("", hru"' .. in .... d of ,..., <>I <OCh. The prj"",!". 
0.,. .... ;.,.., ~, mnain. ,ho...". .. pr<Vious 1 do. 
KriW 

d. The 10C<fU< d<v.lopod by the ""'''"« i •• ...........:1 
in 5<'o'ml .... f'. 

(L) Thc slott<d 00[. iron "Ii!>d ... on "hKb ,II< .""". 
ture «';]0 ...... """d, «<I •• ",. ,.., ",I..all>« in It.. ""j!" 
_ic .;""';" of th< mol .. onJ """;"'tu><$ .ho, AWl II' 
,,'hich ,he c .. b ....... Th.e ~<ld in ""hich tbr ,";1, """'" 
;,..udo """ • .... <ly nodi" by til;' '11;"""<' The: ql'.de< 
it.<l1 b«orno:> magr><ti«d br the cu ...... , /towing in tho 
<ViI., 'hus imp:o, ;n/l: "'" inl<ra<tion of tho ""'""'" with 
the pol. pi« ... 

(2) Thc map<!>: (in:ui" of th< modti ...... .,.,or. 
.... i .. d bJ' tn.,.". 01_ Of"""" fo.U <oill. 11><>< ..,;1. 
a", ..."gi>«! by the ....... ,', .. nt< of .'«triOty ...... ich 
C'II<'fgi= the: .mu:uf< coil~ Thc 8u~ tltuo ''''>led i. 
g'N'" "',n «>IIJd be ob .. .iMd ",1.1, by YO< 0/ pmnanom 
magll .... Thi. boil\!! tt.. aI<, til< ;roII .. 1«1«1 fot .... 
in pt><t;rn molD" i, not <boom fOf if! &bili., '" rot>.in 
.... 8""'; ..... but fot j .. >hiti!)' I<> b< ""8""Ii.ed '''''''&I, 
by induo:nort. 

•. Two common .... Y' of «HllI«Iin8 !II< /itld and 
'''''''lure ';«'IIi" oi • 0'I0IO< 'f< obow" in ligure )7. 
Wl>rn coon«t<d in ",ria. .. in @. the rnoto< i. aid 
to be • "",,;.. """"00" ot ",in ",.1 •• , II the cir<uito 
". <0,,,,,.<1«1 in pa,&llcl, ., in@.,lI<motor i. said to 
be. "<hUN """",a" 0' Ih_., ",.to" hell 'Yp< of .,ind· 
ing h ... i .. ",,"'n .<lv"".,.. llId .ppropri ... u .... 

• 

.. -

f , "The di, ... ion of rota,i ... of • motor ""', be .... 
WI'" "'" "'.<ning ftth<, 'M (OruI«Iion. of ,be I>ru>h.o 
0' ,be IIcld coil>. Thi. will "' ..... tb< _"",i!lm of 
<itb<r tb< """""e coil. 0< tb< m&,gf><li< &.id in .. hi<h 
tb< coil.< Of, Ioool<d. If tb< wim '0 'M motor'r< i ..... ,· 
<""'g«!. tM dir«ti ... of r«>tion ... ill toO< be "",.1$«1, 
,i_ e>ICh.n8ing ""= .,i .... .. ill '"<:"" the ""'!octi"" 
of botJr 'M ,,"""',e.r><! 'M lield,."d!he t""'i"" .. ill 
..... tb< ...". di .... i"" .. before. 

,. A F*" of 'M .... '11 "'P1"ied '" , motor i ....... '" 
_<tOIl>< i" ,..i>Un«. Thi ..... '81 i. «lllverttd in'" 
beat.nd CWS« 'M 1Cmp<,otur< of 'M motor '" rue .. 
i, i, 0J'<I'1l<d. f or nunple, "'PF""" • certain 12·rolt 
motor • .,,,,,,, NIIning under , <""""" lood, d ..... 70 
un~ 'The uni' ;, obootbing e<><'&!, "" !be Iltt 01 
840 ..... " (P = EI). Supp<>o< tM reor:."" beto< ..... tb< 
Imnm.l, of ,he moto, Iw b<en fOWId '0 be 1/:10 of an 
ohm, "The me at .. hid! e''''M i> being....d '" crear< 
he .. Is-

P = I'R 
=70X'OX1/ 'O 
= 911 ..... , 

II """"lot, henr:<. orr<-' li>ar .Ie<trinl "''''8l' io being 
o><d .. the "Ie of IWO min .. 911. Of Hl ... ""0 prod ..... 
motion. Bu,. portion of !hi> <'IC'KJ il bein8 «III ....... d 
in'o frictiorul bnt in !he bearin" 0/ ,he """or, 10 th .. 
,he 1C!WoI ,ot. of m<eluni<.1 .... '81 OII'J"" may be ,.. 
du.«<! ,,, 'Ppm. '""""I, 740 ........ Sir>« 7<16 ...... , 
""".11 t.or.epo..<t. ,he """0' i. <kvetoping ",,,,:1 .. ,,1<.1 
......81"". ,ot. of 'pp<O>:imotel, I ""'S<J'O"'<t . 
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UCl10N IV 

M~ASUItING DEVICES 

Z9. GlNl .... L. In the impenioft. "";QImUK., aM 
Of'Omioo of ,100 ",e,../, cloruic&l equ'pment. it: i. 01_ 
,"", " '1 to "" .,,,, ...... or iDOI"C of the <Iect,ic&l .,...... 
titics (vol"&",, <Ut,_, 01 =ioIat>«) _ A numbe' of ito: 
" """""" 0< IDCI<" dc.Iel<>pcd fOl "'i. I""POOC w;ll boo 
di~ in the following p.o"V'pho-

30. G"'LV"'NOloInl. . o . n.. pl, . .......,. .. ' i. atI 

irulrumMl U$Cd to .......... I'",,! ..,..11 "'Ii....... In II,. 
aitpbnc. onl, ,be .....,.itog<Oi1 plv...,.....,,,,, k.--n .. 
the D·A"o, .... ,1 ~Iv"''''''.«, i . u>«l. n.. g>lv...omnct 
'"0 .. "..." i. U$Cd .. 1"''' 01 ,he . _ ... am,..., .. , 
tbmnocoupl< ,hermom<l<'. electrical 'od,o",., .. , elL 
(6g, ;8), 

, 

( 

It. Wb<to ,be J .. do of ,be gaJ........--.- Ife "",no<ted 
to 2 poi"'" _<eo "hicb . vol'.B< .. i .... . <>Inml will 
_ 'brouglo tho coil of the g.lvanom<Ier. The direct"", 
of cu,,.'" ftQw will dcp«>d "I"'" the poIuil}' of the 
volu&<- Tbe arn.ounI of CU""'" _ . whido P<'IU 
the "", .... , of ,be dc8<Ci"", of the .--dl •• will .!cp«>d 
01"'" the .pplied VOlt'S< , nd ,he ,,,,,,,,>nee of ,he gol_ 
v_«coil (0"",..1, .. ) . 

31. VOLTloInn. G. The .oIhnC1", ;' otcd to_ 
un: the pot<r>li.1 dill",,,,,, or voI"B< b<iwcrn ''''0 
poi"'~ 

... "The d< rolt"' .... , .. ..,.d <Xl the aitpl ..... i • • 
gal v, ,,,,,,,,, .. J1"" dlk'~ <onn«ted ito .. n.. wi,h • h'gh 
''''~ltICe "ru' (6g. 39). Th. putp<»< of.he ",;,,1tIC< 
i. to limit the cu,rmI _ 'h,.... ... the """' ....... ,. /.I"" ,-gI,,...,,,, will 8i~ roll .rut ol<-fl"""", ",i,h koo ,hon 
0.01 of ........ pe .. flo..-in8 tb«rugh the ,00,<""",1. In 

Or>" IL" 
UNIVE~\lTY Of CAlifORNIA " 



.......... <n 01 tho ........ jxN • .... __ .... ...d 
t, c- ci .... n flo"';II' ",01 or- tho ~ 

.rf>l>ed to III< ,,,,,,,, ... 1. 01 .... """'" (ot...·.low). "The 

.... ""."1 01 • '9"''' i. u ... lJ, ~ in o/Im> pot 

..oIt. A ¥<:IItmoI .. wllh ... 010 ooJibt .. f<l r_ 0 to )0 
ooIIs, whOdl!>os. _, • .., 01100 ........ pot",";11 
101 .......... " .. ,,_ 01 J,OOD __ 11 .... .- ol 0.01 

• I • ..;u be nqwrcd 10 " .. fWl oak ! e ' 
t o V,I'''''''' ... oJ .... ,., "P".d...- tho olot· 

' ,,<01 """ Of ""-' point" ,II< dill.,,,,," 01 I'" ..... .ol of 
.. hOth i . 1O ........... ted (r;,. 40). To ~.,n .... <Of. 
toCt 40. ....... 01 dotiI«I_ ol ,..., ..milo. 1M (+) In· 
_I 011100 ...,..",., .......... be ............ d 10 .... point 
01 .. hia:hor paI .... 1Il. ear. _ be "".... d _ to 
<; _!Ii. y-b ... , 10' __ 01 ....... __ .til 
.... aI .... "'; ii....... ...... If ""'..,.., ,. .... ><ri. 
cI ..... llr " ...... "<I bo ........ ith tho cilNll, QO bum 

woll ..... to .. _ """" .... ""ibW ... UI be IiDutod 
br Iht "'r "",.once 01 .... _ ..,d .... -. ...nib 
'" ,lit araait .. ill .... ope< .. .. 

U . AMMETER. • • n.. _or ,. -.110 ......... 
doct..w .,....- ao..,,,, .... 6 ...... <. 41 ). n.c 
'i~r t(~. i> _fUJ' <" ... ,ood ......... wid! .... lo0oi. N .... con-t tho ........... ornMI .... ~ ol • bot-
1ft}' '" F'"""" ('t:. 41) . 

10. n.e ......,..." ..... "l<>'IIwly ..... ...... , .... ,"ftn< .. 
(me<h.ft'><nj u the 001 .. " .... H"" ... ". <1>""'" br 
I'""'"....d iruI .. d 01. "u, .... lomom .. ill •• ~ ... , 
nu, "'~ bn><oo II nJlod • ,h.... nw ....... is • 
_ iliad< "'. "'*"", "::I' ,hot rd ..... 01..-
~""" .,""«1..,...., dwI,. Ie, ,,_ ... "Tho_ 
_ .... , ............... , .... ....J 1ft . ...... """Ci. If • 
" .......... ;. ....d .,Itocb ~ 0.01 of ... ~. tel 

-

J 

--
" ...... n" ,," .. ,. <ON ",'" _ .. _ '~"II, .... ". ". .. , 
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Ji"r ' ..JI ole ~ I,. • .100 '"J:''' N'::. oalr 
0.01 01 OIl ""f'<"" ..... tow ~ __ lOG ,Lll' " n - d , no. _ 011100.100 FC,_'" 0< 
mll9 _I_Ed ",~I tow tIoroot,Po 1100 ....... (~.). 

I. In .. rpa- <ORItnI<t-, o<<p fo< _ .....tL ... _ 
pLaoeo. tltoo ...... I"" 01 tltoo .......... Wullod in • 

", ... 4J . ... ""'" ON ...... .l ..... 

1_'_ boo IIOId ........ "d in tI,hot, ,hot p .... ........... 
,... ..... 10M. The __ • Of , .... II -.d 0<1 

doe .............. pond. Willi ..... Inola.- ,. ,..~ 
UM' •• " •• ·.JI h _<d, No .. """."'-W hot ..... 
10 ok ......... ktt«tIt (Ii" ~.) . 

33. 0HM/IUfU. G. G. n. tol. Th<ohrmIoc.' ..... 
imltument .. hKh mo,,,,,.. ~ ....... 1ft ohm~ "Tho 

""""""" i. ,om"""" of 0 mn,,' u"n" ..... " """'" 
"""'. _ ..... k 01 .. ~ .. ot~ onJ, ..... 11 d')' bal.",), 10 lUI 

I 
",_ 4J, V .. ..... _ .. 
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"ith .. ro "" the ohmtnot«.w. (6g. 47). Tho proo. 
Or< ohM pJacN on the lfttniJu.io Of ...do of the = ;"."... 
to b<~. Do DOl t.. ,110 _oJ port;..n of the 
prod< m>kc C<IOl!oct "ith the bmdo. a- the "'"'" 
"'bicb P>"a " ddlenion prcf<f>blr baW<Cn the aoIibu · 
bon of 0 aoJ ~O. Al""r> redKd "'" U'f1> _in. bcf_ 
........nn, ,ad! =i"an«. W ..... ...,;"I j.a<:b R X 10, 
R X 100 • ... d R X 10<'>0. m,.Jhply the ""d,.,. Oft "'" 
_ .. by 10. 100 Of 1000 ",p«ti •• I,_ C~ .. f""n' AI"'r> 
pIok ,110 ' W1rm bock '0 V M ~,Oft ... t.." ,110 m.", ... 
"'" '~ 115<" an <>hmm«er . 

• • Ci .. ~i' <h.<.i~1I with On oh", . .... ,. Tho us<: 
of on oIur.mc! .. " • ,..:hrul'" ~'hl(h «qu,,,,. (00,,<1<,· 
obit 1"""""" H"" ..... ,. on Y • f . .. lutt.wn.nt.1 P"" 
"pies "" 'used. 

(1 ) :u... ohm> jr>ili<at< • ''''''pln.d d,,,,,,, (6g. 
<0,. 

(1) lolinite (;.,/) """" i, .... Lw<> "" or<" ,,<nti' (~g. 
49). 11<1_ "'0,0; "'" ohmrodtf. al ... " <>0"",,1< ,t.. 
raiof""", of ,110 unot '0 be ......... ,..1. Whme>'<f <i><d. 
jo, lot "",'inu,',."'" ,t.. JI. oe>l. unJ .... ,II< uni, "..... 
ur<d h&> • b,~h mi"_e. I" <h<rk ... , for • ohott Of 

, .... no!. 115< R X 1.000 oe>le. If. ~,,,,,"d i, round, 
recbKk with the R .nl. '" de<moi". ,t.. ,.,.,"", of .t.. 
1""'<><1. &1",. using &II ohrnmc<.«, ,,,,I,,. ,II< uni, 
boinS _r<d by d!JConn«tmg " IftI<tt the """I« 01 
fO"". 

" ( 

U. VOLTAGE DIVIDER "NO 'IIOGI tl.CUITS. o. 
M "", of "'" <qotipmmt "" the moJ<m .irplM>e ,...,..po­
dU dreW" io toru>«I .... "jth ~._ ..... indi. 
"*""" &lid 8'-8"" Tho . olug< JivHlet- &lid brid.<!. <iI. 
.,.;, ..., "'" '''-0 fw>d&lll<nul ciKuiu usouIly.....a. 

b. Tho vol"", dioidoe" or poo_ .... is simil" '0. the<oot.ot ( ... ;.hIe ......... ) uc<pI tIut i, lou '~m: 
o:onn«t;..n. iOUltl<! of '''0 (6g. loO). I" .. i", the vol.· 

'8" di .... ,. tho hod .... <4 of "'" , ............. cOQ. 

D«t..d t ...... 1« of vol,'-8". Tho """,oble "",txt and 
""" <t>d ''''n fom' . ..... Itt of ,-.riobIr vol .. ,. "hidr 
a.o bo wed ,,, oper ... an ..... """'nt. ~ 

c. Tho bridg< rimUt """ .110 bo wod u • voltage 
di.ide,. It lou th< .<h-ant'-8" 01 boi", abl. '" change 
the poUri.,. .. i, lou """ """,oblo con-. (lig. II). I. 
..... , bo """,iJe,<d ... doubI< poou."""'''' Thl. d .. 
T;c. ; • ...d .0 tcgui>le 'urbo lUperch>,B""o to operote 
S"" tilt ...... 1,,01 'aliorncI.,., « . 

Or>.. IL" 
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35. lHUMOCOU'll THUMOMn n , . ," ,t.: •. 
"""""pi< d."u .. ..,t<. ;, uO<d to _ .. the <),Iin.ltr. 
bn.l ,"'ru-" of • rod .. 1 tftgi .... 

b . lbt lherf"ocouplt ,''',,,_,« <o" ... u 01 • thot­
"""""pi<. <Oo\tIOCI;~/!: ....... ..,d Of> ;00"'''''3 _er 
(i" )2). 11>< '''''''_pie ... ;unnm 01 "'" dil­
...... 1u ...... 1< (ronsunt ... ond iron ) ",th • '''11''' po-
lo. (fi,. H). W~ .. r , .... "'PI"" g""" "'-." "".ted. • 00II>.", ..... up ... 1It ju"""'" O<ro<iling to 
It.. dill ... ",,_ in ..... ~u .. bd..- ."" '11,,'><\0:. bn.l 
on.! ,he inJicSI,"l! m<I<t. Th. i. ",i .... N in til< cock· 
pit"" HI il>dlating _or (fi,. H). Sp«iaI loW of 

.... ,<rial> o,mi)" to ,I>< ,bcll,,,",oupk ..... If are .>«1 ... 
«lflne<t the 'bennocour!< ... ~h the indicali", mel .. in 
the cockpit, n.. indiati"ll ..... « is. dool;u,. ",1_ .. 
alib .. trd in <k8""" 0/ l<mp<t.~ irutnd of vol", 

c. The ""'''-r'' ;, """,nte<i "" the <)'Iif><ln 
.. hich op<'l' ...... the high<>! tm'll'm'.... 0.. ,wi. 
....ti. l <rW .... it ........ lIy J'lao:«I tin.d.. the rnr .porl; 
pi"/!: oJ. ,t.: ""' ... <oJ <yhndtr in tl>< ,n, bonk (Iif;, 
"~ I . Only ,I>< lad. ,,¢.;4,J for .... irur.- an 
be ....d, ,nJ ., no timo >hould the bd, bo J.ogtb<nod 
or sIIotkikd 

Or>9.".lfrnrn 
UN IVE~\lTY Of CAli fORN IA 

• 



SIClION V 

CONOfNSERS 
• 

36. GINUAl. "condrns<r i • • Jc,·iec u"'" for tan. 
PO"'')' """B< of ,1«trie.1 <Mfg)'. I, i. u"'" on .i"".I, 
... vol"8< .obil,= in ,lie g<'M""" circui'. r&d .. noi", 
<limin"o, or iii'",. <lc. Th< us< of th< , ond«. .. r in 
c<>ru><ctioo with .... i~i.i"" .,.. .... "ill b< di" ... "", in 
• 1.< _;on d<olinS ",jth iSnition .,..,.". 

• 
37. CONSnUClION. cr. A «H>d<nr<' ""'1 b< "",. 
5("",,«1 in ""nr diffcrent ""'po> .nd f,om " .. ,i<lf of 
m., .. i. l. (fiS. >6) . 

... Th< P>'" of • <Ondtns<' of( l pi" .. or 1 .... of 
pl'm, an io",l.to. botw_ tl>< pi., .. coJl«I " di<l«t,ic, 
and th< roM«ling I .. d, (fig. )7). 

c. Th< cspaci". or <II«1i ....... of tl>< "",<it ... , do-
p<nd. "f""' ..... 1<. of ,I>< plater. tl>o: di5(o.n<e bot ... _ 
'1>< plot«, HId .1>< "",.riol U>td .. tl>o: dicloctric. To 
nuke • rood ..... ' of " high capaci". •• 1uB< plot. net 
.nd "thin. tup.-<p.»!iry di<1«t,ic rbould b< u""'. Th< 
pia ... ar • . ",u,II, "",<it of 'in foil and th< di.I«t,ic i. 
nud, of w'" p>p<' 0< mica. 0 .... typo of <oruI"""KHr. 
i. t ... roll<d (1,00<11>« ... 1>0:,.. tl>o: pr~ .,. ; ... "Ia,N 
f""" ...:b ",I><t ""d roll«l i",o . roll (fig. I') . An· 
oth<r """""'" typ< "' th< strl«l "",den .. , who ... pIa.et 
I r< pil«l"p with tho ili.l«tric b<t....,." ,hem (r;,. )9). 
Air"",,, pi" .. Of< "",<>«1«1 tog<ll><r ".ins twO .... of 
plot .. to ... hich th< ,«mi,..l. u. <000«1<<1. 

31. O'UATION. G. In a do( circuit a «I<I<kns<r 
.. ill r«<i ... <hllB< from th< drorit and .. ill teI"m 
..- of 'Il< thnB< ... h<n t il< vol,,1I" of th< circuit drop'­
J. i. in this "'p«t .hat til< <Ondtn .. , 0<" ... ,..,1"8< 
"obili.... Ho~,.be OOIId<o", .. i!! _ p<,mit • 
cum'" to 110..- .h,,,,,p. i ... h<n .... dy do( ."I"go i, 
. ppli«l'o it. In'l>< <H< wh<r< th< 'Ppli«l yol"8< of 

,pi ... k .l .. J """4.1 .. .. oJ,.,,,,. 
( Or. ,I< 
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SECTION VI 

GENERATION OF VOLTAGE BY INDUCTION 

, 

---

<'V<r • ,,_i, "",,,,,un, ind.xtann i. <>f'<I\O'l. SoIf 
on"""""" i, nO«! ... 1oM th< P"''''' of mlgneto "I"'" '0 
pt<>J"", I hig!o .01"8< in ,ho p,unary. 

b . Any ';<Cui, ... bicb coo",n. I <oil of ... ir ..... i<I 
'0 be: an ond...:h,.., "_". 1 ..... i., tbt d=it I"" " SICO 
,he propony of .ell ;"d"">n«. In, circuit axtt>ini"8 
;nd,xuoce th< cur=>! ... ,11 build up 8...JEI .. 'hm tbt 
.... "elI i, clo>N. When th< ... ·itch .. • th< field, 
in (oll'p"ng. "ill induce a "olug< in. ,,<noi, "hid! 
... ;lIl~ the cu,,,,nt 110 .. ,"8 an inuan. af.er lhe .... itch 
;, r>p<r><d (fill, 6)). 

c. Tbc ... 1"" '" lhe .. lI·ind"",J vcl"g< ojui", at 
"'1 ;,.., ... 1 '" • <Oil d<p<ndi up"" how "..rn lDI~ic 
AIl< ..... "",iat«l .. ·"h'l>< ';""'t. how bit th< S"" "' •• 
'hangin,o:. Ind how """1 'um. of ... j"' .... '" CUI by tbt 
~ux. "The '"bINk·do.,n" of ,he fidd ""roundi"" coil 
...... place in rrooch 1= .ime ,/wt .he ··build.up;"" tbcrc­
Io« •• he ,,01 ... .« i"duced on ,he "hrnk'" of.br daui ... 
"",,,h 8'<>1« 'ban lhot ;nJ...:«I on ,lot ""molc<-."' 

d . Tbc un;' of m<.",,,,,,,,'" of inriucr1ll« i, tbt 
··hen')'." Tbc .'oJ"" 01 ,ndr>(t>n« 01 a"r mil d<-p«Id. 
upon;" ric"&". 1he ;"dr>(t.~ 01. <"<II [ i",,~ .. ·irh 
th< "umh<r 01 'ur'" of "rf<. Tbc plac,ng of .... i_ 
cor. in ,,.. roil ... ill gr<>.ly ioc", ... ,I>< ind"""""" 0(, 
roil benu .. ,I>< ft"" ;" ;",,,, .. ,J . 

• 1. UECUO"' ... GNfTlC INDUCTION. .. . EIoctJo. 
""gn<toc ,od",,;on " ,I>< gene"""" of , voluge by 
(In",,!!, r""d""or to <u' 1 .. « of ",,~n<ri< Au •. Thi, 
""'y be >=>mrJ;>h<J by ",.dunK.l mo>"cmcnI of ~th<t 

(!) 0I'IQjr't ~_ -":'N<I 

F;,_ 61. 

( Or>" IL" 
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til< fi<ld or ..... <""doctor. Tho """'ing mog"";" field 
of • ""1"ciO ,n<! ,be tot.,in8" , tnUlu« in '1>< 8<n<f'to, 
.'" • • ample> of .lect""""U'<lir ,00"",00. 

b. A lU"'."" i, • "",hin< .,hkh "", .. ", """hi";_ 
<>1 -'81 intO 01«".(>1 ~,t:f by _.n, of d<'<ltO­
lnij;r><Ijc indoct'on. An a-< gm<r<lor «.11ed III ~t ... 
U", q ,) proo""<1 In ,I"""';ng cur"," .. j" '",nilLll., 
,,'hil< . <1-<: 11"0''''.' prod..,.,. di'«I <,,,.- at '" ,«. 
",in.I., Ey<,!" 8<"0'010<, " j;.udlm of In".' <00>1"",­
.ion. oPC"'" by ,tie inO"""'" of . 1,emJl;nB vol,,1I" in 
coi]., prodUCN by I', ,},;ng tl>< amount ... J dirocrion 0/ 
nu~O<!>: ftu' (h«.di.-.g ,h_th .h<st "';1 •. Th< ."i,_ 
!ion in Au. Ii" . ,!", ""'1 be o«omplilh<d by"", """ of 
• ""«<r of method., ><" .. , 1 of ... hidl "'ill be d;><IIned 
in ,I>< 100Io,.,"S p>f'1gr.p/I>. 

<. Guo,ato, ",I.. Tho dittCti"" 0/ . oltogo ;n. 
d"".J in , ,oM""", can bo dn.rm'nN by , .... ';':ht· 
hond ron« .. ", rul.. lbi. rul< ... ill . 1", ;nd~,. the 
di,«<oon of <u''''''' a- ........ be alOl" i. complned. 
In u, ,08 ,hi, ,uto ,,.. di.ect;on of the Mki mu<l be do· 
'<,m iO«! . If the pol •• ' .. "'" <lelilli'.', k"""n th<r an 
I>< d<t.<mill<d .. ,j'h . ..... 11 po<kel comp .... The "",,,b 
!'Ole of 'Il< «I<I1P'" will po;n' 10 , _,h poi.. 11>< 
~"" 110M Ao..', from II>< north pol. '0 til. _til pole. 
U", 'Il< right h,nd ond .. ,..,d the thumb, ~nt ~"8er, 
."J midJi< lin..,., SO that 'hqr at." 'ight '''81<0'000< 
'00I1l<, .. ,ho .. ·• in ~"". 61. n.en 'um.1l< lund int<> 
>uch. pm;'io. ,Iu, 'Il< ,humb roO"" in 'Il< di«<tion.,f 
,he mot",n of ' Il< "",ductor and 'Il< fir>l 5n"", point. 
in , I>< dim' ion of ,I>< ""8" .. ic Au •. The midJI. ""8<' 
"'i ll ,lorn ""'''' in th. di,«!ion of tho ,nJ"" J ""I"g<. 
lf ,I>< di,mio", of '"1",,0 01 ,ho l><torr .'" kno~. 
,ho ""mion of ,I>< other <ln be del,rmineJ, by 'l"P'ying 
,bi, rule. 

d . Simpl. all.",ertln,_nlHnl '.n........ /I. 
"".'>OJ of ~" .. ,,"in' ""I"g' i, .00,," in li8"" 6" M 
,he loop 01 "',I< " """,d in ,Ile nugnetic ""Id •• """"8' 
i, in.,,,,,," ,n ~h "de of ,Ile loop, . nd .. ,Ile " Jot 01 
.100 "::r '"' ,he Au . in 01'1"""< &,tKtion~ the vol"!<,, 
ind .. < in ,Ile .i .... of the loop "ill I>< in "I'P""te di· 
"",ioo.. Th" " 'ill caLlS< ,he vol"g< oppe>nng at the 
''''0 .oJ, of ,o" loop to be the ",m of ,he "'" indl>Ce<l 
'·01"~{'S. !'"h,~, ,, Ih< 0"/1 f".,,,i,) ;~JNC,J;~ ,'" 
"i"Jm~l. The . mount 01 '", ...... , """,n tile .. inJin~' 
"',II dOrenJ up"" tl>< Iood wh;'h is con"""'" '0 the 

( -

gmt'''''. The v.l u, 01 ,·olug< .. ill depend up"'" 
numbe, of '", .. in the ,otOling ."""ur<:.p«J 01 .,. 
t>l,on: and "'<ngth of ,be ""8"",;, field. The ",,,'ent 
A ..... in8 'n ,I>< Iood .~a<h<d to the loop .. ill foil .... the 
I"~.'" "' ..... n in I\<;u" 6,. One :.:t::' lilt" 01 ,ho 
loop ",II g<ne"" ..... <J'<I • . The of <J'<I .. f'<" 
""""d "know ... the f~Ll<tKJ' of the (I<",en'. 

•• SI"pl. dh <l-,.,,-'" ......... 0'. The d< gen­
... to, has.n .... omatit: ,";'ming de-u ~hi<h dt.tn!<" 
til< .It"""'ng "'" .. '" in the orrrutu,. to di'«I (I<,«nt 
lot ,I>< .... " ... 1 "'tnt't. Thi, 'ul(lm1ti< , ... ,«hi., d ... i« 
i, .. lie<! a """""''''''... It ""' ..... 01 <Opf'<" .. gment. 
i"",IOIed from <Kh otl><, .oJ """'nted, bt' ....... , of in· 
",I>li.& "rw, on ,I>< '''''''u'' ",.f.. Eadt I<grn<n' i, 
connected to • <Oil ... d .M. " "h. "';,obl. bruoh at· 
rongtm<'tl'. ,be <Oil,,,.. be "",n«ted ( .. ,ho '''''''ute 
,ot",,) '0 ,he • • ' ..... 1 ci<n>" in sud! . ' ''1 tha, the 
(I<.t<nt "ill A"... i~ only ..... ditKtioo (". (4). 

43. 'UCTU: ... l OllfCT--<UUtNt GEHEUTOI. 
o . 11>< I<rmi",1 .'olug< of • pcxtical d< , ...... " .. i , 
much more ""' .. .,,, lIwt ,ho "<y """ .. dy ro/"g< of 
the "ngl •. 1oop ,,""'"I<. Thi. ""' ...... vo]"g< i, p ..... 
d..:ed by u,in8 .n """tute ""',,";n8 of • ,'otted >oft 
i"", <ylinde,.nd. nwri>« of ""ifonnl, ,~ed .nnatu .. 
<Oils. AI", the nwri><. of magnetic <im."~ nu~i.ed 
poi. ,,;eo=, .~d <""""u'OIor b' .......... inc" ,.l<rI. The 
""""1,,,,,«, ""1 "it< ,ho ","'tu .. <Oils toS<lhet ,n 
my 00< of "",,,,I "'1' ",d ""'nect ,hem to • <OO'Iffiu· 
"toe of many ""grn<flt~ lbt l"inciF"" of ope,,, ..... 
howe,· .... mruin ,be wne. 'There "iI be. ,ligl" n,i. · 
,i"" in .he ,·. Iu. of the ,,,,,,,, .. I volt",!;, of the """hi ..... 
""""n .. ,"",,",,/JI", ,ipp', "hi<h moT <luI< 'n,.,r.,· 
~. in ,he ".pI. ....... d,o ,oe";,'... Th" ,,,, • ..r ... ,,,,,. 
may be f¢<luceJ by , .. bih.ing the , .. mi".l .ol,,&< "itlt 
a fil", con<len .. , ."..:bed 1CfO>. tl>< "'1mi".I, of ,It. _at ... , The <OIIde,,, .. ,<n<I. '0 10 ..... "'" ro/,,~, 
P'''''' and build up .he I"... •• thu, """"'hing "'" tho 
ro/,,&< '0' mo,. ", •• dy v.I ... 

b . The moe>«i< field. in "hi<h tl>< .. motu" <Oilo 
mo'·, . 1< 8=,1, ,"<ngtbtn<d, .nd <OII"'Iu,,,,ly ,he i,,· 
doc..! volt",!;, i, inc=><ri. by ,I>< u>< of e~'''''''gnet' i." .. d of petma ..... , ""8".... All ",.,IIft doC g ..... ". 
'0" h,," " I ......... "'yOl field coil Uoun.ed or con· 
nect,d OC' .... • Ile """he, (61. M @). The m'g"";" 
fl"~ of the fteld i, (1"''''1 ..... itKtly I'ropo«;"""'l 10 ,he 
,"",Ius< J i« .. ~ bet ........ II>< bcu ...... u"I, .. limited 
by . "oi"g< "'8"''''''. /I. ~ ... o, with only thi , tTl'" 
of lte ld t(,iI i, coiled. Jh"HH'. ' H4 t,n,,"'o<, 1'he 
, .. m'nal 'oll>ge of ,he "''''''· .. ·''''nd 8<fI<"to. ( .. 'hen 
u!Cd " it""", • "ol"~ "guIOl",) ",ill doc ....... lhe 
IOId i, inc .. ucd. F'gul< 66 @ ,,,...., 8rorhically ,he 
d,op i. I<""inal vol"ge ... hi<h uk .. ploco .. ,be load 
<OIIMCted '0. "'"'" ..,.....<>1<" i, i"""' ... J (,lut '0. ,I>< tn,"""" of tbe I",d <kc ... sed ... ;,h ,I>< gene,,,,,, ,peed 
beld <on.lOn,). A, .... load tl>< ,,,,,,;,,.1 .01,,1<" i, high 
mJ ,he I",d .... tT<., i, mO. /" ,I>< I",J inc, ...... ,I>< 
Io>d ,"lImt inc",,.. .nd the termin. 1 vol"ge dec"" ... 
" .00... to, the ",lid I"'''i"" 0/ ,Ile rut¥<. W"h.n 
;0<, .... of 1 ... 01. ,he "0]"8' 01 'Il< g<n<rot<>< .. ,II d"'l' 
'0 ,he pix, .. '1><" th, Iield ... iII be reJured. Th,. will 
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C'Ol'< • furth<r drop;" ,1)[ .. &< .. tho IooJ iI inc"",...! 
kyonJ • e,;rico! point. 

c. 'The d«: ..... in I<""'R.>I ,-oJ,,&< of • 8""<'-, 
...... d io .pplI<J. j. nu>td t.,. ........ 1 'h;n~ Th< 
.mutu", ""' ,...;",..,., In.d . , the """"" ;n<""x>, 11 .. 
IR (""luge) d<Op in tho """".,e _ram from ,he 
.. ""j",1 YO~"8"". l\ dt<f<>5" in f<'rmi""r ,..,II>&< .100 
au"". d« ... ,.. in li<ld cum"', nu. au .... , d<c,.,. .. 
in Ii<ld 8 .. ,00 • fu"he, 1""· ... inR of the indonJ '01,· 
.", in the 8<"<'''''''. A.>oO:Iw::. (..:to< .. -h;.h .end. to 
doc ..... ,he: YOk,!!" of • ~or .. I",d i • • pplied i. 
"'''''t"~ raaiOll. Al'IDOI"'" «><fioo i ..... diA<KIi"ll 
01 tho< _ .. or Ii<IJ by , .... ",'''')' ."""'.ro currmt. 

d . A .4" '''''''''' ""y b.: ""'"", ... rd in ",.It. to 11m;· 
I ... its tcrmitLtl "'lug< (fiJI;_ "<!I). A '."'10-"" 
_"'" 8<""'- ""~ in .Mi,"", to it> ""un! Ii<ld ,";1 •. 
• I<rin MId coil (<OnJi.;"~ of • fracti<>o of • 'wn to 

( 

I 
I 
i 

I 

, , , , 

--

, 

® 

_ "",<c' '-.0-. 

--------------=""1- "­
.:::-

Tt ..... ' ...... VOLTM t O~ 
CO .. ..oIJHD " [NUt..TOA 

........ 1 rut ... ) «><ID«."IN in ocriet with .1>< IooJ ,i.cu;'. 
11>< ..,;." tid.! milo . '" ....... oJ on tho pol< pi«« in 
0U<.b • IIWIlIO't .tu/ .... 8 ... tbqr prOOucr (which i. r«>" 
poII;.,n..1 10 tho <,,,,.,,, j" rh< looJ ci«ui') aid. rh< 
I"" ~~ by rh< _ ",,10. Thotof"'< •• ' ..... ,t.. 
load 'n<rca>c>, rh< iIW< in ,t.. gcn<_ kid;' i~,..J . 
lbi. will Uoc<n>< ,t.. i..d~ 'olIO!" in rh< """,,'u". 
bur b«,," .. 0( rh< ""'" iQ rh< g<n<r1lor "hi<h in<f<.>< 
with i"""""" """<I. ,t.. I<rrnitul I'<>II~ .. ;U f<m.lin 
obour ,ho >am< (6~. 66 (!). n,i, ouchi"" h .. ,t.. .J. 
="/1< 0( """,;,ins .... "1"Ii""" of ,ho . hu .. fw:IJ In 

tIut rh< """bin< '"I<II",,'iall, Iu.. cu. of rh< 1",.1 
..riWoru. 

•. B<au>< of It.. ..... of fw:ld <Oi l, «I<rt"",,"gn<!' 
....... d of p«m.ln<nI ""'~""") ' ,he i ..... ><d in It.. 
g«l<f>tOr i . xl«tcd "'" II> obililf 10 b«,,,,,,,, """'gl, 
ougnni.ed by oIoru~ iDduction fitho, t/v.n f", 
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44. GENUATION Of AlTUNATING VOlTAGI I" 
VAI IAT ION IN flU)!: IN A COli.. o . II tilt """"'I"( 
of maso<ti< ftu.< &1IOCiakd ""b '<0<1 ;, . "i«l t.,. "" 
........ "~"r. , ,·011"8< ;, iDdu«J in lho roil. II 
..... ple m<tho>d lor prod..cing , _stant v.,;"ion of 
flu.< in , -8""'i< c;t<\I" i,~" in /igur< 67. II 1"'. 
""""" ...... 8"<" i, """'n~ .., Ikit i, """ he rout<d 

,N."". _/ .I ........ , ,..".,. ~1 ,_,.. ., . - "',. 

wiibi" the «,p 01 '" unnugn.<t,ud i"", y<Jl.. The 
~i< kid 01 ,he oN&"O' " ,hen <>p>bl. 01 pr0-
d "",,,, ftu. ,n ,he om,t:n<iOC ,".uol romro-' oi ,he 
_pot o.nd ,be: r>I". W "h ,.., """8"'" in ,.., pooitioo 
'""""'" the fl •• " oN.i"""", .. .n lho, ... 1"" ..... ("""8"­
neti< ....... n«) of lbe: <It<\Ii' i. mi"i_no. A. ,he 
maso<t is "" .. oJ 90°. ,ho ... I", .. n« in<rn>e> and ''''' 
<if0CI of ''''' """8"" ,n the co"",, J.cfftSn. booh 01 thnt: 
<Iun.ta .. du<c 'he Bu, . A, ''''' 9O-d.S"" po<i'"",- the 
If"" dec<e.o><> '0 O. lor in 'h,' ro-i ''''''. ,ho poI<o of the 
"'"'8"" . re «jW1I, di ... n, I ....... ..,h I'ok p;= 01 tho 
7'*'. o.nd the .Ir"" 01 00< ""'8""i< pol. "" ,''' ,i ..... i' 
" .."...U<d by 'NI 01 ,ho "' .. ,. A. """;",, is <On. 

'inuN. the ,"'" <ofCU,' """"", ~gn<t,,,J "jib ''''' 
flu.< lines .... ~''''J in diow'ion, Tho fiu, .. ad>td • 
...... irn ..... v,I"" .. , ,,,, ° 01 "".,;"" 01 ''"'" ""-If"'" I ...... 
iu <><iJinsl F';"'" I, .g .. n J.c ...... '0 0 .. n(). 
d<gtff posi'fOII. and i. "'_ .... Wi,hod '0 ,ho oripMI 
.-.1 .... o.nd di_,OCI ~'hon ,he OtiSi".1 roo'';'''' i, rtO<hed. 

( 

, ; 

-
Fi ....... "01 .... iN'''~'' , ..... " .. ,.,iti .. , . / _."n 

.-,,' .. • oil_ ,~. 

The Bux. ,hom", •• «"V.na Ji_ioo ,,,ire per .....,1.· 
tion (ot tbe 9O--d<s- U1d 2ro«8fW I"'"'lior,,). 

b. II 0 coil is """"'" obout tho roIe< .. """'" i" fi~. 
un 67, ~ i • .oaiJ to he I,d" with 0 ..... If""'i< nm.rt. 
Who""" 0 coil U ~nk<d "'iib • mo8""i< rirnit in 
,,'ha tho, flu.< ri .... 1.1I .. 0' ~ d:owtion I"';odi. 
o.lIy • ." ,I .. ,,..,ing voI"8'" i, i"/ured in tho coil. A ,,.ph"'., «plC5Cflllltion of on .llmuting voll,!" i, 
.J>o,.o" in ~", .. 68. The Unpot!.lnt r"'Ute '0 be_«I 
i. ,hat the ir><Nrcd """8'" "",hot. ""'-"imum. "", ... hen 
,to. Bu~ liMoJ "j,h ,ho coil i. " ...... imum, but when 
tilt B ... i, .. 2<tO vol ... o.nd i .......... "in8 ito di"",iOft-
The "'" "...i"."" volon or voltOgt om" .1 90-<1<8"" 
.Dd 27()'.xp« position> 01 ,ho tOtoti"ll 0lIg>«-

• • "Tho •• 1 ... of lndO«d roIto8'" dop<nd.o up"" the 
"" of cu~ing • <OnJ.ctor ... ith magnet", «.... Th;, 
.. -iii <kp«Id up"'" 

(I) ," ...... ~/ '.,w' i. _ ",iI. Ro8"dJ.., of the 
.....m.r ol tu,,,,, the ..".. ... 1 ... of volu8¢ i, iDd""t:d 
i" <oct. tum. II, tilt _io. tu"" "" in k';"" the 
1",01 vol,,&< i. ;., proporuon to the mmur of tu",,-

(1 ) S~,./ <til.;"". Thr: .... 1to&< do:potodo "" how 
'!I'dl, , ... Au. cub .....,.. ,ho """""-'. "Tho I..m­
,ho, mop><i i . "".wi. the _ .. pidly tho Bwr di .. 
0p!''''' ",J opp<u, opin. 

(l) "Tho It'''''8<t lbe 1'JI08"I<f, tho ' ..... r .. 111 be lbe 
... , .... 01 A"".Dd _oequ«IIly 01 the ti" of dw'B' of 
.~ 

(4 ) CI ... ,dRU .. , .. '.'" "'-l"" _, />0" ~i"'J. The 
"",II" the ti, Pf' Ito. 1<0$ ""urton« thor< "ill he in 
lho magnetO: ci"""t: ho",.\ Ito. S ...... ,.,;II be tho .'., .... 
01 au . .... b!i<h<d by the magnet_ 

.,. Ml/fUAL INDUCTION. G. M~ induct"", "I:<. place. "hen ,..." coil> or rond"""", (OM oi " hid> 
u <>")'ing. ",ying "" .... t) .r< r'""t:d .... ,.och "'m 
(fi8_ 69') . A <horo8'" in """""t or Jiowtiorl 01 "',""" 
in"", coil w;1l produc •• <1u"8"' 01 B ... in ,ho 'y""" 
"'hi<h "ill ;Dd.n • ""1,8'" in ,ho ",hot roil, The ,,,,, .. 
/ornx, i, . " <nmplo 01 in""""8 • volu8< in .-hot 
roil (,ho >«O<I<h'1) t.,. ",",,,,I i.nJu<oioa. 
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10. "II <!n0: .. ....d OR oi",roft to ~_ t.:gh TOI.· 
a&r IOf""tin< iBnilion op<n" OIl "'" principlt 01 ••• 
, • .1 ;"J"" .. ~. Strictly .prakin~ """ ... 1 induction i, 
.... iD<lucrioo of TOI .. !:" in . cod (cdlN a ,u<>...t..ry) 
.. "'" ~I. of a dw1!:" in n .. m>p><I;"" 01 anotber 
coil in il$ immtdiM< vicini.)· (colIN a pi_,). In 

igni,ioo "'luipmonl. """,,"<t. ,n. bulk 01 .n. voll<&< 
ind..:t<l in In. >«<>o>d." i, d ... 10 1000 01 m>p><I''''' ol 
In. <Or< upon ~'ho:h both prom.,)" .nd _d'lJ ", ..... 
". ItAliC ~1'NCII'1.!S OF £l£CnICAl IGNITION. 
•. EI«I,icol ignition will be opt.' n«! ~-,.h ,lot .,J of 
..,..,. 70 ,,'ho:h >ho." 01 1 0/ 'Il< .....",,1 part, in onr 
<ommotI IfI>t of .1<ctri<;o.I ignitioo 'J'l.em. " Iri.,., 
<oil (P) o( about '''"0 hundr«! 'utru 0/ on",loted wi", i. 
..-ouad o .. o.md a I ..... .-..ml ""It i,OII cou, ,,'hidJ i • ..,. 
• """"" (altboush it n»r 1""-"''' ..,..,. ~J.w mag. 
net;""). "The COt. is " I .... nl«l bjo ,n. ,10"", ",light 
Ii ..... toet .. = "'" primolJ ",d 0<C0Rd0ty coil~ 'Tho 

-------- , 

, ... ""~ (~ (5) ol F.F" I ... or ...-<nty ."""oand. 
'W,," 01 a'mndy fo>o "".,lo!'" .,1< i. wound ""of II>< 
~ coil. The....:ot>oJ.". .... 1 is ... U """lot<d /""" 
"'" prtmUJ coil. Tho an"" dectrode of , .pm: pius 
iI- otUd><d to .... <Dd of "'" -du-r by f''',.". ol a 
. cll.in",I"'" "i«. 'Tho """" .lectn>dcs ol "'" If"'tk pw. o~ "5round<d" ODd thus <I«;t.i(:,U, <Onne<ItJ .. ith 
"'" otbot end ol "'" ~IJ. Tho opofk pl"8 mar be 
corui&.r«! .. . Ioad....n ... "bed lO "'" 0<<0<l<I0'1' The 
primary i. ," om.. ""ith a .... ildo. • bol,...,. oM .... " 
of "'fI>il<c, •• HId '"b.w:" «>f\U<t poi"'~ Tbac p:k. 
",,,,,-,n in CO<Il>CI • ..00.. .prinS '<mm. unril pushod 
aport by a "" .. inK,..... 'imod lO "'" ""p ... "The pri. 
""''1 ci .... it i. ,h<fcf_ cloot:d until ,110 poinl$ on: 
op<n«l, 'Tho poi"" are """"'" br. tI. d ..... , known 
.. til< /';.", mul •• _ (C). n.. ~ to not· 

. moll, ' """'«I" br til< poi"'>' and <oMOt Iw>etk>c> utotil 
llot pointo- at. Of<<><J. 

b. Wb<n "'" ... itdl,.i. d.....! ........... ri ... in "'" 
pri....., cool ODd circuit, ...,miag Ohm'. It .. <01 .. ill 
perm!" • few """"'-l>IIoho of • _d. Oufiag thil­
Ii.".. _fD ;. "or<d in .110 P'~ and ill "'" <ur<. If 
tho pointo ". ""'" pull><d open. ohi, ~ Of opom tho 
pfimary " .... i.. n.. ..... lli"K .. pid ",Ilop>< 0/ "'" 
.... p><ti< t;cld ind", .. a YOI'osr in both primary ond 
SOC<Iftdur. ,110 .oul ""I'~ ind"""d in <><h coil bci<>, 
propo"""",l in ""'~ '0 ito """"'"' of Iu"'~ 

'. Un<kr til< inA"""", ol .... in.oJuced vol'.,. "'" fro< 
.kctroru ,n "'" pmmry ,end '0 rush I_d ... d .. (>idl, 
,""""""I ... on til< tinI CO<>IXf poil>! ... ill bot d",nod 
of 01«1..,..., If til< "",dmoor ...... not jA .... , ... .... 
1""""'01 dil!'"" ... bot .. ' .... "'" poW. """,Id ri ... ... 
u pidl, ''''' .110 point, ...... !d b< urubI. to """"mo "ilb-
out ,I>< ,.,",,"""" "'- '" ore bot-... ."""'_ This &r< 

....... Id born ,ho •• "faces 01 .... poi .. ~ ond "'""u ... ol 
ito <ondU<1i.iry .... wld I"""cnl lho ",ddcn ."n .... 1 ol 
batt'lJ YOItoge ftom "'" priffUlJ ciKuit. Tho condon"f 
..m.-a "'" .1 ... """ ""', to "'" .".. .-ICI point oM 

, 

u..-, _I ... II"~,,.I , ... ,io. ,,'''''. 
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.... " .-

.. ppIioo "'" don""" ~ t,. tho othn poi... A 
• · • ........... itJ 0/ .kcI....,. ......... bt,_...., 
"' · 1 • ., ...... dill .... .., bd ... " ""' .............. of 
"",. t _ .. ' OM bo ... oN......... ...... .. "'" ri .. of 
pottnIilI d;1I ....... c bt, ..... ,he poitn is ..wd.d ODd 
.. ____ . A>...,.. ... I>< v."'" of tho ;' '",d ~ 
;,,·dot pNr>a')' tu.. .xcr..ocd'o, an.! f.11o boIow the ooIt· 
.,.. to " hich Ih< ~ tu.. .u.n. lho I,",. cli>­
..... B<> bo<k into ,he prima,),. 1b< ,ond<ru<. tboo ... 
Iu .... '" Ih< ."Oi' """'" of tOe <Rft/!7 «<.i .. d f""" lhe 
.... L "The ,O<"I<kn ..... diodu.SO cu,"'" reo ..... "'" ft"" 
vi "'" "";;.7 ...d lhi. lC'"<n«l 8"" .ond. '" ......... Ihr <eft., ,..; ......... i>m. 1b< ", .. I du",. vi ....,.,m. 
.... io tIooI ..... lmI ... 1b<........". "",,, . . ,.,-, 
f __ plitba J dnjubjo ..... lu: 

(I) It ~ Iho: ~f.vI tho poiDtL 
(1) It i""tn>«"" ""a1 dunl!" in """""i>m. 
(J) It haot .... "'" coIl.opoc: ~ "'" """""ie ""do. 

1b< Iwt ........ of ,boor .... 1" ""I<.iolly itICK ... tl>< 
....... of yol"s< indo«<! in ,iI< _do,),. "Tho • • •• , 
of tho capocitr of lho , ............ i, import.n,. If "'" 
luI!". Ih< "",d .. "er·, _, . .-oII' &<" 010<0 "'" t-li.d up 
in limo to bo fully oIIO<Ii.,. If..., ...... Il, .... oIt.oSO 
rioco 10'" ........ ,y hip .a1 ......... ,,"' ••• ho poiIIb 
.-k.. "The doooir ....,;-. .. Ierto , ... wk ..... of Iho: 
"""" C&f*lIy '0 " Ihr >ppI~ ... ilk which it io '" 
be....... A .hon"d ,oodtn", will .. " ... ,he OPO"'"'1 
'" tho priorwy c:imoi, ..... thou make " .. " E". 
opo.otl... No "I"'" ". J .. n «Wl" in ..a.., poitI(s 
...... low ooIt>,. ~P>' ''''''' Ilw .,.. ..... 

4. "The YOI .. ,. i~ in Ih< wxonda')' <wIN br 
,I>< coIlol"in, !Odds i. "'""1 timn ,mI" ,han thai in 
Ilw p'i ..... " ""'.U .. 01 Ih< Irate. mltnbt. of ' •• no. 1b< 
curm" 1\0 ... ""1 bt .i""', ,,,,, .. 01 ,ho <On'" •• ""roJe 
of "'" >pOlk pi .... Of _Old ito ""' ....... todn. ... 10<. 

~ . i,h "'" di""'"", in "hi<b ,ho oe<oo>d"y is 
.........! .... 'ho...... "The YOIt'$'" dill< ...... mip ... , h 
JO '" 40 ,""" ...... """ w= ~ "'" lot the Iorl !hot , 1f'I'" ;..0.1" .. '- "'" eIouoodeo (wIton .... pau, io .. 
Ih< ~ qrl ...... ) II _imM<Iy lO'OOO....... "The 
...,t< u • .-Juctot; it ,La... "'" ..... HI..,. cl ....... ..... 
("""'" rio< in .oltl&<" i ....... d><d:ed. C."'· .... ...... 
ift tt.. ~'J' 0"";' .. """ .. ,he coll.ol"'<" 6<ld, 
ha .. "'".,..'" ..... r1 '0 ""i",.ift tt.. ."..k dio<bo.~. 
Wbtft ,t.. yolus< bot ..... ,ho .l«trodn folio bo._ the 
mini ........ v.l"" ft<Iuired for lho , '«Irit.1 di"haf8'. ,be 
.potk •• ,... "", •. ",d ,1>0 _ of <ha.,. -.... .... U 
of !hi. ","ppm. in •• .., "",U f,ottion 01 • _d . 

• • "The 1W<>",;:10 ..... .- I""iowfy dio<-w'd make 
~p "'" 'I""" . 'H. Wbrn """ • , ... ;",1uJeo , 
.... boNt .... tor ...... lot ....... Npt .... ("..u uod r-.... ) 
of ,100 1""""" ,,,,,,d. Iho: <Gil io kmwn .. on .J." .. " 
,.;t. Of ito tho """!' .... ,, Fottn, .. , ... " .. tHo 1b< 
-.. coif to dt-tc,ibcd in """ .... X. "The mop><tO. tl>< 
'heotJ of • b,,11 .. d"""ocd i:r.'~"ph 41 • • lto COil· 

uin. , pri"".,. . .. , .. odo".. .-. M.~ ... ie. ""I. 
",01 milt ••• induct.,., 'f< ..... 'i .. in 10 .... , .. of hip 
. ,,1,,8' for .i«"f, d«tri<, 1 i8n~""'. In ,.o<h d ..... 
.... . ~1 ;. fOt<Od in'" , pti""? . nd ......... d ;, tr.n .. 
fer"'! to • _do')'. ' n .. b ",,"ie, lho ''''''11' <le­
.;......! f""" the _ond...')' .. . . , .... ')' hip _alto .. 

" -
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point. 'f< ....... tho 1«t>iIdo" cu ............ , f< .. Ik$ 
• ~ ........ "'" ['rimotJ .... t.r< ... ", '" tho low 
~,,_. "'.Iw !.t"". "The am.. mJ of tho .... -w-, 
is ............J to .ho <pUk pi..,. <htouJh ' ",,,,iboIoI. 

, . Tlw 01' .... ;.." 01 tlw ""p><Io ""1 be •• rI ....... in 
............. y.. .... <ompl ... anJ d<r.,,1od .. p .......... i, 
dilOOt ll 1>« ..... tl>o ti""i" w;,hi •• 1>0 """8M!<> .f< 10 
do><11 hnked with u"h othor. ,1«I"caUy o. "",tn<!. 
... 11,. tha, .n ... ion in .... i. ,<Il«ted (by I .. duel .... ) 
in the otbm. "The /oU_ing i, , sin>pl< "pWutioto. 

vu !YI (Allf(lffll~ . , 



.,. CHA .... CTUISlICS OF DiIECT· CUUENT MO· 
TO.S. o. n.. pIIysktJ and .lon<iaJ f ... ~,.. of. <k 
"""Of 0« tho...". .. (1)00< of. d-< ,..,..->10<. n,.,~ 
f_ . ............. Of ....... "'''' row .... >oU'SO ;. i". 
dIKed in it> {oil~ Thi. inJ<>«<I vol,,.,.. k"""'" .. bock 
.,.. ""' .... , • . m.f .• • i .. Il,~. tho <lenrial cha,a«<ri .. 
,;0 and ,ho po,fOfIlWK< of tho mol"". 

b . W ...... Il·vol, baI,Of}' ;, <1IQIICCN 10 • ,<rUin 
P>O<IoI of .. ,;..· ....... d moIo<. r;wrmt at ~ ... &0... .. 

tho ..... oi p<f"'po (hI« Of roo, hunJr.d. .'''1'''''' he­
""'''' ,he ,..; ... ..,. 0/ tho ""'01 ... ..,,>.! I f,oct_ oi 
an ohm. I .. tt;>< opocd ... ,td, "p. >tl '''' .... ~"g """"' ... 
oi!rood: c;m.f. " -,"",",,,a!. Th" ""',,.~n~ ~ <.m.l. 
~·tho .......... 8' ,n ,ho """" •• nd , .... <11m ... ' 
;. _'" ~ '0 , '."0>< of.boo( '00 amP«"'. 
AI !!ri, 'p«<I. tho bo<k <.'" f. i. on,y • f"" vol .. Jeoo 
than tho applied ....... 8'. 

c. SuPf""'< t!ri. b.ltt''Y.d,;V<n """;"8" ""'Of i. 
CWpl«110 "" ..,~ ... .. h"h c>" ,'";0 ,he _0' 10 ,0"" 
.. . ill bip.r .p«<I •. The '''I·i"J",a! (bock) <.,".1. 
inc....., .. 'he "'''tt" i. forced '0 'urn" opc«I. in· 
atOS;""r g;atc, than '''"' of ," oom1l1 opo"'ion .. 
• """0<. AI ,ho inJ""," \'01"80 1>«00><0 <qu>1 ,,, ,ho 
batt..,. votUS" tho n .. mh.!':" ;n ,ho "f(U;'. atrJ «HI. 
><qII<OIlr. tho ",,,,,,,, A""',n~ """".."., b.lttc,)".nd mow< 
«:a<h .. 10 .. I",. 1/ 'h" .po«I ( ,,'h;';h ,,,,,,r,o in ..... 
co"""') ;. .. ",dod. ,ho; ,,,.,,,,,d o'oh'g< "',II .,.<ftd 
,ho voh'g< 01 tho bo."c')". 1M .... '-"'''g< i. now ,n 
tho other di,«,;" .. an. ,he "'lIOn';' ,he,e/Ol' ~',n<d, 
n,., ".,...,. to .. bo<om< • ~"''''. It i. <On",tt;"g 
modoanical ""'87 ;"'0 ,k<t,,{.d .... ,gy ..,J i ..... d,n~ 
it ' 0 .... """"'l' ",he" " " '''''''ctt''" into ,hem;.;,l 
""'81. Thio is chug,n8 ''"' b.I,,<,)". 

II. Altboush tho doe moto, .od ,he J·c g""'''o< ""T 
be wed int<rchang<>b ly. th,,; ... IJam don< ," <ommQ<t 

pn<ti«. n,., """'u,,1 .nJ ,1""",.1 I .. tu ..... 01 , 
8"'"""'" "hlcII d6ci<ntl, Ivlfill • «tI';" o>«d on ,;r· 
<"It "ill "'" """""" ho ,t., ,..,,,,, ... ho; ,,,,,,,,pond. 
in! I"tv"" of • moto' ",h;,h clTo<irn,ly fulfill. <><Cd. 

• and ~i« VUIO. 

... 

• • If tho Iood on. mot",;, inc"' ....... tt., _0' .,.;11 
............. 'Q. 1h< ~"''''''' in .p«d r<J", ... ,t., b.o:k 
~.m.f. •• 'hidt ;n tum ,nc,,,,,,, ,ho; .... "~I"gc, ,t., (IIr· 
f<tIl. and ,he dooclor<<I ''''~''', S,,,,,. in ,ho ,.,;..,. 
wound _'. tho ~<lJ . nd .rr,,""« ci,,,,,;,, .r< ;n 
",n... ,he map!<O;Im 01 both I> "I<n):lheo>«l by ,he 
in<raK in ""m>!. I-Io~ '".,..;n ,Ite "[,"n'·"ou"j mI>­

'''' ..... ""' .. " in tho "'"'" <OK"" "'re"'" ..... 1, ~ron 
tho t<rmi.rt..Il vo/togc of ,ho mach"",_ 111<<<101<. """ of 

,--_. __ ._.-. 
------- ----

i ; ; 
I " " " • • '" '" I I \ , . 

---- ----
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'pcM do.. "'" .Bort til< mosnoti"" of the lield roil; 
onl, II>< <unmc in, .. d tho nugt><tiom 01, Ill< "lI'\&Iu~ 
,il(Uj, ore ;"",.-..d, Tho ,.,..,1, i. lIut it i< m.xh """" 
difficult 10 .wI • ...;.. n>Oto< , ...... shu"' mot... Cor­
, .. """din,I, ..... tOf<jU<' of • oer;... ..... nd """"" at 
... nin8 i. mati! ti"... ~ .. than ,ho, of •• hun<, 
"""od _or 0 <quil li... 'Th<r<forr, in ........ hot< 
,n ,Ieclhc mol .. m"", ".n it(l<l1 "", un"", muim"", 
r",d _ditions, • ..,i ... _d moIo< i . o.>ed. In....,. 

... J.n.. .t.. load i. li,ht 1l "'''in, and b.,i;ld, up ... ith 

.... ope«! (as in.br as< of "" elect,", ron) dl< shunt· 
""'""" motot i< ""'1 ..,,<1&<1"'1. The ' oon< """"' ... , 
Ibt du'*<l .. i .. ~ 01 <O<\St'nI .pt«! undo. ' >'rrin8 loads. 
0... undesirable f."o", of ... ,,;.. ..... or i. !lu. il (,II 
voltlB" i , .pplied . ,jlh '"' I""d "" I .... """Of, 00 8'''' 
• • ptord wirn, • .x.<lop<d ,Iu. II>< ........ u .. mor A, 
oPO"" lb. ","I. of , ,,,,,,/",,,,1 10'«. Thi. fort ,hoold 
be hpl in "';od ....... be",h~in8 el«lrjc motOn. 
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SICTION VII 

FUNDAMENTALS OF 
ALTHNATING CUUENT 

49. GINIUoL . ....,!he p""'" ,;"., .I'....,..,;og "",.", 
;. W«I ""If <XI .....u .. ..... oi, ""''' ...:h .. indiat;"8 
;""Nm<1I'" ,.....,.., «WI>pu<. ftUO«K<l>t li""ing. ,uto­
ma,i< pilot., turbo «SUI.t.totJ, 81<05<0.,... ott. Hownft, 
... ~h ..... i ... ", .. i"8 .';" of a!'Pl&nes, !he ino .. ,!,,~ P""''' 
'oqIItl<mm'" .... h'SI><' .!ti'udo. H .,.....,.. ...,11 _ .. 
"""" 1"'1"'1> •• Oi,..,.""'" .... motor. ",oj s<n<n<o" ue 
~D>ited in output .. hip , I,i,ude> t.,. I>nWI and commu· 
uto. 'roub .... Wi .... 1, .. "",;"8 cu, .... " "'" btu,.,., .K 
u .... it:> !he POW" d"",;,. <Oft>«ju<ntlr. ~ ..... <It) >d.",. 
''8' =. d""" cu" ... ' ;n ... i. rc>p«I. 

5-0. ALTUNATOR$ .•. Goon.",I •. In II>< .It<ma,· 
~"",<f<nt .)"1 .... ,he sm<"'''' i. ca.llod on .h,motor. Tn 
>«tioo VI th, prindpl .. of vol,>&< 8"","';0<1 ""'''' eo:. 
pIoinrd. n.. " ..... ;., .k<mAt<lt ;, dn.i~ ............ , 
dill"""I, ...... ,I>< p,;"';pIe> of opor' "'''' rrnuin .... 
...".. Tn ,I>< C<>tIIIOOtt . Itcmalo<, , I>< vol,,!!, i. indLJ<ed 
in thr ,"'ionory <nib t.,. • mognrti< rotor (6g. 7\). 
The b . .,d 1"" i . ",I!oed ,I>< " ..... nd Ibr rot .. i"8 1Ol8' 
'"" i. <oll<d the '.'0'. In 0,,,",. to h>.vc • strong. """. 
troll>1>I, lidd. an ,Iectromagr>« i • ....d I", thr <CII ... 
.... di«("\"","en' i . ",ppli«l to .... roto< b, moan. 01 
oJ;p .i"8' ,"",",u«l "" thr rotor ilWL The di,..,.· 

"" ...... ( .. ,~;"8 CUl"''') m .... I>< lumishrJ by on 
.... , ili,,), d..: g<nt<"o. "'hid> ;, ........ Ir mout\t<d a' .... 
."d of the . I ...... tot shaI, O' d.i .... by 0" ... iti. ')' .". 
gin. (Iig. 74) . 

The ol'ffIt1tO< ....... ld br oj,i .... ot 0 con,lOtrt .prrJ. 
boca"" ,I>< I~"rn<y of ,he _'8< 8"",,,,«1 Ot:p<nJ. 
upo<> ,I>< If'<"" .. which ,I>< ,ltem .. or i. oj'iv.... .... 
'H;"ioo ;0 ''''1''''''' would , ..... hult, 01"" """ of 
""'" of ,I>< «jItIP"><'" """ ...... «1 '0 ,I>< .It""",ot. "Tho 
YOit&g< outpu, of ..... It".,tor i. cont.oIlrd by "'sui ... 
ing .... dicctI<1.tl'dll iKld (6g. 71). 

....I'."'tatot • • t< "",,11, 1lI«1 in ..,1,.,.. ""'I""S", 
P""''' foct<><, ...... pho..... Vol .. ,. oruI ,mp<"S" ." 
«I<I\I1IOt\ '" both d..: ..... ..., rnachin<'Y but P""''' 1"'0. 
..,d .,....... H, oord ""I, ;n 0< "Iw.,....." . n..: P""'<f 
facto. i> ,I>< "I.otiooohip bon .. " n ,I>< cu ..... and 001,,8" 
" "'hid> ,I>< mad>i .. i. in.rnded '" op<..... The "um­
bo. of ........ ." an , I,om.'o< 0' motor i , ,I>< "~r of 
inGrprn<lrn' oolugn i, S"D<"nICO Of '0 ... hi<-h " "(00' 

<><etrJ. SinSlo- 1· ",d ,.ph . .. ..., equipmrn' ... th. 
tI>OSI CO<l"«t>O 'rpe> oord. 

b. SI ..... _ph •••• 11e .... '0.. "The . inglt-ph ...... 
"moIo< ,..,.. ... , • singl. 0< vol .. ,. . .... . imp" mKhin. 

COOLS 

-+-_ ROTOR 

Fi,,,. 71. $, .. P/ .. JI"'~'" 
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~-----< .... 

of tho >"OII&,l'<'I <_ <haosr U 'M <>Oilo .... r" 
"""'IJ loca,cd In Ill< .... Ot. 10 "",,,., .... ( .. , ,0<,. 
m.. ..... "' ........ , ... be....:d. -'''It ... .,. It.. paleo 
01 I phi... Tho 1-""" ... 1' ...... '" " ....cI ~ 1~,1ot 
be<:o ... d •• ,.pt..o .. »'>I .... " .......... _ .. &I. 

• 
i 

•• 

/;-::-'-::='-::;:-"". 
,/ 

" 

r 
o. ) 

U 

, 

1,._", Too .... ,... • .Ju. ••• 

-, 
, , , , 
I 

• 
• 

d. ''''"-....... ........ "" •. 'Tho ~pIu ... b ...... 
"" ". ,omIIo ..... """ of 3 .. n~l¢-ph.uc .1 .. ,,,,, ... tn 0<1< 
unot. 1'11" .. dono by tu,.,n" 3 ><" of .... .,. w,nJ,"8' 
<qI'£lIy """oJ {,om .",h "' ... , (OK 80), Tho< ni>(h .... 
~;II ,11:<<><"'" .olu""t ""'~'n .n Ii~" .. 81. In •• Iev. 
,."n~.he ('«fU<"'r of ,he I·ph.o ... 1<.",,, .... anNh"J 

'" ..... h.,> •• "'"",.,,. 

51. AL1UNA,TIH G CUUtNT CI_CUrTS. o . G.n • 
. ... 1. lot..,., 01 to. ,d.o. "",,,,,,,J [rom tho: "uJr of J-< 
" ..... ". "'"" "" . h..n,o:«l .,. rnb,.«J "I""" ~I>rn ,,"dr' 
;"~.-< """'h. In 11><.-< (;'01;' ,he ,ol"~ 1M "'".." 
'" ... '« ..... Jr. ,hq .« ron,"n,I,' ,h,n",", in ,','''' 
,oJ d,,..,_. 

b. Sine _ .. , The ,,,..,.~ .nd "'m'III in .... <;I<'\Ii .. 
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.. _d to foll<>w. _ .... "'. 9' 1.1.,.;.,p.\oop of 

." .. "" ... ODe comp .... it. eLd III • mognftl< ""'L 
tIoo ... .., "",1<1 follow. I"'k .. "-'n in 6pn II. 
101 _ lUI" rut "'hm ,II< .... dun ....... ,,. .. Io"ll P"" 
P<t>J""" .. 10 '1>< Au. th.n ,,""" !hoy If< "''''''''lIp''''' 
1.1 w~h lho IIu.. 

•• C~ ... ~I I" u . _. dl<~h . I~. sintpl< 0< cl.-
not. .... ... " ........ 11 .. "" II .. _ fit, '''''' .. tho 
..... H ............... <'Oft .... ..-..II _ ~.,.. ... .II ,bo 

.f 
j' 
I -

"4'" n n .... ,..,. """, ,"",. 

mot; .. Iue ,,-hm "'" ...... p' " .................. c..r. 
ItS ....,. ... f ... 90' .t.r.o.l of "'" ..,Iu,t< 10 90' lid .M 
1h< ..... ('«,I). 

(I) If lho Iood 0fI In .lI<m.",. i. madr ~r oi mi .. 
'''~ Jomro. ...d .... "'<>, tho "',,"" ,,;11 be rnu"""", 
"hm tho ~uge i ....... "'""' (~. 114). 

" III ~k 

(I) Wh<tI. _. 'hcid. Of -r """ 110...., coil> 
01 WI,., .. .-. tIoo 0""'" will ho ............. ,ft.,. tbo 
rot..,,, ............. (115" Ill· Of ....... ..., ¥OI,.,. COD 
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Fi, ... ." C.,,,,,.. ".J"I' • No .,uI . / 0;'. j, , .. I .. , 

" .C, 
SUPPLY 

VOLTMCHI! 

.00 v_ 

be "ppli<d to on indu<livc cif<Ui. tflY~i"8 in v<ry little 
curnn!!Iow. H""' ...... jf ,I>< .. "'" d< ",110/1< __ 
appl>N. tM <lUrrnt Bow would be ~ ."d tho unit 
... ould proI>obl, bum up. • 

(l) Whon. <Oo>dc<J •• :t i. « •• ".:<1«1 .. , ..... "'rrl, 
of • ..: YOIus<.' <,,,,,,,,,.ill ao.. through 'I><~. 
Thi. i • .,.,. of.he (undun..n .. I. ol ...: ,.hid> dill ... from 
doC. "Tho "",..,. ond voltaso «1Mio<u!I'P ",.""" tho <OIl' 
<1<"1<' mak<o up .ho Iood i. ,-«, •• " •• ,,01; tho curtt1Jl 
I<ad> tbt \"II>s< (tis 86). 

d. p.,...., in ... «ami;';' """ ...... ,. f....."d by mol_ 
'ipiying vol .. 6" by ampmog< .. jo • d< ci~. n.., 
d< r<1.o,;., .. O;np " ,no< in .. H <ir<ui. ""I, ... ....., the 
P""~ i. <OoUun'I<d by. lamp, hoati"f «-a, '" a<b<r 
K>lSlon.. Whrn<v<r tho "fOI;' ronw ... apo.city '" ,,,. 
"""UK. "'" """,,,, ... ill ".J", 1.0& ,be voI''3O .. d • 
PO"'" (",Of (_'«lion fllClOr) "..., .. be .-d (....ttJ = 
vol" X ""'1'<'" X ~r (""",). The "powu focmr" 
;" • numb<r ... bid> mlr .. ,}' (J<perulins "" .... total ""_ 
pocj.UKC '" ind""'....,. of tho ' ;«'IIi') ffOffi 0 t" I '" 
lrom <> t" 100 pe""'" ODd .. -hid. i. mu)tiplied by "'" 
proJo<t of .... " II<Id amp<fO ,,, ~ thr .......w powt< 

WATTM CTER 

......... (T(R 

MOTOR 

F,., .. • ", ,II" ..... 0/ .... " "., !o"" I ..... · 
Or>9in,'fL" 
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con.....,..j t,- the unit. To .,.,,_'t< the J>O-f rrqujr..J 
br • ullit ................. to.....:l n.. .. OIlm<I« .oID-

""".,.Uy t&k .. c"", 01. the I"""'" f><lOt. Thr impottHII 
""0,10 [tHU"'" i , nor kI ........ '" ~ . ., in ... a<o ,. 
nut ""th. voItmot<. """ on _. t:..t ;""tW, ow. 
__ «.. To <Iete",,;nc .ho ,.,.. ... ,«, .. of • ci.."it 
.... . .-oI~ .... ,,,. _<I, .nd .... n""".r •• ""'..." in 
~B7. To caJa.Ut<tbc:power fll<tO< wctbrf",_"': 

",,",'.r f.octor =" -
VOl .. X ""'f"'«t 

To ~ II>< ~ factor (rf Of V.F.) in p<<<CftI, multiply 
~,~ 

52. AlnINAT ING_CUnENl' MEASUUMENT5. o . 
n.. O>mmon d < vol'''''' ... M unm<t., ",II n<ot wotk 
... • .e. 11><".,.. popubr ""'''''''''''' .. oN In a< _ m 
i, the dynamorn<t" """'<m<tIt {fig. 88). Thi, ""'''" .... , 
..... two "",1~ 0<1< oI.'hoch" •• pl,' Ii .. " fi<ld m il Uld 
11>< ",he, • """ . ..". <Oil, con".".«l io .. ~. s..;.... .. the 
coilo .f< _<>«ted in ""'" and ,ho ",."", ;. in the 
....... di!'XIioo In bot~ <Oil~ there i. """r' all 1111....,;"" 
bet .. · .... the coils. 

• 
i 

... 
D.C . • ,,, v, ----------------

" '-__ +-__ .-__ -. __ -.'c·,",':-_ " ,. ... 

." 
,. 

• , 
g • 

,. .. . 

b. Tn "",., • .,;"g I-C cu, ... " aM ,oIli&<. «"tin ",I .. 
and " ... dud. mu" b< OCC<fJIN. All o:omm,,,,,;'1 "",.rS 

show alfi<liug . 'hith i,,,.f\td ,ho ~t."i,.., •. "". of cu'· 
,.", ODd vol • .,. • ..,. the ..... imwn Of peak v.I ... Tbc: 
d<rti~ vol .. i • ..,.,....n.... .pokro of .. R.M5. (_. 
mean->qU""') ,..1... Thi. ,..1 ... iJ 0.707 of th< mni· 
mum "'~ or vol,.,.. Thi. tf!«1i •• v.1 .. of H 

",'ront or vol,,8'" {ONrOpo<><ts '0 th<.."... d< ""rent or vol,.,. (fig. 89) . In ,I>c: CUt: of tl>c: hou"boIJ 11 ) ·0(1. 
.,-.., th< ..:>lUg< o<I ... lIy ."ie (,,'m 0 to ~ 
mottly1 62 I"Oh A {\!front JIo., in 0 (i!<Ui, "bid> hu 
o muimum .. I ... of 10""~ Iw ,be ... 1.,. of 7.07 
I.mpot'<> .. .,.....,,,,d ",iob III> om_er. 

53. A~TnNA"NG·CUIUNJ MOTOU. If. Gon_ 
.,..1. The H """"" moot """""",11 -.I iJ tl>c: indue· 
tiaft 1JPr. The 2· ."J ). pIuo< inductiocl mot.,.. at< sim­
ple in corut""""'" .. d 1>1.,'. but 1 f"", """'ina pon. 
Single-ph»< in.l..o:t.,.., moto .. Ote ..... p<o<Iial "'" 
.. simpk .. 1· .. d )-pIuo< it"",,,,, bec>.use 0 lWtina de· 
Yi<. mu.t be .oN ,,, "on them. In thi. _i"" 2· .nJ 
'.pbu< _on ,,;U be JiVftl portintIu ....... ioo. 

b . $In,I • • p""' . .... _I.... (1) A , .. ,. ,"'" sin· 
5~pbu< _", i . the .... , ...... 1 ( 00<. d<) motor. It 
"ill .,.,.. ... on .-itbe, H or d<_ It i, 0 .. tie motor ""d 
Iw .,.,..",.,...1 cfu.,o<t<ti.tia. ";";1.>. to It.< """""'" 
><ria R>tItO ... uxd on ." .i«nlt ... n<t. Th. ",,,,,,.. 
" ill opet ... "" &< bec>.use the ",.<rnI dtUlg<> ito dine · 
tim irr both ,t.< li<ld ",d ,mutut< .. tt.< ""'" tim<. n..r. 
the .-IF«1 iJ the ...,.. .. if tbe ""<rnI .-.'" >t<->dr d<. 
'Thi. _or i . ... ""'1 "'ilfo<lOt)' f", , ;1<,>1, .... t.o:>u .. 
i, __ 0 ><1 of bnrobes ..-hid> au" "dio il'lletf<m>«. 

n.e """'" . 1>0 '"'{W'" COD>id«able ""intmonCc. 
(1) Any .... " f ........ 1 inoluctior>-t1P' ,,;ngle--pbuoe 

moton ""'1 be u .. d "ltet<' .m.dl """"I'll of "",,·ct i • 
~iml. H"" ..... 'h<J .t< DOt uxd in . iKt:lft _ k 
b<c&u .. th<J t<qI<i,. .p«i.l .. orting deYic... "hid> com· 
plia ... Ite corutNCtioo of th< motor ""d requit< 'OIl· 
,,;«'able mai.....,.".,.. 

t . Two. pho •• h. d. tllon "'0'0". In the 2.phH< 
"I"irr<l-ag< ind..ctioo motor. th< rotor i> mode to ro .... 

:; __ ,-:---- ___ POs m V( PEAI\ . ,& 2 VOLTS 

- - - - - [ rrtCnvE VIlLO[ _ 11~ VO\.T$ 

Ti"'E 

... ... ,-~~ -NEG"'rov( PE"'''. ' &2VO\.T5-- - ___ ___ _ __ _ 

CI _ _ • of ooIu,., 
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•• 

.,...... to th< nI ... ;., ....,. bctwctn .,.., I pIuon iI 

.lw.,. .. I • 10 1.7l1. f .. <DIIIf'Ic. j( ,too .'«IM 
~ bel .......... , ....... lAd DNfnl .. 110 ........ ,he 
. !km .. ....tt.,.. b'H ph ...... lOll....... n.. ocI-
......,. of .... ..... tt. , .ph&o<.". .... It <UrnfI,food br Iho 
II(! thai in tho t OO< <io<d. J. ........ ,.-.. 1(lf...oIt oquip-
_ 0I>d .;n' ........... 1.10·"'" <quipmonl ""', bt ..... · 
oected to .... ...,.,. <jf<\l~, 

(2) With d •• intun/_ vol .... '" .-olIO,. oMwn 
In s,u ... " (i}, ,lit _mil in ........... u . , .. , fip .. 
9.1 @ _Jdb. LO ""'pcm in .... ditO<l;"" lOt ..... .. 
.. "' '" ....:1 ..... '01 10 _' ..... 11>< ........ " ......... 1 .. 
""""" "a" ..... "C-, ~ ;...,. ..... .".. th< _ .. I "'''~ 
am.. ... aom<>I ..... noll hc <limo,,",", s..ct. • .,.. .... 
.. "-n ... l ·phaa<-. }-wi .. >j .......... IlIr .. , ..... .. 
.. . )-piwo. l-""" ,..._. Iu .... ).pbaoo. ). ... , .. .,_a It tbo .... ;., _ < ............. ;, ;. f", At', 
t<f .. ~ ... ........,. • • ).~ 0·..., .. """8 ~). 
A • .,...,potrd .,;,~ rhr "<>p-~, , .pha .. , ..... }orh-. 
~.w, ... J1I! ...... tho """'''' ) ...... .,......, ... , tho oct.'..,. 
t,lI"' 01 Wmrlic~1. 'ymm<'''', .. d • """",,h ....... ,1<. 
<'1'iCi req"irtmttll: 10< n>o>d_~ For ""'" PU'f!O'<'O 
n .. ilio ...... p .... ia, tbuo U .. otho, .1t ........ i ...... ,f'<tIt .-

(l) In .....,....; .... _Of Of a-r- 10. ).piwt 
ci ......... ~ ~ ....... bo po ...... """ .. "..! .. ~ ... 
twO ....... _ ... al c ...... ~ '" 6;, ... ; .... el 
..... __ n.. "..., . . ,000. 01 .... 1 ;" _ pI>ur 
~ ~ 01 ......... will ptOdu<~ ... ....t.ot.nmI ..... .,. .... 
dO>o ....... ., _ (q. 9-4). 

f. " Y~ aMi """ 16 ••• n ... dI ..... n.. .... 10 01 
... altu ... tot .... , be «><IDf<I<d ;" ';,t.:. "'1''' 0< <Irk. 
( 'a, 91). hI ,ho ca,. ......... tho ,oil. " ..... -'cd i" 
t:.. (""'I.) !lot """3< bor ....... &or 2 01 <lot ) It. d • • i ll 
N ,110 ........ 1110 .",~ of on iftdiviclo.W ,oil. Whtn 
,110 ... 1, ........ n«te<I III '1'. ,110 YOI..,. bor-.. .... , 
two 01 ,ht,~ l<odo wiU 110 l.n2 , ..... tho ....... r .. 
IIot i...li""",,1 ph&tr...... To "' .... ..... ,hoi aI the 
........ " . .. "<I.d cor..ro" IDIko cnt.IiII ..... ",Ibid" 
....:IiDp ""'.". all I dh "w, , . ,,,_ III phaon ... 

""-
$4. TlAHlfOl/IUU. e . ".,. " .... 10" .... i,.....J 

'0'-' ~ . ...... a" .. (_ ...... 11r "f'<"'1I. '" Ji&,,· 
.... "",,-). I'owu ;. t, .... r"'tN (rom ..... <il'(U~ 10 

1110 .. hot b)' "",,,,,, '"JuctiO«. ".,. ".'op ,. "iooJ 
,.~h. "".,..p" lwu./o,,,,,, •• Dr it iow<tN with. "1I<'f'" 
_ .• If .... r ...... ,. A Im,,' ...... ' ......... I.<>d, ",~ , 

:'.!1 of .... ""I. (primuy ond M<OoId.t'1 ) ,"""",,~. 
o....,o<aIl, '-''''''' f""" • <100« mapooic: ....., 

( .. 96) . Thr coil. orr ..... IdIbd WIth tlIr _ .... , • 
...... ri...... n.. ..... a·..,. .. _~ coil III • """"1' 
.rami ....... .... _ ....... <It.tt tlIr ......... " . Tho ... • 
ooduy 01 ... .,...,..., It..." ............. f..-. ....... ,It.tt 
IIot ptinwy. 11.r ,_ ~ ..... I""'''''''''''' ... thti. 
,.."........ no. "' ...... van.. i~ .. , .. I, " 1110 lu .... 
, ,,10, ".,. J"'"'fl-I"" it tho ........ ,110 POW«;"1"" 
a«pI r .. _ ...wI ..... ........ 

10. Tho cor< ...... i ........ lIy 01 l""i"lIion. (loro") 
of ooh itOfO , II oohd i«tO ~~ .. ....d. "« .. 0<001 ,JJ, 
, _ ... "', "",Id bt ott UP. in ,t.: cor< duri~ """tat .... 
01 tho ' ...... 100...... EoI<IJ' ""m><. < ..... bt .. ~'hO:h 
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• 
would 10 ........ <ll>cknq of .... ".not",.,... O:Iidc 
films '" """""'d ..... illjl: coaI;ng< Oft ,I>< Wnin ....... "'"'<I 
t" r """- 0< t" t<doo: «idy ('Or,..... ,,~houI ;nt.l1orin, 
.",h tlot "'"8'Jd"= opel.hon of 11>< """,, 

<. When , .... poi""" of. ,,.,,,,fonntf;' <OftII«Ied .., 
• ,'',''<'< of oh<mali"l: ""rcnI, it ,,,,,do to mog:nct~ tilt 
<Of< .'" iD on< d,_ion, ,hen in tho«""', !'owe, ''''''' 

• 

• 

. ~. 

, .... H _«< i. ItOt<d in It.. ""'" du",,!! ..rn ~wr t.,,;JJ. 
~p. Whm II-.<..,...,.,J,." i •• ithoul • load, tho .... t>.l;'O 
induced in ,10< prim .. ), «HI by ,10< ""flg aDd f>lIi"ll 6u~ 
i •• 1""", .. ,rcal .. tho ..,11>8< of ,II< p"""" ""'IW, 10 

f'l ' ''''' · Y".N "Jllli ' .I,,, ..... " •• ...,;..,_ 

, 

I • • 

t .. :;.; .. :.: .. :.:-= .. :.:.-= .. :.:.:-:-; .. ; .. ;" .. ", .. ~,'1 , .... '-'-. ~ 

• 
, .... , ,be Ji/ltfmCe of ,he: ... 11>ge. iJ .1""", xro. eon .. · 
~I,. tho olt.""'I''''' ('Utn'Dt in tho pri",,'1 is .. ry 
...... ll. T rnulotm:n m,y ,hotel_ be kit """'nc<t<d to 
the high volt'S< k<Oo:n 1t.1I times with "ftJ' link waste 
01 f>O"<f. Ao ""'g .. , .... .ronda., rircui! i . <>pm, ,he 
H ..,1,"8< indo.Kcd be •• "" tho K<¥o' i,I}' I<nDinab do.. 
nor do ""1 wod; ......... fu ...... m,N""'i< COt< is 

--

< ....... ,""<1, ,be 0<C0R4a'l' i, "'" an .... con.. But ... bon 
,he I(ICtW>doJy cim>it is cb«! ( ... to<~, bt' ,.ntcf>. 
i",!! on .... ~ghb in .... dlO1;'). the =ult.", fto,. ol 
ol .. m>liOj[ ='" in .... I«<IOdarr ciKUit petio<Iic>lIr 
..,.,.,.,. .. -... of the P-''' pl><<<1 in til< magncti< c;rruit 
by the p<;morr. Tb ... f.-, til< bode ,'01'"8<' of til< ph­
mI,!, is r«Iuc«I; ODd til< ... ""Itog>< in til< poimo,!, 
c;«u;t ;. iocrnoM : and til< pnma,!, cu~t n.... A 
.... 1I.d.>igned uan,iorm<r. tll<",fo~. ",. .... cu",,'" lrom 
til< lin< ;n p<opoltioD to til< demand of tho " .. _«I 

'"' 01. It ..... ...., Io..nd """" ..,;uocto'!' to ........ 
equipmmt OIl oj", .. f, for, "u""", 01 t<UOM. tho poi. 
IIII'I' _ boinS that 0< .icrnicol -181 C&tI"'" bo 
otottd H~.,., ..... < . .. ain dcvkco t<qUi l' 0< •• 

spcciol .... "'" <JI 0< f">"'.1 ""'" t.. p"""i<itd, "itb " hido 
tho tandor .... r fondo opplim"". In 1>.'8<' li",.llt 
.. ,"""" , 1""'" pant i. ,"" .... '!'. tho .... of , .. oro • 
laogo fO.k mly bd .... nd rtoctnblt, In ~ ~ ..... tho 
.II.nlt nur t.. ... 1icY<:d 0 """,dr..bk wtigbt '" ""I'P" 
by ... ol uv"form<n and til< tfl i1SmWioo of <D<tBJ II 
hist> ...,lug<> ovrr omoJl .. i ..... 
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SlCTION VIII 

AIRCRAFT STORAGE SA mRIES 

:U. GENUAL. . . 11>< 1"'rp<>5< 0/ ,he: air ... I,_oge 
bott<". ., '0 p"",,,l< ......... " .. "ee of .lectncal ..... 87 
f a< op<"hn~ ,be , '.,,,,,,, uM, 01 ."" .. It .lectnol oqui~ 
nI«If. o..nng nottn>J "W'" ope " "'XI. ,II< ""' ..... 
<l" .. " _, .. ".. ""<> .. ,be P"""'" _"'. oI.l«<riaol 
~"''&l 10' ope'''ins tho VI,iou. "nil' <>l .i,n,ft .lectricol 
C<f>'ipn>rn<. 11>< "'- ,........,., ,yrt> <>l .i", .. 1t Nrtm.. 
. r< ohown in figu", 97. 11>< bo".". "'PFi><> ,he: do<· 
tr;.;.1 """"87 to st." an "'8''''' .nd '0 op«I! •• lectricol 
cquipmrn, dol,in,. 10 ... CfI~i .... opt«b.,.<I" .. 'ben ,lit p. 
........ or '"g''''' I .. b. 

b. " _~ hotiff)' lui. • nu.do<. of cdl, in ...,.; .. 
( fig. '}II). o..,,,,S diKJoa,S' d .. mi<>1 ""'n in ,heoo: 
« Ib is t, ... f<>t"",J ;"'0 .I«t,ocoJ ..... gr, no" <lI<miaJ 
~'''''g i, I .... "'!'~ .. <>pt.,,,..j ,n tho foIlowi"ll 
J>U"lI'''J'h. 

, . A '''''''II' \un.". is hI" {horgorl by "oo;ns . CUr· 
ten' bo<k ,nto ,he b"t'''Y, Wi .......... rc<lt ftom an 
=<."",1 IOUIC .... >rnt througlo tho "Of' /« cdl •• fC> ..... 

d><mo<al dUIl8' 01.11< pi .... and .1«,roI,...omus. This 
P"""" ;, k.-'n .. "cho'8,ns,'" 11>< ."Iul""", of • 
.. ....,. cdl he> ;" '" ah<hty ." be "d;><hor,o;d" ""d 
"dws«!" m>nr ti"", belot< ,t ",.", .. Ily I>KorrJ<> pcr· 
~Iy dd"., ... tJ. In.n .,re,.t, , ..... 11 ...... tho 
I:oot«1'J ;. roqu ;rcJ "" vII""" .,."...,... ("p"' .. llr dU'illg 
>t2rt'''II) to fum,"', "''1 10,,'1 CU''''''' for. ohort """'. 
Ou"", B'ght: ,I>< g<ntf •• or rrpl,", ,hi, ..... rgr which 
h.s ~ J,,,.-...l lrom ""."Y .... """h foo.o<r ..... but 
on, • longe' po""" of. "mo. A "o'oge "II do<o not 

F- t G-l 

( 

octually "",ore" .lectricilJ': duting di"'horgo. ct.:mic.ol 
_'If! is duns«! ,"'0 .I«orini ""'81 and dol,.;", clio'S< 
d«o,ini ""'81" dwls«! ;"'0 rn.mia.I CO<f&1. 

d. n.."' ... ,...., typ<> of. otorts'< ",lis in ""' •• _ -. 
n.moly ,be EJ...,.. (alhl,nc) cell ",d tl>< 1-.. ocid cell. 
11>< Ed, ..... «11 """'&< _". i, _ uscd in lircraf •. 

56 , ,.INCI'UiS Of UAD·ACID CEltS. G. A 1Kd. 
",0<1 cell «XI""'" P""'"'' plo'e> roIIcJ with Ind p,,,cu,4< 
(PbO, ); "'8"'''' pi .... moo. oIlnd (Pb); .00: . I""id 
ftno.,'ft .. OIl .1«1<01,. .......... ,"'''11 01 • m.nur< 01 ... 1· 
/uric odd (H,so. ) and ....... (H,o) , 

b . During diochorgo of .1>< leod4cid ",n. !<ad ... 11 ... 
(PbSO, ) " f<>tmtJ <XI booh til< p"','i"" ",d <><g>I'''' 
plo ... : .ho ""J """"" 01 tho ,1«t,o[l1< i. d.otnostd "'" 
w,'" «XIte'" i, ""~ A • • ",,,,k oi ,ho i0oi of 
ho,'1 ocid rrdo<ui<s f""" lilt toIlllioon ."J ....... _ of 
tho 1""""100 of ~i!iY.ly light ...... , ~ <be ,It<!<oI,.. gradually b.romes more dilute OIld le .. dorue 
.. ,lit but.')' is di.Kho'P 

c. It i, not tho <iiI •• ;.... 01 tho .1..,,,,[1" """ <be ]_ 
oi ",iJ moI«ule>. bu, ,he 10""";"" of tho lead ... !I ... 
on tho pi ....... hKh ouon ,I>< """'" to b« .. "" "run 
do..·n," WhM.be oWb" roII;"~ 1>«",,.., 10 IlIn thi! 
.ho oIect",I,... <In_ .&«ti,·<lr rnch ,he O(t'" =;,10 
(l<.d ",01 Ind l"rox,d<). """" chcmio.l INC""" i, pro· 
"",,«I, In p'O(tic" .ho cell is ... pcrm,"cJ to h< 01"­
<ho,gcJ '0 'h" .. ,mI, Th,n -""P of !-oJ ... Ih' .... 
euilr ",,,,,,,,..J by ro<lo"'8'"g ,he b<mry. bur ,hick roll· 

D'6A 
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lOp ar. dil!inlh to ''''''''''', AI .... . «IIi. I>O! '-efJ 
_ fol .,~ 'N"'*luog • -. of ,,,,,,I diKharse be-
~ ....... of tho hop , ........ 1 .... i ....... awood by!b< .... r ... 
""'tingo on .... pUt... Thi ......... "'" would bo in" ... 
durn! ,~o on, om,od to " '1Uch tho crll it awlOtd. ond 
would fC'i'" .... CU'''''' to. ,'oJ .. tOO low (0< ~I 

.". 

~. WbeD tho ceU .. pllud "" ,horg<. !<ad ,uJ/". i. 
_«1/""" bo<h tho p<l'iti,. 11><1 "'go,i,.. pi ..... aM 
Kid " {om>«!. Tho ...... __ of .... oiKtrolY" i . 
docr<&>«! i<> .... pro<.... ~I,. tilt d ... "" of 
, .... <1«1<01,.. inc ........ !he ""II " ctwgtd. 

•. 'The Q,.. 'ff("d vol',,&<. fi..,..", 99. ol. Ioad·acid 
ull ;, '1'1"'<",,,,,,,1, 1.2 001<., Tbt <.m.1. of ,he crll is 
d<pmdcDI only "I"'" tho chanet<., IlId not upon the 
........ ity 0/ it> acti ... "",...uk Thi, ooluge ;, tho ....,. 
('" .1l1 .. J·.dd <db .. ptdlnl of 'hci, pi'" ..... Tho 
of"" cirru" 1'01"8< "r "m./. of. lo.d-"';d <ell mnoim 
do .. to 2.2 volt .. r<g".!l.., of.1I< ... ,. of di><ba'B< of 
,he ttl!. until,,,,, «II i. poeticall, ·'dead." It ,bm bogin. 
t" drop .. pidl, (~" 106). 

f . 11>< '0""';",1 ,,,1'18< of. «II ,,'h,l. ""do, Io&d <1<. 
, ...... 8,0<1 .. 11, .. ,I>< «II , .. ,."' ....... to be J ' ''''''g.-d. 
Tbt &raJ ... 1 doc ... ", in '<rm,,,,,1 volt's< i. J ... to • 
lI,od .. 1 ilK""" in tho JO,or .. 1 ''''''.n« of !he «II. n.. 
,nt<mll ",,"'n« of • t<><I·ac;d "II .. tl>< <nd of """""I 
dioclu.,&< ,IK""'''' '0 ...". ,hi" doubl. il> ,-.1"" ... ..., 
f"lIy chu.o:ed. n.. d,ff.",,,,. """"«"0 tl>< opcn<ir<ui' 
""d ,1oocJ":i,,,,,t 1<",,,,,.1 volt.8" (,I>< ""it'S" drop 
..-i,hin ,I>< <til ,,·hit. uoo., iood) i, In ;nJin,ion of tl>< 
""'''1I'1oot ...-hil •• n<lor Io.id .... "",It of ,I>< int«".1 
.... ; ... """ of !he all (/is_ 100), .. ( 

,. To obtai". hip dilChI,&< rut,,,,, onJ. hip "". 
mimi YO!'~ ....... Iood. low ;",«mI "",,,I>,,,,, iI _ 
....,.. Lo .. ,nlet ... 1 _ i, oclt~ "";nly th«>u#t 
!he ... oif",. plat ...... _ n.. ; .... nul ....... ...,. 01 . 
all <i<-p<ndo "" i" ",,01 ~ ..... n.. &te>Itt ,ho ........ 
11<, Of ""'. oi i" pIoIa. ,I>< Ie.. !he illl=W .........,.. of 
• ,,11. .\11 <he J>05i,j, .. pl .... of. «1I'1f ~ by 

f;Z'" 'OIl. ....., .. "1 ,10. ' .... ".01 00/,,, • ., • 
,,/I . ..... 1-..1. 

01>< corrt<Jm. «,,,,.«Ii"a: bo,. onJ all ,II< t><»Ii ... pLot .. 
.r< ronnened '" ...... b<t <O<In«ti"l bor, "The vol .. of 
,I>< "m.f, of this .... mbly" !he...,.. .. that of. ai"5l< 
p.oi' of pi .... of !he ...,.. _t<rials. 

51. AIICUFT StOUGE· .... rrUV COHStlUC· 
TION. o . In IXdcr '0 hi ..... II· or 14·VO), .,... ..... 
6 or II .. 110 ... _nr<ted in...n.s, n.. ope<t<ir<ujt 
"ofuge ~'rnnirul vol,,,") i,!he ""luge of u.. bo.ttO<}' 
"'hen ;) .. no< u"""png diocho'8<. .\ ><eIi ..... 1 virw 
0/111 aircraft bonO<}' is ~n;n~ .. 10l. 

Io. A pi ... 0/ I IlId·acid «11 _ai,,, of. (r......-on: 
collrd !he I,id ,,, ... hich tbr 0<\;, .. ""1<,;.1 i, .ttadtrd. 
n.. P"""" and "'pti .. pi" ... r< .. omtbled with • 
rOO'"'' plo .. pl""d ..... ' .... '''''' "'8";'" pi ..... hovi"ll 
I .... 1"" .• plo ... t ...... end of the «II. S<p""""'" 
wed ro ~ pi" .. from <OnIo<ti"S. The >tf>Uo!OI"> 
". pot""" 'hey.1I ."'I<.lIy ,ibbN "" ,I>< aide /";08 
'M 1:':';" pUt< '0 I"'rm;' ,I>< ,1«11<>1)1' 'G dmtl ... 
fr« y ."",nd the pl>, .. and ' 0 pfO\',d •• F"'" fIX .. di· 
""'" '0 ><Itl. on tbe bottom of ,he ,.II (~g, 101 ) . n.. 
bottom of 'he bo"''1 j .. "" "'hi," ,he plo ....... ;, 
'ibbed. "..,.. ,it.. form clu.n",I, in'o "'hi,h til< .... i· 
mm' ""'r .... 1< ... ;,!tout t!tortl"ll ,he pl .. ,~ 

t. n.. h.o,d rubber rot", of ,I>< «II i .... Ied "';'h • 
>rec,,1 ""ling <Oml""'nd. n.. «>I'<r p''''';,)'' • _ 
ro, tbe ; ..... 11 ...... of. """"p'1I ,,'" pl"~ .t><I .. IID .... 1 
r*" n.. ,."'" plu~ prot.,d<t """'" rOf ' .... "1 ll>d 0<1. 
1""in8 """'lI'h of d«'n>lyt •• p«II-id<t. mto'" fIX ,be 
...... 1'" of S ...... • nd i, to Jc,ign<d ,hit, • minimum of 
.1«1«>1)"1. "';11 1<110 ... , 0/ ,be <til "'p,dl ... of IIlJ" po­
,,,iott tbr .irel1f, migh' ........ ("g. 103). 

Tht: Ind "-<i8ht, "JlUII 103. i, octwtrd I,,- 8""'!Y. In 
1",.1 ~,gh' 11 .. "'<ib1>' p<fmitl .. "tI"g of ~ . ... 'hlOolgh 
• "",]1 Itol<: in in".".J ff;ght thJ, Itol, i, <:OI'<r«l by ,be 
I<>J .. ·.igh' . 
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BATTERY 
itERMINALS 

NEGATIVE PLATE 

, 

d . In ,I>< """",'n •• ""It "'",,,. ,I>< ,,,,,, .. ,,.,, f", 
• ho: ,"d,.,du.1 «II, " . <""""",«1 01 ho,d ruhI.:, ,om· 
J>O>'"'''' "",.".t (og. lO~). "The «11 .,...nbJ, i , <11-
clo><J ... "h," .0 acid.",,.,,'"g lin«! ",...1 (""",i, .. ,, 
( "'ncry box) ~'hido i, u>«l /'" d."";,,,1 >l"dJm&.1><I 

...... "" 

.... Tn .. , ... [~ 
~ ... , ...... "". .... , " "" __ <0 "IT" '"'''''",0., 
P ". " .. i ., .... ," ,1 .. " " """./". ,rll. 

( 

CELL STRAPS 

VENT PLUC.S 
( NON SI>ILL) 

PLATE 

INSULATOR 

PLATE 

INSULATOR 
(III BBEO SIO[) , 

m«!wo;.,.1 p<OI«Iion. The twl.,.,. box h ... mDOYab.I. 
'op, beld in 1'1>« by boIJ·';""'n <OJ •. It .1", h.o,. Vft"I! • 

lui>: "'pr!'" • ..:h rod of tho box fIX tbe .n:ochm<nt of 
A",ihl •• ubing. 11><>< tub« ltad <><It of tho .. '1'1 ..... 
00< J ifOCt«l upw.rd. tho otbor olo~'n",.,d. Thi, at_ 

"""'S~'LL 't~.UM. 

" ng<m<n, .. " ... '0 ,I, .. ,"" "'''0''' ,""" ,,,., of 8''''' 
."d ",y .pill«l olo<t«oI)1< rho: ,,,,"',n.h of <><h «11 
art ,oon«t<J f"'mun .... tly '0 • ..,h OIl .. , in ,be plu. to 
",inu, order (,..,ie.) by"""" 0/ hnry lad ""po. "The 
'''0 rod «"" io.t. at< ,oooro«l '0 '''''" ""p«I"'e I»t. 
t<ly term,n, l ro,,, .. hich ar. pf'O\'ld<d ~','h . ',0100".1><1 
"'lOg nu" fot ott><hmonl of nhle l .. d.. """",,·able 
torm",.I·bo. ,,,,'or f"'m .. " ..,,, .. '0 ''''' bott,,,. 'ern"o.1 
1'''''' (lig. IOl)_ 

11. U1IN(;$ Of $TOU(;f 'AnUIE$. a." I,..d­
x,d "II " rot«l " 2 ,..,1". n..t<fot<., 6-<;,U Ntt«y 
" n"d" II "oll>, .od • 11 _«11 """,,,. i , ",w" 2~ 
,'Ql ... 

b . (I) Sto".<:<-b,nory <>j»<ity i. ,,!Cd ;n 1IOf"'1'<-­
hoo,~ Thi. ,"ing ,1><1 .... , •• 00 ... Joog • twl<". ""r be 
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_.-.-. CoO .... 

."'('<,...Ow, output. FOf';roVt bo" .. ;." • pori<>d 0/ 
) ...... h .. .,..., established .. tho di"lwg. h".. in 
ul,n, 0/ twt«yapo<ilJ. Tllil 1.".,.0£, """' .. 00.._ 
_ ,a, m<alI ,I.. I<ngth of Ii".. "tud> Ih< bott"'l' 
" ""I"""cd to fum • .., ""m>t. Under ...... l ..... iot <0d­
d;,...., tho ba~...,. "'" bt compl«elr diodwgod "itliiR 
• 1< .. m ........ or i ..... , ..... r be ~ocb ... ged i' the p­
<,"Of p"",;drs ouHXico. <harst. 

0 ) Fi8"'" 106 """'" • dUclwse ~ ba>cd on 
... IUd ob .. ';o>t<! dun", ..... "",d< OIl. 68 ompciE' V'" 
banolJ. Tho 1ood .... <eDI .... btld" ll1i ....... , .. Eo< 

( 
-

6 boo" (-<f" durin,<; lI'IO<I>a'Ita<J "f"""nII 01 !II< <irn.it 
.. tho rod oI..m how to obwo "f'M.o_~ ~). 
It ;. ... boo " l ",d tlur the op«>..,: ..... O'OIu./I< mnau •• d 
.1. " <O<I>WII duhn& tho: 6,. , bows 01 ~ 
~ til< _>&< .. hik uodc< tho Iood doc...,..! "ad. 
,..)1,. ,\f, ........... od apa<ity of tho boll", {68 ( thot 
is, In . 'l ""'f'Oft'"bows) ..... """"dod, both ...... 6" 
doc..-d npidlr .. the diochaIge .... """'"" ...... 

c. The Itt • .,...""" .. 0/ • If<I<a£< bo<t<'I' .. _ """" 
...1Uc;b dctcnnina tIl< .... pur of tho ~ (Ii&- 100). 
An odd ~ .nIl ..,.. dOli,.. ... ~ ~ II • ...."., 
-..,.. It> cold c1imotcs • *"'&< bone" ;. 0/ bnl< ..... 

II. 'Tho ....on "."."", """" .. 01. aitcnh -. "",. 
1m." ... raIN .. foUowo, 

" " " 

c .... ;'j ;'_1<> ' I, '" 

n.. ""'F< ... hou, <apo<ity 01 • «II <I<;>mdo2 '" 
total otrO<ti ... rl......... c.u. -...r;o or Id Iu ... 
• DOt apocitJ equal to tilt ...,. of Ihc itI ;<iduoJ uti 
apo<iI;". A ban...,. 0/ idenlO:oJ cdb <Onno<tN in ...... 
has the >om< ItI1pot<-boo, ~ .. .,... indivic....! «II. 
In muJti~"" oi .. ::raft, "' ..... ...,.., than 0<1< bott"'l';' 
uoed, <II< "",,.ri<> ... ~ in pont"l . The """'''8''" 
n """" '1"'! '" .haI of _ Iw!<ry but .he ~hour 
apoci'!' .. ;n<......t The I<I!OJ "!f"":'tr ; •• he """ 01 
Ihc ornpote-h::>o" ... in" kit .he ;Qdi.idu>1 barurin. 

S9. 'AllEn'DnUIO .... T1ON. G. VOl""" fOdOn 
oid dtI.,;onr;"" 01 • battery and will make i .. ..me. 
M" 0l10<I. w<Jt ,.JI~ 01 rial .. a .... . p<mw><nI 
in<tco>< in .he =<otatK< 01 • «II. 1n<JftXd;ntetruJ """on« .nmformo Ihc .lenricol «W:<I'J 01 • bat!ftJ' 
inIo ''''1''' and I>umhol boor ~ .he ban.ry. wbich 
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could "' •• b«n .sed on .be ort<,.,...J <;<cui.. , .... """ 
J'e>i"&fI(' 0100 result> iD an ilK ..... in "mpc'""''' "nhin 
tho «J! ",hil •• 1l< all i. being chug«!. ElK"';",,_ 
,.,ul,. in "F*""ion and budtlin8 of plat .. and shedd"" 
of acti ... mattri.ol. Out;"g'lot DOrm.! iii. 0( • b>tt • .,.. 
oppro.imal.l, 20 PCf<"'" 01 jtl octi"" ma,« •• 1 ""'f be 
• he.!. Tbe po:e> of ""'tWl 0(1( .h.:d .,.., 1>0:,o .... 
clogged with ",II. .. or «I>« i",,,,,ri'~ or the nuI.rill 
mayeo<rode. Un<kr an, of._ ClltIdi,ioo, 'h< b.tI.,., 
capacity i, dKl<1J<d. In odd;, .... , ICCUIIlUI>rion of m.d 
ma •• risl 111>1 CI .... ohonill,!! 01 .he plat .. and ..... It in 
inte,na! d;Kbo'8"' We""" diodl .. gt ""'1 lllo ...wr 

• - . • • 

"'1"'-1 ."l .. me of I'"~ wat«. """". /ully , ha'g«i oj,. 
mit "0<>"".1>0,,<.,. «IIi, hll.d wi,h • mi.", .. 01 
.pproxjmo!rty }(J prt<"'" acid and 70 I?""''''' ~ .. , (bf 
vOlwnr). Thi, rru.M •. 0' oolulion. " 1.}(J(l ' im<O . , 
""'1 .. 1'"" water. During dioclu,8" .ho ..,Iu,i"" 
(.I<ctrol)'l' ) brcorr.r< I ... d<Mr .nd i .. ·".p«ili< g .. ,j,y ' 
(-;ghI .. compo"'; wi,h w.,«) drop> brlcw 1.'>00 • 
Th ... bf drr"""injn~ tl>< 'f"<ilit gr .. i,y 01 ,I>< <I«t.ro· 
!)'I" ... Habl. indic .. ion 01 ,I>< ..... 01 cho,!" 01 ,I>< ,011 
i. obt.jn«!. Th< ,,,,,,,,,,, .. ion 01 ,I>< 01 .... 101)'1. i. "'" 
,I>< ta.1f 01 ,I>< I"" ..... ! ....... of ,Iu,~. of • «I" it 
is ,.,br. , AOf"",1 incidrouJ .ffect. Thus, if • «II ha> 

- . 
~ \ 
~ 
~ , 
~ T.-.... VOLTA« Off 68........uu: IIOUt 

a:~1. DISCtt, ... ~m AT II"n: or QO .• 

~ ..... DIU rOf! • IOJIiIS 

~ j------;-~::~::::~~ ... ~:":;': .. :: .. :-;~; .. ::'~ .. :':;~----k: Ct.OKD CIIIO.IIT VOL n .. c , 
I 2 3 4 to & 

TIME,IN HOURS 
f~"" l~ o;"M~' ,1-"",,;";', .1 "lit_ -.. •• /1 _, .. ,.., . 

..,. _ .,j "loc,1 oct""" be,.« .. portion. of !he octiY< 
ma<.ri.ol &lid ".... IIi< impuri.jn on ,he ....... p ..... 

b . 11>< ..... of du'l' of • "oug< bottcry sIJooJd' not 
8" bd" ... >pOCiJic ,,,.i,, of. L2OO. (5« IoI",",iol 
po.ragnph.) A boot • ..., ""'Y be P"'!lW><fttJ, ioju"" i 
it m1I&UI> in , 1_ or dio<h>.tgtd <OI>dition. 

60. TmlNG MONODS. a. Tht lilt<: of dw8" 01. 
010""" ull d<p<n'" upon .he: <ORdi,ion 01 i" octi.., 
_«ial .. prim.,ily the: pi...... 1< ;' dilfi<,.,lt .... i""""". 
• ical. ~" '0 lind "'" the: pIot~ ,ondition or d.gr<c 
<>f .ulf .. ion bf vilUll iMp«tion. Thtrdo ... "" ir>di_ 
..... bod (hydromd« tdt) i ... I<:d to d<t<rmi .. tII< ..... 
01 <hal#" '" • i<ad-.<id ull oi • SlOta8< bo.t1 • .,.. In .,.d<, '0 ~od. ,011". iii".,. for .... , ~idI <ORdi'ion WI· 
M' b< obt"''''''' bf' i>ydromo:'" '<$I. ,he: "'ab'''''' dis· 
cI ... ,,,,, '<$I i • .....:I. 

10. n.. .p«ifoc &,*yi.,. Or hydn>m<l ... tell is mad< 
I"'riodicolly 0fI • """8" bo ... .,. in ... lI.d in ai"'''ft ... 
• 1"" of .... bli.h<d in.p«tiOfl ptOC<oi.I~ to <i<I«min< 
if thc: ..... 01 rnar"" i , adequate. The: hydIOm<ter , ... 
drl<rminro ,ho ..... 01 ,h .. ", of • ull bf me .... rinl 
tho d<8_ of cooo:"otr .. ion '" .l«tfOlyI<. 

(I) Pu .. >ull .. ,ic odd i, 1.8" 'i .... OJ hea.,"'R 

( 

• low .p«ifoc 8"~i', ... ding, tl>< tddins 0/ >Om< sulfuric 
add ... ill jnctn>< .br "_,,,tr .. i,,,, .nd ",i .. ,br 'p«ifoc 
~ ... j.,. 01 thc: .IKI",I)'I~, bu, ,I>< ..... of dur", of ,I>< 
«II ... iII runain .. brfo~ ;n .. ", .. ,h .. ,ho ",U .. ion 01 
,ho phi .. r...wno tho I&me. [.,.." i{ thc: .l«t.rol)1< ...." 
kplOr.d .. ith fteOh <1"",,,,1)'1' h .. i"8 ' . p«ifoc g","h, 
'" L. lOO, Ill< rondi.ion of.be pl ..... ..,J hrnt~.br ,til< 
of chaf~, """Id rrmain.be ....... Tbrrd""" thr 'p<-
rifoc I"',i'y "" 01. «II i, ",~abl< only if not/Ii"8 ~ .. 
ban added to Ill< .krtrol)'l' """"" 0«0,,,,,,,,1 . null 
"""'nO 01 distilled w. '« to .. pl",. the: 'l"'nti.,. lost .. 
• rroult of oormaI ovapor";"". 

(2) 1M hyd_.r """'-"1 "",d '0 dOlrrmi .... hr 
>p«i6c I"""" 01 baI .. .,. rlectrolyl< i, >!>own in fi/tU .. 
108. 1< """,iOb of . "",II ... 1.-.1 8t. .. tub< -;8ht.d .. 
i .. Iowor ond 00 .. '" COW< i<.o ft.,., "pri~ho. A POI'" 
ani. i. <1X1oor-cI within thr nu ..... st"" 01 tho tub.. Th 
JCOIr is nwUd from 1.100 to L.W<> ... i,h int<....,ui". 
8"""'-ti""~ Th< hydn>m<l .. ;') ....... lIy ;",1""," (for 
ron~i",,~ ) in ,ho 8t. .. tubr •• y,inl". Wid, .hi • 
. rrangrmrnt ",1Iiciont <lro:troJ)'I' mar bo: .·i.hdr ...... from 
• «If. bf ""'ion. '0 80ar II>< hyd"""'"'<f. Thr mo .. 
d<Mr ,he: rI«<rol)'l •• ,I>< hi51><r <ho Loyd_r .., ill 
tIooI. Tbr hj81><' IIU1JIbn (1 .}(J(l) .·ill , ' ...... fo«. be .. 

Or. ,I< 
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tM ~ <'Id of til< brdromct<f "",Ie. TI>e ocaI< v. l ... 
'nditaltd " .he \eYe1 of tho ~lKtrolyi. ;. tho .ptcitic 

8'''~'' 
(H Aim. f, boIt .. ,<> . .. gtnet.lIy of ..,..n apocilJ' 

but . .. oubj ..... to MOY load.. ll>e .. I .... Jp<ci6N lor 
..... of , ,,,-,8" .,. tbo"'/Ol< "thn b;gh. An ti,e .. /' 
bltte" in. oo.ulltd " 10"," ..... of wrp' ..... 1 /0."" pt" 
/up' 10 ptf<<ln cha r,. ,..".irung, but "'" ",,",8" ;, 
...".."hel ... «>n>id<t<d low in . ,,';cil"""" of 00"" * 
nund .... h"=h " 'ould lOOn .""".,, it. A Iwl..,. in ....:h 51". of ,h.o,.t< i , rnn>id<uJ ;n n«d of immodi" .... 
"""tgi",. With ("U<nt aircraft .$1(1"8" 1w.<fJ' .p<Ci. 

M,."" .. . ' p«;bc iI"v;ry. «.ding botwm> I.l7S ond 
I.lOO ;"d;c.,.., • high ..... of <ho ...... ' 01"1.2)0 • medium 
5"'. of d",S" : ,nd of \.200 0' boo ....... . low II". of 
Ch>f8" ( ... ligule 1(9). 

(~ ) HydfOm<l .. ...dinp should 1101 be tu m in'''''.' 
<L.«ly .f, ... bot bolon:, adJing di"iII.d .... r .. to .l«fr<>­
I )... IN. prKaUtioo i. ~" fo< ,I>< ~ II .. , 
-"" time ;, "'lui"'" lot ,I>< ..... to rrux .t.oc....ghl, 
,"'ith ..... "octroi,.,,, ,lit hrd""""''' "ti"8" mir' .h ... 
5 ...... up . ""'pie of ,1«1..,11'< "h;':h i , tIOI ropre .... lI. 
t ir', of the . /"", ... 1)1' .. . .. 1>01 ... 

(') FoIIoo.·'''!! ' ''';''8 .• .,. ..... pl. of ,1«1'''''''' 
.bould he «tumed to ,I>< PM';cuI .. «II I""" ... hid> it 
...... d .... ,Q. 

(6) Be cortf,,1 ... 1><" t.kin~ tl>< hydnlll'ltt ... te.t of . 
l a.d·acid «II. ifWl>'WJ<h .. ",11,,,,, ociJ ha> • burn ;n8 
.. fI«f on doth;ng on" >k in ( ~g. 1 to ) . Fir .. 1id " .... 
_ rooli>l' 01 'boroughl, ~u>ll;ng ... i,h ....... , Di· 
nrbotw. of :I<>d.> mi' be .ppliN , bot onl, .ft .. 'borough 
.. ·.lIIi"g ... ith .... !<t. 

c. (1) 'Th< high." t. diodwgo t ..... i • .....J in b<nth 
t ... in8 kI m,,,,,,,,, the ,«crun.1 ,-01,,8" of • «11 .. ·hilo 
i , i . ,,<><1« loo.d, ( ... hith i , t ... u .... , oper>tin8 <OfIdi· 
' ;011 ). 'Th< 1<>1., (1\11. Ill) consi>l' of..." 00.,. 

( 

I"""B' ( _ ith handle) which _ bridA<d by • th"'" 
ni<ht<ln>< III"", oll<>w .... 1W>r<. A ""I'm'l<r, """",<eJ 
on the te.t .. , i, ~ 10 the ",do 01 the sbunI JO 
.. to ......... '" .... , poI"",.1 d.Jt:..-. crnted b.!....m 
Ih<m. 'Th< ~"""'er i,. ",,.,. .. ,,,,,,,I<r i"..""""", .-ith 
• n<>go 01" l,~ '-01 .. ;n ci,"'" d;'«tion, JO lhOl .. ther 
''''.r prong """ b< pIarnl 0<1 ,;It.:r ",,,,,; .. 1 poott of . 
coiL w t.:n ,t.: orub .f III< PI""," ~ pwbod into the 
t,nni .. ! 1""" of •• ,11. the .....Juot h<>.,. con",. _ 
....... 'h~h the nklttoo>< III"", ..... " .. 100 ." ope" 
u;",!; _di".,.,. 'Th< ptO"8' .'" I><IJ in 6"" O><\Ioct 
.-ith the .. II ,«min.>! .. 10, 'l'ptO>itn1!oI, U ..."...u. 

1)",in8 ,hi, ,im< the ob>o:rv..t voU'8< >hould """';0 oJ· 
_ «wU<.nt. 

(1) 11 ...... be , .. ,,,,,htr«l Ih.I ,t.: high-'u, di .. 
, .... ,'" ' ... i> .. ,,,,I, • «""pull'" ,.... S;"", the ""ho.go 
,<aJ,"'8 i, oJi"""," by both II>< .... i>t. nre of the .00.1 orul 
,I>< i"",no! , .. ' ....... of • «II, ,II< , ... coru.illJ ",!elT 01 
• «JOl1'";''''' bet...- It.: p«f<>mW><n 01 coli. of equal 
am~hou. acpo<;'I' " 'h<n d...:kod ... iib the ...... 
' .... ,. In ord<r th .. tl>< .... miT """,,,,IT i<><l ..... II>< 
<On<ii,ion of • «II, the btt .. mu .. bo fuliT doargod he-
I"", ,I>< t ... i, ..... <1<. 1'1>< 01:, 'rv<d vol .. go should ,hco 
b< «JOlpar«l ... i,h ,I>< """8< of tho ""dins- 01. "om· 
bor of «lis in pJ rood;,ion, luliT ...... .o:ed, ""'...:b 
<qual in capo<ity '0 ,bo cdl WlIkr t .... )1 on, «II of 
• '\,.,'1<'1' ~ • voh.go ... hich ;. """" than 'f'P""'i . 
","I<IT O.l vol< bolo ... tl>< ., .... go of tho ...winS' of th< 
good «II. of limil .. "pKi'l', ,I>< «II "'"' be «l<'loidrn-d 
to b< in .. mallT d .... "", .. aI. In botlkr·lin< a<><o, tho 
gonora! pb,.iaJ rorul;"on .nd hi .. .,.,. of tl>< Iw"''l' 
shoutd bo ~<k«d in decidin,<: ... ~hot Of I>Ot tl>< bot· 
Wy oI>ould be di .... nkd. f Of ,~i. "" ...... ,I>< hip..,ote 
di!l< .... ,8" , ... i. u"",lI, P",fOfm<d OIIIT by "p"'irnacI 
"...,. 

(l) An .h.,,,,,t, _hod of .let«cruni",!; the ror><Ii. 
Hon of the indj.idwl «II. j. by ""dinf tho bo."" """ 
""' ..... 'jng tho yo!t.og< of tho jnJi.id .. ",I[ (§g. ,.1). 

Or .. , IL" 
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II ml -'- ,,"""'" i, dilf<rrnt I""" , ....... i.&.o .. 
• P"'" ull 

" . IAnllr CHII.GING . .. . II _~hoI'efJ""" 
b< ct.rpl by """'nll I di_ ""mil ,h ..... p , ... boI· 
...,. i~ • di,~"on "PP""" '0 tluI of , ... dndw,. 
<>O.~. 

b. (1) The ..,I"g< of , ... "",ruJ <hl~inM IOU'" 
m •• b< "."., ,hill ,II< ' 01",. of , ... bo"''Y' Tht 
~.m.(. of. 6-<.111 .. <1 ·"';<1 bo......, ;1 ' !'P",.i", ... I, ".2 
""'.. Whtn. 1>0 . ...... <hi"in, <>0" .... !tool. ,h"",p 
.... bon.'Y. ill vol •• ,. ""'" ,ion to I .,1 ... of .~~ 
IIWdy .U ....... knowo .. tho ~p ..... , 0"0II .... . The 

n . . .. J/1. &< ... , ~ 1m. 

"'pUnar_ 10< rhi< fiR 011 YOi • .....d _ bo p.- ...... 
bu. iI .... If_< ....... bo .,,""' .. ...t n....f .... , to 
cho'M< ' bont'Y _ .... 11, , .. ..t ... 2 YOi'" '" ...... ""1 
.011>. of """,.!.an 14.l YOI" .. ' ...... tni. 

(l) Tht val ... of tho m.'~nll cufftfll okFEi"" .., 
.... net..,I,.",;" tho 'ir<Wt. ... h;m YOIt.,. il ,II< """"'" 
by ... hi<h , ... u ,« .. 1 """,. .""ml. , ... bo''''1 <.m.f. 
11,11< ' ..... It. "'1",1. "., fUrrcot flow •. To """".in a 
11<" " ch"~i"8 """Ill. "'" •• 1 .. of , ..... 1t,n.1 "0I1>g< 
fIftd be ..,1,. fra<li<><l of. vok hight, rholl.1I< .0I"g< 
01 ,II< bon.'Y btc ..... 0/ ,II< low ;"..,,,,1 ~1f'rIC' of <ht 
,bo,pn . .. """. 

0) Tht <""';11, "".- ........ Iw.,. !tool in ,II< 
..... di ... ,_. Iw.<. <><II, doe (and _ a-c) _, be 
u.....t in ,II< ",",pn. I"""""- Tht ""f'O<'~ 'til ·P.'. 
of ,ho ","'pn", _fCC mwt bo <_,,<>I to ,lor lilc. 
,., ...... ,. of , ... bonefJ. If ... "', .... 1' ..... __ «1 (if ,ho 
v.l ... 01 ,ho .",.m.d ooIug< i. briow ,t.M ol ,lor hoi· 
'orrl ,II< boll • .,. """Id diocha'g< ,h"""" rho ;o>!<IIdod 
, hi"in, ..... « •• , • fo. , .... 

(4) Tht 'h"lIi,,~ <>0'''''''. in tml"''''' .houlJ ho .<J. 
i"".J '0'''' .... ['< .. ·hou' "l'"'i'1 of ,II< h.",,'Y .nd ,. 
i" "'" of ' hi'g<. 1\ bo"'''' " i,h I",. .... ., rl" .. 
"", bo chi,p. ,,;,_ , .... of .wnr.", to ill pLo, ... ,,;,t, 

" 

• hip... <>Of ..... , ..... 'N! .. ·1Hch "",101 w''', bo .><d 
..-Ith • bon .. , ... , . ....., ..... u ,h ... pI.oIn. 1\ h>t1tf)' •• • 
low oUt< 01 du'g< .... , bo dw.<N" I hip. b<~~ 
'Ok ......... C "F1" ...... 1.111 d .. ,p ..... , ,I>< <ho". 
;.., f>" "-Id bt ir>ducotd. If. bo""'J' in , low ..... 
of cho,,,, i"N'",,'" 0.1 ..... "'" 'i .... i ... ·.~N. Af'" 
• boll." h&> K"hrd • hip ..... 01 <hi'g<. ' ho <on· 
'in""" .pplir"i<><I of • high cho"ing '"" .. ~ bo." ,ho 
<oil. and, I."ho,. "u", ,II< lObo,,,,,,,, of ""'~ U1d 
hyd"'B<II. (n.... ..... f""" ... <>rlooi," mIX'.") , 
[)uti ... ,1>I.,_,o&- . ..... 11 ........... of ··p,o.n,· _..,.11, 
"""'~ When <ht .... ,r<HJ1<' viol .... ,f !''''' ~ i .... '" 
oi <ha'''"J II '" ~, .• 'otc. Of """f'IOt- of tho 
p<O«>O. Dv<i<oJ <ha'~nl tho ................ '" ,lor ."". 
'1OiJ1c "-Id _ bot potmitt.d '" <>:<<<d 100" F. 

(1) 1\ boI'efJ iol"""""cd'o ........ ~.., "u'I" _il 
!be 'l""ik 1<";'" 01 oI«c"'lJII: .. _ """",I y.l ... 
(Un '0 1.1OO) ond no ...,,.ax in op«ik ~ .. ...,. is 
_«I ., ,h,.. """ .... ~ cadi"" ..... " II )O.mi ..... 
illl ... ol •. 

c. 11>1I<.i .. . re d"'g<d in bonorr rooml by . i,lI<, of 
"'" ..... 1'IorI~ 8)'.0< of a mol""",""'" MI (con".n' 
001"", ). iI i. poo,",,10 10 .an ,ho proc ... " i,h 0 hi&,> 
{\fmnt ,,";'h ........ ,,,.11, upon 011'. rcoch"'JI a v,l ... of 
'1'1""" ....... 1, 1 1f1Ip<<C ......... _. of MI .ho,. i • 
.... hod. '1' ...... IUnpt _ itin ... 1iI ( ............ , • 
.-) io .....t. ,lor ""'''''' ."""IJ" <_ IN d •• ,p .. 
• uk h;p... ,Iw> , ' 0 7 .... f""'L Thor <>o,rMI .......... 
• _.-.... do",..., ,ho .... «cho' .... ' pnnu. The 
contUnI . ..... .,. ".,1 " ...pres I<u h ........ d do......t 
'"'I"''' """" ......... n-. Thor ((IOUj"" ............... hod 
'"'1"'"'' • long<' , j ..... to <flo,,,, • t..n.fJ' '.lIt, .~ 
,ow"d ,ho ... d of "'" pro«» .... """'Id bo to <II '0 
.void """«hi'';II,. 

(') The ....... ,.YOi .. II' m<lhod .><> • """"0< 
<In ..... by an .Iee,"" """'" (~~ Ill) Of a 80>01i ... 
«>,!Ii ... ( ~,. II~) . Th< _put koolo 01 ,lit ,....".0< 
.'" _otd to Lo'p '''1'1''' boo bon, ....... which , ... 
bonmn '0 be "'"'P It. ~ Tht .... I<'rin.t< 
.-r .............. otd ,,, .orh ocb<r in p.mllrl. and ...... 
bavt til< ...... <01, ... '.....,:. n.. ~ .. 1 eli .. ,""," 
be,."" tbo bus bon is wi""otd ..,. ......... ol • fir'" 
_ .. to • , .. I ... ol H.n ",I" 0< rJi,tt.!1 hi&,>«. 
Eoch b>tte<y ...,,,,,,,, .... 11, d,.~ • """"" .. ~..t to ~, 
....... " ...... hou. "I'""'" ",d in """",oi.r_ wllk ilS .... 
of ,ha,lI'" 1\ be~,,, 01 hi'" .mpm:.hou, ropocitr .... 
010 ... , ,..,i •• ",o 'hon abo"." 0/ 10 .. <>I' .. city. 1\ bal· to.,. of hiw. "poei', d"w . ..... ,.;., 'h",(lll~ ",tfftIC 

rhon I low .. poe;'.¢,~", in .n "'1".1 .JOo 01 <h,,1I" 
.-hM boch . .. • 10 I~ ..... , ha,JO"& . ... .r. 
I\> ,be . . .. of , ha,1I" '" "', loa"..,. inc ......... .."..,. 
i ........... lho ........ g< dtc ........ ",d ,"" ,Iu,';'" 
.... 01 tbo be ... .,. dtc....... Tht "~;'I <Iu',ri<rl <10' ...... 
f"",o>bN to I boc'orr ift • low O<ojo of <Iu • ..,. ... , bo )0 
to )0 .... ",... n.. ~.1 ... 01 ,II< ch.'~ cu"- 01 
"', b,r,'efJ "", be f<:>und .. .aJa, .. ur, "m< by • • itd"". 
ur _".. r«>vookd f .. ,II< I"'rpoo<. in.o ,II< balrory 
<if<'lf~ . WhM, \>lit..,. ""' ..... N;rl , Iu,p<! .... ~ 
may be 1"''''''''.-./ '0 ".,.i. ""'''«' 10 ,ho buo \>In 
wi,I>oooI hmn. for , ... <ho"in8 <>0,,,,,,, i, ,hon appto1i. 
..... d, 1 .mp< ... 

(1) WhM ,ho .... iLoblo <l<ct rio,1 .0' .... ;. .~ • • 
"""" , .... i ... ""''''' .... , b< -.I I .. bono" tt"up., 



(fig. ILl). Th. ~pmcnt iDdud<t • ".""/orm<. '" 
O(~p doo<n tho 1;"" ""I,.,. ltId • '''''V' «<Ii&o:, bo.Jb, 
.. hidl <On ..... ,be ... into d<, ~i=l lot bom1y 
dlargins. Tho rKliIX. outJi. may ,,,dod. two iD<l<p«I' 
d.." dutging cimoill,..m "1'" .... <Iy conIrolkd by troIU­
to""". tap .... ;«hr>. Only bart<,;.. 01 rqu.o.I ""'P" .... bow 
capKity .hould be w'P in one ci«uil 0.1 OtIC , ..... , 
.. hrthor 'b<J .... 12· or H·wI. boIt"i .. i ........... riaL 
Ao 11IUI1 boll"i .... dosir.d IDIr be ~ in IOn.. 
(pi ... to m .. us) "P to. "'td ",11>,. "'" in "'"'" 01 
t4 wit. (with ""* chugill, out/iU) in <0< dwpn, 
d=i •. Th< durting,... (l to 7 1lJ\f"'f<» does oat 
<Ire=>< '" ".". g .... nt ...... tho du.,,"Il proc ... goes 
on. Tho ""IIUU in the cII:ugin& tppo ....... to .,..,.. ,,,,,,,or , ...... hat of It.: bot'e,i .. ""de. <h.rge. lbt _It,,,, .ppli«l to the dl .. ~ing cirtuit mu3t thrnlon: be, 
from tho ...... ,.,.,.. f.,. wi .. oobov< tho ....::>lug. of tho 
Iwtc:,;.. in Otd<r to .,..": ...... h.i. =i........ Tbordorr, 
,he S/N.I! inerd" io bollt,., ",k'g< .. tho bolter;" boo 
come _god ~ lillk <hong< io the net ...ttaso 
in ,I>< <inuit •• 1><1 J~"', tho doc ..... in inl<ml.l 
""';ounc, 01 .1It bo.tt ..... ~rod ..... lirtl. dwoJ!< in the 
toI>.l resi> .. ",. of II>< ';«url. A •• mul •• !be chugi", 
""'all rem,"", subs/w;.Jly consu.t. 1be <p«i& ,,"v. 
ioy 0/ the ,,""':rin mult be rh«ked fr~I,. /Of ........ 

bo.tt«i< .... ill r=n I.U '''"'l!< ,00"" Ibm otb.n. on<! 
flU1 bt damig<'d.,.,...,11 of ~gi,,& if WI in.be 
ci.a.it 

d. A RoI>g< bon<ty ;" .... ice ;" aircraft i. cholg<d by 
• con, .. ",·pot<otial .,....rn, tho ",I'l&¢ 01 ,II< «>gin ... 
dri"len goro:"''''' i)e;n& he:ld comt..,t by "'" 01 • volt.ogl: 
",,,,uto,. 1k smr:1UOr voIt.~ iI ~rmin«l..,d 
adi""'"" in oaocdanc. wi,h ,he: ""I'IB< 01 ,II< p'rti<uu, 
....... Mtt<:<y to he: 0>«1; ,I>< YMJ'in.!: dwgin& ",!"ire­
rneot. 01 the: bart<')" .'" .uromo.tic.lIy ... ill.ed. 

62 . MAINTlNANCE. o. ,\imUt """&< bon"';" '''' 
01 ",ub,..I, law <opocitics to .. ,.. -'tbt. I, i. ilnproc. 
tObi. to 1<pOil on .. ", .. ft bolt..,.: i!..rdor,. ~ i. I .. 

pl.lc<d wh<n it ixroa.,. unlit /or fwthn ""ice. In on 
em<t8<"'l'. I ..... " .• d<fccti ... «ll ""'1 I>< "'1'1"""" 
.-ith • «U tUm from .,.,,1><, bortery. To "'''''''"'' .. ,II. 
tho (XIII_ mw< '''' b< .Eloo .. d. Thi. i. done by 
drill;", ;"'0 ..m <nd 01 tho ronr><cIO. " tho telminal 
po>t: u>< , drill .lightl, u.se' tlw> tho terminal J><"I. 
n.. n>nn«tOn <an ,hen b< re«oo.,d by pry;n, bet"'"" 
tho (<>nne<tor &lid tcrmi ... l nut w~h • ","t>hl< fOOl. 1k 
«II , Ill I>< pulled .Ito. ,I>< _ling compound Iuo boofI 
",movtd lrom tho «11 covel and «II I'" 1k pt. •• 

ce 'Gt ..... I'O"n: ...... L eM" .''' ' cw:'n 

+ 

T.,. '.'"'''' ./ " .. "4 ..... ,~, ,J.,, ; • • , 
0 •• !I! 
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INE ENGINE 

FLEXIBLE CONDUIT 
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g""'po <*1\ ,hen be "'I"'rat«! br ~ing ncb ,""';n&\ 
""' aod pulling the pooi'i .... M. ""g.>ti •• plw:. .put. 
When "'''"'d:bling be .... '" lO 1!:.:.><p&I'otor, p w .. d 
lido towa,d ,he po>i'i~ pi.ot<, """h pooiti •• OIId 
I>Ogoti., pIoto, In ploci,,!! ,he «II bock in the ill, ,ho 
«1I rov,,,,,,,,, be ... Ied br NIVIirrs hot oe.lil\lf ....... 
I""'nd bct... .... , he «II ."d j .. (hS_ 11)), Tho 'rnnirub 
ond ,,,,,_.Oore ... be f«O<,,,,,,,,,d by """!! • omoll IOt<h 
to run ,he motr.l '~hef, (C.~'I .. ,.. WhoBev<. 0 
Ihmr i,.o be uord nn •• be i>ltt<ty, ~ oJl arplooi ... 
8IJe' with on air bl ... _) 

b, (I) O>rdr: ,he om< hIhi,,!! &lid """ .he condi,ion 
ol .1>0 ", ... 1 tubing ,lui i, u><J. 10< proI«1ion d .1>0 
rubber tubOn~: ....... 'Wd inspection '" brndo ... he .. 
,he .. i. dul8'. nf pir><lling. Tho <Io.n ... rd tubO,,!! out· 

( 

I<t >houId be located ~'" .1>. .. i. rIO dulgc' of tbr 
venred '~r- eomirrg in contacl ... i,h any port of the 
ai"'t>ft. .he """« '" >« Ih>.t the r.iil""''''''''' hat 
_ damaged .1>. p",,,udi"l!' tubr-cnd. Tho ""'" tubing 
..- be <!<or oi obotnrtiom; ",I>o ... i ... ,he .. mi~hr; he don,. ...... """"",,1>tioM ol .pilled .1.e""I,.< or bott<"<J 
p><S. lbttH)' «lI-vent pi,,!! bol" rl>cM.Ild be U<IObo 
.~ .. 

(2) O>rdr: lhe condi.;.,., ol upltal ••• omilh <06ting 
whoBev<. it !wi bra> .w/iN '" ptol«t .;" .. 11 or ..,gir>< 
.... ,f>«$ from .pill«l.I.<.rot,. •. 

()) II OIl, tI«1rol)'k !wi bra> lpill<d "" """mal 
1""" nf .1>< baI.<I']' or OIl .... .by .... of...., <0<""" .. ,&«1> 
""'1 be """"ali=! b,.- .pplying br.kOnj; oool.o mixed will, 
... ..... o.he consi .. ..." of. ,hirr crea.... F ... h oppJica. 
.ion> rl>cM.Ild be I'I'p<aIcd until oJl ... bblin8 "",ion I>u 
croord, FoI'-i"ll .his, ....Jr the boIt''Y with ci .. , ..... ' 
OIId dty Tho oodo ooIotioc1 taUt _ be p<rmitted to 
... tet ,", of lhe ala. 

c. Ch«k the """"'ily of "rtninal <Of\i\«1iOftS, Tho 
plain .......... ahould be under the ,..i.g nut and the Iod< 
,,"»he. under the pbin ......... , !.roo cor""ion n:sultJ 
... hen .he terrnin.al< or. k<P'- rl<u. and .ip.. 

~. A •• por:iftrd p<riods, cbed; .he "aI. of chor.'8'" of 
.be bolt..,. wi,h a hrd""""", Tat <><10 cdl; ii .be 
>p«ili< 8 ... i., io 1.200 0< brlow ond all tbe all> at< 
'pproxirno.t,I, .he ........ ,.""",1 di.d .. ,go.! conditi"" 
i. ,ruliooted ond.t.r boIt.ty ohoulJ br rrpl>.ccd. it<8ltclo 
Itto of ,"'' of ""'8"', il the lpor:ili< S"'-;" of OII, .. U 
diff, .. "pp-iablr from that of .t.r «nuini"l!' «II< of 
the boIt.ry •• dd«.~ condi.ion is indicated .. 1Udr 
""1";= boIt<l']' repl"""""" •. 

(1) AI .... the h,d" • .-, mo. ch«k ,t.r l<vel of tbr 
.1«1roJ,... '" e><h «11 and .dd di"ill«l ... " .. if_ 
Pty. Th. ,kct",lyt< 1<>·,1 ahould be approIimat,I, * 
jnch.bove'he botl\r pl ••• , 

Or .. , If 
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(2) All «Iii in • bat • .". Iho.>ld "'l"ire >boo. ,he 
.:un< """"'''' of .... «; if ..,. cell '"'fIi, .. muc.b more 
,h ... til< o<hcn, •• ami ... tbt bat",., for I.wg.. 

(3) Acid i, ~r Added to • " II to irxrn>< th< 'pe­
cific p " ;". 1..<>1<,8" ""'1 O<OI( .""nd the bu. 01 • 
vent plug which i. noI.ight or moy ~It /rom tho .ddi· 
tion of too IDIKh _or. 

(~) ReS.rdl.,. ol hrJromeI .. radin&,> if . batte., 
doe. not I>oId il> <b"g< under _I .. rvi« _dition. 
o. "' ....... i .. foils to fun<l~ 00 ...... 11,. it ohoold be 
'''ploctd, 

•. (1) Du,in& 1_ Itmpenlu ..... it it ...... 101. 1, 
n~'Y tlu! ''''' t..U<hn "" k<pI .... 11 ch"g<d or ,I>< 
01«"(1)'1< ",ill f .... ..,. T=p'''tw .. " .. It.Och mi>. ....... 
or ,.If",i< Kid &OJ .... t ..... ill fr..,..,. .. ioIlow" 

(2) If ... "" i •• dd«l to ,he I ...... y du''''! f .... ,jn, .....,"",.!h_ ball,,!, lhould i""""di"dy "" po.>( 011 <hors< 
to mi. ,be <1«1'01,. •. n.e ... 1<'. boing !ight« 'hltl tho 
<1«1 .. 1)1< ... ill ... y on.op . od f<ertc'" nw<lI hlgl't< • 
ternl"'''''''' t1un "'" d.ctrolyt •. 

I . Wh<n 111 o.it<"ft it to ,<main idl< foc ""'"' ,Non 
.,..< ... ..,k •• be b,ot",., oboold "" ,.,...,.«1 ..>d .durned 
to II>< battery "'0'" lor proper ",.;nt .... """". 

Dn9, .1 ""'" 
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SlClION IX 

GENERATORS AND REGULATOR 

SYSTEMS 

63. GENUA.&.. lo...oo.m u«nfl tho iI<''''''oc i, 
mountro Of> III< .",;in< 0I>d d,i .... I". III< <tIKI"" (Ii,o;. 
1(6). Tn. J"IIPOO" '" til< ...... , .. '" i , '" ",popIr tho 
~ foc oil \l" ""'" of til< dtr:t~.,....... Tn. 
,..... .. ,.,.. .110 .. ppI;.. lho J>O"'<f ,,, I;up ,ho bo«<'7 
fully <hI,l"'I. Th< <I«I,ical ,)"em 01 ..- u rcr,ft i . 
do( in ",J., ,ho, • bon,'7 all I>< o>o<d ... JOolK< of 
........ gc<q (>0"".". Th •• kctr ... l 'Y" ..... of .11 ... 1 .. , 

.. ,.,," 

'ype 0I>d ..,..11 ";«"k i. II .cit<. . 1\ ....... ru~...,..,pu! .,_II .... 1Ch ""'''.on, on voJo'g<" 18 ..,1" .. ~n 
.. .. 24·1'<>1, JJ>I<m. F.o<h IJ1'<'" bo, itJ indi.i ..... 1 type< 
01 ...... "''''''' and ",,,,,01 "'foIipmmt. Tabi< I[ Ii'" til< 
'If'<' 01 «f"'f""M' ...... ia oadt .,....... I" ,I>d-uo.:. 
~ic"ullr ." ... ,.,., i, ,,~ '0 tho I.,,,, .pm<nl of 
Z4.""I"_ 
1>4. CONsnUClION nATURES 0' AI.CUFT DI_ 
nCT_CUnUfT GINUA'OI . Fir= 117111d 118 
"""" <rou 0«1_ ........ of ~lI'" .... d on 12 and 
2~·1'<>I •• iK,aIt . "......... n.. main f ... ~ ... 01 tho 
.. « ,,/. I;<ft<,.,.,.. ""J[ I>< do......",d in dd .. l in til< (01. 
]0..- '"8 I'"'"Ilrop/><. Duo: to lho f>CI ,b.t >eve,.1 
"'"""I"""' .... build _,.,.,.. I<x ,ho A,"'1 Ai, F_ 
.11< Jaign, "'7 ..,."...·Iut. Ho .... ,_ tho ~&l ron· 
ot""'''''' h-,'Ufe OK.I>< wn<. 

D. A ... a ............ 1,1,. Th< ."""" .. i, "",do up 
of .. " 0'" .... ft on .. ·hlCh i.o MOunt«l. l""ioW<J ,.,{, i_ 
COl< ... "'lIur< cool. '" ... ,,,d,"S'o """ . """""""tor (fi&. 
119). 

(1) n.. ......... ur< ~ i, m.de t". Ito<kiot IOlt iron 
"""pong> on ,ho "",,",u" sIoal •. Th< ror< i.o l.mi"..«1 
'0 ,.JoK. Eddy <U,mon ... hich produc. ,,!>d<.i,obl< 1>< .. 
(fig. 120). n.. I .... i"..'o,,, or. pl"'«I .oid< to, lid< in 
""h. IN. ....... tIut.1>< ,I"" W>< up. Tn. $lou.,., linN 
_·ilh ''''''I'' i''8 hoh p.oP<' '0 prott<t the 'rmoIu,., ... ind· 
ong> . 

. "'" ......... < ... - ... 

..... ,.~ 00'" "'''~·'-7 

" .. " -".-~, '-., .. " ....... 
I .. ,,,,,,,,, ,;,.,.. 0/", ... 1 11·,,,,, .. • .,1, "Mol ,._ ' .... b ..,,·.1. J, , . . ....... 
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f.,_ " .. Sn _ __ of ""'" ~I'" 0."'''' _U/I , ..... _ Ic.-. .• ., 0." .. ",_, 0 ...... G .... _ __ e;.,.. . 

, , 

"t~. II'. C .... _ ...... 

(2) TIl< .to".ta", .. indmp ... <N<It 01 ,,,,,,,"co.! 
COf'I'<"' ., .. onJ.", .·ound In ,I>< .Iot> 0( ,hoe ....... ~ 
CO" The..,J. of ,lot .. ,nJ,n~ .... ~,ou,t:lot (JUt" ,1>0 
, """""'" .... nJ and ,,,,,,,,,,,co.! 10 ,I>< ''''''"'"'" ... J<~­
"""IJ. w~.n.d jn _ mo.!ol .. "m· ... i'" bond • 
... ....d to ~"r ,I>< ...;oo;.n8' from ft,i<13 _ of tb< abo 
whtn , .... """.« .. d.i"ft! at hip 'r<'""'-

(l) ",. _ ~ ... of '''1'''''' otgmtnl. i". ...u.co.! I""" _ h othn- and .ho • ..-.0 ....... r • ..;d. 
Mia...,. hdtI 'nnir in plan....;,to ..... loIcd . .... ,~ 
TIl< leads I ... tb< ........... cuih on: "II,,,d Of ...... -
.... ... ...r ........ Of n-. of 1M... .._ Jo. 
cued .... to tlor wind. 

( ~) ",. F..'XO< ~;, <Ouf'k<I to tlor...po 
th ..... p. .... ~ ... opI.,...,j >haft. In ",,Jet to ,Iiminat, 
,ho .ioIent .... i .. ,., ...... """ <>"""'" lit' ,I>< .;bt"""" of 
,be .......... ot-\~n' .... plin~ j , plKN "'"'" .... 
• he dri ....... " ,nd ....... "'... In <ll<lr. "r/fl, .. d in 
__ 'li""o ' -. 0< '1"'.' ..... rlin' •• .,...[. 
s..... ...... hip'-put ....rni .... u ... hoIlO« ........ '" 
>haft widI ... int .. -tIoJt ... tudt dri .... the __ from 

,I>< """"""_ eM. TIl< ...... ·w" " .. ,,1-11 and ,aU. 
"P tb< """Itt .. d "ibrll""" t.,. , .. ··>to"S 

b . fl.ld_",," ...... "'blt. {l} n.. <),1,,",,,,.1 
1t«1 0' ,,..,., li<IJ 10,,,,. """ ...... .-...:foan~ .1 "'N"'" 
{", ,I>< ,to .. ",,,, and .1 ,., for"" . 1"" <If ,I .. mognttoc 
';'{\j" <o,n_"n~ ,1>0 f<II<o (~~. Ill). 

F) TIl< ~. "., .. " .. , ''''''''''1'''''' in <10<' """' .... 
aM .f< 1.ut<n<J to ,lot JidJ 10....,. r,gu" III "-"' 

_·_-t 

(II "'0(", ."",,,,,,,.f"" .>0 ..... " ... 
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SAUSH COI'*IECTOR 

.c->< ...... ron'!!l and .... 1<1 "'" be I~ I><­

........ ~ Tbtf oIpr.!d be "II eoi .. _rt....Lo. 
(4) Tho -Wee nequi.PF"'! ......... oiIJ01l. Hoin 

"", .. glided in .... -~J~ ",.11 ... oiIlubp 
to -..po wilboul ueopin.A: ""0 .......... _ . 

ASSEI.!Bl...Y 

HOLDeR 
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~ . ' ' ''' .1 ............. wlnoli..... AI_ coa. 
I« we 5' ..... ,J. , ... ...,..- . m ' no Th< -Cwo ....... &1 IJP"> 01 ........,. ..., lop -l .ave 
~ IIO-"'h b oil 1" ......... I""r-> .... 
""",tunic U __ KSO<d ;" tho: I7p< <Ii ..... "" .....t 
n.. """" .... ('" '''iaJ UK! 1CfT1CI"t "'" ............. .. 
.......... 1ft boIh ao<L 

• 

• 

CD 12 VOI..T OR EARI"V 24 YOLT !.AOOE 

® NE W 24 \/01.. T ,,"OOU .. 

o;O"''''ECIOII PLUG 

-

ODd z :'"C..... In 6-", ...... ' 5 .. 4 Of , ~ 
at<'-' Nt,! ........ a in"- 12<1. 

II. PMW . i ...... . ( I ) in .... .. ....,t ...... .... 
med Of! .... U· ...... .,._ """ on .....u ! ... """ .".. 
...... _ .... ttw... \tI'IDin&I F-'> m&rbd ,,+. 0I>d 
1I_ • ...d"+("- ' 11). n...._ .. ot...df .. _ 
Mt f"'O',j .. (11+). ottI1Mu .. ntpti •• (A_) &nd &rId 

<!l .......... ...... _ ........ .. ·Oil .~ ..... ' " -_ .. -
\.. ~~t~· ,~ i=~:W~ "~!t:-:; 
l0l00; .... cur.. .... po-. tlwoup ,he ....... lidd 
<Gil> """ bock 10 ........... __ "' ............. ptiv. bo........ In odd ......... dID kid. ""mit , ...... is 0100 
.... Iaod <'IIf1UIt w!oi<h 1000.-.................. IIIftJuAh .... 
r-ti'" I>nIohoo, r-.... 'Iuou~ .......... iold ""I, 
tohoorn ill "''''1 h .... ) 50 t<nniBOJ ,,+ ,nd .It .. pus. 
;"5 'hro.oab !he Io.od m"",. 10 tho ....... 0(0< ........ '" 

thrwp. tho 11_ c«"" .... J >tid .... .,."'",'. bru>hn. Th. 
",,,tmI 8"""tN in.ho . .......... it "",,,Ji"llir ,"" ....... 
of ............ OU'l' .... .oJ ,ho Iood "" ..... nc . "Tho t_ fItId 
_10 C .... OI>d ...... ).......,.j .... ado roI< <any cur, 
mit in 'ho ...... ducrtia<l1IMI aid ea<II....... If .... onin 
......... ~ • ...t. .... I ' pi .. bnooboo ....... W br CO" d ed 
d.m;lIy. th""'fh hiNt leads, '" "', ' .,1 A+. 

(21 la _ IufO ! 4-nIII ...... 1IOn. • ~' ... ' .... 
pi", h.u ...... ....d ... " ... d 01.......-."'1' ,.,....,..! (q:. 
I H ). boo _ .......... 10 .,;!! br P"""odN ... f __ ,....,>IOn. n.. ;"0<",,,\ con.""" .... 01 ..... 11 ol'd lot""' 
11'""""""' .... "mibr, boo dilf.rtn/ Int<" ar •• ...d for 
"" conr>«1_ T .. mi ... h 8. II . • nJ Ii ,n .he urI< z;I. 
YOlo prll"" to< ... ponJ ." .mni ..... "+, f+ ond 
11_ ,n ,he ll .... k _" .... and 'wn L ond M_ I. 
24.Yolo,............ ,0 odd, ..... ",«"",IUl, S, II, """ t. 
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.- arion '< ..... ..Io D o<>d C ........... T .. ",""", D;, 
, 7 .'<d 10 f WioI< ......... _ one! U vood i<> .... 
pAt&lld .... oI ......... _ ............. 11 ....... ;,,_ 
of .... "", ............. tIM. tiM ........ 01,_<>11 aod 
.. 1>« ..... ~'Y '0 '1M ' D 10 E Wid< .... ph<&. 
T""';ouI C;, vood ...... r-><'" i<> _ ...... "" . .. . _,d idol toN>tCI;"'. 

• • OJ.HoriI.n ., _~, ~.I". ( L) Whrn ,he 
"" .... "" ;., i" opt .............. Iood .M .. matllk "moi, 
Ok <OIIne<t<d '" oen..; ,h., .11 lilt CUn"" must pus 
th_ah ,lit .""",.,.. n.. ...... ,.,. <Or\d"" ... ~ ......... 
f ...... . oe ""',llWIdool b, . I«t .............. focIdo. .... 
.. , ........ 01 _ y,riot .,th .... I<ood <lIt..-. n.... 
addM '-!do t<nol 10 ell .......... mn,",,';': MId fWDUOed 
b, .... -.;.idoIpoI<o.. 1lIio cli,eo, '"b" ,..... .. 
.................. cu,..- ;",; ...... (6f. U'). , .. "'" 

(l) .... _ of .. 1<1 ~ • ......,.~ i<> 

the...as • ., •• , ' b, the bn.ooheo -W ....... in oporkia, 
b<t .. _ .... bNoIIeo ..... _ •• "" ... ' ", p;~ 
01 .... _ ., • ..de>< , · .. bnooh_. nu., .... 
""'1"'1 01 ........... otor wuuJd be.......... To ... , .. , 
..... <Or\d,,"'" .... bnuIICt ""'" be ..... ~ • pooic" 
tho, ,be pi .... of .... coil . ... 1UCh '" ",,"rt<d b, , .... 
""'''''' ;, po'f'""dlo>lu 10 .... d,_<>11 ......... ie "Id. The,.r ........ bnasbn.k "",.<>11 r ........ d ,n th. 4,1«1,,,,, 
01 ""..... Thi. is kfOfted '" .. >hif',n, ............... 
10 , .... _"J ploD< ... f- or '01""""";"'" On """" 
....,., ....... "'" b ............. , be lloil,<>II mIII"'U, .. ok. 
"re4. On _ .. dj,NUb'" ....,. ........... IIWHIr"". K< 
.... <lit bn.ooheo fo< ........... >p&<kln .... Y,IO .y, f.11 
Iood (ia- 129) . 

(l) Inenr>oIn _,bc-uwd 10 __ old: .. 

.. _ 01 MId dUto.tiaoo, .. ""'~ "" ..... "'" ;. i ... 
__ iOrIi 11'><1 ......tWonory, "po<ioJl, ............ &<"' 
. ' ...... p«d ItId loo.d .,. dwIainf; _11"",Jr. n.....,. 
_ie .''''Jlih (oad tbtkf_1IIt <OI'ca,oc , .. ft ....... ) ol 
III< ,"'"pol ........ ... i"'- Ih< lood "" ,lit ....... "". Thj , 
,. id",l, be<a.1< ,he lidd dill.oti"" ... i .... i,h .... IooJ. 
10 .......... " ....... poIonr,- ol ,he intc<pol< ",""Id be 
............ thOi of ......... ' main pol< ill ,he di_ion ol 
tOUI;"'" n.. .... "poI. io 00 Lor ..... , ........ ~". f"'>" 
d.octooI <_ .... ""' .... "' .............. oe to <Iwo&< d,,,,,, , ...... ,he. I ' IM.,.......do< iI. This , ... ""' ..... . 
, .. I pi .... "' ~ i 'r ,: fOi ~i: .~ ... "'" .......... . 
IIj- ,he~ .. 01 """'i- II. "'" ... , ..... puo. and ..".. 
ie. Ufo 01 "'" btvoheo and ... _ " ......... "'1"0 .. 4 
('t:. uO) . 

... IIOUUollOH 0' GfHUA10I VOI.lAGI . G. 
"'~ .... 1. 51 ........... ek<I,QI cimoi" 0," dn,~ '0 
optn'. " ;,hin 'olefinit. '""8" of voI"B". it il 'mpon . nt 
to h." .......... '" <On>WII. In li""f,. ,II< ,.,.... ..... 
is opt",,,,, ..... 00Ic ."....u ",d ... ilbk Ioodo. In 
...... 10 .... , ... ai ..... ..,(''11" ... " ................ con· 
d ..... , .......... ;.: _'" ..... 1 ...... ho .. loom dnnod. 

~. ""'J .... oof SooId ...... 1.Ku. (1) n........,. 
I _ of , F' .. ' ..... dcpo.ods ~I"'" ~ f.lOrI: 

-.;.- .. --- .. 

j­

[-..!- ;,.. ----
F'r." ,,. . ..c.,_ i<U ~i" .. o·. I ~ ,ot .. " of " .... /1-. 

" 



(4) The Q~ 01 ,,,,,,'u,. «>nd"",.,.., """""".,.I in 
~~ 

(.) n...p«J of thc <, .. ti"ll .<mOI.t • . 
( el The "m>J(Ih of tho mag><ti< lield. The ...... ph 

of the mop«i< "JJ &rprnJ. "1"'" ,be ownb« of 1m­
p< ..... """ ( .... 1"'''' X rum.) 01 the Iiodd .,jndl"", and 
."'c< thc numb« of !Uf." of .". in tho Mid i. hod. 
• "" culT<'>t t<nI .bfOUsb .ho windingo ;, .. S"1>1C<! 10 
, ..... <01 ,I>< to,mi .. 1 .,,!t.o,. of <he: srn<"tot. 

( ll filu" IH i • • • imple d;.I1' .... ..t.ich ill ....... " 
thc 1"'D<ipl<> invoh'N io '-o["i' .. ",I"im. If .... 

Fi" ... u,.-v.l~II.< .. , """ ~ .. ,." ... 01. (C""", . j 
D",,"~., Om,.... 1; .. ".1 .w ..... , CO',) 

Iield-cimW lft.L""n to ir><, .. ><d ( .. bJ • rh<oM •• ). 
• ho ii.<ld cur ...... ok, ...... ~,hi<h on rum dc<<e>><> tIM: 
li<ld IItftI&'h .oJ IDW«. ,II< ,..,.",rd vol,'8<' 

<. Vibrator·'ype yoltog. "Iul .. '.,_ (1) A "",. 
pliliN vibf"""'n>< ,,,It • ..,. "'SUi""" (ogu« l}l) <0<1' 
":11. of. «>il or lin< wif< (V) .. -"""d .,,,.,,.d • ..,11 ,ron 
cot<; ....., OOI>U<I. (C). on< """"",«I "" • ....,,-,[,1< ",It 
i"", arm and II>< oth<r 'Ut"""'",. t-..h,,) .p,;n6 ($); 
."d. millOt (R). n.. vol,,&,< "';od,"8 (V) ,,<00'1-
r>«ted 0<",.. <i" p'"lIol .. ·" h) , ... g<1I<fltOC t<fm ;"'''. 
..1-'- and II~ .. d ,II< ,..."'" i, <onl>KtN ",,0>' U .. 
".,,"'" point .. 

., 

(2) Wh<n II>< srn«'1<K iI ... oponting, !be >pring 
hol ... tbe conto<t poo;_ <l000<I. Iu !be 8""'<"'0< <OIDOS 
up '0 ~. ""mu Sow. di, •• :lly f""" II .. 11+ 1<"";,..] 
to ,be f+ ,,,,,,,,,,,,I 'hrough tbe <1OOCIl CO<>!.OCt 1""­
A. !be ",I"", ';-' tbe "'!frot through V inauscs. """ 
~. '''''' cor< broJobti """" """"Iy mognctiDtd. When 
,be ""1""'" .n,,,,,,,,,,, "" tbe ....... obI< .tID be<0iDtS 
"""'s """'8h to ov<rn>m<!be >p<in& , .... o.ioo. ,be "", • 
,"" poo;n ... t<: oopo. .. ,<d. Tbe Iiold (WfftII _ ...".. 

Ik>w ,h_Sh .he '''''',,0<. ond be<.u .. of ,be ...,. ....... ~ 
.dJ<d ,o.he r.:ld <"""'. ,he "'".,., in tbe Iiold <imU! 

J""""-" 

c--" -.-

d<c, ...... Tbe n\lgnct'" r."d of ,It. "' ... ,"'" tbe ... fo .. t' ....... ,<>«1 ""J ,I.e F"'il of ,be mag ... '~ COl, do· 
<~..,J 'he 'f"'"~ , ...... tbe """txI~ k. ,...u.. 
'be hold "m>gth onJ ,ho g<B<t"<d "0I'ag< rio< .pin. 
Thi, <y<k of .,-"". 0<,,'" ", .• , and "",'or 'pia, tbe 
poi"" oprni"8 ",d (Jooin8 nuny to ..... , ~"...:or>d. "Tho 
.. moinal voItlll'" 01 .be ~"t<>t .. ",d1r Vat;" abo\-. 
.1><1 1><10"- .n ,,'<nll'" v.l"" dckrmincd br tho lensioo 
of tho 'f""ing. ... hKh mily be .J, ..... d, n.. ";b<otina 
",1,,11'" r<g.<La.", i. o><oJ on I Z·"''' >y>j"'" and OIl low· 
""'''''' 24'.01, .,... ..... , 

67 . UYlUl ·CUUlHT CUT·OUT U l AY. o . ,"'. po... 11>< "'''PO>< of 'he <a'",,-cu,mu "",-wi "I., 
i. to Ji><O<on«"! ,he "'It.., 'u,oma' ... , U, f""" ,he A<"'<"" 
_ "'hel><V<' ''''' 8<"<"'Ot vol"",;, .... 'hon !be bo,· 
.. " ''''''ag<. !I ,hi. Jc, ........ ". _ o><oJ in ,he g<n<r"'" 
d""". ,he bon." ...... Id cii!Chlt", th,,,.,..,h .he ,..,. .. ", • 
... bcn<.cr tbe 8<"<"'<>< "iI> _ ope,"in!!" Thi, would 
t<rul to mol. tbe _.",. of""tll< " • mofol, but he­
"".'" the ,..,. .. ,'" i. COOIpi<d '0 ,he .ngine ~ "",kI nor rot.... Ur>dn ,bi. rond,'"," the _"Of. g<n<r"'" 
"';''"8. Of both .... y be ", .. "Iy d.m.t.g<d..,J. ~-r 
, .... 1,. 

10. Con. Inodlon. In fig.<t<: Ill. "' .. ........,tkn! <ufo 
(kit ,,10, II "'-n ... PO" 01 •• impl. _lIO<-bottery 
., .. 'm. 'Thcr,." ''''0 ... ,r.Jing> on ,he 10ft iron """­
The ",mnt ... ;l><Iing CU', "'hich i, in ""''''' ... ith tbt 

Or, <If 
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li"" tnd m"" "''1' "'" .."i", 11<"' .... ..:1 ""mil, CONi ... 
of • f"" '"r." OCI h< .. , ~i... Til< YOI" " .. inding Vir 
con"", of • Lo'B< nomk, of ,",no of .. lll;'", I, line ... " •• 
anJ j. ""unted "" ...... <h. gontf. lO, I...... n.. two coil. 
Of ....... nd on the: COr< in .b. wne direct"",- n.. 
lDO"abl. Ifm calfi ... pai r of «>otact poi"" C .. hich 
n<>r<I1I.Ilr ar. 1><1" opm by • orrin, s. 

•• Opo .. 'i.... Whm .... B<"" .... o, i. not op«'" 
ing. the ..... , """'"'" poi .. " ". oF"'" '" <II" til< bon,I')' 
don "'" di",h"t< inl<> ..... ~,.,or <v<n if ""'!lUi .. 
Ii .... , .. itch i. lof! cto..d. A I the 8""''''''' voltag< build. 

- •• 

I . --

up, the vol"ge .. iodin! of the CUI..,." .. I., ""'£1><';'" 
tb< j"", co... W ...... the gt,,<.oted vol,,/:< pr<><!LI«' 
ouIfi<i<nt nugnoti ..... in !he ir ... «II<, it otn><l. the 
".,.abl, Of", ti .... <I."ing ,t.. <Ont .... C, .nd ,100 g<n· 
.,1I .. bogin. to <ba,s< ,he bon«y. n.. coil .pri"ll " 
'" odju".J tha, tbe "",1,,8" .ir>dil18 .. ill "'" <Jo.. til. 
conl><t point. WI.il the ...,1,,8" of tho "" .... or i. at • 
... Iue .... h .. to .... in <X«S> of t'" """",,1 voltls< of ,h. 
bat!<ry_ The darl ing ,,"'''', I"'"ing through ,"" ... "",0' 
" i..dins of.bt .......... ",10, tid< the YO.I"'8< "'Ddi"S in 
hoIdinS ,.,. pOOl" ';ghtll ,""'d. W ..... the g<"I"" Of 

-

• -.. 
, 
f'" .. 

1 .--

.' 

• 

. -

-

-
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>low. dow", 01 fo< an, ...... , < .... lht gm<"'''' "'"1&8<" 
docr<>1<S boJo.. th.o. of t .... bot"".. tho (II'''''' I""" Ill< 
""",.,. &crw. through tho "",reo' "" Ming in 0<Xh. " ' J 
.. to ,end to prod"'" 1JUgr><\''''' of, ~;l< pobti".. 
'l'hU ,endo to """' .. ,"" ,n. ""8"<"''''~ in/I""",. of lht 
voI,,1" ";nd,ns. 'educing Ih< DUgr><I''''' of tht <0«_ 

n...d= .• t-.. 'oo .. ," '" op<nN ~ !he opri"~ OtId !he 
,,«Ur' beI",C<'fI ,I>< """'ry .nJ 1M sm<'''''' " broken. 
0..';"8 "",,,,,,] ope"'"oo. ,be: ,on= poi<IU do "'" or<" 
II'II,J tht fff"" ""!fen! h .... ><h«l ...... .,. of ,to to =,... 
" . GENEUTOI 12_ AND H.VOn CONTROL 
rANUS. a. c.:""'''01 ,,,,,trot p&<><u .f< ", •••• 11, .... 
f .. ~ to .. ""'""not 0. th .... ·un" ,_rot pan<1~ " 
, .. ..,. .. ." ,oo'rot p""'t ""'1 """,II of •• ib,,'ing'lJp< 
",1"8< .. gu~or .1><1 • """,1OHU.rent cut ..... lDOUIIIed 
"" ,he ...... pa<><1 . !"gur. L>-t i • • ~ , ..... of. ,1· 
.0.1~ ,_""i, ,,,,,,,,,I 1"',,<1. ".inlp/'l\cd d"S"'" of 
• >in~'''''8'<>< ~"'Ot circuit . ... th ~ ""'"""!t.<Ont,!,1 
po",,1 i. ~." '" (fig. 13~ G». A >lmpk "'''''8 di>. 
"am fm u'" in <i""H .... 1,..<. ,"g. L H@). nu. pot><l 
i, adj .... «1 to «8"1 .. , tho: ",1"8< .. 1~.I~ vol .. ond to 
coon«t lht _"01 to ,ho: b.o!ltry .. ID .... 1 ... 

b. [,,-1, H·volt ., .... "" .1", ..-t • _nit ",,,,,,_,01. 
1"""1 .. ilb L 'fpc onJ M_l 'Yr< gm<~ The opet. 
' ''0, frif>(,plc of ,Ioc: 14-'-01, I, .b .. 'ins ,<>luge rcguUtoor 
; ... ""I>. I<> th .. of ,Ioc: ll-vol' 'I"""'; _~",,-'" 
min,,""." h,,'e b«n odJod, The Lorct-N .. alc 24·00/t 
I"'"d 10>. >n exU .... of poio(,. n.e.. """''' oho" '""' 
the mid .. Ioc:n • "t'}' 10 .. "'m~ ... 1"" cor field CU'''''''' 
;, «<fI';f<d I<> ...... ,,',," the '-olt.,<;< <o",bot. Figuf< 0' 
,00... •• 'l'p;".' 2~,,-o l t "ibut;"~ «gulator. type EI-,A_ 
T yp< El-l B, N-volt, "",uol p."d lw • amon.pile vol,· 

, , , 

69. VlaRATO._TYPI CUU I NT Ll MITU. • • rut_ 
...... The P'''po. oi ,he ..;bno", CUrrent t;m;t<. is to 
IimiI the cu,"'" 01 the S.",,,,,'" autom.t"'llJo to its 
..,..;......, <>ltd outpo.ot. This <i<Ya .... ill protect lbe ... ~-

b. c .... ""<11... The CO<'ISlnI<tion 01 the "'m9: 
Jimjl<' is Ii".;!at '0 that 01 the voIt"P "",Jato< """pt 
that the "" ..... i"ll wil is in ... in ,.;tII the mai. Iu,.. 
nru.. the: """""" 01 ""' ..... 1\0.0';'-', ill ,he: liD< ;, ,he 
<Ioo"",i"ing foct", in ,Ioc: "P<rat;oo 01 the limi1<., "",tad 
01 the ~ O<ION the Lin<, .. in .he ~ 01 the vol..,. 
~. The coil conIi ... cor ..... n\ 'UJ'IIO cor La'ge 
""'. Ii_ <t ",.in the er>tife Ii". cwl<rlt. 

c. Operatl.n. I" ligule 136 • vi!orator.typ< ar.-.t 
limit .. is "-,, .. put 01 • o.irnrIifitd .,irito.!! diagr .... 
01 • thr<o<-w>i' CQtII.roI par><L Tho 'l"ins S, boldo the 
<OQt.oct poinu C, to,..he. "",il ,ho cu.t<nI 'hf'OOJ8h ,he 
.... ;,-, ~D< Nod •• :rico wil><lin3 SIP bc<o>r,,,. ex< ,w.. 
If>I&II<Iizins ~, ;"'" CO« to _ &It at..,t that the tDIfI· 
,...., 1"11 OIl the ..",..obl< arm ",',_ the , ......... <ll 
the Iprins- utd Of"no tho COOl-'<l poi"ts. This inO<ttI 
rcsjoj", R. into ,he mlJ cin:uit 01 ,he ~, do­
<tn<int the mid Mrrnt. the ",enph of the ""'gn<lic 
"Id. Nod the gcr><nrc-d voIuge. Wi,h dor: ............ 
~ the ~ ..... ""' .... , is ttd..:td. The i~ 
"'3Ulator i. tbmforo (WIly ~eti>td, .r><! the 
1J>rill/!: dooa the <001-'<1 points. nu. <aUO<O the gcr><r' 
'"" voI'''P Nod cu.m'If to ri .. , "otil ,he Nt ..... """hts 
... J .. ..&i<nt to ... " the <J<I< .,.in, The .prin~ 
mar he adj ... td '0 Ii"';, the CUlIMI 'o""r dooit<J v.l", 

C,\'f'3-I+II'."'-" 
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... j,1in tho r>tj"t 01 the limitn. In otbol fftpo<l$. .11< 
th~1<meot «lftlro.i ponel ;. JimjJa.r to .11< ........ l<mMt ,..,... 

v .......... .u. .. ,.~. ~,,~ ",oJ", .. 
f4'tuII, "",,ri. 

70 . .... UG. IN MODELS Of ' ... VOLT VOlTAGE 
lEGUlATOIS. e. Gen...... In 10.., mod<!s 01 .. I' 
<WI .... "8 the high-<lOdpo>t 140"",1, 'J'««I, tho ""'It'&" 
kgulil<>< ... d S<OtUtot <n< ....... rm>t «lor ""jtdl ore 
.... alled .. ..".,._ un;". "Tho ""'I~ «gular .. piugs 
into a ... ndud po""l ..,.;10: .. or ooob-bout. '" .bs.( ~ mo., 
h< <Uily .......... d /0, inopoctioo 0< "f'loa".,,,,. "Tho 
plus·in modol, .... dni8f><d .0 «lftlroi ,II< YOl''&'' 01 
g<D<" ton .. j." OIl '""'r:' of ~ol hundred &mpo<e> 
II 28 volt .. and to I""",d. «pIllion ov.l a wid. ""&"' 
0/ g<D<rator.po«! ind bod (60s. 1l7). 

"",-­. , .. ",. .................. r 
<11, ....... 

W<1Iinghous< "'guloton op<'lI' on .hi, r,inr:ipl •• "n· 
"' .... f'OFYur typo ",suaror u ... tlte ,·,,,abl • ....uu...e 
of, carbon pOl •. ".ad< 0/ arbon d,"" ..... , mi .. 
tOlK< ... hreh .. " ..... It" ,Ite mK"'ni<, 1 p' .... '" IoKing 
them togorll<'. "Tho sm'.r ,he p ....... ,. "'" I<so the 
...... _. (Jig. 139)_ 

(I) T.,,,J ",h,., .<oJ,":, ,,:~16.,. Two moke> 
of "rp«i ", .... '" ",guJot<>« If< .-d bjt III< "'mr "ir 
F<>K'~ W <Il,nll""'" "'0 Grn< .. 1 Ekrtrio: ( !;g>_ 1400nd 
141). "Tho p,ineipo! drff<r<n«: .... ~· .. n ,II< two i, in ,he 
"""gcm<n' of til< <onj"". 1Iot~ ... ,-•• 11< ,'ol"~ 0/ 
,Ite 8""'''''0' applied 10 on rl<nrornogn<t .'0;':0 to li'~ 
. '"h • movalr!. ",pl.o.ing .. m and b,.I , n«J bjt. ali. 
bwed '1"in8. Wieh' ,,' .Ire g<fI<f'It<rr ...,l"g< i, below 
"",mal, .Ire =i ... ~ 0/ th< ... """ i, oIrO<t cirnrit.d 
''''''''lIh .be ront><t I .. ~ or 6ngrn. A. ''''' YOl!''<:< 
" .... " nomtal, ,Ite .1«1"""'1;'" ClU.., ''''' ..-.bI. 
.""".", 10 OJ'<" ..,.,.. of th< OXl.oru tillll addinj; =i,. 

~ , 
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1';1' " IU . 

_ --... oj C ..... n.._ lf._ ~ 
'"1"'- ....... , -- .". ) 

('I'" '" n.I.~ .. , .. , n," ,.. 10 foil .... .,. ",.u... 

.."'. '0 , ... &old <iJ(',,' To .J,~" .... >'01, .. of ,be 
~"<r""" .",em , .... ""_ 01 , ... 'f' .... , ......... ...t 
"" ...... ,... 1<>1 • ., ''''~ '0 , ... <hom.! ..... .,;0. The 
dtt,,1od <Oo»I""'..., ..... r bo >em III "",'" 1 4~""" 14l 

(2) Tho whon-"I. ,·.,I,.!:" ",,,,,1.>,,,,_ Tht <.mo..­
,,10 ,01,"1:" ",,,,I .. ,,, .1",,, u«<I t,- , ... A,"'I' Aof 1'"", .. 
(fi~. H~), Tht D<ko. ~cmr. 1.«<_ N .. ,u •.• IId 
J d,1"< .,. 01 ,I", 'Jl" .. oJ <i< "m,l" io {( •• , ~'uc," .. 
(h,o:- H I) . "" .... -... r EIKt{oc .Dd 1X'"IIn~''''''''' olIO 
~.11 _ 1"0.1",. w!,on-r"'·'rr" ,01,,,,. "",I .. "",. 
In , ... ,><k.,.Rcmy uthon-po.l. "'/;",,,'''', • ''''''P 01 
'l'J'fO>,m''''r 20 <omo.. d,,..,, ,nJ " ~"r"'" d ..... "_ 
.1 ......... , rI ..... '" ." i""" .. 'n~ «..-."'~ ,y", ,,,,,.10 
oI.be "mo...I"Io ....... ""II ~h ... h i, ,,,'" ~"h ' .... 0 
,oJ .... !he..... A ......."d "'Ulpm<t\I .. ".. .... !he 
1'f<>"I'" 01 • '1""" on ..... M<I of .... <_ d,,,", 1'.0 
,-16). An ...... b«<I rio" >nJ ad,,,,,,,,, ", ........ h 
.... ~.,. "",.'" . ·IIh <I .. umo..-fd<" _ ........ ... 
UNIVER' ITY Of CAUfOPNOI. " 
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Ie 

011><, ."d oi thr wt-.P;l< hoouoin&. The OIhcr <On<oct 

with the cotbooo p;1e i, oud< UJ<Ou&h II>< 'prj", and 
._rc _1,. W/lC'Q.he oo/'as< '" ,he __ to< 
chanf:n, the ooI ...... d "hkb .. «>nn«t<d to .be """"10< 
varin the 1m""", of tht .pt;"&. .hu. ' ..... Sin' the me. 
dwbnl ptn>II'" 0<\ lil< do ..... 'rho: di ..... in turn, .. " 
tho ....... nct in the &old ';K\li, 01 ,t.. gmc,at"'. Th" 
'JP< 01 "'BUill"''' wj ....... t.,. ........ of • om&IJ ,""""" 
"'hid. ;ncr<»<> or <kcrusd tho CUlm>< Sow in tbt f<!,,­
I .. ", ICIknoid. 

n. 24_VOLT GENUATOl RELAY SWitCHES. a. 
G . ...... I. n.. ",n,,,",,, ml, ,wird! p<1'fomu the 
...... 1"",,;00 in .... high_I"" 1,·roI • .,... .... as .1>< 
.............. , ...... ",,_, in "'" ll- ... I, opI""- It ~. 
II.< 8"1'<""" to ,I>< bu . ... hcn<vn , ........ 1 .. '" 1>«", .... 
loB ± 0,0' ,-..I"."J di«Ono«t. ,hr!F"""'" {rom 110< 

~ " 
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buo "' ..... tho buo ooh'g< n«cd, th.>., of the sm«""'. 
n.e rcIor .... ;tch .0<> • modificJ 1<" .... ..,.""'" cut.-t 
to oporalC ' lin.,. «I.o, ... hi<h control. It.. buJ cimli •. 
A-"« {.""ion of tb< .. 1.0, ,"'j",,, i, to bt<.dr. "'" 3<"" 
... tot ciltUio '".1>< ....... , the pilOl ... ; ..... 10 dillCO<l<>«t ,he 
g«><nto< f""" II,. bu!.. It.,,,,,, 'h"" run , hca.,.ind 
to ,I>< cockp; • ."d ...,. urI:" ,wild>, the circuit II <00. 

t roll.J with. """ll $Wi"'" in tho ""', Of """""",-<Oil 
cinuit. 

b. (,) 'Tho G<n«oJ EI«I,o: ",lor .... <tdI i. ""'wn in 
lilli'''' 149. This , ";1<11 incorpo ..... , pobl'iud ,.1., 
wh;.1> ... it! ...... ,1>< rn.in conI."IO to ,!ooc ... h<n<-.. the 
voI''P of II>< &til.""'" be,.".,,:/6.' + 0.o, ..,Ih. The 
<opp<r...wde _i6o:r ""it ('«"<nt. tho "doy from dooing 
... ben tbe 5""''''<>< pob.;.,. to rn.,,1«I. 'Tho polariud 
",1.0, ,110 ~ ,be ,.".. F"''i'''''''' ... i.h the ....,1, tlut 
.he recti Iict· • ..,.;" f utI<Ii(.; i. 'em p" .. tu", <On'Ip<n<aIi",,_ 
The poI>riution of the ,01., by ""' .... of • pcnn&nenl 
IJU~ .100 ..... ru !h.i. the rd., ... ill op<fI co." 011 high 
,cal .... of the f<'~ cum,,' ... hirh oth< .... i>c might ,... 
, ......... mas"";"" 0/ II>< V<lh.,. mil ... d boId.be "La, 
dO><d. 

(1) w...,..,.« II>< $<"'<,,10' voll>ge bu .. ocbrd 
26.1 ± 0.o, vol" tI .. poI>rittd ""r ""d .... ile" <00"«< 
the: ,.,.....tor 10 ,I>< CO<I'><!Of coi,; Ih., the C>:M>l.oI cir<uit 
i . complct •• nd 'Il< COIIIoct ... 1., <fICfgiwl. n.. con_ '''''<If Of .... , it ... con"ruct«I,Iy, two copp<r p<>nt' 
d.- ~'" and Of"'" Ult: 'wo ~I .. , point> cto.. I ... and 
of'<" fin!, Thio orrang<m<nt <Iimi"", .. any &J<i"l .. 
t ho ~I ...... p<>nI$, th., in ... ,;n& • good <0<1'''''. In tho 
rco·<tOl: P""'''' ",1><0 tht 8""<'"'''' >oIto!!'" dtOp< b<I_ 
,ho bus vol"g< .... ti<O «OJ ill tht &en<'*'''' II,.. "';1I 
r>CIJUul.., tht .1l'«I '" ,he >hulll Of vol',!!," coOl on ,he 
politi...! «uy. Thi . ... ill d<mognc,;", the COl'< '" tho 
<cur and tht .. loy poin" will open. lbe openi"8 '" ,"" 
<cu, p<>ntI "ill b,<IIi< tht ciKUi, of tho oonto<for coiJ. 
, I>< cootM1<>< p<>nr. will b ... k tht ciK'W' '" ,he <O<I,actor 
coil. ond ,be <0<1'''''0< poin""ilI Ibm open and btak 
til< 8<"<'",orciKUit (68' t~) . 

• . lbe l.««-N<Vi11< ,<I.y .... i'<h i. simil .. in con-
, .. <U<tioD to tht Grncr,I EI«I.i< a«pt fo,. row d.bil. 

(lis. t 1 t). lbe r«tili«. in ... >d of oons Hopper Gold< 
' ype, i •• ",lenium oxido typ<. lbe shun' or ""'ast "",I 
of tho p>I1rix.! .. lor i. CO<U>O<t<d ... """,bat dill'ctaltl, 

"-

in that ,I>c "'" .... , ".. ... 1", 1"" 'hrwsh the control 
."';tch hel .... ,he Jl:Ol>';u.! 1'<"1 point. can cloo<. The 
<onU<to< is "." m.:rn ,I>< wno .. tlu, .taI in the Gen· 
.. 01 El«tric .. I.y •• ildo. I, wO<PO<"''' ....., .... of 
p<>"'$, """ of ,,'hKII <10><0 6,.. IUId opens Ju, to pt<:<O:l 
.... of Iow·.-..; ....... poin .. (68. Ill). 

DnMI J ... .,.. _I r ,·,;" ... " .. I.,·, .. ~,~ 
/»I.,i,./·",-, •• " ''''~''J. 

"" t . 

• -~-

: 
• 

"Z'" IJI. ".,no,'"'' n,w' "1'J",,.,,,h ,;.,,,' 
O' J ".' I< 
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;; -
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d. 11>< W ... ing/>Dlu< "'La, .... ;.rn (Ii,. In) i, __ 
,i.II, d., ............ GmonJ EI«tric &Bd !.=<·N .. iU,. 
" u ....... 01 pc, ....... '" .... """ '0 gain ito poIo,i>t<l 
,1F<ct. (Jig. l"r F, ........ liB"'<. i, aft be ..... that 
th.o cur ... , J"U'''3 one ... , "'ill .... gr>tti .. ,he n>av>bl< 
bo,.u>d CWO< i, to be . tttl<lod to ,he """th pol< (wbet< 
the COOlI",II ... Io<.o,od). A til,,,., paW"lI 'hrw&b tho 
01'''''' windin,.,iIl ...... ,.Ii .. ,he ,Il"«t. of .... vollll" 
windi"ll .,bid> ;, l<Iin, '0 hold .... b .. 'gain" the COOl' 
11.11 " .... I<IU!h pol, 'M the .prin! wilf then pull the 
bo, to n.. "0, " th.o ",,"h pore poo!,~ opening the 
COOl'I<I .. 110. citCU~ 01 ,be w .. tongt.ou .... I' r .... itch 
i. ""''''' in fi,.. .. ISS. 11>< _, ........ " ..... ' .. 11, ,he 
..",. "'''l'' fot' 'lightly dil!!<t<r>l ut .. gcrnrn' 01 .... 
<OII'OCI I""'n". I"" .. d of ",i"3"'" poi"" to br<.k ,he 
<ittUi', • rnckn'lJpc C<lftt1Cl i , • ...:1. ConIOCII ." ""de 
• M broIo.n It ,he I><pnnin, ... d md 01 ,I>< """' ....... , 
of .... """"'... Hm«. onl, the ctld of ,he point i. 
,ubj«t«i 'G the ll<. 

73 . AUXilIARY !'OWl. I'Lf.N"I. a. ~n.ral. 11>< 
P"-tpOO< of the o.wli,,)' /'0"'<' pion. (fig. "6) i, to 
.. "'" ... IOU'''' of .I«t,i< PO""" fOl """'1" b.1t<1J 
'hotpn, .nd for ,he , ... inS 01 ,!«t,ial . iK"f, «lui!," 
mrnt "hil ...... i,p ...... io '"' the 8""n<l. It .... y.1oo 
I>< u...:l OJ on .u. ili", """K' of ,1«tnc.1 PO"" It low 
>lti ....... in co>< of . n ...... ~<tKy, ( n..: Homdit . . .. il· 
ialJ PO""- pi ... , i. limited in outpo.tl " . ltilude obooc 
',00 f«t.nd ohould onl, I>< u...:l fOllimi'«i p<tiod, of 
tim< "" in ......... 0 """",.....;.,.) Th • • ""ili." 
pow., pI""t i. _im<. """,n'cd in ,he .i'pl.,.. ' M 

<OtIt>«tcd '0 ,he .irplonc·, .l«tric.1 ...... m. "The """itioey 
»0"'<' pi.", """,i". of • pwlin. en, i"" '''''pled di,«tl, 
'0 the 8"""' ..... "The v<)j''F output of ,he,<fl<t1I"" il 
.. ,..I .. cd by. " ... dud \'Olu8< «",I ... ,. The g«><t1tOl 
fu,nid><d ... j,h Homeli,. ,.,ili"Y pow"" uni .. i, ",", 11y 
... .u>dard .i«cah model and «-pI ........... < ... be d""", 
from otodt. 

• ~, 
~, An .. , 

.FT ~'I'I'I' :t-
+ . 

£t~ -+ , 
, , 

_. ___ «tOO 
""' ,TIO" . 
-~ 

10. t,..IA." T"" pi,.. ctlp ... il • 2<,.<1. ",. 
<OOkd .ngine. "The speed 01 ,he ""Si,.. il ,,,,,,,olld by 
• 8"ft'noc wlUdt .. su i .... the 1 ... 1 ."d ai, mi".1< en· 
I<,in, ,he ."'inc·. <)'Iind<t. "The iani'ion 'f",m """"'" 
of. !>iglo.' .... ion ""'8"",0 ,n<!. 'f"'<l< ptuS in ,he <),Ii". 
d..- boo<l. LoI>ri< .. ion of ,he ",,,"';1 p,ovided by ,I>< 
mi.<i<tS of <,,",,<oX oil wi,h the lu,l. lht: m8in< i, 
<nnkcd by motoci,;ng ,he ,ro,,,,o, OC ..-ith • ",Of'<' 
type" .utt«. 

.. ~n.ro"". "The sm«>tO, i. 01 . lp«i.1 d<tign 
and I, """"""cd di,onl, to ,I>< ",nblt.f, of ,he enli", 
In o,de, '0 rnn. the 8<"","o,.n .I«ui< moIo< of !UBi· 
Om< totq ... to "onk the «IlI1nc ........ 1 .mng<mr<>t of 
• ... i .. licld i. ilKotpoc"cd in .... 8"""'''0'. W .... n ,he 
"uter . ... i'ch i, doted the .. ,;., fie ld <i<cui, i, coru>«tcd 
to .... bo,1«)' and ,he g<II<'"'''' ""em.llr oPC" '''' ... 
lim~. "'''''' g<II« ...... 

d . V.It<t, •• .gulolo.. "The YtlI,,1«' «8"1"0' 01 
.he J>O""<f pi .. , io ,he ltand"d Aemy Ai. FOK« de<'gn. 
"The IIInd",J _boo< i, """,,,ted,,,, ,he J:<tI<'''o' .nd 
"", 24·.-<>1' .. I"g ... gul .. ot .,..;l&blt: ""y be mtd il, 
at'->d><d. 111< '"'''' til' ..... , .. 1>y io 01 •• p«ul deo<,n. 
A ru>,gwn 0/ lhe I""""to, 'Y".m i, "-'n i" 6",1< 117 . 

14. COMPlnl GlNUAlOI SYSTEM . o . In , .... 
prncn' A,m, Ai, Fo« ... i,p ...... , ,be <i«t,i<>.l .yII<m 
p_ideo»O"'<. 10f' NO, 01 ,he oirpl."" x ..... ,;., .nd 
atrJWII<t\I. Wi,,,,,,,, ,he .I«tlia.] .,..ern. the pcop<JI ... , 
fu<! p"mp<. lid ... landins g<a'. li81-oo0, ,U,,,, .... tn'I . , 

""""~ <1<" ...... ,d i" man, <0 ... be i<><>I',,,"i,,,. Coo. 
><qu<ntl,.,h • .!"'It;,,,! "" ... "'."., i~ ~ , .. ~iHK ~,J", 

." "The IOU'" of e!<d,inJ ~f i, ,he 1«11<"'''''. 
"The oirpl.,.. el«t<ia.1 ,,,,,m " 10 deoi~ .... J d .. , 'he 
.I«trial I""d n«<>sa1J' fOl ni,ht ..... he <.«;cd by """. 
hall 01 the _ . totl "" the .irpl.,... n,. 1"'<»0'< of 
,he bo~'1J i, '0 p_ide /'0"'<' fot .""i n~ ,he e"~in .. 
on the If'IUM ,,,d lot t ... in~ ,he el«t,i<.1 'l"""'. "The 
onl, tim< il i. n«ded in ,he .i, il to fumi..Jt i">"'<t 10' 
""'" boo" in"mUtI<I1I 100 ... "The .... i1i", po~ .. ' r"flf 
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75. SYSTEM ADJUSTMfHTS. o. G.n.",!. Th< ad­
iu ......... of the pow« 'J"""'" OK cl*I!r to ott tho >'Ott. 
as<" '<gul".,.. 10 tho, tbt ,..,.ro.to<S .. ,II prod ... a 
con."", YOIt.,. 0/ ,~ voI .. ...d to adjuot tt.: «t.1 .... ;ub 
to clot< tho cimtit 01 tt.: ,..,.,...,.. at 'P!'IOJr,n>oI<ly . 6 
'0 26\1, roIu. 

b. v ........... ~Iolo<. 1bt vol • .,. "'tul .. ", is • 
precision <1<>.,. ... ill _ withound ""'8h It«l ........... d 
!'I'IUII be tunodl.-d with .. "'. Th< adj •• " .... ", p<occd .... 
/0< tho Army Ai. F<>r<a ",I • .,. "'B"Iator. J!:i • .., in doW. 
in TO 1)}-).}9. ""'" I>< followed with Wo. Thi. p<O­
«<lute i. bhoo1Y " folloo-->o 

(I) U ... p«ci ..... ~ po<tU>l< voIln" 'd. Sgu ... 
160, 1).)0 YOIt ><ole. 11", vok",..." """ I>< I>onJled 
urefully IS i, "';11 "'" m&in,ain ill a«u'1<J' un<I<t."... 
di,ioos 0/ ""o!w>dIinJi:. ';""';-' or >hock. 

(2 ) Place All,..,.,,,,,, .... itcl><o loat<d <XI ,I>< s-r-
0«>' instru_ potI<l it> ,I>< "11" position. 

(}) St . ... 11 <nl;i_ .. h;'h tu.., 8<''<l0l00 """ olkrot 
thorn to ... ,m up lor ,I>< p<riod -'1 to bcit>, <I>-
gi .... to opor.ti"8 temp""''''' 

"«;1; .. <OJ,,,,,,,, .,. io ,<1';., ...JMp 
" ,Al_, ....... , I~·ir<ffl. 

fit_ MI. M'."i., G, ... .1 Elm'" 24-" 
"""'4' ",.1_. 

(4) CoalK<t ,I>< ""gi'i« t"min.l of YOltmot" to tho 
...... 1 '''''''"'0 of .''!'''". .nod .100 po>i(i,,, '<'''''nol '0 
,ho B t"ll1Jnol 01 ,he voh0B< r<gul.:gr (or '0 tho 8"".,.1 
tonru",,1 0/ ,ho ",I.y ,,,·itch). 

0) loe ...... to 1,800 'p.m. ,ho 'p"'d of.ho ..,~ .. 
hving ,ho F'''o, >lid ,001 ... 8" "'gubtor heing ch<dr.«I.. 
Ktop ",own"'8" ons,,,. .. if • "",1[i-<tlS"'o »rpb"o. at 
idlin~ .p«<!. 

( 6) II ,-olt_o, 00.. no< ind;':',o 28 ..,!to. .dj .... 
,ho ",lto8" "'gu l"o, unlil vol,_o, ....do 29 ,-01 .. b)' 
adiu",og tl>< 1('''"$ ,..,~"" <XI ,ho arm"u", in ,ho <;0" 

of (;0,.".1 EI«t,,,. ".!'>'l< t61. >nJ W"',nghou ... 
fi8u« 16~. «gul.,o" b)' """n' 0/ . dlwing nut. In ,ho 
ax 01 tt.: "'''''''''J'lc ",~ul.&tor .dlu""",,' i. mode by 
hlm;ns ,I>< >mal! 1:001>, fil"'''' 1M ..... ~;.h m.n8'" the ""'''.rK< 01 ,I>< '-oI .. ~1 <iroo,,'. AI", ",guJ"'" i • 
.oj""o<l. ,«I.~ ,ho 'f"<"<l of tl>< .. gine t<> jdl,n~. 

(1) On ~ ","I'i .",,~inc: >irp!.ne. "'l'<'" ,ho rror:tdu", 
"",Ii". fo< <><h vol,.~o ",):\'b,o, i""",dinS tl>< '-011>.8< 
"5"btor of ,he ...... li.1)' 1'<"""<' pl,nt. 

(8 ) Afto, ,I>< ,-01"8< "'1<"1"0< 01 011 ,I>< 8"0<'"0<' 
on an .i,rl ..... Iu,'o boon .dju",d to prod..,.. vol .. go 
01 28 ",I ... it i, ,~< '''I)" ,~,htd,~ 1«;1 ,he /1<"'_ 
oho", ,I>< I.,.d oquol!y. 11oi, i, .Joo< with tl>< aid 0/ • 
p""II"in~ ')'I'm (I« TO OJ·j·}9). (1_ ,I>< /1:<"<'"' 
110< m.>in·r;", ... i"' .... >lIJ "IuoJi.ing ... itcbco (;f pro-
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.. dod) anJ ",".1>0 ..,g;n<> up t" 'rr-,,,,,, .. Iy 1,800 
•. p,II\.:.he 'U''''m ,.>IN'''''''' ,""'" .. """"IJ b< ,",,,,J 
01:1 to p .... "It • I",d, ,II other \ood. ouch .. .woo, I;&ht~ 
<I(~ 11<,", "if. 

(9) Lheck .......... « ~'''t ... I,;ch """'Id b< .... Jy 
....d , 1;\:,. V .... '- b.:< .. -...., .... 'w,," """'Id "'" .. . 
<cd , ~ If ~ .. "'_. 1 ..... '1w "If> 
"M"'l br oJ,..,.;", .... ~"""''i , ....... 
dow ...... .l. 

(10) Af1>Ir lin", JaoJ bJ ' ........ """,,hn ro< I,~. 
;'" *'!"if""<"'. ill, ... "", _ .oJ", tq\"1""'<'" a... _ .. " .. .. ..J,." .,_; lh<y "-1.1 bot MoaJy...J _.I, 
&10k •. J( ,I.. h,~ i, "" _ '!un 1O ""'""I<> h,,,,,,, 
, ....... he ""'~, ",. "',;ng 0' .. ".r .. ,,,,.,.. 

(II) SI"",IJ ""'I'<" g<" Jilf,,,,.,,., be ""'"' ,lun 20 
""'pt«'>. ,hoo:k 'Il< (olkno-;ni' r.r1l1d,,,,, ""'"g. and 
.. ".I .. ",~ 

(12) If ro>~bI .. all rw.II<Ii"ll .JI .. ""' ..... h< m>J< 
.. -0 .... jtftI<f ..... ,....., .... "" and "'" .. hoI. th< """'" j"".' ........ at. ",Id., 

...... , . (I) The ~ .. .., ...... U 
boo ""-Il-.~ ..,. 1"<""'\11 ,II< ,onI"'" .... 

.. .-. 10 tho ...... r. ,he den,,,,., ~ 
..,d", ... d , ....... 1:: ,"" .-_ -r fC1(I~ . 0:,' .hfto . ,.Ior" HE? W." "-'d bt 

'1 '" th< ...... ')'!'to 

" 

(J) ". Hi ' , .... p_' n for • .,.., JWOodo .. 10 
td ........ ,.~to_.bc:t. 2llloacIH., _ 
_ ', ' ... ,01' . ..... .. co: 

(0) C n" .. "'" .. ,'''';,,Il00:_ ............ ,''''..1-
j ill 01 '100 ..... rqulo<w (_ ........ ). Pba 
tho J<neratot .... iIdr, .... IM .... .--~ .. 1M "'0-
pooir..... SIowtr i ",fftOr 1M ."....t ol tho ........ on 
wIIich ,he J<ner""" wIIotc cim.it ;, bani d>td«d ;, 
in.ullN ..... ij. CIo' ..... ' teoditIl i, """'" orr tho urund" 
orr ,he .... ..- pu><l. no. vol""", .. .....tin. _i ll 
......... oIi'" drop .. tho .. Ja, <I0000. n.. 0010 ...... 
bd_ rho reb, do ... ;. 1M .. Ja, < ....... ~. It 
~ Id boo lid."" 26 ..... :r6.1 ....... If it .. "_ 
, _ "'" ...J ... rho .. ..,. , .Id boo adjlltlled Gr, if W· 
j ,' ,. '1 'I ...... iI_ ... i ...... "1"-' 

(') Adi"w ... <II rho dgoi"l .....,. <II • t.c.en-
Nmllo .. 10, (iprr 1M) ;, ::: ... .!r..,.......-.l1 
rJotred nut ...... ho J<ner- .. n.;, .... ...... 
' ''''' tht ,ension orr tht _II ,pM,. Adj,,. ... in rho 
.... 01 tht c.->J Eloruic .. 10, (4 161) ;, __ 
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76. SYSTfM nOUlll SHOOTING. ... T tollbIr 
obo<:Jt;ng i, "'" I",,"'ing 01 the """, ""'I< of tho .,....." •• 
foil~", to ("""_ J>«'P<.I,. The 8""<[0(01 0(><, .... in 
~ with • ''''''8'' ,oguln.,. .. cl cwre"Hct., 
. .. ~. lbu. ' Il< loilul< 01 ,"" .,....., to deli> .. ~ 
to ,hi: bus ,." be , .... oed .". Of>< 01 tho lht« units or the 
wiring ....mn conn«ling ohm>. In ,roubl< >hootillg • 
omaJl sk<t<h of tho .J>I<m', ,;«uil> ... ill oft.., h<lp in 
finding ,be f ... h F .. lt. in ,I>< electrical _ ... ,...em 
...d the r-" au><> .... 1i00N in the followiog ""'. 
liD<, 

( I) Go .... ,..oc p«>du<es no '-0"'8<_ 
(.) Vol,,,,,,,., Iud ..... , be b«>l.." 
( j ) c:;..... .. ".. "-1<1 be Il.o>bt:d. 
<,) Commuloto< """'1<1 be: <Icanod. 
<Jl Go:nc<. tor ...... '" be «p1><N. 
(2 ) G.,""".,. rN>d..:u . pp«r><im ... ly 2 YoI" 0< 

. ...... <1 .. 1" ' ,-o/t'!!" 
(4) Volt'S< "gill .. ", 00.. not ,II.,..' <ufliciM, IioIJ 

o m en< to "build up" yol,'8"_ 
( . ) Fi<IJ I .. J to '".r''''o< II •• ""ina! i. "1""'. 
(r) GrnttI,,,, Ii<lcl "K'U~ i. 0f'M- R<pl>« 8"""'0<. 
( ~) c..n.r"o<.p""""" hi~h vo,"&<_ 
( 0) R.,.,loto< " ... too hip.. 
( . ) R.~ ... or i , inope, ...... co"';.., at .... '" fi<ld 

"",1m<. Reploe< vol"S" "gIIb,.,., C . ..... 1lIi1 bt : 
J. Duh ~ ,,,''''. 

1. Volt,so <O<Itroi roil op«>. 
J. C<>n<"", .. ',J<k<l 

" ~-

(Il fi<ld bJ " it sbortN to ~ .. rooit, •• 
wi'hin j«'fl<'",oc. JI <O<>o«tO<, 0, in ..;ri"5.,........ 

(J) GrnnIlO< d.liv<n no <u"mI. Co""",""'y be: 
I. Main·li". ... iuh Of'<"'-
2. Genomormain.lincdm.i,O(><". 
J. 1I.b., .wild> do,i", ,oI"s< ... '00 Ibgh. 
4. IIov<roed «JfttI<d;.,ru II 8'"""110<. 1t.I.y 

..... i"n " rob.,;",;! 00 i, .,ill noc close "" 
• revonoJ >OItag<. 

,. Anwnott, Indo brol<..,. 
6. lIob.y . .. i"h ~"'I"'lIi .. , «qUirin& ~ -. 1. G<n<,I1"" ci«Uit "I'<" II ,;.hot pooiciv< B or 

""gati"" I! lid.. 
,. Ciro.i' prnt«tor op<n, 

--""" -:zr .. .......... -. , .......... -.. -. , .. -
" " , 

" • • 

-----r.=..,.-. ... 

n. MAINUNANCf Of G£NUATOI $nUM .•• 
G . ... ro'o,. (I) I .... be ca>< "n.« no >OI''s< .. p .... 
due..! I.,- .n. t< ... ,,,,,,,,. ~ !be ",I",s< "!"Jato< 
... J with .be «lgi.nc """,in8 '" Of'P""';""'el, I._ 
•. p,rn. >boot ciro.~ tho A &r>d B t ...... "'1> .. tn. oub-b.> .. 
(!i.!I. 167). If ,hi, ' .... Ii'" <X<aOi .. ",It's< ~ indi· 
...... ,hat ,n.I!<"'<.-.rot i, no< II f. ul, but that ,be 'rouble 
lies ;" the ..,f,"8< «gul ..... 

(2) II th" ' ''' f.il'I<I~ • ...:>lb.!," tbe ~fO(or 
I\eIJ ""'1 "' .. lost ill .-..iJ .. 1 nupelWn. To fdIOt< 
''';+''1 rnogndilm ,be li<ld "'T be Ibshcd I.,- <OfI""" . 
in, ,be A , .. "" ... 1 of ,be «guJator _ (wi.h «8"1..." 
""""'N) '0. """a of ~ .0I1Is< ... junction boll: 
or t...s (~8- t(8 ) (mgi .... "",run, .. t.800 •. p.m.). 
~""""""" A ,,, B .. in (1) ~ &r>d if ".Jj no 
wll's< i, p«>oloc..J, <hod: ,be kado fo' """'inuit)'. >bon .. 
at>d po.t"J~ II tho g<t><ntor i • ." IonlcJ ,hot ,be 
brwl>a ",d"""""""",,,," an be inopo!rn<l,'her .ro..IJ be 
cbedt.-J /..- P"'!"" <OfIdi,iO<I .. . pocilieJ in T«hnicol 
Orden. I1...,."...'Y ..-pI"'" brwl>a and o..n ,be """'" 
"",,,tor. II ,be grnt:t"''' .. 00 knt.,j .110, it "MOl be 
.... i<cJ _ it /tOol tbe oi<plon<. 

P) A~.,. ~I. Ji ..... mbk tbe 8<""'"'''' ",d 
<hod: lbe !.tId. """"uf<. b ......... oruI "",,-.or. 
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''''ji~ I"""" fuI;I . ... ! ... .0_ vOiJ. ,. ... _ ; , .. ,o,io._ 

11';0' . ,.oorl .. .. ,1«t ! .. ,_J __ ... <OiI... 

(.J Ch<d tlot /;old 10< opms. ..,.,..., >r><I,tmunds. 
The ..,.;.-. 01 tho /Xld .. m<OJ<IrN .ilb .., ~ 
"-Id be {""", I '" 7 """" &.pmdi"ll up"" tho IJF 
of sa>«"'" (Ii&- 169). 

(6) Ooed: tho ormar...., ....... Ur tOf web h"P I .... 
bum«! i ........ ;"... unwldo<ed """"""ions. dilt}' c-.. 
"""" ... high """"" <Ie. Cbo:k the "'''''''''''' io • v-''' 
lot .hort. by r!ocintl tho <Or< 01 tho acmatIU< in !he 
V.,..,. .. "-n in figo'" 170. ElIpIor<-.II<.",...... 
«Ire "jth • badsa .. hWl< u.,p;ng tho blode on top utd 
"" .. in8 the amul"fC. S;_ lbe .. """'''' i> _ d 
'yrnm<O'~lr. It.. bI.uIo .. ill be ... ,I<t<d .. ith til< ..... 
10«< by. good ormolu'" .. go,d .... 0I~. r'ition- On 
tho "' ..... hand, • Jbott«l. ........ '" <:<>il ,"';I "'_ 0 plact 
of ."<J<Ig<' "'roction. o..a .. j.h • """iRui.,. hghl be­
t......, <O<IIIft.Ot>lOt utd th>ft lor 8n>ut1ded or"""' .. «lib. 

(t) QJOd ,be bJuoloco for Irn&<h aod " ... nJ «Iftdi. 
, ...... r.rti<ul., at< sboold be ,;i- to _raror btu&ho> 
... t..o ""00"8 ";,h ai~....d ro. high ",in;do By­
in.!!, ConouJ, Ttdu>of Ord<to on.be .p<cilio: JI'OI><f*IO< 
for __ b""""', U,. ."'1 IiH ,_ ... t."d ~Hl. 
N~ brushn ...,.,Id be _«I ";'h No. 000 or 6nrt >ODd­
P'P« (~. (71). Consult TcdIniaI Order ... ptopt. 
brwll spn"ll ,«Won. 

(Jl Cl<an ~ ... ~ No. 000 Of !u>et fOtId. 
f"Ip<>' oM b ...... "", .. j,b comp ..... d air bIoJ(. RtpI.oot 
""""re if burnt. 

(.J Chcd lot hiJlh mica (~ In). 
(f) a..d /0< din OM oil m the~. Blow 

"'" an, dirt .. j,h romp."' J &if. If ",I i. f<>.>nd in the 
g«>rrol<lr ch<d: oil , ... 1. 

( t) No Jobri<:aI;g" 0( the gmm.<or i. ~i...d b0-
t"""" ~Io. De .... 41""'1' ,~ tdri<:.,.; """"I. 
T«hni<AI Orden. 

b . Vo,", .. ,~u"""'". (I) II lbe ~ is 
8, .. "". i,,!! U,. p<Of><f voltage. lhe grn<mOf oad ..... ase 
f<guUror .,.. _ II faul •. 

(1) M.i......,....., of the voltog< f<gulator ... ill "", • 
• i>! 01 kocp;nS i< < ....... 

(J) P,n i<lllo, <>'" .t.Juld b< uk<n with the fintc< 
In<! lnf.,yp< f<gu.lll.,... _ '0 bnld the~ .. Of Ie ..... 

"" _ ..... n """ 
I ....... ...,. HUT . 0 ••• " ..... ) 
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c-. . ...... .... ,..,.. . ... ,ot ./ ..... 
..v loP .. " .. 

".. (i .......... ' 'Id b< k<pI d .... an.d in .. I< 01,,' .. cd 
< .. '_ .1It ..... II< I<o{ t" ""'1 ",-lei b< ~ 
eon...k TtcI>nGI Or.i<n .... tbo ...... ~ ~ 

On G __ I., ......, .wItdo. (L) c.n.. .. ", .. by 
.. ..;rm .... , be M«t; .. in U ... , it ... ;]1 "'" dilConntCt "'" 
lI'f'It'''Of f<On! , .... bu. when .hot ...... ", ..... itc~ i, 
opcn<d. nu. can boo doI«Icd by • «adi", on "'" ..... 

--. 

',JOO •. ,..... with 
, ..... -~ 
0< JIOpp<d. n.io 

(L) "" ..,.; ........ ,,, 
1U .. li.,., I"""et plant i. 

OIl ,be moin ...,; ... ,.....'''01 .,... 
( l) n.. moinIcnan<c of II,. . .. ili • ., powtt.pl .... 

.. ill be dono in .he ...... mo.nn<r .. OOIj,<ntd "'" ,ho mai~ 

..,,; ... Ja><fMOn. ~ boarinll on, t,,! &tr ......... md is 
_ podtd an.d ~m< _1 ... <0' 50 btl ....... OW" 
~ ... 

(ll I~ "P'" to .... owril.iaJy ~.pIod ... """ . 
.. '" _ be ..... to ..... ,be oil an.d ......... I" I ,I, 

~ >«;;'=: ~ -.;"' .. ,~~ .:r .7-""': 
on ~ spo4 ply" "':11 <>US< ........ c. .......... ,11 ."" 
..... Id "P in "he y.l .. po". dooinJ! oil t .... P"" 10 , .... 
......... p><O. CI>«k ,he Tocb<Ii<.1 Order ....... in' t .... 
;ndi,iduol f"'O'<' pIont /<>. dolo;] ifUp«tioru ,nd "1"ir 
opt'''~ 
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S~CTION X 

IGNITION svsnMS 

• 

71. GENE.Al. •. Wh<n. m ....... of f""l .npo< 
...J ." ;, adm,1td '"'0 • <Jhndt:r .nd comp,<$I«l. tl>< 
..... ..- ,n ,I>< ,¥I< of <"Sin< "1'<'''-'' ,I>< ;8"" "'" 
of .... """pr<$l«l <I ... ,go: " .1>< I""J'<r """""nt. b .., 
~ '-riel' «1,,*,,"'''''' ;, """"",.I <"",,,,"","'Iy by 
........ 0 .Ject,,, 'I",b .. hi<h ar. made '0 <>«>I, 1><, 
......... ,be . Iectro.!<> of 'po,k plUg> in, .. lied;n ,he <Jhn. 
de. I><.J OJ « .. ,bot ....... <hotrber 0/ .... <yh.....!<r (&.ol. 
In). 

1;, •• , "J. c ... ,., .. ,., ,,' i,.",., , .. I_I , .... ". 

b. An .Iectric. l ;gn;""" <r<t<"" f u",; ..... 'po,k. f"";' 
oJioll, to "",h <)"hnde, " • "rt."., 1""""'" of P'"'''' 
onJ .. I ... ",,·.1 . Th< ........ ,,1 PO'" 01 _h •• , ... "'" ". 
• ""'Itt of h'8h "·ol"g< • • tlm;ng <k>-oce '0 <">u>< tl>< 

" 

high."""'.go .... «< '" f"net;"" ot lbt 0<1 posiIi"" 01 [>i" 
ton ,,, .. I • • di .. ,ibulin3 ~"" to ro,", Ih< hip 
vol .. ,. to ,he n' ..... cyliD<lm in tbt I"'.>f"" ~ . 
.park pi,,¥, to <ooduct tI>e high vol""" ,010 Ihe <)'11<><1< .. 
>I>d. prod""" ill"ition of tbt f.tI "" •• ..u, cotIItd .... j.m... and the MC .... ..,. ';';"8. The *ucc of high 
,0/"8< nu, "" eithor. magn<lo Jri'ffi '" the""5in< 0< 
HI inod"","", "",I COft"<Cted '0 • b>tt..., 01 _ .. or. 

•. "It 1"''''' of It.. isnilion .ysttm .... "",Ioood in 
JkWIc Of rigid ....... 1 (Qverin8 ,,'k<! shieldi"! (6;1. 
174), Th<."",icIJi~ " m:eive<" ... d ' :~""",.u.-" ,Itc· 
"1<&1 ,Wi .. """ <'OIrung from ,ho 'BnIt"'" .,.e ... , ,,~i<h 
would oth<"'~ produrt <I.<tOOl i., .. fcrence (DOiJe) 
i<> <><Ii" ~pm<N in .. &lI<d ill tho .;«raft, 

79. MAGNETO IGNITION. G. 0 . . . .. 1. 1M .,.g. 
_0 0' "'8"1.,1, """' .. the """". of rup voJ"lI" in 
.wdt .... ;Kran ip>;.iool.,......,.. In ... rung an «>Ji"', 
tho: ""ot t."" .... ""gi"" ..... too .!owl, to p<nni. tho 
""!PJCIo'o "1'<'''''. tI<n<t •• boosu • .,,;) or .a.''';''8 
'''' ... rurl<! i . requiml '" gmnlll. m. re<JUirtd "'''8'". 
0.:. ...,.11 ,iK'of, cagir><> • 1tI"'" impul .. <vupling i. 
UOC'd ; ,hi< <IrvU i •• opring.lik< mochanicaJ lif>l<.S" be· 
I~ .Il< • .,;"" and .... gnoto oluf .. which _ill ·• .. iDd 
up" .nd "I .. tJO" at j ..... be rip mom<nI '" spin !he 
~ o/Uf. ond thus p...,.;<It .... ....., . "7 rugh volt, 
>&<. n.. "wio.d;n8 up" p<O<tS> . 1$0 oefV<O to t<\ ... d .... 
'l'"'k. pmkt.,.",,-, _ to ~ bocl<6';"",. 

~ . n.. <> ..... i.1 pa:!. of • IJpt<aI nugnclo igm' ..... 
'P' ..... fOf • "nsl. "'IIi ... ,.r< .oo..-n in li&ur< In. For 
11<1 • ., "'&i" ' ~fOftlWK"< 111<1 pi..,. . ...., i<l<ntiaJ bu • 
iodtp<odt'" igni ....... y>t=< .f< W«I. 'Tho m>.gn<los, 
... h;m Ol¢ idM.ict.I, ""', t.< ntum<d on" 0<p0. .... 1y (fo, 
t<oting) 0< both at .t.< ...... i".,. (.....",.J op«ot;"" ) 
t.,. ".,..,... of ... ;gni.;.", .... ;,,~. In ~gur< In. """ """, 
.... 0 i , "-,, _led.o.d .... <Jth<r wi.h .... CS><n,i>i 
potU upoocd. Wbca'I><""8_ (rotOr) of oith<r 
""8Dn<I i. rcvol'ed, .... com OIl .... ....J of .... Wf. 
~io<Ilcall, <>p<M .1>< btnk., rnntoct poi..... I. i> .. h<n 
.1>< point. lint Of"" duo .... high ",,1"/1< i> '" up ;,. 
.... ..."...u'Y.,,;( ,Dd.1>< ,po'\' O«"IIrl. n.. voi'"3" in, 
d"..;ed in .1><..."...u'Y i> .1'1'1 .... K> ,he: Itodi",..t.noode 
of ,I>< di"hhutor tOlO, ... hi<h i. prop«ly g<orod '0 the: 
m.gn<lo; , ...... 1>< high ""I"g< i. "'PJ'Ii<d '" _ di .. 
'fibula< <Io<toode at tl>< prop« " .. "".. 'Tho d;,.ribu!or 
finp" &... _ ,wdt tl>< <Ioctroolro but f'&J'<' t.,. them 
...;tIt • """,II <I<onnr<. 'Tho hiBh voI''fi' mwt b=lc 
<10..-.. ,...., "'P' in ........ """ i ... 1>< di>t~ 111<1 .t.< 
<Jth<r in .1>< ' po'\' plu,. 'Tho ma~ i> ca;>obJe of <It­
v<lopins ...l!Xi<ot voIull' '0 do "'-i.. Th< ~w. ~ 
i. conduc.od f""" .... oJi.Itribuoor.1<wOOeo '" the ,pori: 

~ " 
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(i) e"'U;M ~, . / • IJF"; ""4"'" i • • ;'i .. <"" .. 
;""fO'",;, • .. 10.>0"", ,,~ / .. ,,,,,,i •• , 

\I> f/" ... i./I-" . ,_" ... '>'''_ ;.-,...i., _ 'oJ",i .. ....... ,_ ".,i.,_ 

( • 

• 

• 

_u 

.' •• ~T"" 

.. 
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0-_ 

~ eJIQ.n .., eos.c>< ~ 
US£o ON • ·C'l\.IMX~ [N<;tH( 

'\: .. , ::':.:' ::' ----.,,-

~ C""'-"" or ~ .....acTO 
US£O ON I~ C'rUNDCA [ ><GIN!: 

N_ ,19. , ... , _ • .,.. I,,. _ z ..... 

h . COil . ... "'bl,. ",. (";1 • ....mbly <On,,'" of. 
1>mI""«.1 ",It """ co ... «KInd "'hieh "",,,,,~J .. F""""'1 
and otron<l,,), «>oj. 11>< rool i, "",«o:J ... "h • ",. o. 
,""J Nbi><,. b.lkclj, •• Of nrni,,"d <>mb<,<. TIl< p<i. 
""y co",l<o><, ""1 b< ..... ...J ~'''h ,1-,0: , .. I. Til< ..,d, 
of do< ro,. .xtmd b<)'Ond .,tho, ."d ol tt.< " .. I __ I, 
and ar. ! ........ J on top of .t.. poksbo< ,,"n<.i .... ",<th 
"",~., .nJ <Wnpo. On. ,nd of ,he P'''''''J i, ul<L>lIy 
int<m .. lly <On""I<J.". ro,I . .,S<fJlblr P''''''''1 t."'" .... L 
On >Om< n'><>Jd. """_''''1'1'' mod< 10 'h" '<m" .... 1 by 
• 'prins «wi,,,,, 1,,< moJ<l. "'.ok< .... ,on"", ioo to thi' 
,,,,run.1 by "",.n, of • O:OPI"" ""p. 0 ... md of II>< 
''''1' J> roorK<1<d to tho: 1"""""1)' 1«""",1 .I>il. tl>< <Jt}..,. 
... d i. CO<II>«tN '0 "0< "",,·>hl. "",t"" po<nt 01 IIx 
b"lk« .,wmbly. Th< P,;nu'f '"on,,,,I, 10 ,,'hocl> Of>< 

,id< of "'" <<H><ko .. , mo" be 'onO«toJ. ;, ,,,,,,«1 ~'h< .. 
• 'l'''"~ (00'.0<1 (rom ,I>< ;~nil;on_ '''''''h """"",,1 of.1>< 
""10><'0 mil" P"" .~.;"" II. TI>< un.k'g,ounJ md of 
tho: """,,n,ht)" m>.k« d<w;nl ".",>« ~·"k ,ho: d,"tibo.rto, 
"101. 

<. Di"'ii>"'o" lbe di~"bur", ""or ;. • &.ice 
.. ·hOd> d,~,,"",<> 'ho: h,~h,,,,I .. ~< "" .. [l/ ,,, ,ho: v£riou> 
ronO«liotl! of ,ho: ,Ii""bura< blod. 11", ""'" ""'Y b< 
in II", f",m of . d;')(. ""'''' 0, linse' .,,,08''''''''' (~, 
HiO) . AI", ,o. d,~,;bulo< ,01<1, m>.y ro,".;n ';,ho:r 
00. 0' ,~o d,~,,"",,"~ <1«!tOO<.. lbe IndinS 
.1«!tOO<. "'h,," obI .. o, h'gh ",h'g< from Ib< magneto 

Or",,"., If 
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~rr, f>IIl<.. ;11 conn«tioo .,jIb "'" """",dory 
'h<OUgh "'" sIWI 01 .11< rotot. Tho ,,,a,n~ .l«. roJ< 
obt.in., high ....... im wit'&< /""".Il< boo$I<t. bJ..,.,.. 
ef , roIl<ctOl ring """,,,,oJ on"" on .he ... tioN,? da. 
hibulot block '" on tho ..... , ~I<I/' 11>< "u"*",,, on 
tho Ji .. ,; .... '.,.. hlodc maO. til< ""'l~'" "#.'0: .. itt 
and do _ "1' ..... '" 'Il< !iring OfJ., 0/ "'" ... gin<. lh< 
J"'r~_bkxk ",,",'''''' In.,""d "I" i, ~ 1<1 
No. I cylindo:<, di$lribulOt_bkd pooihon ""rl.od "1" to 
tho oorond qli ..... , '0 to. ~rN' di>lributo<·bIodr position 
"",rhd ")'. to ,he third q lind<r I<> b< firM, <fc. On< 
."..j of UI ipIj,;o" wi", ;, <uI off ."..,..1, ."d ......... 
on.! '{»<ing.~ or< im.alkd. Tho ... i .. i. 'hm lorc.d 
inlO tt.: P"'!'<' di"'ibutot-bloek hoi. (Ii.!:, 181) until it 
buo .. up ogal ..... tho boot"", .."J ;. , ..... , ... MOd will, 
• piom"8 Ie""" d,; .... through ,be j"",!.IOon into tho 
.. ire thw oI'>&ki,,~ g<><><! .ka .... 1 ronlOCf. The other cod 
is mOl,.aN to ,ho 'I"'" plug with. •• p.dol linitIS. 

.. 

.. 

Q) <&or_,",*, c.o.u e _~$ATlO " -C_ """ 
Fi .... Ill. ';-''''~1' ......... ,,,,hUJ,,,. 

, 

, 

C'C'~D'R • ~T TO~ D(",II. aNTEII. h, ... 1IJ. T., J . .... ,.,.. ... ;"p..., _/ f" _. 
~ ., 
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(ll u.,.,..,. u><d wi'" ,..!ial ...,; .... may be 
"f';wN with . o:oonp<t>Wrd ... m ( ..... 10k I", ""h 
'l'liDdot). In .h" '11"" of c-> •• be Iobn"" ~_nd .. 
unoq.ul dorval. to comp<'n"" fo< ,he '''I' <i<.d-«nt<r 
.. rial;"", 01 ooch P"t"" d .. to """.r .nd <O""«Iln~ 
rod <1<>;3" (hI_ IS~). •. C............ n.. P''''''''., <OO<i<n.." i, .t.-.,.. 
<On<l<ct«i 0<_ tho: rom", It n'Ur be 0/ "",.,..1 4,11.,· 
.......... p<t-_n<I. A." Of >qU'" It """ to. !ocal<d 
in the '-oUr """"n~ .'"It t .... b .... k .. poi .... on top 
01 ,II< «>1, or ill tho: roil """"ns_ Wbo:o< .. ,. o«ood.o,.,. 
«>R<I<m<. i, .... <I, ,ho, 'l.. «>ndcn"" in ",if> ... "h .1>< 
-.",Ja" ... iring. it it Ioot<d '''''''lUlly in tt.. co,] fotm 
ot in ,be: dillributo. ""Of . 

••• 

, 
L_ 

f. ShI. leII", Q"~ .011 <0 • • ' . Thr ""~ndO Iw • 
""". lIk ......... " 'h"h" mI'" 0/ . """-"'"'8n<"!'" rru.'<l i.I; 
tho <X1V<t joint, >t, ';~h'lr Ii"..! '0 r""'"' """,,ur< ,"J 
di,. I..." ...... ;"~ . n,. F""f"'>" 0 'h" mct.1 11", .h",IJ· 
ins i, '" P't"<'"' ,I.< 'gn""'" .)'".m It"", ,"!trf'''"g 
... i,h ,I>< radio ,;,cui". h";n""r< p""',d«l Ort ,h. 
aull""" to .. ,,,,h •• h .. l<kJ igni'"", Iu,,,,,,, '" 'hoi ,I>< 
cabl .. ..,.y be rompl<1<1, <O'"<I..!. V.""I,,"'" i. P'''' 
'-;<!<d to ~ o:ond<n"""", and 00''''''' 01'''''' lom-.-d 
by ,I.< at<ins in ,t.: """.mg. 
'1 . TY,fS Of MA GNHOS. o . ~b~1><IO> , .. b.<il' 
in. ""mt:.:. of J.II .. ,", 'n""- A ' ........ r of 00< 01 ,I.< 
<ommon 'rp<O i, ,1>0.'" i" Ii"" .. 18-1 . 11,. do"S" of 
_h '1l'" 4cf<'<'d. u['O<I II.< 1""""'[" "'1"'"'''''''' of 
tho aireraft "'g' o< 00 .h"h i, i, '0 he "",d. In ,I>< "rm, Ai. F_ 00< 'IP" of flU~",",O (I. 01, •• be U.N 
"" • n."nbc, 0/ d,ff,...." ""~""" . 

... Mo,9>d'" ". b.<iI, ; •• i"~I, .od doo,bl, '1'1"'. no< 
double typ<> ""'.;" 0/ t .. 'O ""'SOO' (Ii~ I"j) . Tho 
double-typo mlgr><lo (001); .. , .. '0 ><I. of brt'~rr roi.", 
,h<rdo«, &It «fW-1 "umt:.:, of '!""" ~.II be p'oJ",..! 

to,. each coil .",,,obl, p<' """,I ... ;"" 0/.1It .... gntt<> dr;,'. 
.... h. Tht h'Sh ."~.g< "d,,,,,,,,,0<1 by 1_ di"ribut .... 
__ ... d 01 ... ,.,.,. 0<1 the mg'''', The doubk-typo 
""8""''' " 8<""" ... 11, u><d on ",,,.j,,.." '"',....:, A 
dout>l< ""'gooo " 01>0 d<..gn<J for UI< on "d .. , "'8'-
1'h" fJIIgndo .. b ... a.lIy 11>< .. "", <!<sign .. ,"" doo.>bl< 
!lU,!ln<!o .... d on " ;n·I,,,,,· ' ""8'''''" <>«'pI.hot ,.., (1)m. 

"""",t<J oms u< ,JdcJ 00 IO<J>< in .... U .. 'OII$. 
c. A .,. .... ".,.,",0:.1 m.grvto " .tt>ebo:J t". b .. d<OI on 

til< <n8'0<.". m,,,,, .. of cop ",,,,'-r . 'h..:11 1"" lh~ tile 
b .. ,,, .. and ;1\10 "PI"'J boJ., ," ,I.< b.o .. 01 "'" m&gnctO 
( fi&, 186), ... Am!"_"",,,",..! ""gn<to i, . " .. h<d 10 
,I>< ... g .... b,- """R> of • fl,ng< on ,I>< ""'S!><tO (~, 
181). Th< I>ok> m ,I>< A..,S" . r< .1"" ... hidl p«mi'. 

.1 ,#" >rllu>lID<tlt. b,- ."'''ion, in 'iming ,t.: flUgn<IO 

.. tlh ,I.< ... ~,... . Th< .i"~"'-'rl'" ""~OO0 "'., be «,he: 
b.o .. Of fl •• /:" .-ru«l; ,I.< J<M.Ibk.,)'1'" mlgn<"!O;' .1_ 
.... ) .• fl,ng< """,""J, 

~ . Thr ."ioo, trpe> and moJ<:h 0/ ,unJ"d ,ire"I, 
m';;n<!'" ,I< ok .... o>1'" by 1<11<1> ,nd nurnb<" "'hod> 
4<>c,ibc tl>< ..,.j;""" I S lollo~'" 

~I .. ", 
"', •• "'_~ J,~/ool 

1';", ~.~, 

" SKood .. B , 
Thi,d .. 9, ", 11. <f<. 

1"011"" R 

0.>9, .Ifrom 
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0.""",., 
..'i,n~l< 'n'" 
IJo.bk lJp< 
Ill ... """,n," 
I lo".t:o """,",«I 
Numt:.:, 01 Ji",ibu!o, 

<",",,'OJ .. 
.(:Ioo;k"·i,,, fo",ion 

(I""" .l",·.·,h,f, 

"" Coon,,,d,,,h';" NU_ 
,,,,,, (Irom J'M_ 
.h,h <nJ) .. 



, 

.. 
-

-l!)GUT 

£="'pl" ThoIJp< Dfl81lN (Sg. 188) i •• doubl.· 
.).pe....,....o. B"'8" mounIN rOO" ... on ,n I~<rl;n<kt 
""&i"'" h;, deoign..J for d.d",;" , .... ;.., an.d ;, .... <10 
br Scinhll.. "n add;,i"",1 numbc-r 0< kmr in .1>0 ')'1''' 
~,io<> ""'" oJ t~ foll"",;ng • dub. d .... «. r/u • 
....... d,,"8"" or now ko,~,. hoI boon in<orr.",N in ,1>0 ....... 

, 

® Wi llING DI"'GIIIA~ 

0.. >1 ... ,1# ... , . ... I.' .... '.u ~"io,.i.,,, ... 

~ " 
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·2. INfU,....~ "MIN(; OJ MAGHffOS. T1w IIWI' 
.. f OCI",", ........... 10< """ _ oj ........... how 
.,.....,. ....... 1><)_.bot..-raJ F"""- • polo 01 tho 
. ...... .......... """,Ed bot '" """" 10 ..... 1' 1ft ,be "'''''j;<>t 
optk .. ,I>< I ....... of btaI:<t'F""'" "1"'"'''''' Th., • ..,..Lo, d"pW<'_ f""" rho: ........ 1 1"""_. k ..... · .. 
oS ,be f.pp .n~I<. ,-,n... from ) to 17 okS'''' <l<f""'l'''8 "r.::.bot """"I. Th< """ ' "~ ""lI"" .,11 be In ,ho 
lJ ·f"P """,oon .. """f tim<> 1"" ''''01"""" .. ,he", ,r, 
J-I. '" "'P " cu, on .1>< <nJ of tho bro.." om 10< 
, ....... 1 'Un'", of , ......... poI0. 1,1;'''''' ... r .. p..~B<. 
b id .. .- ....... p. (I,,,,, ...... "I> , ... ' ..... n, .... rI< ..... 
t ho ,"" 01 II>< bot>l .. ",", .. n~. ,I>< nupwt ""Of .. thm 
in tbo f. .. r 1""""'" ...,.j rho ........... _or! 1"""" 
, baWd be ,WI "1'<""'8 (i,: 119) _ In' ... ~ 

• 

,. ~~tD .... , ._ 

" 1'" 1101. ...... ".,. I. .. ,."" 

,,, •• , It· ...... "', ••• ,.. ..... ,,. .. "'._ 

/",,,''' II" ........ ,., . ..... , . .... 

/., •. ,,19 /.,,, •• " .... , ~. 
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1I1IIRATOR 
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MeAKER 
POINT LEAD 

!If .... 191). TIN .I_ ' Jot ... . .,;'" 6N it, ''''' .... 
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r 

-
a... 1M ......... , bot ,.,. ...... ""'" • .... r t/uI dot "'P 
01' ,, ·' • ...!u.ill _ ........ £-Pl' 1""'"'" "" "P" 
1"0"" hm 

.... ~_ .. " -h ;_ .. iued to Ju" ' :' 5 , 

.. Iom .... ,......."~"' .. ·d A, ... J1"0 .... """', · , 
0Ad it> 0 ..... ;. ..... . " .. 6,...., 190. Whoa .... J>Oi-
c looe, _ 0111>< ........ will ...... Ih......p .... poiau 
. "d _ Ih-,p. .... tr .... fom'l<f.; lI>cfff .... tho ljJhl 
.. ill "'" "" ... , Wb<o th< ""nt. break .1It cim,.i •• <,,1m>< /I"". !h ... ", .... ,,.nof.,....... ...d .he I;~ ,.ill burn. 
'Tho ,_ .... poI .... , If"<hroni...d bJ w, oIeYi... In. 
. dj ........... pOioou.. ....... hnic.ol ",.x, ( ... n<h tr\'< ol 
... .,.no ~d be ........ 1t<d. I ............ >OJ IJp< 01 
~ .... P'*'" or • ..I1 .... ..t "1' :n ' ''11 'wo 10:1< 
......... < .. 191) ond ~ • doitd C_rio ....... ) 
.... _ , .... >ad 10 ....... <OnloCI_poOoo bracket. 0.. 
.11 f . " -"""w. paztiooI&l <M<r ", . '1.1 lit ...... It> 

IJd .... d •• "l,' o< "'F" Jifto with .... < ...... "I' 
-. A finp _ in I;"" ...... , ..... 01 liMa ... ill 
'DC..,.. .... f ' .. nMy of . ..... <OW<'" in ,he di"rh.< .. . 

U . IGNlIOH IOOSHlS. • . ,,~ .. coil iI • 
_u indunion ... 1 (Ii,. 192). Tho boooIc. aMI .... 
, h ............ 1 ... hich. On ~ .. '9) If< .,.rt<cd G, B 
oM IIV. T ........ I G ill.......Jc,j ...... 10 B .. «>nI>O<k<I 
th"""" tho OWl ... wiId> to ,ho dioIr~ bus ( ... 
botkty,......... Tho B .......... ... .... ,_ -, bot 
...-.l rnn:..p .... e'8""'" >O/cty ;"..c- rwitrlo. Ihotn 
tho : ' Pi, ooiI ~II mnoin ., I .... ~ I'Vft If do< ' 
............... io <bod. _i, tIoo "'"P"'o ,...;odo ia pbad 
in ,ho -.. - 1""'"_ Tho ' ........ 1 I IV it" ....... ,,, 
,br "am", """' of '"'" rnopIOIO d .. ,nt..oo. _ . 
........ 'rr< toO" for .... on . itplo .... Iu,'in~ _"'ro 
.!M1ioo1 .,.. ..... do _ itlCOrf>Or>!< • "G" ' ........ L 
Whm boIttry <Oi'. ;, 'PI'I;..! to ,he <Oil. mogn<!;.m 
""""Iopo in ,he <Or< u",il ,he ..... ,....i< 10m: ... ,he 
ooh·j..., "'_. """,!lI:<'d ... ,he .ib<..." • • ""00'''' 
.... opnn, 'Ii · and on,oru tIw ................. «1 tIw l.p" 'oz. A ......... toM 
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"""", " "'1""'.1 ",h ',m< ,I>< ""to<!O """ ... , 1"'''''' .. , .... I .. , .. ,d. "nJ",~ ,I>< """,ur',J ,~"",t .~"n 
,~""'~ , 'h" r' "''''Y QI ,I>< ""1""'0 '''' I. ~'" It" 'I~ ,. t oon 
"'" .I "" .".in 1..,.. -"""", ",,,t,, ..... uOl,1 (I>< 

-
• • 

enl''''' " ' .. n ........ til< .. ,...., ""~ "'"'" .,.J the 
.nwonj; ".~<r ;. m..-l 

<. n... ,k_ M tcc .... au, ..... to Mtioo .... 10m 
til< ,~, .. ~ .. 1ft til< ~DII~ pooit ..... ood tll< ...... " .... 
,..".-.1 It " .... to r ........ "hm tbo ... "" iI do.-
<fII~ 11<11«, .... op<cial opt''';.' ""noa_ ,.., 
n«<>"'r 
u. lAnny 'GN"~. 10,1>< trp< "',!«tricol ;,t­
",(100 "", ,,d '0 .. boIt<ry igni' ..... on ~n" ..... <011. 
,,,,,,~,,<J t, , bott<ry Of ,.... .... "'. ' . <.,,1orN •• "'" 
"""., 0< h,~h "*.... n... orb<. .k"",n .. 1ft ,II< .,""_ 
"" iJmo~.1 '0 ~ '" ,II< ""P"'O 'pM"'" "" .... 
"'''1'' for ,I>< 00"; '0, '" • . h " aluch " ..,. ........ 
....... tho "" ... ..... _ dot,".od "r- __ -' ~ 
of ,1>< ... "...... A '"ra< to",'. boI....,. ~ 
.f" ..... " 11 .. 'r!< 15'6. n.e ;pM_ <011 .... 
_ I""'<" ' "",,"*"'<al ._. A ~ ........... '" 
ILt ... ,; ....... .. ...,md to tbc "'!i .. .... It. A ..... ,.,.. 
'-Of Of".'" • pol, 01 ,........, p<I<<M1 ond b.nIu til< 
r''''ury """" Nth ti ..... ..,.rIc ;, teqIIlmd. Eith<t 
In,n u,l '" . u(""""", <OfI/tOI 01 tho b,<oul .,o<lwl' lID 
""r ht r'""Jod /.,. odvoncing Of ,. ... J'n. "'" >f'"'k. 
""" (I., ",1"1" ... h"h iI .ppli«l '" , ... poi .... .,. by ,he 
),., .. "" . I~ ')' Iw , ......... di_ ...... "'" poLo'~r 01 tbc 
'''Pt «""'''' """"I ... i. alwaY' ""'....... n". II in 
nu,~'" ,"'", ... to "'" _I"'" 01 • "" ....... : tbc ~ 
,01,,1"" "","" I ... 0(. '"''3",,0 a/Ic, " " '" d""",-. 
11_ ..... , ... ..... 01 "'" opul <rut«I is .... 1'1' b<-
'U'r" ,he- ' ... rIE.pa.., <l«t0'04la to ignite .... 1..tI. ;, 
,~ ... '" ,he po&.nty 01 tIo< .,.... ....... . 

U . IGNITION SWnCHU. co. Cont<Ol 01 ;,r.~ ..... 
WH'~ "1""", lr UHl Ut. .lI noeru>J)" combOlW ..... ~ .. 

I"", .. I<J " """ poi'" in ,I>< cod"" by , ... ''''''ian 
,~",~ 1" " ,gn;._ ,""'rol ... ·i"h lor. tnagrnI<I fUn(' 
,,,"" ~I i"-"", /""" •• ~ih:h ,"'tUch """,<01 • • ""'''<r 
OJ'Cf"N 'li'n,'_...c. '«'bt:<t. bolt..,. ~ "M •• 
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"J'''rr<.''n~ hom _. 'r«"'" In "Io~I"I, d,~"cn' 
nunn"". Tho "' _1A-10 <rr."~''''1 "f"y '''',,'' " .f 
,"" 1"''/''1''"" I~l''' 'M«J of II", ,,,,,.10 ')r< ""I,t«! '" 
",11<, ,r>O<Itl.. r n .dd '''0tI. ,"" ,nJ" ,du.1 rIUj:""" ,o'.t{ h 
k,." ""'II """. In. , .... k.,.., J"«.",,, r"",,' oil"- ,. 
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,"" '1'''''_ , .. ~. h. ThO'. or. " .1~.J' ", .. lJN oI><l " 
,.den l~ro<J~h ,ho .,r ~.U ~"h. 'on",,,,,, rI~~ 'Tho: 
(on"""., rl~~ " .... ,," of • '1'«,,1 J<,'~n .. h"h .... ". 
",,'nUT ~ro<JnJI ,I>< =8""'" ~I><" tI .. rl~ " J , .. 
,on ... "..! 
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«nsion duri".!! .... mblr. 111< .... 11 i. , "" molly th",od<J 
10 OC ..... ;"'0 tho cyLf><I<, 1><0.1 ond ho. &II 1><.:orruJ 
po<I"'" l ot "pr''''';'''' 01 Ih< '''''''''plu8 ... t<R<h. n.. 
10..'", t<kl o( ,!it ""'11 cu,'" tho &_fHlN . I«1 f'<><k< 
of tho "".I. g>p.. Tho UUtJJin8 bored i . . .... I~. 
,h .. od<d .. ill urP<, ..... 10 ~ continuity ... j.h d,. 
i8JI;'ion,ho.,n<S< ",,,doing. 1 ....... Uy,.t.: bol .. ,;. .. ted 
.,j,h ... in"".,i"! ,I«v< of ""'" Of « • ...uc "",,,,';'1 10 
pr<wux .It<1nc.1 KI""'"'" bm.-caJ .1>< ttnI« ,,,,,,1<\ 
onJ ,I>< 8'O .. ",dcJ boo " oI. A ... 1 ' ompooc<! 01 8 .... ' 
ot ttmcoI i. J>'<'<idcd bet-.. tho .... 11 and the <OK 
;n .. III .... 

( l ) Un.h;'ldoJ opark pt..p, Il.gu« 2O), ' I<.-l "" 
... ,i .... j"" .... J in ';rpl.,... ...ruch . t< "'" oquippod 
with ;wK>. Su<h ... 81 ....... 1o ....... ,F"" 'YP'" O..d in 
' ...... 1"8_ n.., uns!o;'ldcd .polk plug i , "",au KI ,he 
<hidohl 'rr< =<p< I .... ' it !.do. • bu .. l UN! Iw ..... p­
"" 'n" of <000«1;"". 

(4) Tho thr •• ded portioa of .he .... U .... b<rn 
... r>d.rdiud to 'wo .... gth>, ~ed Io>n& ... J """" .....rn. Uk! ''''0 dUmct ... , l i ·mm onJ 14·mm. c.". 
,,,UT, ioo, .,nch .poork pi"&,, . f< u .... in hip_!",' 
.... ginoo. 

c. 0.,.",11", ,h',,"d1Iddlu . n..op<rll in8,har. 
1C1 ..... ia 0/ • ' I",k plu8 ... Jc<ormir><d br it> Onign. 
lhe <ho,,,,,,,",,i,, of oJ.. ffilIi ... in ... hich jl i. in ... lkd, 
."d th< 1fT'< 01 <ngi .. op<,..ioo. impooeol "poll i,. 

(I) Tho 'oml"''''''''' th.o, ,ho portion 0( th< <"Of< 
in ••. b.o< <Xl"""'J '0 th< hot roomu.l>"" goo« .,iII . ........ 
in • p, .... <ngi .. i. >n impo<W>l , h>rl<1.riIlK of • '1"'" 
plug. Tho op<,"i"8 '''"'1;''''''"''' i, inh<tMI in wor\: • . 
riU8 deoign. I, ;, del",,,,,"'" by ,he , ..... ""', 01 ,I>< 
,n'em.1 1><0'.<":""08< pooth in ,he sp.ork plug. Tlti , 
ra'h i> g<fl<f.lly I""" ,10< <"Of< i"",I""" 'ip to ,10< I",,'.,. 
,n .. ,,,,,I.g»l<<< "". ,h,OUJth ,10< P"''' '0 ,ho 'I",k. 
plug >1><11. . Dd in'o th< ql i..oo.l><od au, .. ;"1 'hro.tgb 
, he ", .. "",I g""", 1M Iong<, this 10< .. F.'h. ,h .. i" 
, he 8""'" it< , .. i"""" '0 he" A"",. ,ho rug/>« ... ill bo 
I'" OP<''';n,<; "mp<'""''' 0( 'h< ' F '" pl ug, A..rio­
fo<lOfJ' ,park rlu, fo,. g;~ ""8"" i, ",," ... boot "I'" 

.. ati ng '<mp"'atu,. i. not '" coIJ th.o, it ... ill oil·foul 

... hm ,ho <ll&i .... ;., idling no< '" bot thIt i, ... iII <aU" 

pu-igni'ion " nu.. im"", ... g; .... ""'put. 
(l) Ai,,,,{, .p.>'" piup {<><m«? uO<d ;"''''1'0 .. ,«1 

mico. ;"",1 .. ;.". both ,n tho firing etumbc-t and in ' he 
ohi<1Jing bo«<I. Thi, """ .. ;"1 ..... wbi«t 10 """""f< 
and bd aboo'pt;on ... d • • h<f<:lore .... ., "'" mt i«ly 
... i.f><l.,.,. fo< . po,k.plug i ..... l .. ion. Ai«" I, >PO" 
plogo now in .0< il><",l'o .... ,<funK in ... l"ion .. ,hid> 
" "'" oubi«t to 1<aJ or moi".« obtocptiOfl .nJ "'hich 
..... mu<h gm ... /niIlUK' to hi~ _pc"'.'" tIwt 
pot«!>in trIlIl<li.1 .>«1 in .... """"" .• ' po'" plug>. In 
aJdil ioft. «""lie "",,,i.1 i . more .,bpuhk '0 "" ... 
pro<l ..... ion "",hod. """ i. mico. mo' ,,;"1. 

(3) ()p<nt;o" of , 'l"rk r1ug (,paninK) i. 0(_ 

componica by ",m,,,~! of mo:t. loom 60." tl>:: g , .. nJ 
... d .......... I«t....x. (p p ,roo.ion). n.. <1I«t of ""'" 
'<0$;0" i. to i"" ta>< J'fOgraoi.cly the opuk.pp ... idth 
.... d <Oou<q"""ly the ..ok,s< r<'q<Iiml to fOfU • 'I",k 
0<_ tho 8'1" Too wid.. PI' will ..... 1' in mi.>Ii,i,,& 
""'8h ..,git>< op<,..ioft. ond pcrh>p> .. 'on 0 .. .,....;0". 
I'tfiodic _ .1 of ' I"'" plu~ i, ""' .... '1 '0 ' .... ,be 
8'P> to ... jthi~ ,I>< oIJ".,.oblo I,"";". Tlti' i. 1""",,1.><11 
" ... "" .i,pI ..... "hilh op<'''. at hien al,;,"J ... Tho 
;"",I .. ins <Ilic......., of lho le!.o don .. at! . 1 th<oc .i,i,udn 
i. """';de .. bly «<l ..... d .... d ,ho <o",,'1U<f1' <I.,a';"'l 
leol.og< ""'y ,., rcJuce tht: "1>I"s< ... ilobl< .. tht: B'P 
.bot .porki.g .,ill not O«u, ... hm th< ~.p wjdth i. """',. 
' 10< dnisn>t<d limit<. Lo, ... deoig" '«""K >Pori< plup 
i,K .. po .... . /ni"a< in ,I>< ",,,,« .I«ttode. Thi, .... 
,ho .ff .... of «<lociog gop "t»ion ben ..... th< a.ldeJ 
f<l.iotan<c in th< hip,on.ion ciKui, ",J", .. cu'rent IIow 
" tho in • .,n, of 8'1' br<ok.lown ( 'p>tking) . 

II. MAINlENANCE. a. Ma.". ,., . ( 1) Cbcdt:th< 
bre.ok" '''''''''''y by '''''''''ing tho b......tt .. , ,,",'cr .... J 
in.peeling /0, 8""<,,1 ' ... nli ....... da""jt«I 0, " '","n.,... 
foll"-,,. and I""'!'" fcl' lub,ic:olion. If m. jor def ..... 
... found «pIoce llo< b«llc« ."embly. In lho: pivot ..... 
type bre.okcr. cam·loIlow<, nor i, i"dicor«l.,. ..... 11 
d~ ,, 10<<< th< ,om fol]o..·« li/" ' g, in" the end 
of th< ""Crt .pring. n.. <1<" ..... bctw« n ,10< um 
folio ... , ,nd .1>< nui" 'jM'inS i. <I>o<k«l ... i,h 110< 1>< ...... 
• " hi,ly ,<"",,"«1, F,,1t Iub<i<orioo. i . .. ,i. f",0'1 if oil 
"i'P<''' on lho "', r ... ... hm tho: fcl, i. >qU«Ud "'i,h ,ho 
M 8<'" 1/ ,10< lei, i, dry and "'I"i, .. lub,icot;"" .!o 
_ . pply too mock oil I", tlo< <x" .. oil <rUr bo thro..'o 
""'0 th. coni'" poin .. d"'ing o['<l" iOll; .1t" .. iIl <aU .. 
th< poi"" to butn ond pi'. Oil mu" _ ....",. "" ,It< 
...,f a« of lho f.l. ''''<r' ........ . h< fol' ;, ~u«zcJ, 

( 2) Cbod: ,10< "",i" 1>< .... « ' jM'inA fo, P"'I"" .""""" 
... ith on ' pprop<i" •• pring."""",, 8'"8'. 

0) With the bre.k" &JO<mbly irut. ll.d. 'heck fo' 
worn or 100.< nm. and com boiling> b)' .",nin~ ,10< 
'"gi .... , ,,nkWft.nd """ .... ring lho Of""'i"S of '10< """. 
tI<1 poin .. for .. "h lobe of th< bteok .. <om. 

(4) Whrn <h<d<inS tlo< "",di!ion of the 'OIl'''' 
",""" of .ho pi_le ... <yp< b",.k ... do _ """ ,It< 
""in breok .. sp,i,,& b<JonJ ..... ·.u.'~h of .n ,,,,It 
« ... ,""". bclworn th< ,,",txt.) . A furthe, "'p, ,,'i,,,, 
""y ....... en the .pring ond ,..,.,1, in f' ul,y "1""'"'00. 
II rootl<1 poi"" .. c nc"';""ly bu,,,,,d or pi"ed. ' bey 
Jboold be ~I>ad ( ..... ppHcohl< T<dInic:ol o..d«). 
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(') <l>«k 'Il< i.,,,a.1 ,i"';08 of ,t.. brnk., «11M,"" 

poi"". With tho l?''''''I<so-'l'ro br<ak .. poi ........ 
,iming liglrt 0< • 'h," ,.,ip of obim ,,""'. Do n.o! .... 
«lIop1o>"" 0< ci.<!"""'l¢ 1"-.... bonu .. of !he dmg<. of 
a...i"f • ';ny pi«. b<!w«<o ,t.. I"""~ A, ,t.. ,""". 
shaf, "hom<J. ,t.. hglrt .,il1 iDd""" rooOf Of<n in8 0< 
tho shim ,,"'" ,,·ill brt .. ,,, /,« ,,'!oro ,t.. ",.,gIrt Ng< 

i,lo""J up . ·"h ,t.. 'iming """k, ("S. Zo-I). l'ermiuibl • 
.... '". ,01".",,, (",",,,mum J'~.n<<! "'h"h m., be 
f'<rm,II.J btl .. ' ..... II .. " , .. girt .JII".Dd ,t.. ,im,,,!! ",",rlc 
on 'ho: ,om of ,t.. b, .. k« oc..."ng) . r< 8i"oo in ,ho: 
T«lmr<>.l 0,.1<. fo, If" 1"-"""1,, typ< 01 ""S""o, If 
,t.. odlu""",n, i, "'" ... ,,,f><tory. ,t.. lock oc, ..... , A 
(".'1". 189) .r< 1000000000d. ,t.. «"Of"" rin Il (Ii~, 199) 
ro"'cJ umil ,ho: r,or'" . d,u"""""';' "" .. ;,>«1 .nd tho:n 
I<~' /I (~, 1>1'» "" m,~ht<n<J, Th< . cllu" ...... ' i, 
m:h«k.d, Wh<n .brtkin8 'ho: (OtIllo(1-poon' " .. ,,"'" 
"" tho /"""'yp. b,u. «, .out< ,ho: ""8''''' <tonbJr.h 
.. Of;! ,I>< I ..... !hI> "I""' ,ho: I""k of " 'f lobe 01 'ho: 
<1m anJ .dju" ,II< .""' .... poin' d.",.",,< in 0«0.-<4",,, 
..... '10 ,10< 'ppl;c.bJ. l'«hn".1 O,.k., 

(6) <l>«k ,t.. d,,"Ohuto, t...J . nJ J,,.,ibutor ""8" 
f", <.""" Ill. , .... 1" of <i«,K><k .tt,n~_ Cbrt-k tho 
dirl,ibuto. ""11'" I", ...... ' ;'r "r """'n""~, Cbrtk dOl· 
"ibo,,,, block ",d ""'" 10.- cle.nl ' n<>~ 11 ",tho<> du>! 
or oily Ii"ll'" print> ". 100"'] on ,I>< .l i",;bolOt blo<k 
,...,. ohoulJ be "'"",,"N_ If ,ho: di""lJuto." JirtT. d ... 
,,';,10 O<flon< onJ. ",ftly-bri,,1eJ btu,h. <l>«k for "Kk· 
i"S '" brokm bro,.... Dot.'mi .... ,h .. P'Of'<' ",,,,, I.· ,i"" i. h.rn~ ob/ .... J by cb«kinS Ii ... ' M, '0. "m' 
",«<n, I", d ... nlin<>' , 

(7) M'8<'<''' ho ll b",in/:l .M ..... , rlo n.o! ' <qu'" 
lub,;';',i"" b<t .. '= 0.-.,,,,.1 1",""". 

(8) Gtt<k """'ity 0/ rJU,<"..0 """'''' ;'''8. 
(9) Th ..... ~""'O! , .. in"",Ju,lI, ,b<r:kN ,,'h,I.,t.: 

"~i",,;. "I"""n~ .. "u;"ng """,f"ld p<'''''''' Op. ,,>I. 't.: mg''''' on on, of ,I>< ""~'" 10< 1 ~ >«ooJ. 
, oJ obion', ,I>< ,,,homot .. '0 ... , .... 'Il< doer< ... in .. 

"I'm. doe. not ",oed ,I>< amount . peeili«l. in tho T«h· 
ninJ o.dor. Th< . wildt ob.oulJ be ,~rtU:J bod 10 ,I>< 
" NIh" pooitioo '0 0110 .. ,I>< ensi", 10 op<rU< """",,",Iy 
bef",. ,he oI~ ~o i. dKded. Mlp><to> " 'hidr. 
pennil III .. """ •• 10>0 of •. p.m. ohouJd I>< "1'1><.d of,,, doMitely doI'm>i"i". tit .. tho """,",0 is ,I>< "'u>< 
of !It< ,.p ..... 1050. 

(10) When ~ brt~. __ • -=<0'1 . .:IwUt, .... peto 
rnain'~, ,,, dilCOfln«t tho prima.., ~ bd. I>< 
.. 1C thi , Jnd ;, J"""'""-d. Wbr.t ,ho priIDIl}' 8fO"'>'I 
Ieod;, opm tho nug<><IO i. ifl tho •• "" •• poUt;"... 

b. Jpttrlc pl"l1'. (I) Cbtd: the ,""";",1 coo"",,· 
tion 01 """,;'1 <IN 'p"rlc plug> f", "",ditioo "'" >«u.ilJ. 

(ll Cbtd: til< ha, .. 1 <Of< nut ( of rnn.i""Il .. od 
pI"lf' only) f", 'ip, .... ",d if i, ;, I"""" mnove tho 
pi"" I", tiJhl<rli"~; 'pee;,1 tooI.! ... urod 10< tho tight. 
Mi.: ptOmO. AI .. , ri.t/rlmi"s. tho pp d •• run .. 
<h<:dcod. Befor< ,amull;"&- cIrtd tho tht<.<h of ,ho 
>p&rk plug f", ..,;~ of dorn.go wd oppiT opocili«l. 
Jubric1nt ,,, tho ~<h of tb: bo ... 

( 3) Cbtd: ,ho ob;'ldod .puk.pI"J .Ibow _nd 
wd "';'ldi"'6 ...... f .... coodi'- wd O«-'lrilJ. /I tn_, 
,., M'·"''''''lh, JI i. JtJ;,41,. 

(0) a..dt Jhidded.1Jp< opo.rl<_pl,,& mmitul forr 
m<dwtkoJ 0< insuJ .. ioo fOil"", ... d torr om''''',,'';'''' of 
"""""t<. 

(') When JpOtt pIoAS .re ' ''''" ,cd f""" ... "'W""> 
they ob.oukl be ... ""I ;" • "'" 10< C<lfDp6h00fl. Do ... 1C 
to idrntify codt pi"" wi,h .... <Tli.Je. ltOIl> .. hidt ~ 
.... uJr:.... Bef"", i" ... lb,;oo. ~i ..... lfr i",pe<I tho 
C<1"amlc rot< IIld 1hio1di"ll.bo,rd i"",b"" for crJdu and 
cIrtd gop cleo"",. 10< poopa- ,,,lot,,," in oroxdarla 
.".;th tho aPl'licable T<dIak al 0, ..... 
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(~) If th< plug iJ duo and .... motal 1"'" Il10 .. 
l ign of "" ....... ,",. , .... ?Iind<t h ... b«n tu."ing "hoi." 
ThiJ ,1><1;;", .. J><e";gni''''''. dor<>not ..... Of i .. dequ.u. 
coolin,. 

(.) If the pluA' i. _ " ll, d ... but ;, .... with 
8'",10"" or "',-.. ..! .. jib. 61m of Irnk oil, no condu.kIn 
.hould b< d .. "" on !hi. bali. "<XI<; ...... ppn'lI>« of 
, I>< plu, .... y 110," boM ".«<1 bJ condition, whkll "=' 
p< ...... t ,he mom<nI th< <n~ .. """~ 

(I) Colo:<! ",tboo On • ,po"" plo.g i, ... ,.!once of "",. 
~iY< oil co'''''''''pli"" Or thal the plu8 )U, not been 
fit;".'! b"" ... of mopl<to 1",lul<, to""; .. , ... ;", do{«to. 
0<. Ioilo,. of plu, to d •• n,up I ft« ...... ;08. 

(d) A thin .. ,., of blod< lOOt on ,he ...,.. of on 
iMUloto< .. hich oth<""i .. 'ppnr' f_ from G.l""i" mi, be an ind;c"kln ,ho, th< plug bo. no! boM op<,ating 
hot <n<ItI.(h. If .hi. «>f>di,;on • .-; .... <h<d: m ,[<dink" 
O,dot. (0' .pprov«! plug tru ,ho, <fl$;"'" n.. plus 
m>y h. .. to be~. 

(6) U .. p<Op« tool ... hen m\'IO'Oing Or irut.I!;"!: 

:r.: 'k plup. 1 ... ,11 .... ,,1il<fJ .. ""t. "«<>"1')' and 
o """ tlp.n th< plug< <xc .. ,; ... I, into II>< cylinder 

bos'" (iJ. lOS). Thil i • .,.'1 impo""'''' Tho .... ol 
on nc ...... ; ..... IIo,iO<l ""quo will ......J, in ..... chi"lJ 
of .... 'P"'-p!u8 .... 11 wim """It ........ cd ,I>< go<-
, ,~ ... 1. 1),i, . ,n 'u",. will .11"", P' ~ ... d 
IUsh·«",i", f. ilu," and. io .... '''''~ ... ' ..... <OII>plel< 
..... of i",.m.1 I""~ 

c . .... ttlo ... wllch . (I) O><d< the .... iICh moun" 
ing. te""in>' ~.*'~ pl""" lI>d I .. do 10, 1«Ul'!J' 
ond (on,h,Ooo. 

V) With the .. gill<. ,u."nin8 ' .' 'rp,,,,,i""'.I~ _. 
th,n m<Olll<. 'u,n ,i>< '8"mo .. ,w",h. """"",0(,,,,1,. to 
the "off"' poo~"",; ,/ thc «I8;ne do<> not ""'rely <no< 
n'ing. • ""f«tiv. ,wi,elI .nd/ or CCIIInKti", ... ind,,",.d . 

• 

,,' 

o...'ing ,he 1<$1. ,he .n~'ne mult not I>< <>« .. ~ ... Iy hot. 
"The period wh<-n the ,wildt i, in thc ··oft·· pooition m ... 
be .ci.f to j",,,,, ""', on .. ,,,..; ... clu'g< of fuel do<> 
"'" OCCWD.Il.ote in the ry!indc' ot ,ho. 'he >pork plugs do 
not t.c.: ..... fouled wi,h oil. If.1>< "'I!"'" docs"", en .. 
"inl!' whe. 'he ,wi,elI i, piKed in thc "011" pooi.; ..... 
,i>< <rIlIi .. COlI be .. opped.,. cuttin8 off thc fueL After 
the .n8i"" h .. lIoppcd. do "'" ""at •• 11< prop<U« ontil 
the CO"'" of the ,roubl< ha, bc<o I"""d and ro"",ted. 

d. Ig .. i' .... b_,-" . If. bartcry.opcutcd i8"i';o.,. 
~" i, irutollcd, <hcd the ,,,,,tKt poi"" lot condi· 
,;".,. Oi", o. pitted point> _, t.. f< ... rf".d wi.h on 
";Io,oll< ond !hm ..... hed "ith "rbon "" .. hlot;"". If 
no ~"inl IOUnd un bo IInrJ wl><n .1>< '~';,ch i, 
d<>!cd, ch« thc bat.crr ,ilClt;' at thc .~' ; "h Ind ,oil 
'<rmlruJ. Thio 'rwIll<. P"""ided the bolt"'!. drnrit ;, 
rompl",. '0 thc roil. proI»bly .. ...r" f'"", .Ie «,i .. con­
IK1 poin" 0' """" prinu'y "",din8; if .he ""'" i, '''''. 
the I>00>I<. "ill I>< ... placed. 1f.1>< ';butin8 IOUnd COlI 
I>< h<o.,d when II>< ""ildr is ,Io>cd and .1>< boo>'<f docs 
not fu'nj", "''''''''1 vol'og<. ,he p<ObobJe "ouble i, I 
dcf«ti .. secondo,..,. w;nJinl!' ond ... plK<rncn. 01 ,I>< 

~~, "' «<r<irC<l. 
•. ' Ig"ltlon ... bI.. ( ,) <lIe<k i8";'iOl\ manifolJ. 

fo, cr><k~ dcnr., "",i""re, . oebo""" •• nd lead_· 
,i"",_ CllOCk >po",.plug> l.ad, fot hrol;<n 0' .... rn «>n. 
dui~ ond "","'ing of I .. d "'",h ...... " '0 'p"k pl"~ •. 
Chock 'p''''-pl''l!' 1<", ,<,,,,,,,,10 10' «>ntKt. bfoOrn 
op,in8' Ind ce,om" '"",Ialion. oho for «<uri" of at· 
,"''''''''''' to lcod cobl • . 

(2) Troubk in ,II< igstition "bl .. i, ",u,l1y tl>< """,I, 
of ' '''''l!h ha""lin8 01 'p',k 'p! LqI leado. v ib,at ion. '" 
_ ,obI< d""f>I. Somctirn<> "".~,.. «Igi .. heat 
,.01 "' .... " __ ,hr, condi,"" "" .. " ... bl. within .i>< 
igsti' ion ""'nifold, 
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UCTION XI 

MOTOR SYSTEMS 

19. GENE •• lL. EIortric mol ... "" In ""pLtfl< prod..:. 
moch."jul mol;"" from .!«t.~1 1'0"« 10< ,he .,.,. ... 
tioo of I , .... norMo< of u";'~ Soon< of ,he un;,. 
OP<"~ by <!«trial motOr"> ar. ,he "."<t. unrlins·B'"" 
mochani .... ,rim t .... m.><tab" land;,,!! ligh'~ .l«tric.1 
,~,i.bIo-pitdI r"'!'<U«. f ... 1 P""'f', «Ipn<--< ..... linS 1Lop<. 
J..icin5 oquipmml. Jyrwno<or. in,·."',. ,".m .... inS· 
ft.p mocha"' .... ho ...... pro,..U« p'«""'~ \onb-bo.y 
<loon, hpl"w;.; pump<. ._"' pilot. <te, 

90. DIIECT_CUUENT MOTOI CONSTIUCTION • 
... 11>: di«<l<u.rrn, mofor i. rnrut"".«l in mud> ,be 
>am< w.y .. ,be doC 5<"<"""- Ho-.. ••• be wir><!inB' 
&I. u .... Uy Iioni«. po"""L" I)' .be holJ .. indinll' of • 
><ci .. moIo<. U>u&lly ,be motor i, "'" buil, .. heo'l' 
.. ,be g<n«"0< ",.,. i, is w«I fo< >hort .. p«ioJ., 
Figu« 106 ''''''PO''' • _or to . 5<"<,,'or. An "". 
""pI< of. _0. boiOS m«l lor. >hort p«ioJ of 'im< 
i. ,be ... " .. _or. It i, ."d fo< I ... duo . minu'< 
to m<.~i .. the ... ,,«, 

b . 11>: folt.....;ng ["". of I doC _0< Of< .. mil" '0 
,hooe 01 • doC grn<ro.to. (fi8. 101). 

MOUNTING FLANGE ---.., 

ARMATURE 

, , , , 
.. 

• 
(t) 11>: """".,1 i, ,ho ,"" ing t'-''' of ,he _01_ 

11>: 1""" of the '''''''ul< 01< ,he .... f,. "'"'"'"'aIOr. 
<o« •• r><! omutu«: .. indinS'-

l 
• 
I 

" 0'0. 

c,~u .. o. J 
Fi,_< 1Od. em .. ,...".", , .. "' .... _ .. _. 

() 
J I l 
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(7) Tho j.tU ~_il1 .. i M.d it! m. ,,,_ 
&looofI ,II< ........ wall 01 d.d : ""fl. Tho fodcI" ' ,,~~, 
i' ...... "" J!he 1"* pious ... d idd .,' r p 

(J) Tho ... ,. ~~1 , ... " 'u 01 Ihe bn,nho; ..... 
bnt.t. 1>011''' ....... ......uy bIoi" .... o ..... 01 It.. ..... 
plot .... hi,I> f_ .... "'pp"" f ........ '" Ihe hr .. ;tt,p. 
'n.o toru ..... rid< OR II>< """""" .. '" On<! _ ... "",. 
d"", .... ,,~~,.'o ,be: """""" ... ., In<! .h.""lI" " KlIhe 
.,"""'''' .. ""h"p. 

~ 4) Tho.'" J._. OJ'PO'itc II,. """""" ..... i ...... 11, 
.... ,OI"fd 110 .6t .... "..., bo> of .......... ir i. ,hi.;"11_ 
Tho d ..... .....,. boarinJ ;. .bo 10<0 ........ ,hi! ..... r ....... <',. 201 ), In _ JPOCiaI ..... 1M nod I, ... .. 
_hi....! ••• pon 01 .......... th< _ ~ ..",.., 
th .. ....... It.. 1><"..., OR th< dri>'< ..w .... , bo ~<d 
in ..., aD< 01 ............ 01 pb<K. 

" . lY~nO' ","OlOn . • . ~ ... I. Tho ... ", 
fund,,, .. ,, .. II, """ 'rrr> 01 d< _0: the _·id~ 
......... ,,,.I ,II< ... , ... &.Id m<>I<>:. In,.,..,. spo<i.J in_ 
... n .. "", •• """1""'00 _or i ...... , 

I , 

Fi, ... M. ''''..J /I"." "."" _. 

b. ""~"'_~I" .. ,"' .. , Tho ... "",. fotld """'" 11.0 • • 
hip .............. Ii<Id ~ ""..,.. ........... "'. . Tho 
• r-<! 01 .......... ,..,..,."" bt .... 0<4 ."b._ .. 
p"L..c ............ ... h .... lidd <4 :1(9) , Tho >r-I 01 
,hot ....... WIll vory ......... " .. l1li tho ,PPitd idd <uf. 

.-, ,No ... ... .... ,,_ 01 MId <10 • .- "',II oIow ...... 
,.,. _ . Tho".... ........ Iw tIo< ..... , OCI .. "' .. 01 
............... .. , .. "RI >p<t'<I un.dt< ...... , Tho ........ 
!"""" "" •• ~ ...... , ''''''''11 ,.,."... ""ocIo ., ......... ? 
it f ..... _ 'rp!oc . ..... 0II .t.. .. 'J"I .... : 1_,,, .• " 
~ .... on 1"""1"> in •• " . .... in ........ plrJ,..,. ci",~" fOO' 
'''', .... <1<. 

I . s.~ ••. ~.I.. ........ 'Tho ><rico _'" ha. , 
f." ''''M olioa' ...... >n<e ... ; .. fo< ,he fiold ,..hick .. 
<~ ... .. ,'" ... nII ..... mlMU, . ( ' p .. l 10) . 1M 

- '--
• 

....... _ .... ,he .", .. n«,,,,,,, of k'!:h <r«d ..., 
k,p. .. m'~ ""'fI'<. 'Tho 'f'<"'.I of 'ho..- ....... _ .... 
tho IooJ Tht _'" " .J ... )~ """,.1, .... pW .." k 
tho kooJ, Th< ",0<> _ .. . ',11 ftr 'I"''' due '0 op«<I 
.i><n "In ."'''''''' ~J on .. ,d "oI,,~. n." ",,,,, .. 
Iu, .,J. u'" on mo<kln .; ' rl ....... s.,. ... 1 ,'.',,' , ...... 
of If.< .. ",,, mol<>< £I. uocJ bo., ' i><r ,II lu,', 'M .. _ 
,,,,,,,,,,1 <h,o, ... ,." .. "., 

-

... C.",~vn".w.vn" ........ 1M"""'f"""kI _or " ."J ........... ,OOnbOnrJ ,Iu, ... , .. ;"". ol .... 
.J.o.no .and ....... ·beld ......... k ~ml---<""'" ."'" 
........... kkk .. ,II ....... _ .... 'OB ...... >f-.I...J 
Iu, •• ~...-_ ... ",n, to<qu< ,han • .-...c ....... ;, 
Jr.,ml . 

• . h .... '" • • h. di .... io" of ",tatl.n . In ""Y dr· 
"'" ,",,<rr, """'" d", """'"""' oj ,,,,.1..., ""y ... 
""'-N l')' .... rrp"~ ,t.< """I"", of 'u""" flo,.. ;n ",I><. ,h. " "'.otu" '" ,he /i, ld , bo.t "'" bOIh Th< ,. " 
,,,.,,,,.,., mtlh"J,,~ ."'''''''~ ,he J"",,,,,, of ,he to<., 
,,"" oj. mot", II,' '1"" briJ.M II.P D T (_ . 
['01< 4ouI>k·,h_1 ,.'kh. 

r ... ·•• .... - --

• -." .. .....; 

), ", .• ".r..u., .. , .. 
."',, ... , .. , , ... " ,... I"" 
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(1) Split.6<1d _o".f< ~It:d .. -ho: .. tho: _ ditt<­
hoo> of '''''';'''' of .... mot.,.. ~ I«I";''''/' 11>< ' pl;' 
licld to act .. llr ''''' •• Id winding> wowod in op~t< 
di,cnions 00 ,t.. ...... pol. pi«<'> Of two "'1" .... fle jds 
""""'" on .Ito""'t. pol< p"" .... *'>wn in Ii.!u.u 2Ll 
""J 112. 

(1) Th. D.P.D.T. ' ''-,kh ;, .......... of dUlIpns 
.... d""'''<N> of """"l Ilo~' ;n ... t .. , ,ho: .,....,u .. 01 
litld. F,/<U« 213 iliu""' .. ,ho: ""'<""n8 of ,I>< CUt""'! 
,h"",gh ,I>< !KId . '"h .... If",."ur< (\I,,,n' mmini"8 
_hong«! ,n """""00. 

--
.... ,-.. 

-

_ ..... 
r 

s...,,, ....... i,~ I . " ",.. .. , f.< /J, .... '" .. .. ,,, .. u,.,. Ii"'" 

92. MOTOI C'.CUITS. ~ . f l.mI,ot ,_"I.~ of 
Iondinl _,. 0... typo of Wwj'ng_,.,.' ,.. • .o<tin.a 
"""'" "'th ;., 01<'11;' to u-n on Iigu .. 114. A ,m. 
of gt>n i. <mploy«! t~ r.duce .... ..-d .. J iDCJnJt· .... 
1O"f'<. A '~rlood nJeu. a"'rn ;, built ........ 
dnKe ... w<ty factor. timj.u., .... itm.., ~.,. 
01"" ...... hr .... .... din. 8<*'. Of'<" .... <im.i! 10 .... 
ooJrno;d .... ,.m.. ... d thu' I"""'" ... « -h,vel of .... 
W>ding ~ Of ~ to .... moIO<. A ""'gnctic <Do 

g.g;"t 01""", mar abo be i,,,,,, po< .. ..t in .... . ,... .... to 
0118'3< tho: _"" .. i,b tho: m'Ktins _Q;"" ""'r 
"hen tho.-... i . mcrSi ..... , In ,t.. ...... , of r.all« of 
,t.. .!enricoJ 'J'1'MI, tho pilot ""'r 0r<r .. ~ tho rotroctin« 
moduniYd IIW>1I.ll1r ~;,bour ,t.. dnd JooJ of tho tpt ,,,in and motor. 

It. tJ.<Iri.oJ ~",p.J!., . An .I«tna.J C<lDlrolloobl<· 
pi"b pmpoJIot i, lloed .. t<n>iveJr wit/> "",..,j, .i ,<,i>n<o. 
Tbe p;tch of ,t.. pmpoUCf i. <ho~ ~;'" • ""I~.fidd 
.. ries 0>010<. Tbe 0>01", ''''qll<' iJ " • .".,,;11«1 rlI....p. 

TORQVC 
flEL(ASE 

• 
• ...,. $Onf(>4[S tl.ostO t.elrT -..00 

0I"l>0;0 AT OC> '" T ....... 

• r .. , •. "u F./" ";,,,/ J-J;~.,,,, ", .. "i., ...... 
~ ,,.,.~. 
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• tr"n of £<I n to • g<al which i. ron..nN 1<1 .1>< 
propel!.. b!";" (lig. 21~). n.. pikh i. in<....,.d &J>d 
<lec ... ..d. bt' d,i.io~ ,I>< mol<>< in u.. ~itN ,,"«<I"", 
n.. di_ion of """or "" .. .,., d<p<t>do "I"'" ,bt 6eld 
• ..d. The romp .... ,1«1,.,.. ., ...... i, .t.o.In in ~gu~ 

'" c. COwli ...... p mOt..... 'The fbp-_ , ,",,,,,,,11 
i, • mnot< "....". of op«Un! ""d ,Io$in& tho: """I ft,!" 
"hkh p',.,n.1I< _ of <001 '''8 .it ",'« 'he ""PO< '" 
.. d;'l.""p", , ..... Il .. i<>n •• the .1«1, .... 1 .,;,,,,i, i, "-" 
in ~"'''' 11 7. 

Fi .... 2". , . .... . . ~ oj • C.",,, tit""" ,..t'II ... 

d. ",,,Ii' ;,.r p .... p ,;,o'or, " ..... 11 ... i .. motor 
i • ....od to d,",', "",i·" .. pump< "hid> [.rnUlt tb< pro­
I'dle ..... j,h ..... ·K .. ftuid 11>< """""" of duid 1.,_ 
nilh«l;' <O<>I<olbI by. """II _ ..... hich v .. ;" tho 
..-.l of ,I>< _t, The ,]""001 eimoi. i, shown in 
t1SUr< 21 8. 

•. Hyd .... II._b ..... t., ,"ol.r. n.. hpl".l;'; boos­
t«'rump 0>0<0' ",d no cim>i. '" """"n ,n fi8"~ 219. 

I. 110. 1 b_' .. _p."'p "''''or. 11>< f ... l _.r·· 
f""'\P""""'" ,;«ui, i •• .oimple <;f<'Uit "'I"idn,o; only • 
.... iuh .1><I luI< .. """~I ing dr.k<. ( lig. 2ZQ) . 

91 . TlOUllE SHOOTING . g . G. • • ",I. In ,"""'Ie 
""""ing on 'h< dill.mo, """'" or,tern. 5<"0 .. 1 E<""'"I 
,~ .t< ,ommon to """on ,od ,..,;, '1"'='. 

(l) CJ:...tI";~1 "I., ,~,;,,~ , Tho: ,"'tt<';08 of • «­
by , ,..;tch "",'rollins tho ......0< i, ...... 11, "",oed by • 
).,. bottolY, Tho: Qpm-<irori, voI"go: of ,he bo~crr i, 
oulIi<i<n' '0 ,10>< tho rol". but .. i,h fo. hca'J' """.." 
d", .. 0/ ,he _or, ,he .<>III!'" d""" b<low tho ··hoIJ· 

_ ,'Ol'as< on , .. rei." 11>i, p<1"';to ,he .. 1..,10 opm_ 
Whm tho ,d. y "p"" ,I>< . 01,,!," 01 ,he bolt.,.,. "'ill 
.,.in i",~ """"8h to <10>< ...... 1.." O>.lt<ring i, 
"ttl huml,,1 to '''' t<l" ... it<h .. tho: hca'1' arl"'" ... ill 
""'" '" .rc .. 1Ucl. ",ill burn .p ,he ,ooot>(1" • 

(2) ,\· •• ..,'".ic~. Non-<>p<'''ion of tho "ni' • 
... 1>«< ,I>< f"", io not bknm, i, ....all, CWkd by Ott Of'<" 
,imoi., The"!",,, io '''''imoi, = I>< ,,>ted .. i,h. ,,,I., 
mot<r ( .... itch ... ) .. "-n in Iiso l' ~~ •. Sure rrom 
.1>< power ""'IT., ........... , • UfO ",. di"g i. oboom-<J 
on.he _«. the Of'<" i. bcn<"", tha, poi'" .nd ,I>< I .. , 
poin' .. 1><<< . """go: ..... indicatoJ. 

(3) G",.~, ... ,bo" (.ic~'. ",1..-,,,,..,, I' ''), 
W i.h luI< OU,. dioconn«f lead .. ......0< . nd ch<& bod< 
100- g""',,'" wi"g"" ot:-.nm.t«. Di>eoonn«f Ndr k. d 
..... '0 i""I.« , .. ,rouble in ..... I .. d or "nit (~g, 222). 
Whc'< •• 1>< ground i, io tho COIInoctor plug. tho pi,,!! 
.... 11 "'." be _0:1. by hoIdi"ll """ "<minll on .he 
""'II. 

~. Motor ""ubi •• ~_ng . Wbe ...... " ,'" _or 
.... b«n dc60iltly prov<J '9 I>< " /oul. ""' • vol.ago 
d>«k" ,he kmlioal., """"" tho uni, ",J Ji .. _I •. 
(Co",,,I. T<ehoical Ord." ~ing tho inJi.id",1 "n~-> 

(1 ) 0..,0; . mutut< fo, binding: .,",,'ut< ma, be 
lockoJ by 8'= ' ''' ... <1<. 

(1) a..d k id aod btu>J. "; uobly 101 oprn> 0' 
ground., 

(}) Cbo:k """,,,to .i .... lI, fOf , ... <li,ion. 

(4) a..ck ",""',"It lot ground with oIunm<-te, Ot 
mnlinui., light h<I .. _ """"""'-"0< on.! ,h.f!. 

(') Cbo:k ........ u" lor Jbort ",d op<n "" A"".-i«, 

(6) Not. condition of commu""', ."d ",,,,,he>. 

9-4. MOTOI_SYSffMS MAIHTENAN(l. a . O>e<k 
oIl ... i';"8. <_ion .. ,.nni",l~ fu ..... nd .~'i"""lol 
ger><,,1 conditi"".oo >«Uli.,. 

b . a..d "loy .... ~chco .00 cI.,." point. in .«<ud· 
u>< ... ith tho T"hni<al O'der ro.-orin ... t"': unit. 

<. ~ ''"''00' d..n .,.d "",""'ins bol" figh" 

d. "a..ck bndJI I ... g!b. "'" 'prin! .. ",i",,_ 8",,,",, 
1II<l'rrinp JhoorJd I>< "plo,N .. hen _ .... ., in >«ord­
&IK. ~ith T«hnical Orde, oovo';"lI ;he inJi"id",1 """Of, 

• • s..:;hot ..... b<uoh<o 'to I<>t«i pfO('C"ll, .oJ com, 
mul"o, d<>t><d wi,h <)0(1 00- Ii_ .. ndpopct, 

f . Lubricat<. if calk<! for by Ted",,, •• O,Jo" eo,-", 
ing.he "ni._ M",,,,, .'hich ." uoed "" ,i « "f •• ,.,lIy 
r«fW" "" lubtin.ion, 

11. A diu>< 1II<l1.btia.te the pr """ Of U"~ ,"'hich th< 
"""Of d""", in .. {'Old ...... .,i,h ,'" T«hni<o' 0,,1 .. 
ro.-..in8 ,I>< iooi"d .... 1 uni._ 

h. Cbtd: .11 alb« P"" tIw mo.1 I>< li"«1I,,, <hod­
ing in . pplia.bl< T«bftic.l Order. 
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S~CTION lUI 

STARTING SYSnMS 

95. GlNllAl. In .. ,Iy typt ,itttl!l. ooW"'" _'.re 
...... 11 or><I .<Ould be st .. to:d '" """ .. II,l\orn;n~ ,lit pr0-
peller. W"h ,be .x.dof"""' of r'I'IO« ~f~l ."~ ...... 
.p«i&l"'''Uls .,"COI> __ d"i .. d. No >i"&1< IW< 01 
... " .... iU ...... fo, .11 IJ'pes of rosi .... , Bcief deoccip­
,ion. 01 cratW"Il 'rsr- incloodi"!l _ ... hid> OK no! 
.L<ctrko~ or. li .. o:d it! rhi< otrtioo. Tobl< III, Ii'" <be 
,tw"""'i"ic> of ,.,.,... ";,,,of< ......... .....:t .. p<<><fit. 
10 ,.,.,... <>Sa ,be dutch octt;"lI of ... """ l~ in Tobl< 
III ""', be dr.ng<d for Waprion '0 .. ~i ....... ith diJl ...... 
<ub;c·indr d;'5!~a,,,,~ ,han ,ho, indicw;d. AwlicabJe 
T«hnicol 0, """'Id be _I,"" fot j"r.,;,.".,ioo> 
.. !.1'i~ '" , ... in~lilJ' and <Ir>tdr _i"! of 
... non, 

ft. "INCI~LES OF THE INEITIA ST,UUR. An eo­
';D< of """;<I<,obl< P""'<" 01 """ ..... '''lI .rtt<mi..., ". 
«>lOti' <quipm<r'll ;mpotel . ....... , 1ood"1"'" th< crank· 
ing """han;"", To ob<>in HI< n«<U1ty ... ni"! '~. 
,be i"""i .... n .. i. f«'qU<fltly.....:t. Tho <ur>k ,n8 
obililJ' of , ... ;"",,; • • U"Cf dcp<oJ,"~ ,he ............ , of 
<n .. g .rore.l in ... pid)r "" .. ;ng ~,....hKI. , .... , is, 
_'g i< >l<ir<d .Iowl, du.i"!l ,be ....... 8i.;"8 JnOC<$I 
.... d .-..... ,10< _'g " ...N. in • ""I}" >hon p<, iod of 
, ...... '0 ,ur>k ,be rosin<, ConO<qU<n!ly • • 1«" <lnl 
of "",,·tt WI be obtained from ,be ",...ing B,....t-l f"" 
. ....... petiod of , ..... , Thi< <n'''Bl' ;, .. lIir:irnr '" 
""aI'. ,I>< co8;"" <, .... kohlf' (,"""", Otdi .... ,y «r<><tirion,) 
,tuft 01 fou, ';m<> ... . p«d of opp""imt.t<ly 80 '0 
100 ,.p.m. If th< ros;n< ."" nu.8 ........ !ot ip>i'ion. 
,hi •• p«d ""r be .... ,han'" ··«IIning.in Sf«<I" (rbc 
minimum "ank .... f' .p«d .. "hi<h ,ho ""'gnr:lo ",ill 
f"""ion od«pal<l,) .nd rb<rflou .n il:";'ion boO$te. 
i , """II, ; ..... 11«1 "" ,10< rosin<.oJ op<nro "hil. ,Ire 
i""rti .... rt .. i, " anking ,ho <"!lin<. n..", ... two 
I)'pn of ir><rti .. "rt.", rbc hand<ruWng'yp<. in ... hidr 
, ... ft,....t>c<1 i, "","" aled '" har>rl O<Ily; and rbc rom· 
bi .... ion hanJ<"nk<d .... d ...... hc '1'1"". in ~'hi<h rbc 
i!p.-hKl i, >«<I< ... rod <i, .... '" h,M<"nlr. or <1<Ct,i< 
.-or. Duri"& tire: .... ,$i,;"8 of ... i .... i . ... ...... U 
""""able 1"'''' within il. ,,,,Judi"!l the fi)"' ..... l . ore ocr 
in motioo. 

97. HAND INEIlIA STAlTn. Fip", 213 ....". •• 
h>trd i .... rt;.. ... If<'I", A "",."...1 vie.- of ,hi ........ i. 
<lrow" in iWr'" 2H. WIrerr. hand <turk i. i"",,,«1 in 
, ... cronk IIIl<"I«t ood ,I>< ,,,nlr. "".'ed. 'he .p«d of oU 
...,.01>1< 1"'''' i. g...JuoUr ;<0<<<.11<<1 wi,h <>dr , .... I"'i"" 
of rbc <ur>k. One ....,Iution of ,I>< «.nk i..., ...... ,10< 
'f<'ed of ,.,. ftyw ..... 1 100 ot mol< ,"",,,,ion., <i<p<ndin5 
"ron rbc 0>0d<1. M ..... of rbc ..... gr....d in < .. "~ i"!l 

'Io< ..... er i< .. ored in • "pOdl, ~ol.ing fiY"· ..... L A 
["II ,od, hp« 22). ot ,ubI< or .... d «, m..Jr ,10< IUrt<f 
) .... with ,.,. «>gin< j .... rr .. th< ~it<d ,.p.m, 01 ,10< 
~bc<1 i< «adr.ed '" ".tWng. n.. ..... gy "",«I in 
rbc fi1""bc<1 i. u"""';rred '" ,.,. ....... j . .. th_Sh 
.p«d.t«I..ction g<><I .... d • IO«J'" """riO><! .. I ..... 
,"'bid> «r<Ui". of • ",.l'irle-di'" d<ttc!r UfI<1ef 'p';ns 
pmou«. Tho <I.tdr ","'COM' dortl.lll" to rbc MIrto. jn 
as< of on ..... Iood or mgi .... W-bock. If. fot "", 
...-, tire ""!Ii ... . ctlnl<>bo/' CINIot _, th< d"",h 
wiU .Iip " ... ;1 rho 8)"., ..... 1 ,.,.,... '0 ' .... n.. Eeli1*' 
dr>tdr romi<t of """ ocr of didor f ... <n<d '" the o/r.rr 
ood 1ItlOI ....... (of. dlff • ..,., kir>rl of """. 1) f ... <n<d 
to th< bu«L Sprin51.re"1I«I ' 0 P'''' tho didor 10-

g<t/><r .. d th< .... ioing 'ing. ~'hi<h «:<mpt<O><. ,.,. .. 
>prin51 ""Y be odjwt<J , ..... ,10< .,.1 ... 0( '''' oJ;P!""5 
torqu<. n.. notlDOl opet"i"" of ,.,. durdr i. '0 .t ip 
fOf.n ; ......... f"" ,.,. Ill ... , and ..,~,., j .... bc<otn< 
~ bro, . .. hil< .Iipping. • 'O«J"" " .. <<t.d 0<1 ,10< 
cranbhofr until ,10< inr!i.f ..". .. "." of t'" «oFi"" i • 
"""<rom< .00 ,.,. dutch i , obI< to ),old 'S.; n Tho 
opor:ifi<d .oJ"", of ,lit breok ...... ' ( ...... i""'m hold;n5) 
... d . 1;PI""rl <01'1"< of ,.,. dutch II. in "",,,done< "';,h 
,10< oi,. of 'be ""!Ii .... to he «onko:d. 

91. COMIINATION INUTIA STAlTfiS. a . n.. 
«,,,bi .... ;O" hand and ...... hc i,.,,,;...'11'< ... "" " .. ~ • 
P' ood d"" h ." .... .4""""" ,Un;I" 10 rlu, 01 ,.,. .... nd 
",.,.;.. Ill''''. n.. .. ",« """'n in 6",1< 226 ;, ,.,. 
hanJ« onk<d '1J'< '" "'hidr on <i«lhc motor ha, b<.n 
Olt",bed. n.. ~)"'hKl nu.y be ..".I .... o:d '" ." .. , • 
haod aonk or 01«1'"' rn.oto<, When rbc ...... " ;, 
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11,... .... 1 wt.< ...... , the moIOr <Ot>kI ""'"' .1",,1, !haD 
t ho: 81"'boel. "'" ,00k .. 1>0:00,,, I_.nd tho m<O:Or i> 
.o.rtotnotiaJlr & ... ~ag<d. n..:", i . no ne.d to .... it foe 
t he B1"" .... 1 to C<In'Ie to • IIop bof_ , ........ p.i"ll !hi. 
c l«tnc _ . Thi, Irpr ... "., i, ""'1' ..IfKtin wbm 
u><d'" combi .... ;O" .IKlnc iD<rt;' lDd dirK! <rankinS 
oIutet. Whom.>«I in Ill; ..... r ..... 81"''-1 it ..,.,glud, 
as in .... ,""";, ... n«, and ,"'" "'" .. .,.... jaw i> m<ibN 
w ith tho mline j.o .. ; .. thi. mornoOl,.1I< _ i, en· 
erpzm .opin ... in , di.«t <..ru..;nl " ' ''''. 111io adJ, 
, he _ '" 01 tbt _ '" '" !be enc' ti1 of the robIio, a" 
~, 

c. In <It"'" ')'1'<1 of i""rI" "''''n, RId!. ...... typt 
6 6. JH., . 00 ]H.1O ... in. "'" 8)"' .... 1 i. """,,,,«I <Xl 

tho ...:ItO, shari cst. 229). ThIll, !be inmi. of the 
a rm>lUr.;' adOOI to !hot of the 81"'110<1. 1.0 tho arl, 
JH., lIIJ }H·I O .. ,i ... th< bnnh<. of It.< .1 .. ,,", Il>0l01 
&to Uf,od. from Ih< commuulO. by ' PIing "";.,.. (fig. 
2 30) ... d C1...N. to go do .... by ",Ienoid "",ion. On 
..,..,. IIloI>d<lt .. the mol", i> turR«! oJf (by "'';''8 It.. 
brulhes) ,,'I><n the ,Urte, j . ... .. ""g' g«! with ..... ..,. 
gi.,.; "'hile on ",,,,,,,.be _or i, ['<",,;tted to ....... in 
ruMin". n... .. by dir«t , ,.ru.ing octi"". ' M b:t."': 
i , "".,'" ,htou&h 110:>-.:.>1 .ddj.;o.u.1 """')uti<IoJ 
the _ 'gy 01 tho ..... ., i, ... Iu. ... td. Lot'" dnip>< of 
this b<Qsh.lil,;"g " ' ''or O H., E and j H.,F) .... /our 
b<uJhe>. n.... b"" .... a .. liftN ","," .. II, for hUld 
c ,,"nk;og. OJ . ~T"'-I i. ronnect<d din al, to the moIor 
.ntliItu~. 10 ",d« to lift tho brw.hn, the Jund ..... gi.r. 
ing lovu "... .. ttr .. ho 1"'11«1 u in tho hand ....... ina 
'" the IWt<r. On campl .. k>n 01 the Iw>d .... r~;.;"~. 
tho "'''''"'"''1 ho "'pg...! to tho ."gi .. t". "B-'in poll. 
inB ,ho lun ........ in~ ",,''', To or""" tho ... ,,« 
.lmr;c..II, •• f" , i, Iu. h<o:n "oN .' • hltld ; .. "i. 
-. !be mesh;ng ooItooid ..... 6,. b< ~ 
'0 k>oo-.,.ho bnooh<> on'O ,ho <ommut"or. On a . i"'; ro, 
typo _ cl on«ho, nuke ( G-6) tho bru<h<> a .. 

lifted t". mowing • unaJl knob "" !be ........- ."d cl tho 
llartef to \1>< "Olf' pooiti"" "ben the II." .. i . to be 
hand ...... giml. Th< knob ""'"' b< f<twroN tIWUIoIlI, 
to the ".,.." pooition i><fou the ... "" CJ.O b< OII<'filed 
.le<triaJl,. FigII .. 119 9(:-' the "",," and 'olr ' 
pooitk>n. "",'rolled t". the 

99. INUn ... ·STA.1E. ILICTI/C MOIOI. Strieo­
..-ounJ tl· or Z4·. oIt d< mo<or, u ..... ~ wi,h eIe<. 
.ric i ..... i. "'''''n. 11>< "", .. ruction.d 1M,.. of the 
R'IOtOn ore .. "';10, to ""- 01 II>< J< _ otor. 11>< 
"carical ""' • • "'" of II>< .. indiop of II>< mot<>< .....J 
La '" i"",", ....... i, "'1 l1l1I11 50 tIu< II>< in ..... the 
IWt<r , .. ittb is (~. the curm>! d" ... i . ... ...",.1, 
high: this ,..,.I.t> in . ~I"I ... "ing 'orqu<. AI til< 
moIor pi'" io . p«<I. indo«<! (OUtIt<t·<lrrtrornoli,·. 
fore. co.ul« .... <II"'" '0 8."... An i .. ,,;. II"' .. mootor 
"'h" h "', .. , 'pp""i"",,,, )~O ""I."'''' It st,,,in8 .. i ll 
d ..... 'Pf""O>i .... ",I, n ampo ... It h'gh 1p«d; tl>t ,..1 ... 
.. ill <l<P<tId "~ the 10ld. If the load i. "" i,<lT 
remcn-tJ ",d If ,he i",<"'>1 (,ictk>n of tl>t mooor il 
.....Il it .. ill " ,,,." .nd tl>< "motu", ""', "00"' " from 
«nt'ifupl ",0>""- for tIIi' ''''''''. it i. "'" .. f. '0 .... '" "","i, "'''a _Ol at full volt.,. unl . .. ,b<R 
il , I""d "I"'" it. 

100. 'NUllA STAlTn SWITCHES ISTAIIII In ... y 
AND ENGAGING SOLINOIDs) . a. Wbrn ,ho .. ", .. 
i. IorotN ...". di.,>nC< I""" tl>t «Idpit, tho i""" ii· 
stm <t motor i. """'liT "",ntN.I>, moan. of a IOlrnoid· 
""",,«I , .. itch <OII(foIiN f""" the oopi •. 11>< "''''' 
",La, (~. Ht) i , uswJJ, """,,,,...I in • i""",k>n bo. 
".or .1>< .. an... Wh<n tl>t o>drpit control .... i"h i. 
cJoocd,. cu=n' of I"", ampong< ..... gi ... the lOl ..... d 
Cl.U~", .1>< ..,I.noid p i..".. to adV>llC~ ltId camp"", 
"prinS· Th is octk>n clows .1>< "roT """' .... and cam· 
pI<t<o tho bolt • ...,. circuit til"""" the lit"" motor. 

MOTOII OIII.v ,r«:; 

P;z ... 2:6. C ..... ~,.-;. .. . / ... -t d .. " k ,.,.,;., ,_ ,,,. e-n 
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101 . DIUa ClANKING STAIUlS. e . GeM .... 
ADotho, typo 01 oto,,", ;. the .lectria.l<"<Ik~ 'l1"'. 
1'hit _ ............. ,~ .lectro!!r. f"'I"'ida "IOtMll: 
oad ~r>uaJ.......". Th< ....... , ,; ... bo.ocaJl;r 
01 .... I .... it: _, " I ... ion ,.. .... oad ....... _ .. 
~ ....t di ~ " .. I ... ; ....... bid> is "P"' .. od 
_ r; "" odj~ toqx ....... l000:I ,d ... d 5 It, 
Tho ~ io ",wool diltnlr t". !II<........ """"" .. 
.... podimiowy --..: 01 --17 .. iro !II< iDo<tio trP< -10. '_101. ._Fl. W"dh!ll< in<lftii<t,t .... 0/ 
airplann or><! tho iroc_i~ nun'lbt< 01 .. si .... 00td. 
DU><tI ... ighc <0. be .. ....! by ho.in,t!ll< ... " .. P' t.:>o: 
arr.d. • It("nt. portable ... " .. moo ... WbM ,bi, "".,t.od 
.. .....:I ""It "'" """'" i, r><eO:d f"" .",. "" abe, 01 
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...,..,... The au, bOll .. """'nit<! di=tl, <XI tb< "'P 
&n.d • 1<I\a11lk>ibk wi, COOI><cU the ~ 00. to • ..".11 
coupling ... be CO"liog ... <f&«. The 1Iu[, of • p",ubl • 
• l«!,jc mo<or iI i"",~ wo tho mupliftg. The motor 
i. ~ di«<tJy ... d lui. • t.p«d of opp«t<o.utd, 
l to ~ tt.ou.>nd '-p,m. The .k«nc """ ... <wi ..w." 
," po"" lroon tho: .i,pl .... b..n<'1 Of from • portobk 
_or "'Prl, ,h"",sh' ... 1,..,10 pi"" .... "8<m<Of. To 
d.i~. this <Inigo h .. born /imi,,,j to dif«t cranki,,& 
lI>tt<n onl,. Abo, no provioioo. bu bern made ,,, crank 
the «>gin< "w,,"Il,. 

J-H5 

J-H1Q 

G-' 

, 

103. !'QUAIl( FIELD STAITING snu,",s. The 
/'Urro>< of H>< ." ..... typn of portlbk hold ... niog 
unit> i. I" <lim.""" .... ",*,,",1 w,." r<qW«<I to OPO''''' 
Iw>d .. "',,, .... d (with ,be <I""ric ....,.,,) '0 minim.,., 
di>dwg< 01 the .i«" I, bon_ry. <>p<cially ... t.cn .c.ning 
the ongi". in <old w<at""r. Two 'Y!><> of portoble 
.""ing .,... ..... in «>mmOII " .. It. the portable bat • ....,. 
at! and pomblr -'F' 

", .... 0 .ff<mvc ..... hod ." "'Ppl1 P""'" '" the oj,. 
p ........ !«trial .,....." """",,!ly is th«lUjtb tb< "c:. 
,.mal J>O"'U _Ke" ~ (fig. 1"), The .. '<m.1 
po"" "'1'1'1, mo, bo: .iu... , ban<ry co" Of • _"or 
d,i«n by • pool .... ongi"., or ........ £>0-< .","" 
i, • comI>i ... ;"n of • guoIi". ""g;D<"/.;V<II ¥"':,llot 
ond • bolt....,.. The m<"",1 ""''"'" of 1"""" t' .1 ... ,.. 
equipped ";th • Ik.ible ublt and • plUS ... hkh 6 .. II>< 
rear<ade on the .,rpI .... . 

II. 'Jhc portable ...... ~ cono;'" of an .lcrtrk moIor 
.. hi<h ";l1 GpCf'" <"I><, I,,,,,, an .1 ........ 'n8· or d', ..... • 
OI" ... t 1l0.YOit cit<\lit. n.. <I ..... ,i< motoI i, .. tad>oJ 
to. P' ~LKtion un, ... hi<lr I>u.....,. type of '0«jU<' 
limit,n~ <llIlm for: "",,Icod p«If ..... ;-. n;. d rive .... It 
01 ,ho porubl< <n<'giu' Iticb .... I""" the dfi"ng IInit 
and "'Vosa with tho < .. nk ood«< of Ih< ... fn" ... n«, 
" tfiw< ... ilCh ;. ootd to <0<>1<01 Ih< .Ied"" motor of 
Ih< .... '8' .. '. Sorn.: m<',;"", ho~ , ltX:tioo <I ... ,h 
limilo, 10 thot ootd in tho It""'r: I>owev .... tl>< <Iut,h 
i, ..... ith • • I'p('i"" tot<{l>O 01. ' Pf«"'irr..tel170 loot· 
pound<. In....u.., IJp< of ...... " ... , • dlli clutCh i, 
1"0"«\ on lho moto' wit; Ihi. duldt i. oi • d<tisn 
limil" to tlul ootd in morl<rn autornoblJ ... In oc<i<f to 
make tho ...... si><'....w. fo' both ,iPl·hoM "'" kit· 
Iw>d. .. , ,, • .., , ........ of ,., .. ",;n8 the di_ion of Ih< 
.,.,,~ixr i, ,I""ro p""'i<k<l: or>< tnctl>od i. to ' ........ 
tl>< di_ion of Ih< moIor """kin; IUlOtho, _hod i. 
to chons< tho h",j d,i .. shofl lrom ..,. ~de of. 8<"' 
• ....ooJ1 to tho "'bet. To "" tho ..... "i= .. ith . n 
i .... "ia .......... lho dri .. sholl i, , .... ,,«\ into Ih< r<"" 
""di~ .. " .. crank -'<<t, n.. dri .. ohaIt pin lito ,nto 
,ho 'po,,1 ,lot oi Ih< ... <t« ..x~ .. and 0«<1<", .. ,I>< 
"."" fl)"'t-l. A. """' .. ,ho desi,ed cunl<in8'~ 
i. "Iained. lho IriM« ... ikh i. rcln><d "'" lho 
< .... ,~"" ,.".,,-d from tho , .. " .. ..xk« th", .I)o..i"" 
,ho 6Y",t-1 to "'" I ..... n.. ope,,'o, ..... y thrn "'8'8< 
,ho i .... "i. 0(,,,,, .. ilh ,I>< 'n~i .... , n.. .....,Ai ... .oo..ld 
="<, ho....d to Jr;,', tho o(,rte, .,host it ;. ... ~>.gd to 
tho tngi .... , .. ,hi. ""'1 , ...... C'ious d>m>.ge to ,be 
...... ,Ai .. , or ini"'}' to Ih< operllot. 

<. n.. portable eled,ir: f'O"' .... plant (lis. H6) """ ..... 
of. 8""""or d,i.." by. 8""li .... <njji ... AJtl>oopr it 
""1 be IIIf:<l to ...... Ai ..... ious .. ",,, of &round equip­
..... t "hidr «qui« ),0.,.0/, di""'tofit''''''1 po_'. ,to 
rritKipol ""';. to {II,nioh f'<""" f« tho "?,,,'ion of Ih< 
portable <n<,Ai .... n.. op«d of the "'" io ~,oIl.d 

~ " UNIVE~SITY Of CALIfORNIA 10\1 -



-~'" 

F'I_ lJJ. Diqr _ _ / I,,... _i_ ... /",.i<. 'p" •. 

~ " 
UNIVE~SITY Of CALIfORNIA • 



by • gO"«<>Of. If it t.a:ooOd n.a. .. ., to incrn .. or 
""",,, .. ,he ,p<ed. this .... y be a=>mplilhod by v'<yin, 
,II< ,m.ion of ,he A'>"<'tIOf spci",. n.. vol"" r>ilhe J<O<f""" i. """toUed by • Mid m,;lIor !o<oted in • 
,.,mina! boJ£ into .. Ncb!he rna.sion cord of the porUble 
''''giI .. to p1uuN-

104. MAINUNANCII . " . C<on.",I. Swti"ll "'I"!P­
mont obould be ch«kcd /o."""";ry of. """",~nA- "p­
..... 0/ bolts, ... d J'<Op« .. I..pna. Ow:d: for btW:.. or 
<radu in """","p .od fto.nB"'- Equipmrnt "-Id be 
lubriot«l .. h<oo:>'" D«n>of)'. 

b. SIa..... (1) Wbm ;"",,1110, • ibm, <XI the 
engine. 6 .... """"'" lb. """ ..... hicb i, pb<<<i over tho 
lI.rter j .... for srup<nenl .,.j ",0"", ""a rmkh ~ ",ilb 
the <l'sine j .... O>«k the j."", fOl d .. ...,.. dit«tion 
of """boa, "'" sam< number r>l ,«111, .. d lhe >am< >i.e, 
W ith ,"" ... n .. j ... ~ng rod p"'p<flyodjLlJled for 
«><r«.1 " ... 1, d.<r""u.. "'" d .. ,aner bctwft<I .11< ....... 
j .... """ ,ht .... gi .. jaw, ";'h ,"" oun« j .... in. :euan.d 

" .. ". 

.. ,--[ 

-.. ' '''re'' ... 

•• 

"'., .. 0« ... ,., 

I""j.ion. Thi. d.,.,on« obou1d bt 'pp<""im".lr 1/16 
'nch. (a..d< T<d>t>inJ 0.« .. lot .. "'" 11"1<""""""""') 
Thi. d .... """ CUI be odj""od by oddi"g ;hun, or guk<l. 
bet.ta. the .lIncr iJ....,,,, and II>< """""';"8 p.o. 

(2) To d><d< ,be <>pC''';'''' 01 an inc.i •• U"Of. holJ 
tb< conlrol 'Wikh in "'" , .... ,t" po"tioo for the tim< 
~ .. d 10 bci", ,he &,.-11«1 up " .. ~ .nd ,hen """,', 
,b< .... i'<I> '0 ,he "m<>!." 1"""""'_ Wh<n ,h. <1I~ in. 
... ..., "'] .... ,h . . ... itch ... hich Mould """t" ' 0 i" "..,.-.] 
pooition. If !he ... gino (, ih '0 >till and 11>< ,..n« ]._-
«mIi", meWd ",irll tho <tip"" j .... , i, ... ill be OK .. "')' 
'0 'urn .he P"1""<r by Iw>d ( .. itlI magoKos off) pm 
of • <eY01",,,,,, rn the dirmiO<l of ", .. ,"", '0 " I • .,. til< 
oIartef j ... be/O<e ope,"in8 II>< . tHl<, 'g>-i,,_ 

(l) To cbe<k the r ... ",,,,in8 of "' .... tho fir..]",,1 
it ...... Si .. d ",d, ... i"""', ltI<>hinS '" 'm: ""Si"". i, 
oll"",ed to "Nn do .. n: ' (Check with tho T«hn;<>1 
Order f .... ,he (orr'" "froc-<oo",,,," 'imo, ) 

( 1) Elt<rri< <itruit> sbouJd be "",,,ined 10' 1""", 
,rnnin.l .. -

+- ••. 

".",. • 
or ..... , "' .. .,." , ".,,,. 

• 

, 

.... ~TI <",,"~E OT"Rn~ ,.or< .. 
Q 

C .. "" .... , .. ~I, oN ".1,;-•• , ;" ""', .. '1'" • .,. 
~ , 
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(6) lf !be ___ 1<1 fail 10 oponor. died! ~ 
doarical o.a..u boI_ kpIan" .. 01_ Of_. 
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SECTION )(1. 

EUCTlONIC rulES 

'05. GlHll.U.. . EI""rw ri __ • on _U, ... 
...... 10 ....... -..Iii< pooh< do ~ 1M "'<=>' .... , 
..... H"" ...... wid> tho _ of do<t-,<.- ..... ..-
<.UI bo -.do 10 ..... ia • ,p' .", Of,..... 'Tho.1«uoaio: 

...... io _;",a alIcd . ......... IIIbo, .... I t " • oM 
• oJ .... 

~ . The .~ lube ... "'aiNU, oIe.doped for 
.. dio ...,.k. Toda, • • 8'«1 """"",, of <I,ll< ..... rypn 
oIl11beo ... in US< in ""'ii, di ll' . ..... 1J'p<t 01. ';re<&(' 
elect ..... , eQIIil"""nt JUdI .. I>If<In'IaIIc pilot, turbo­
oupordYr,... "'1"1 .. ",_ .. olio ' .. rumilk' """ ,..,..;~ 
ink,pI .... .,,"d,,, etc. FiAu .. :)1 ohow, _!Jpial 
......... _ oM......t>oI.. In .... ioUon.a 1>'''3''''''' 
lilt f..- ',- hi. alII>< .I«tronlc ..... """ • f ........ pIe 
~~ _ or. dioaoooM. 

10 7. 01001 fUllS. e . Cen ..... <tI. n. II. plate 
(ouppljod with. P<><;';" "",""'i.l) ;. i_ro<>I«I in 
II .. ,obn., ,ho .Ion""" p.... o! bJ .... &1.0_ wi" b. 

onto<te<l to tJw plait. no. _iIuIco • "'..- .... 
I""""," ~ "' .... it.. ............ ('" 1.0). The 
riea_ boi.., ....... i .. ~ .t< ... taCtt<I onlr ... 
• paoiI ... ob)<l<l. Whe ...... .... pUle ..... ,..i~ tho 
eIm_ ",il l DOl be 011'-<1 \(I.he pt,oIc one! flO .......... 

wiU !low iB tho ciraail ('&- Z4l) . 

... U ••• . The diodo Of 2~ ..... II "'" prin. 
ci1'"11" • «<Iik.. Wb.n on< pIoro i , "'"" ,lit ,obe 
;" .. i t<I be .haI/·wo .. «<IiIi<r. s.. &r.o .. :.1. Wh ... 
_ pi .... ate uxd tilt rube ba ........ iull .... oc «<I'f." 
<'1. 24). 

101. 111001 JUl.. •. C .... ""_. 'Tho .riodo 
........... ;" ,dd,," tel Ihe pial. aod ""I'''''' • tho,J 
........ <OIled tho "pi<!." ...-.. __ I ... 01 ..... wi", 
"""" ow K1ftII be<. ' Iho: plot. !WId""""'" s.. 
fiptt 144. 

'" 

• 

-



• 

• 

'" -

VACUUM TUBES 

~., 

DIOO( r. ........... "£Cr,ro.o) 

/\ .J.. ' 

\, / 
nL.", "T 

DOUBLE DIOO£ 
CruLL -WAY' o,e r", .. ) 

• .......... r 
T RIODE 

(1WO .. n..,.,. ... _ .NG G .... ) 

MUo ... 

TRIODE 
(~ ... t ........ ) 

... , ... 
T(TRODE 

( SCo . ... " '''0) 

• 

• -----
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109. Tn.IODE TUII. a . Cen.lnlclion. Tho ope" 
,,'nl cllo.-ri .. ;.. 01 tho .rio<!< <In bo impn>vcd by 
II>< odd;,;.,., of.. (""rlh .k"",,,,--<bo 1< ..... grid. Thi. 
~,;d " ploctd boo...." tho ~roI grid ..,J p!a~ (~g. 
m(!). 

b. o,.-~... , ......... ..; • .;... The tcuiodo or 
"....., grid ,obo ;. W«I /or .1It ...... I""J""<' .. tho 
n;"d<. It bas • higb<r omp~&cWon LocIOl on<! loss 

f,,_, ,,,,- A ,,,.I ,,~;"'I, """i,-, "~i jN,.JI ,J.. 
.I""..., /<0 ... ,,.,"'., ,.., ,u.., 

; .. ",1,,-, bd~ ...... "'" d<R>rnU 0/ the lUbe. Tho 
""""" gtiJ i. "'Wli..! with ..... d, d< vol~ <lightl, 
krM:nhao ,he pb •• ~. Tho ICf<'rn grid .1 .... ,. 
d ...... & ""mil. II""".".", due to ill .m.n om and 
It.. """'8<' ""OCI"", oI.he pbtc Jor tho .Jon""", tJu. 
""'''',,' ;. ~ .. """,II. 

11 0 . 0THEI TY,tS OF El ECnONIC JUlES. a , 
Tbe pontoJ< ,>II>< bas r<plo<d """1 of "'" ,.;...Jto ... d 
'''''~. It ...... if'" ,ICfPCOI k""",n .. the " .. ~ 
P''''''' grid" (~H1@). Th. grid i. <onn«t<J '" 
,t.. £I>mrnl or att.>d<. ".., conn«t;"" f1U1 be im.ido: 
.he tub< or in the circuit, Tho p.!'l""" 01 ,hi<.1<mrnt 
"to ~ O«'OIIodazy.mi»ion of'be pi ... onJ l."ho, 
i"" ...... tho o/Ii<lding .Il"oct of ,he """"" grid in "'" 
robe. Tho f'<",oo. tuo. V<'f}' hifh "",pli&c.ti.., r"", .. 
and i, W«I to omplily -r wuk ..,.,.1>. 

b. Oth<r t,,,", of ,.bet '..:Iudo: ,box with til< dw· 
I<~i .. ;u of oev<n.1 ,..,., in 0<1<. 0(, ... t_ triod<o ... 
built inco _ ""'". A..." . _in ... diode 0J>d on 
omplil><r trioJ. .. " <>fl<n found ift _ ""'". 

". 

i 

co."",,,,,,, ,.", ./ • .. ;oJ, ,.lo-!U<, 
toi""'" <NJ_. 

c. A~ 'Yp< of ""'" ""-·n ..... J>O"'"Of "II"" 
lobt· · ;, <bi~ to pou. 10'1< [\jrf<"ll! in .... firuJ "/I": 
of "" omplifi<r. n.. ·".om.pow ... ·• ,obt i • • Jp<cioI 
dcJigo 01 • ,<trod< Of p"ntoJ. .I><t< ..... I<ment • ..., 
ar'Ulg«t '" ,/w ..... 1«1_ b<am = be di,oct<-d IDO>t 
.lfoni",11· n.. ."..",.pow<~. tube is 'IU"f ...... ti .. but 
.. al b ... bigh output. 

111 . IDfNTlflCATION 0' lUlU. a . Go ... ",I. 
EI«t,on;" ,ub<> VI.., in"'" from "«f small bca<in,o;.&id 
tubes to II,s< ,od;" 1''''Irr'U_ t...bts. Tho \yj>< of ,ube 
... d ift ca<b cu< .. ·ill be dcttm>inod Irr .... lob it Ius 
to pnform. 

It. "'","rin, .. n<lloIlO<l", of "'",. EocII indio 
.id .. 1 lube type h .. . nuorb<'. In con~ ""'inl ,he 
"I«I,on;"·,oo. f><IJ ... "bolo. tbor. i. no .!<,;,u .. 

c", .... ill.,,.,,; .. _/ p-nr,", ..Aq, -J 
-.;,,;.. , ;. 11'" ,,~_. 
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, 
~'ing 'f'I<1Jl. H"" ....... in f.'''''' yeo" " dio tube. 
mY< born .".. ...... ically i.!<ntifl<d .. i'~ nuni>«> and 
lettcn. In th< oIdo:t Iypn of rod;" lube> ,,~ only 
numb<" a« "oed .. n. ~). <1<:" !he numt.., .... DO 

connt<t;"" "';'h the: tub< <XttpI .. In idrn,ifying nomber. 
Gmeull, • nwnbor and Intor idcntilical;"" (Rodio 
M.nu(octu«<1 AlOOCi .. ion (\I..M.A.) dr,.;gmlion) ",ill 
•• 11 ",,,,,,,I llIin" about j ... lf. n.. ~'" nun'lba- iodi. 
'"'' th< oppro.imat, 51.",.." (I, he.I., "'Itage. n.. 
'''', .. b .. DOI!.ing t" do ",he. 'han to idem;/y til< lob< 
• • to OJpo. The nat nUlllb<, dclig\u.l<> how nun, 
<iemrnt1 , .. " .. , b.rn bfW,!!'" "'" to '....., ... 1 •• bill i. "'" 
' be numbo. of PI""&' IX <onn«tioru on , ..... ube. or_ 
• I ... ., i •• dd«! on I .... end to d"ig"'" Y>f"'" kat.res 
• ",1. .. M (".....1 hobo); G (a'''' ,u""), r:;r (..,..11 
gl ... ), GL (lo<k..(1P<" buc). d" Tobn of dilf<Kllt 
typn ... ith tbe .. "'" dllO("""rillicJ con bo m:ogniud .,. 
haying ", .. in let, .. , .00 "un'hn .he...,... For ox· 
ampl<, .... 7A7G. lZSA7 and llA7GT .11 luv< tbr 
IWn< working m&lMlccistio: . .. india • .,. by thr II and 1, 

,,' 

.. hio<h 'pp<Ot in ....... c .... n.. 6. 12, .... d 2' indo ', 
the 'woo''''''' ..... ., ",,11>g<. Til< S bof_ tbt II in 
,I>< U>< 0/ lZSA7 india .... 1>< lub< i. lina\< ,oded. 
10 .ru. a .. II>< ~rid cop i, ,]irnitLlled ,nd ik grid i, 
conn<cIed " • prong'" !he b.. .. , n.. 6A7G. aM 
[lA7G ... 81, .. tubeo whjch look alike. n.. n A7GT 
i, ...... 11 sJu> ,ube. 

112. MAINTENANCE . o. G.n. roI. ElectronK tuba 
'''I"''' no ",.,n«"."". ",10<, '~.n k<"pin8 rhon> J>fOP" 
«Iy plar:ed in ,ho:i, "",i«r~ A, ,10< ,ube i .... Ierl, rio 
'or."",1 """n«no"", con be aon.. ,. the 'ube. 

b. T . . ...... Tubr ..... " with . ",i!d>r> and odj .... 
rnrn" h", br:<-rr dr>ip<d '0 ' ... all IJp<$ of rubro. Iu 
. 11 """ .. of ...... ' .......... of • diif,«r>t rko.ito. the 
i"""",i"", lor each indi.idual ""'" rn ... be foIl .... ed 
,n nch 'ndi.idual oa><. Tube. """'ld be trored &nd 
«pl>«<l KcorJing ,. ,I>< T«hninl O<d,. (.TO,i"", the 
indi.iou,1 pie«.f "I"ipm<rrt. 
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LIGHTING 

llJ. fUI'fCTIONS. [1«1,", J ighti~& I<N<. tbr<C itn-
1""' .... Iunr:tion> m miliWy li" .. f,; fo< ;U"""o.tion of 
""''''''''''' ... <o<kpiu, .-,;'" ""<Il>ndi<\& &ddo; fot .... rIc· 
in! Iht pooil;"" oT lho li'pIJtl<; o.nd fo< in<liali<\& «rtain 
, 00000i,;0,," of the lira.1t 0' it. oquipmcn< bor mean. 04 
i.,dOlor lonIps. 

114. RffUCTOU AND COVEl GLASSES. a. R .. 
8<.:'0 .. Ol< uotJ in l>mp'" ,,,bl,,,,, 10 rediren the ~Jbt 
"",ill<"<l from tho ir>Dt'lda<<fII 61>mMt, into the dnin.! 
....... Oilkrnu IJp<> of ,dIeaor ..... , b< uoN .... 
pmdmg upon tho ..... icc for "hidl tl>< I&mp ' " ,61, 
" int....t.d. for ~I<, in • I.o.,din& Iomp, ... ho", 
<onant, .. "" boom of high<st <OtIdl<pow<t i. dnin.!, , 
p><oboIio: rdI""Ot .. ·i,n • polished ",rion i. uocd (6g. 
IXl), In' «<OB"itioo lomp -IJ'. from "hicb. 
"i.x bam 01 lilh< ;. dniuJ, • 'f'I><ri<a1 .. lien.,. witb 
,Ji~w.i"ll , ur/>e< i. uocd. 

b . Cov.t ai.usn prot"" tl>< ; .... '0, 04 the lamp ... 
oembly {,_ ditto In oddition. a.., ""', be coIouJ 10 
p«>oll.:~. b<om of. p, .... colo'. 

115. fll;TU101 UGHTIHG fOUI",UNT. o. land · 
1" 11 .. ht.. (1 ) Laooi"lliishu .... oWMI<ly po_' 
ful ...J.r< dite<led II '" onS1< "hidl .ill p .. lho pilol 
the mni"''''' '"i,,,,,,,, io ~n'Ii"& on .rui~ li,pot\> 

111 ~I( -

",J f><W. _ Tho !ig: ... ""1 b< Ioo:ot<d midw,! in d,e 
1<.""'& «18'" of _b witlj[ (6&_ 2)1) 0< .. ~lir><d into 
tho .i<pl_ ",rill«. Tbr IondinS lighl. d"" • hif> 
CUrm>!. 1\ "~1' ......,.<1, <OnI<o1lod from the o:ocIr.pot. 
""'y I>< uoN '0 <ontfOi nct. I""p, Borh.1>< conI<ol 
(i...u.. ond tbt Iomp rirwito Ott fused for MhIy. 

( / ) In _ inOblblion .. ~1""'obI. I.OOin& l>mps. 
act ioto .... UM<t .. rf><<> of tl>< ""'Po"" uotJ. l<in&: 
of the lunp Irn>c> it ,h ... &, ... 1, ....... «1. n.. ;n ... I1._ 
.iot:> is w .... Uy .... de ... shown in 6,.", / , 1. It;. poo.>4bl. 
'" Iow<t or ~ .... th< lip. ""<I '0 .urn i. off in .... 
.. ,md<d positiO«. Tho Wtdin,.!ip, ".,,<,. tw .. spIi •• 
f><ld .. iod;,!:~!!, In)_ Tho ~., lefmi,uJ of tho 
r.:1d .. <0<'1 '" 0<1< of ,he bn.!ohoo. The other 
bnr>Ir it gouoded th"",p .b< coil of. IOlmoid "hidl 
~ .... bn.ke oboe. ThiJ brak. sIlO< iJ I><ld t.,- >prin! 
,ension ,pins< th< """'" wit. Tho other twO f><ld 
.mnirul$ .... coru>«1<d ." tb< ""' .. lefmi,uJ. of th< 
""",roI .... ikb S throug/> <WD<t l?"''''' C &nd D, Wbrn 
.... I",d;,,& liSh< i. td ........ fO"'" C ... po"b<d ~P"" 
t.,- II>< s.-.ml q.udtO'" o.nd po"'" D .. ~ <Ioood by- .ptiB~ 
I ........ , If ...-itch S;, _ pLs.r:<d i".1>< ··Iow ..... posi. 
tion. th< bIIt<'Y CUnn>' "hicb ~ tb<Ouglr the corn­
pI .. «I. motOf errorit morp= .b< brake ooImIIid, .. ith· 
d .. w;"S .... bub oboe '" """ ,I>< motot .... , tum .M 
th< Iomp ... iII IWt '0 Jo.u. Af, ... "P!"o:uma •• ly W 
doS'''' of rno"".",,". """act A h;IuCh<o ond rides .. 10<18 
<Opf><r bot Il. Iightin&.1>< i.omp. Wbrn fully Iowo"'" 
.... p<Oj«tiOfr <XI the ..... of II>< tpt ...... dt .... "f"'" 
<ontaru D th ... lIOppins th< """ot .... d ' .... $'&in& tho 
brok.. [/ ,I>< <O<'ItfOi . ... itch i. _ plo<od '" th< "to_ 

....... posit;"", ,I>< mot", will "1'""" in tb< "I'f'O'i« 
dirortion 

,~, 
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Fi"",,1. lAIi" Ii,., , .... hli .. 0"'" ,,*,Kt 
• j ·;'1· 

, 

oimil ... l, I",ot«! 00 ,l>c kl' ''''nlt, n.. ... h;,. I""'r i. 
wwJI,IocaI«I "" ,l>c .mlaI "lbilixr ;., ...dI • p"'i' .... 
that " _, l>c ..." th"""" 0 .. id< ~k .. b<ft .... «1 
lrom the teal. 'Ih< ... i",~;p lUIIf' ...... t< or. <OOD«I«I 
... po.t'1lkl and or. """,<OI1od t.,- • ,ingl< .... ;..,h in ,I.< 
1'1"'" «on>ponment. Thi, . ... i"'h ..... ''''0 "on" pool. 
,ions 011< of .. bid> i , <_od to ,l>c 1"",1'" tlJfOUgh 
o =i_ (6,. 2'4). ThU ,i ... the 1'1« ,ho <boice of 
'wo int"...;,ieo rOt ,ho "'"",.'ip Wnpo. n.. .... 1 lamp i, 
oimiLotl, ~ th"""" • "PM'" .... rtdt. 

c. f ..... GII.n II,ht. . Foc_ light •• ~ ut<J on 
w,.in mili!>')' ,.;«nit foc nip format'" ftri"', On 
I.o<g.: ,.;rcroIt, th .. oct 0( li~ """"II. of Bi". bJ ... 
lamp<. Th_ .... ,o",lIod ,n • ",";She I .... /\IntI;ng 
aIoog ,ho uppn ... rl .... of the r-~ ",d ,h_ .re 
ploc«I on ,ho UPI"'f Ii"" 01 Ndt ... ing Of on the borilOO' 
tal "abilu"f (fii n)). 'Ih< formation ligh .. 01. "'" 
oisibIe from the 8f"""'I I'd 'hoy p""'iJ< ...a;. ..... iliu. 
"" .... .., Iw 8fOUP _von .. i,h oJl othtr "8h1. 
I\tmN off. n.. "-"tion 1'~' on: """,roIlod th_gIl 
..... pooition .... itdt. on< I"""ion of .. hid> is <I>f1.n«t«l 
to tbe lampo 'hrwsh 0 ........., _ g,.in,; tho pilot 'Il< 
ct.:.;c" of"", inI...,;ties. 

d. """nlllon Iot"p. . t.irpW>co cqu,p('O<I /"" 
Di8ht Ari"ll ore ...... 11, JUWlird .. ith ul""'fd onJ 00.'0' 
_d "'"'I"i<ion lights. "n.. up .... rd ''''@'ition 1i81( 
io Ioa.t«l on the '''I' oid.e of the I_loS' and .",," • 
..rut.- lignal ";oibIe (""" "', pooihon ...... 'be "''PI.,... 
Th, ... down .... ,d ",c"8""ion Iighc> on: loam! in ,be 
bottotn of ,be fu .. ~ .. ,ho 'i!;hl wI««- no. """'n .. ·.'J 
t«'OfIoi,ion lights .mi, red, _ ..,d ..m.. ,is''''oI • 

----

Fi, ... 1H '-J;"Z.i,« _ '-N, .. .u ,;,.,.i,. 
~ " 
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117. MAINUNAHC!. .0 a..d all viooOle wi';", in· 
dud;,,~ C<I<ID«I~ t«minob. fuse, and . .. itd><o for ,,,,,.1;,_ ... d S«\OriIy . 

... Kr<p limp Ions<o ... d mien ... <I .... and hip" 
roIUhtd. If. t<!I«tOI i. found .. .,. c\ouJ,. """,,",'. 
Ix""" w~h oo:<tO<It. polish w~h • min~ .. of lampbLod< 
.1><1 . koboI .. J .. I~ •. If jt.Jo.. "'" "'...,... <Ioo>di. 
n<>O. !elk""" will b. ,,,,_«I &lid ,.,1'>«1 in fo< ",pUt. 
i.... Irwmu<b .. d o .. d, «II«ton .t< ...... 11' CW>ed J:". 
an &i. INk ...... J tho ...... inola!! • ""' pok .. .nm 
tl>< lunp i, ...... ', "mbI<d. (""rei .. <>1< to i .... re 1''''1"'' 
fOC>d .... d >.Ii""""" •. 

<. n.. a .... 01 ""lfw><t .... i..., of .he lishti"ll ..... ip­
_ .... r bo: Io<aI<'d t.,. .,...<""'''''iI, '<!tin.!! _h urnI' 
<it<Uil "'llh • """'inui" , ....... 
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SECTION ltV 

WIRING SYSTEMS 

Ill, GfNEIA~ Wil iNG HA.,UU5, V.,i"". 'YP<" 
of ';m.ft do "'" bo"" id.n.;"1 dm,ic.1 ' I"'«n<, but 
c«toin typiol f.,.,u,,,, .« in 8<»«.1 u.... Tho: in«,. 
«!>.ion of .1>< """" ..."".", I.,.,u,a of • J'O"« di>tri· 
bulion .y>I.m or • .no .. " in 6gu« 1M. 

a. F""" d .. boI.", .. d 1'0<'010<, r .. d<, Ii .... any 
CU',.". 10 .1>< mii. bus, _'hi<h i, coruid<r«! .1>< "",.,.1 
po;n. /0, dI< dj>lribution of d«lri<oJ ''''''BY io.1>< "";' 
"'" ,lmri<, 1 d<Yi<a. Booh.1I< bott"y ",d tCfl<fIlO' 
f .. den or. g<"""lIy provid<d with mo.>t« 0' "",in· Ii,.. 
... ite .... ' 0 .mbt< .11 ,.,,_ to br cut o£l" in On< quick 
0p",.,ion. "" ""', be <l«i ,.bl< in . n ..... ,g<<>q 0' .. I><n 
• ,>ling, Tho ..... ';0' .... ""'T be cont'oH«I nn_l, by 
....... of ,.I.ys. 

(1) n.. .... in bus i, . fOpp" bo, ""Iotod within, 
"",.1 i"""ion box. B"nr:h<i"",it I.,... .« -...111 
a"..:l><d ' 0 tl>< ....... 1<,,,,; .. 1 of .1>< bu.; from .hroe 
IU><>., ...;"" run 10 «In'rol • ...itches i" .be rodr;pit .. d 
'I><. '0 "r""" <1«1, ;"1 uni" loca«d th,""8_ tl>< · 
, i,,,,f •• 

(1) In """" i"". II.,ioru. Oth« o....e.; f«l lrom tl>< 
nt.in bu~ &f. Io<",d in ..."1",, ....... omrpi«l by the 
,.Jio Op«.,Of, ~ut"'.". 0' otl><, 1' .... 0., ... 1. and 5<tv< .. 

,<Il'on 10, ,I>< d,,,,ihution 0/ .Ieet,icol mrr8Y '0 ' 'peciol 
~roup 0/ ..... K<>. 

b . W...... tl>< boH::T m.,t« ,w,tch i. cI_d, 'ny 
"",'ie. di,ml, «Innect '0,11< moin buo may br opa-.. ed 
" ' .Y " .... ",. m<>.n< of its individwl . witch. Ce"ai" J<.v.,... on ,I>< <>t .... h .. d, ... ronnect.d '0 .1>< m&in 
bu •• h'''''8h a .. I .. y .",itch .. d auxil".., bu • .,coop 
........ n.. ,uxilia.., bus i, «I., .. J to 1"'1"' .. 1, ... 1>< 
.., f .. ., bu •. 

(1 ) Altl-o.lgh ,I>< mlB"'''''' ....... i«I, in~"""'" 
of.1>< I'n,,,"o.r.bo,, .. y .yst"" .• 1>< >aldy . wi,ch "of"n 
i",o'po,",«1 in ,I>< ....... _, .. ,I>< .... g<><to ... itch. 
Fo. ""''''Pi<. in •• i"81<..,n3i ..... I .. ., i",i'ion • ...;"h 
th,o< of .1.: t«O\i ... " .. , fo' .1>< rna~""o 'p''''''' tl>< 
«mlio,IlS t..., (oft.n <bi~ .. «1 II ",d II. p~, Of &1. 
• nd Ib~-J ",n'< 10 (I'"'''''' ,he .,..in bu . ... ith.I>< ..."jli· 
• " buo. 

(1) Th< pilOt"ol.: I.:.,;n~ ,km<n', tl>< ,1«I,ie 
.u"" coot .... and ",br, "'l"'pa><rtt ",hieh oroin" il, 
oIt""IJ not br op."trJ unk .. ,I>< , i", .. 1t i. in ~i&l\t 
0' ,I>< '"gi", i . bring <""krd. Of. a><tnect.J to .1>< ..,.ili", buo. n .... thro< d<Y.,.. an"'" br Of"',,,rd by 
tl><i' indiyidu,l «Inlro! ,,,,i,,,,,,, brfof< .1>< pilot hu 
t" ,n«! "" tho i"" ition P''P' ''to.., to .. ",i"B- ... 1 .... IlO 
dama!:" 0< ""'''". _, .. to on <nUlt bre, u .. 011';10" 01 
,I>< pi"" to Mn olf thrl< drv.,.. It tl>< ,nd 01 a flight, 
p""'irl<d I .. hu.!tot 011 tl>< igni.ion. 

<. (') n.. J.'" ~'i", r""" tl>< poo.iti~ batt..., tr<mi · 
n. 1 p,orord> £," to "'" ",nt,".f of the ..-.,,",,« 
""tc" t>« ..... the 01 .... '·_' ,i«wt d ..... the 1><.,.;,,, 
eo,,,", and requi«o conductOtl of "".., """ '''''IlanCe. 
Thrmorr, .1>< bolt • .." ". ~ .. _' • ..,d >t>tI" ""i"h 
0" 1'", .. 11, kx"rd 0, do .. 'o <a,h <>tl><, .. pcactieab.i<, 
'0 oJ""" .bei, 1><"'1 lead. to be .. .00" u I"""bi<. The 
Ii", whi<h «In""". tl>< buo to tho ""t<.., .... y.boen b , 
• lipt'" ubi<. 

( 1) fn ........ inst, II.,;."" thr oIa,,« ,nd nuln buo .. , 
coonect«l to • hcovy connecto, pi",. Thi, plog i • 
I",,,..! .., .. '0 pot"'; . '''1 cmnection '0 • bo ... .,. <art 
or a ~"""'" f'O"'" pUnt (6,<;. 13') . 

d. (I) Wi,., ..,ed in .i",,1t ,1ect,icol '"c"'" <>.,.,.,. 
. n id<:lnB numb", ThO, "omb<, ""'y be p,,~..,d 
.. i,h. I .... , to i&nt ily ,II< 1<"",,1 ,il<\l" of ",hieh 
tl><"';rro,. p"tI. When rrpl"i.g 0 ddecti .. wi ... no .pI"" '" pr,"';tted. ",d , romplrt ........ Irngth of wi", 
i. i.,toIkd, of a typr. I .. SlII. and .i", in ..:co,da", ... " h 
'prciliot,oou, 8<1000.1>< ",i,. i, i"""lled. , bor,d 01 
«!lul_ upr;. w'"fped.round ~ nea' ... h 01 ilS "n-ni· 
n.l~ n.. idrntil"nB no""", i. lJ"prd on ,he upr. , ,,d 
a ptotmi"" ""'hng 01 oItel!a< . ppli..! , With tbi . .... ... 
of id<"'inetl;on. , ,i"",it an be tra«<1 ",J .... «1 "";Iy. 

(2) A ""'_, panrl i, • panrl of i ..... I"i"g mot .. 
,i. l p,.,.ided ... i.h ...... ""''' ",hieh ... i ..... la'rd from 
<>,h ",1>« , Each .. ,":naI $OtVe> .. a «In"ni . .. iun<tion 
IOf a wi« to be <<>n<I<Ct<d '0 On< or morr Irngtiu of ... i",. 

119. WIliNG. o. 'ow., ,obi ... ' ''' J'O"" in ,I>< 
<Iect<icol ., .. "" is ."""",,,«1 I""" .1>< ""' .... '0 "'" 
un;' 'hrough •• pt"" of ...;, .. ",d arbl ... In :1 ,1«:. 
"i<, 1 """,i,. a ronductin& pnh mu .. br """.i f10m 
.ho """ .. '0 ,II< uni, and from ,he un" bodr to tl>< 
""' ..... In moot ai",I. _ ,I>< ""u,n I".h;' rh""'llh ch~ 
/ .. "" ... "'" 0' othr, metal ponion of tl>< . i,pl • • o. >t"",. 
'u",. 

(1) c.bl, .. ~"""'~~. n.. .i ..... ', <ObI. i, <on • 
""",rd of. 1,,8' "umbe, of "",II, ti"".d <orpr' .. i ... . 
n.. u>< of a I" S' numbo, of witeo .... k .. tho hnish«! 
,.;" .. 1, <ObI. """. lI<xible. Th .... ,'" .« braided 0' 
,..i .. «1 'og<Ih« .od Ih<n «Iyor«! ",i!h .n i""".tint 
"", .. ,i.1. n.. i"ool"i"" rna, br . "n;oItrd camb,ie or 
... , 01,",. ",itabk i".ul"illS ...... ,i.1. . In ,obi. IV", 
li .. rd A""1·N"1 ' p«ifK"ion. 10' . i"raf. <obi ... Th. 
.;.. of tl>< cabl. i, o..;gru.rd in'I>< A_,icon WiH G'B' 
numbr:, ( A.W,G.) . In.1>< "' ''''y Ai, f Of(". onl, "" •• 
"umbe, ~= of ..t.te " • ....d. n.. .i ...... , ... I""" 
No. :ro to No, 00 (I/ O) . n.. 1,,1" the nunobe, the 
"",11 ... 1>< <.bI • . Coo>«J""noly. No. lO;. the . "",11." 
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-, 
~ 

.. ,~ .. "'" . 

~=s-"'-"'--- .. ..., ~ .. -, ..... _---

-~- ... ~" _ .. .- , ..... _ .. ..-.. .... _-

. . . -....... _ ..... 

.. .......... ' 
cobk and No.. 00 i. ,he !.'s<>'. n.. ""1"'" ta';"& '" 
cu'"- ,>Ii", of • c.bl< <l<pcnd. up"" ,I>< <_ ...:tiM 
a<n 01 tho cable. "The fo .. cap06'T 01 "" .,.,1.;' tllt 
ma:J<imW1l <Un .... tho: cabl< .. -ill .. rely "'''T. . 

T .. II' An /1 ... ,.."",.t -, . "' , " , -, 
• • -... ~- , .... (-~ - -A . ... e. ,_IL .. ,. ~. , '-' ,-, 

01..'1_>0 to." .. , -" ." ,. " 1.10-.6 . n ". " 01..'1-" '" , .. • II!'<-" , .. IJ.. " AN_'~ U" ". • ,- •• ... • ". "')6 ,,. ,. 
~ .. ,,. - m 
AN-, 0.' ''' .1O •• m 
.~ ... ". ,"' .. ,. 
'"~ ... ,= ~ 

(1) Sh • • , ,#/., In _in8 the ..... 0( <Obi< for 
any PI";",I,,, ;n".I1,,;"" ,bo cabl. ""''' be xlected ... ~h 
.... corf«l ( o. Ml b"l cu,,<IlI m'n,. In. 1R drop. in 
. ... abI<. ""'" _ .. ,....I I vol! (Of conti"""", d"'J or 
1 ><>It. for inl<,mift<RI d"'r (28 ..... . re ustd in m,tk. 
ing ""1 IR drop aolC\lbtlO<Q). Of .. ". wt>.in ..... 
cable ",HI carry • load • • f", ......... "jog dl'ect i . 
< .. u".,J but boc ..... of ill I.~,'h. the vol"~ drop in 
,"" <ObI< bt",", ... a<n>i... In Ib i. <.I",' 'us« nbk - .... 

(ll R •• ,io;( ., ,.Mil, In .....x,n 'lICIial . i",uft, 
conduit i, dim .. wNl, "bt, .... , """,ibk. to lxil i, ... tho 
wi ... ><ptratioa of cob .... Ito .fomi .... ion ab o /0<,1. .. ... 
abI. in, .. IIat;on and ""'nten...<. and. in addi' ;oo. .. ... 
_ight. W ...... , ...... i. wide 1<1'"'''ion cl <>h .... tho 
.. ,pI_ ,I""hal >,"u bt< .. ,"" k» .. I". .. bk to JUn. 
~.... In t'" indi.;d ... 1 """'''' of WI .... .{"rticul .. ca ... 
_ ... t>ken that tho "'plane >I"""" ... "....d to "'" 
be>t ad • .,,"P .. "" .ka,ol ohidd {Of: "'" abI •. 
0. ..... " and....." "'" ""f"'" "", .. in,; of a ...... 1 .i,. 
f lo ...... 11 proolde .-..:dknt >!Ii.ldi"ll .1£ ..... In "1'1><. 
'''' • wk. puti<uio< ca ... mwt ... """'" '0 '<place i, ,n 
"'" eucI pooi';on in whKfl ;, w., "'i~i .. lI, i""al~. 
No "'emp' should ... made '0 ,ed"" , ... lensth of "'" 
nbl, br """"8"'bot .... , ...", to be. "" ic.1 obot1 M . 

... IglII~ ... ,,,bl ••. (I) IlI"i,;"" abl<o n«J "'" 
ba ••• his!> ",r.- ca''1in, apoc;". bot, mu" ... obi. 
to witrutond • hip YOIt.£C. H .... ,. tho , ..... , portion 
of ,ho able ;. ;_I .. ion. 

(2) Igni'ion WI .... >«I ;n tho Arm::! Ai, For<-.. ". 
or two si'" ,t.: ]·mm is "'" Itondo si .. /0, ... ,1, 
,n ooig;ruol ;"".u ....... :. , . .,." cable i, bei", wed on 

'i,_.III>. ,,... ~., ) ..... ,~. M.!,". 
~ , 
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,.,.,.. <>I th< ...... .,. ,,,,,.lLa,;on. and 1<1 r<pu.c. ..,.,.. of 
,I>< 7·""" cab" .'lx, .. ,,, , "pIac • .,..". ;. "'jUif<'d. 
no< ) _mm cob .. Iw • bttt,t typo: 01. 'noubl;'" and ~. 
""']1« ,i", f"';lit>'d ,,,,,. 11 .. ;,.... If. )-mm <ohio is 
.0«1 to np ..... 7·""" cable, >p<ci>l ,d..pling O<oica 
or" ....,.j OIl <och..,J (lig. 261). 

c. ' .""1 .... 1. and ..... "_ ... (I) A 1<""';<»1 is 
• <!<Yh who:h <&II ... ~ to .Iot ctlJ 01 • <.bl • . 
It {",iii,."" .. ,><hmen. of ,Itt ..."Ic 1<1 'he _ru of 
po.,,, $l>pplr or t" tho: un;' .,hid> i. to be op< .. «<I. 
'.,.mi",I, ~ of .... " gene .. 1 <YP<>' ,I>< 1OId.=I rrnni ... i 
• ru;I ,he p"COI ",IJetI"", '<rmi""l. 

(2) To fadli,. .. ,.."..,.,J . n.d , .... U,,;oo of wi,i"" 
ro"".(.;"', to .1<"uk>.1 01'1'11_. convel',>on.1 <OJ>. 
_ i, U>«!. 

( .. ) T, p" "'" (q.,,,.,/;,,,,. Conooctor typ<> ar. 
n"_~ PlUS wombIieo.n: of ... o ty .... : ... ip.. o. 
90' . R<>«p<.d, , """"'1;0. ""'r be 0/ .he ... II.moonu"", 
'- moon""s. ",d int,s"I.""", .. ing typ<;s. T o id<ntil, 
.... r«<p<abl< from 'h< plus. tho =<rocle i, oJ ... )'< It.. 
liJ<td portion 01 tho «10_ and th< plug i. til< 1I>lJV..o1< 
I"rt. A,,.,,..N .. ,. >pKilico'iM n~ .... d JeI'''' idM,;{r.' <OI'IlIO<Ior', '1p< • .,,1<, tnd ' ''''"g<m<nt. for 
oump <, • oommon1r .>«1 ""'_ ""'1 be id<ntiliN 
.. an AN)I0)6....2a...,S plug with an AN.llOl-2I1-lP 
""<pI.d". 

AN- A rmt N ,'1 
11()6.......Sp<c,6ation nuri>« for plUS 
}101 So, ifico,ion nwnb<. for ~""I .. 
~ of ,I>< wI! 
, CenI>Cl .. ..."."'.,", 
P_ Pi" "",I>cll 
S Soct .. <0<11&<1. 

~LVES OF END 

SNAP RI NG --0 
COIJPLING 

ASSEMB LY RI N(' 
SOCIIE:T 

PLUG 

11>< ronn«tor _ionod ,. u><d "" • 18-voI~ 
lOO_p<J< g<n<rolor 'r>'<"'. Fiture ~66 obow. 11>< 
putu"d prop<'\' ... ,,,,,,I .. u •• 0/ tl>< <O<ID«IOl. 

(.) ,IW~, .... ~,... If . <0<1_ ;, to I>< ~I~ 
in • o;;fNir, d,u" ",!>ling, ooldt-t-ing. ."d ........ inS 
"''''' be f"'f'<'ly dono (Iis- ~67). 

D. J~n";on pan. I •• In ,be.-..drnr .i'PI ..... , ables 
... NIl from """ ... d of the oirpl .... '0 ,I>< orbor .hrwgh 
....· .. 01 junaion bo.... p..,.,u;on " ... , I>< rm.cI. to ... . 
rloc< llI<I ''''f'''<' ,1><0<: v."""'~, If ,I>< cab~ ... .. 
In """ pi<c., from ,ho: _>« to ,1.0 un;~~1er dilf>cult-, 
"""Id be <n<»unt<ml in ~la<,"S tlo< , h<n«, ,..,. . 
"" ... 1 1m .. llI<I It'ipo ' J< pr<>"'idoJ for- ,I>< <O<In«t;oo 
oi tho <>bl<o. Cobl<o .... D<V<. spl >«d btl......, iuoc, 
,ion" if • cobI< ;, domogod. i, i . """"'N and "I'la<ed ,..,Ib . ,...... _. 

e. Shle l<lln, . Sh;'lilin8 i, ,1.0 ttorIooing of cable< 
or d""rial un'" ""h _01. n.. PU'P<»< of ohieldinB 
is to ""''' ,I>< hit/r./«<I""'" ""ll>ge ('m.m....,<) to 
be induco.! i~ 1M , IIfflI ,,,I><. , ..... in ,I>< .dj ...... ..ruts. 
Shieldio8 i, ~oed ... 1><,. on< uti" i. '0 I>< prot<Ckd /""" 
tho dkrts 01 • h'Sh f"'JU<"<1 '""'"' ,n • ~nit "",or it 
'" .. 'I><t< • <.t.k i. to be ~""«Ied f""'" ,.,1;0 It<q<r 'K, 
""' ... "" ,,""pl< of th" ..-..uJd be tl>< 110.,1>1<,_01 
«Mri,,!! about tho ..dio 1fIt<lUl&. 

f . • onolln,. ( 1) C<HI,,,.,,kJ.. "bond i> usuaI l, 
mod< up 0/. fi<lribl<"....1 .... p P!"""doJ ... ~h • t<nni· 
... 1 .. "",h ..... 1 11>< bond (lItI be mo<lr: 0/ ,i,l>..- .1 .. • 
min"'" '" ',RiIed «IJ>I'<' .. "t<. Il<rw<v<., co« muJt be 
t;uen _ to pla<c """ diooimilor _.h ir> OO<I,oct wi,h 
on< 000Ii><t. Bra ... bron.." «IJ>I'« , and .... I in """oct 
with .Iuminum .. ;11 morlt in <tIrrooion, .. ptcioIl,,,,,,,,,, 
in ,I>< pre>«>« of ,.,....,... . 

CON~~TS ..-:..;:... < 
.-
if 4!!Ii 

I ~ SERT~ 

SOlDER CUP ~ 
FACE PlATE 

RECEPTACLE 
-, -

c..J, to .. ",,.. JI.f. 
0, " 
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(1) U'" ~1"~Ji." Boods.~.,...j ... Ii. rogrtho' 
de<lriall, ... , I'""' of ,lit m<t.ol .. """". 01 tho .;,pI_ 
which 0# II(!( 'h<><l, on mt08raJ port of the .;Ip/ ...... 
An, put 01", aitplano .. hictJ to _. or i. <oon«tN 
by • N"&<, <1<., oI.ouJJ to. bo<>d.d to til< moin .""'~ 
"hI>< ";'P'''''' Th ....... U, an br door ",jtb • bonJ 
""Ira r"", iR<h<o 1ft .... gt"- .so...., of tilt """" ;mpon"'" 
""il> .. hW:h '"'f'i ,. boM"'8 .'" eng;'" te """"'t. 
'ilo:<Ons to ..;os, ,,..!io t<I tho: .irpl ..... flXtUr., ~li,,& 
ibpo to tho "'pport, ... d a><>dui. to .Up ..... >1"""'1<. 

(3) ~"u.t""". Maint....,...21~ "'" 
thot ,ho bond be jnlod 11><1 mal« , <k<trical <00. 

, ... ,w.o. II oJl 'i ..... , In rcploci,\!! • d. co", ""'"' be 
tak<n '" moko • good "",.1 ron""', If, in pr<pOting 
II>< .. ,!o<t fot tho bodding «>ru>«t""" .11< IUd""" .... 
to be deantd with Wl<ipoprt. ~ ""'" be Itt ... not.., 
dam.&<: the ooW .. 1 flni'" on tbe _oj. IIonJs ...,.,Id 
be pI>Rd in ""'h • p"od"", .. no< to inl«I= .. itt. tbe 
op«lIion 01 tho .,.it ond not be damo..ocd ()( Mil." _ 
bcnwe 01 .be _ion or vibutio<> Of tho "';1. 

120. Iller.ICAL SYSTlM ~.OTKTION. a . G.n. 
..... v • .- <10:0;';" ond """8<"'t"" 0/ d .... ilJ ... 
....d to (>IOI«t tho <k<trial opt ... 0/ .ion. I, from 
dam&&< ...d ftjlufc. 

AAMATUR,£ 

ELECTROMAGNeT 

_ ... po .< 

• 

b. fu.... A Iu.. i .... rip 01 "....1 bridPn8 tbr 
«>do 01 '- .. im ;" • <i_~ .• ho mot.J ho';"8 ... .., 
low "",11;ng point. MOO( Iuf<O .t< "",do 01 "" ..IIoJ' 
of ~;n anJ bi ....... h: 1>0" ... «. """" on: n\J<k 01 «>\'I"'r. 
If ,he r .... i, modo 01 <oppcr i, is <a11N OCU,"'" Ii"." •• 
n.. "'" .. , limi", is u..d in oroionali'ing tile oirplane 
cim>i,. A luo< .. ill ..... 1' and btnk tit< OK'Ui, .............. 
,he ",rm>< brt .. " .. <"'«Ii..,. " ......... 0 cur"'" limil<. 
.. ill ... n.d n>ruid<robI< .... rk-d to... """" 'im<. n..... 
on: • n....v.t. 01 ryp<O ." r....... 'Tho ..... ...,.. u..d in 
,he Ann, Ai, Fo>«n on: ,he '·plu8·in·· '11'< Ot ,he "dip" 
t-,pe. 'Tho uparity rX ,he f_ ... ill 01'0"" be: "i~IT 
l>igh<r ,bur ,he anticipal«i Iood on ,he ciK'Uir. 

r. (i«.11 h_~ . ... (1) A cimri' b..-ako. is .. 
,...,.,..11, op<W<'d .... i'ch ... hi<h has 0 rn«hanictJ '';1''" 
pi"/! <1<>;"; it .. ill b~ ,he cim.i' . 'hM ,he ""''''''t 
_lin • pttdoI<nnir><d , .. I"". 'Tho cim.i' btnk« is 
011"" u..d in pla.:t ." 0 fu>c ""d ~ mar <"miom: ,he 
_ 01 0 , .. itr:h (11&. 168). 'Tho ci ..... ~ b«-.k« <an be 
modo 10 conrtol 0 n....v.t.", ,im.;" .. "-n in ,he 
dillfl.arn. s.v. .. 1 typ<O ." cirar;, b«ak<" . ... r«! by 
,he Army Ai, fo=s. 11>< masR<lit ')1'< op< ..... by 
tile 1"'11 01 .., <k<rroml,llR<l OIl • >mOil arm.ru ..... ltidt • 
irt rum, trip> ,he b ....... 

( 2) Anotbrr 'yp" rX cin;ui, bn:o!re, is ,be ,tram.I_ 

TRIP 

__ -7-CONTACTsl 

~ " 
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_,load bceok .. Or .witch. 'It"h<m. bi·_.Ili< "rip 
brt .. ,co h<t.t<'d. it .. ill bend .war from • "",d> OQ tho 
,"';',b ~t o.nd P'''''''' t ..... .,itd> 10 ttip open. ]J . 
.imO, btnk<f ;, ....d. "'" , ... itch mwI be lumN ,II 
II>< ... , "oS" th<n back 10 lhe "",," posit.., to poll t .... 
cilt\lil bod< in op<tarion. If 'be..-Iood"' .ill pteJ<tlt, 
,"" ,j .... ,. IK,.h, ... ill .pin "ip w~..,.,.. damol" to !be 
,iKUit. 

d. O"ult """,.mB. A ri.."it p,()j«!01 i •• ~ 
" 'I>ich WfOmaIinlir "1:'" the cifClli, wheoc>., ..... tcm· 
p<tUU", 01 tho _.il ~ OI«O$, .. I, hiS"" It has 
tWO poo;';""" Wlomati< "of"' """ '",omo'ic "on." 1/ 
tho", is • r ... 1t "hkh .. ill "' ... til< 1<"'1'<,"11"" ol • 
m<If<I' to t... .. '" o:zceui .. l, hiSh ( . Io<k<d roIot, 1« 
""amp"') tho <i"",i, ... ill be brnk .. i",.rmiIkntJ,. Thi. 
..... , ptrm~ tbo motor to brnl< ~ &tid """,,1<1< ill 
"P<ralo., Tho op<' ... ;o" 01 the ,;""il p'''''' lor ;" 
OCC<rnpliol>cd by. bi_ ...... disk '" .. rip wh;m ... iU bond 
and brctk contact ........ it ;, ...... d . Oa cooli"3o ,he 
b,;·mdU dill< will ...... "'" ~. OtiVn>! poti,;o" ",d doo< 
tho «>nt_. 

e. 5.<IIo .... II .OIlon. 5t<tionolilllt;"" is • P'ot-d 
plan f .. ,t.:: ."anr-t 01 ill .I~ ci"";' .. f,~ ~ 
";00 altcnUlt pot'" lot on .1«1.", un" to «<C ... ~. 

pow« (Ii&- l(9) . At ndI i""'-'"'" "".- 'i",,'en ate 
phad io .he ri .... it. F ..... tnd cif(Ui. bt<d<." uti be 
uood in phc. of C\ln~nt lima<n: how""" ..... d"",i, ... iIl 
no! /uDo:tioo ...... 11. Cirt'lli, b<nk.n bo> • • ho ad • ."."8" 
o f DOt «quiri,,! "'pIa<ommt. Sin« """ionalinliO<l pro. 
,·ido. an ,11<""'1< .1<Ct,i<aJ p>th ta, doYiro. ~ <wId bo 
r>p<dall, v, l.obl< '0 aiKraIt in combot. If an .\oct,ical 
p",h f...ti"ll' ""i,...rn .. , 8"n tuft<t t... .... n brok<n 
b, """fir<. ,ho ,"II" can b< f<d by aDOtho, I""h """ .. ar ,,,,,,iou< to """.... If a f'O'h 100,. laul! ouch .. 

(,] 
. 

V 

• oh><t ';rt'IIi'. ,ho d,tuit ... ill b< 110 omnud ,hat cur""" 
lrom .- 0, .b«< Ii ........ ill ked inta ,he <Ufru>l limit .. 
in"allod in <he Ii ........ ing <he ih<Kt 01'<'11;" and ... iII 
br<&k the """it. n..,d"",. the laulty ~"'" ";11 he tilt 
hom ,he "l'<'IIi,. n.. I"""', ... ill the" b< truamitttd '0 
the uni, i"'""okd '0 br ope<>to<l . 

121 . WilING DIAGIAMS. a . n.. .... ".I"""',.,,x 
the p",kuLo. aiKrait furnW>n, .,.j'ing dia&"'" of the 
rlt<!rical .,. .. ""'. Thi' ... irinS di,~"", i, in blU<l"int 
lorm and ;, k~ in.IIr d, ,, """PO"""'" 01 thr , i,,,.I, 
110 ... 0 be .. ailabl. at.1I 'i"",. 11>< ... iring diogr .... 
;, hrlplul '0 the n'l«hanit ........ making imp<n''''''' 
t<Sling ortuito, . nd 'rplaQ"8 d.arial «jWpmrnt. A 
.... 11 put of an . i",ralt ... 'ring di' g,am ;, shown in 
6gw< 270 . 

It. n.. "1'" and ..,.i,1 number of the .i",ra ft. aM 
v.no. .... pI.n .. O<J noI .. Of< giom 0<1 thr bl""p,in'. Th. 
... irinS di,S''''' i. >ub-dividod t". dubrd lin<> '0 indit" • • 
ill • 8«>«. 1 .... ,. the BUin _;0"" of ,ho ai",,,It. 
Ooobod Ii"", ma, al", 0.-. , j"""'i"" box or ",ho, 'r.:"""« and in ""'" i<UWl<ei mrduni<.1 linhs<. 

•. 10 .dditioo '0 man, of ' hr <O<IVt\OO> .,mba" >1>0,," 
in hg..« 7 .• ,,""" "'hr' >ytnbolo ... "-·n in "to« HI. 
' pp<U "" ai,,,.ft ... i,inS diot,,,,,, .0 de.ignat. it.,.,. of 
<lor;t,i<al ~ipmenl. A «I.rrnc. nwrbo. i. ,,~~ ... d 
10 coodo .. po ..... ~em and prin'od (f~l)" .utd" . 
.iPod) """ thr.,.,mol ... hich "'fU'<"" ,be i,om. 

(I ) A tabl. of "Iolpmm' i, ,i .... "" ,ho blu0p'int 
and ...rn i,,,,, of "I"ipmenl i. li>t<d n"""",.,al',. In· 
formation, f", .oth ;I<nl, ,,,dud.,,. i" .. ,i, 1 nu"*",," 
<>0 .... or .x.e.iptiM. ,!","'ity "'I"i«d. A"", Ai, FOIT'" 
typ<. ... . T.E.,.I .. i"" of "'l"ipmon' >ho .... in ra" in 
~g..« l71 ,,,,,Iud<> """'" 01 ,1.0 it.,.,. >I>0000. "mbalit,11 Y 
in ~.rc 270 . 

lJiL.Jt _.-
,,,,,,,, .. ,~" .. 

,",1_'-' Ji,,,, .. 1_ , ,,,;'..Ji,";' .. 
~ , 
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P) The ,ObJe <'Ju'f""<"" ohouid be oon<ull<d to 
id<nlif1 • symbol . nd/ or to in .. « ,,,,-, ,he """", 1Jp< 
of <'J"'pm<'" ... ill be "buincd .. J>c" "'p'A<rnI<fI' i. f<­

~"i '«I_ 
~ . Ubi", ... hi<h , .... 0>«1 ,-,0>0.. uni".", i..JiruoJ by 

"'lid lin<>, "<~icol or ho<i<O<ll.L For ,d..,;II .. ,;"", the 
.. "'" ><,i. i"nwrt>o:, .. hieh -PI""" "" ,be ,obI< in tho 
,ire"f. i. prj",td "",,",hero .long ,,,", I,,,. ItIhkh '''P'''" 
""''' the cow. on the di.~ram. 

(1) ..... i« ubI<, .t.own in pan in figut. H Z. i • • I", 

I iI'''' on .1>< bh"pri .. , .. cl it Ii ... ,I>< cobin numerically. 
of,,' ..... ion f", ,o<h ubi. nuy includ< it> Irngth, "OC, 

..,d typ<> of ,.rmi .... r 1"8~ 
(l) The wi« ,>hi. should be coruull<d.loft>. robl. 

in the " " .. f, i. to be: t,><c<I '" .. ben. d</«Ii •• ,abJ. 
i. to be "'plaad. _" «plo«"' .. '" i. nude. ,I>< nuO">­
be" ...,. be I"" "" , .. new cabl. ju>t .. tOeJ "',,'ee (>II 

II>< abl< ",tud> wu ~1>«<1. 
• • Conduit i. _"UJ ...., ..... nttd on .. i. io, diogmmo 

by . ';"!!I. ",lid Ii .... At.odI .nd 0I.1x hn<. bloeh! 
jt d ...... '0 inel .... ,II ,be .. .,.",. ,obi .. <fI1<'i"~ 0.-
I ... ;", the (""dul., All cabl .... '«ins • ,ondwt It 
_ point ""'" I .... it ... noth<, poi .. but "'" nocn· 
.. ,a, in .... ...,.,onk, of ""'7- ~mu .. bo ... «ioN 
no< to """r.", "",duit ..,d ,obi. Ii .... , A «H><IWI Ii .. 
""'1 or ""'1 not hI" In <'I.ipn>tnt "utnbo, bu. i .... ill 
""or Iu"". cable nwnbcf. 

I. (1) Omo, ion, II,.' ""it (or 8'''''P of ""i,,) 'f'" 
P<'" in • " 1"'''1< oker<h. figul< ~7XD ill ... ,,~ 
• "",,",,,ti,,,,,1 m<thod .",cl to >how t .... ,..Iati""",ip bo­
"'-' ,I>< >ktcb ""d .he "",in bod, cI .1. • .,;,.;", di,· .-. 

(1) Som. ... i,in.!: dio8""" U>< , <Omplcte "<»do" in 

~ .. , 01 •• 

", I, 

",ok, to , void """r wi,.. <tOSii"8' (&gu« 173(i). The 
f.1I I"'ph of • <obI< i, nO< d" ... n; <HII, • "",,11 lenS'!> 
ulmd,ns Ito .... it> 'ormirut. i. obown. A, ~h !can;",1 
of "" i,,,,,, of <qIIipn>mt, vor","" ,ode """"",, ,re 
8ioen, TIl< wi", <Onn«ttd '0 • I<cminoJ i, r<l"<><nIod 
by 'numb«. A-nor numbo, ,d".:. .. '0 , .... cobl • 
Dwm. , d";, ru ... , .... i,,,,,, of <qIIiro- 10 ,,1U<h the 
cobl< ,onn«'I., Wbon trocinK • <obI< 0<1 ""h ""S'""'O, 
, .... i,.", of 9'ipn>trtl is r"",,«1 ~'" and theft the 
,...".; ... 1 to ... h",h tho cabl< ( ... hich i. boi"8 ""NI ) 

~-. 
• . TIl< ...... ice in""""i"", in t .... T«bn" . l O,de, for 

, 1"'"".1., .. " .. f, ..... r """"'in di"'''''' cI tpKilic 
ci"",i" ... ",1.01«1 f""" tho """pl«. wi,in& eli",,,,,. 
Fir '" 174 ",d .n lie ... mrl .. cI .ud> .uombIod 
di'S''''''. An indi. id .. ! ei", .. , di'8,"m i. e>p«ioJly 
.... Iplol ... bon II>< mcci'lanic i. ronc ...... with """ pa"ie. . 
lor ,imr~ onl, . TIl< ..,,,,ice in""""ion ..... , . Iso <On • 

,.ir> «Fpm«I' .nd cabl. ,obub,ioru compikd front the 
bl""p''''' ' 

(1) When ,n .. .....bled di'I'''''' .. «>nt"r><d in 
""vic. i.""""ioru. i. "'" , • • ilob e or ....... " i. i, dnittd 
'0 f." ..... ,imp!if" .p<cifi.c 1"" of. ci"",i'. a dt:t>il<d 
di'8''''' nur" uood, TypO:tl dct .. 1s of , ";";n8 di,· 
8''''' ore ,11"", .. «1 in ~8'J" 276. TIl< ....",i.1 f • • N," 
of the 8<"<" ""«"''7 d""it "", be simplilied by 
foilowi"A' , .... «>nfM'<li"", from "'" proper t=nin.I •. 
1M cabl<. from ,be If Iftmi .. lon tho·.ol"", «plato< 
10 tho If «rmi""J on , .... 8<"<'''0'. p""" th_&h ..... 
I<ngth. 01 r<>ndui'., pull I>«< •• nd. _ plua; one 
0II01t I;"" nu, be .oN to i.diul. ,h;, ~ion, By 
..... cI ,hi, _hod. ,he f«N rn of tl>< d""it IN, be 
,;mplilied '" ,he .. len, olio ...... ;" fi&u~ 277. 

"""'I' .''''' •• ;.z.-. 
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(l) "'n .ppr=.i ..... c I.y."", of 'Il< t...ic i,,,,,,, oJ • 
,i"~I<""'Si"" ' ;"flft <1«,ric.1 'p''''" i, "'.,..." in 
liS"'" us. ... d"S"'" of tho, d'_·I;o< 1)"1'" i, I"'flicu. 
Iody Il<lpful "h<n • <Omp .... i,·. "ud, " '0 be nude 
of tho .IKllK.1 {"'Ule> 0/ ....... mo.I<h of '; "flf,. Tbe 
'Lmplili<d di'gl:om mar be J"~·n hom til< wi!inll bl ... · 
plin' or til< Ji'Slum in ,t.< .. "icc in""",ion,. 

-

l­
I 
I 

, • , a 

T 

122. CIRCU it lUliNG. If """bl. dev.1opo '" an 
d<ct,,,,al devK •. ,Il<,..,.,...., go .. ,,1 Clu....-i:h< devKC 
;,,,,If mar be .. f,ul, (bu,n«! OUI. danus<J m«h."ic.Uy. 
ott.) or th .. 1"''' of 'Il< ,i[("u;, I .. d;ns '0 or I,,,,,, 'he 
d<vK< ""f be .. hu l'. eon';nu; t, , .. 'ing ,.r .... to 'hc 
d.edins pro«u w<d '0 d<t<tmin< wh<th« 0' t>Ot th<,c 
i, o<ompl<te dKlric>J <i""it. 

r- -----
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• • 'The <ircurlO iU",.,. .. d in (1). @. l1Id@ of Ii,..", 
l79 ,<>dude • po<I.ot.: type of «winu;', , ..... " · .... ...,;n 
d.-y «I".t< u!eJ .. . IOU'" of """8". "lamp wi'hin 
tho poruble tCOl:cr ><<Va .. II>< indi<at ... 

(I) If !he "",pl<>r dips oI til< ''''n unil 1ft« 

ro.,.chod togrtl>et • • compl<!e <i_i, " ..... Id .... <OhhIishrd 
and !he I>mp"ouId be liShted. [f, " Ihow. in figur. 
2J90. the dip> .rc h<ouplt ;'110 COntoct " ,jib lhe 
tem"<I>I. of the ...... 0< (or coils, nc.) U""",,,cst and tho: 
~ doe, nor UgI><, "" <>pm ci",,;, in ,be =iJIOr is 
indiC2lNl. Thi. 1$ i. ,otI<lu~\" only i/ Ih< """'1>« 
of the unit uo.dot le$I is s.dfici<"'" low 10 p<tmit Ih< 
lomp to 1'&hI. If II ........ ""'" t, 100 hip (mot< .han 
'pp"";,ru,,dy \0 """") • voIt~<t (.:""""ed on ,he 
pond of the le$I .. ) <an be ~ in the ";1<>0;, in 
pIaa of 'Il< lamp. II "" &;\onion 01 the voI'm.h:' 
poi_, """"l, "" Of!<" d""" to iodiato:l. 

(2) In fil"'" 279@thotest .. i"dial .. the p ........ 
of • .oon dK1.lj, 0< ..... the t«milUh of. , .. ikh .. -hid> 
.is tho "opeD" posit;"", 

(') To dct<nni ...... bet ..... Iongth of ... ire i. 
.mmJd .. ....,. point bet ... " it> Ie""; ... , .. tho ~ .. 

, 

, 

........... >ad >0. 11M ' , «IiI. ,,_ 0.-__ 

ll. V""'" .<aaI .. "", n J.t .... ~ 
.4. s.", ... __ . 
l1. 5--'" '""",,, .. _ w ...... . u. s_, ...... ...... . 
17. __ ... -. 1 .. "'-
~ .. 1'10 .......... . 1'1, Swi<tlo, __ • 

i. diocon .... ,<J .. n<h eDd; .,.... , ... di p t, hookoJ t<I 

.". .,.ir< and ,II< otb« dip i, &rou<><i<J ., oho~ ... ,n 
h""", 179Q). II ,II< .,.i", i, grounJ<J. ,II< l"",p ~',Il 
Jipt. 

(4) WbM tho mo<hod, of rotI,in.ity , ... iDg "",lioN 
ar •• ppl;..J to iMull.o,iotu on ,II< . i",roft. ,II< Jiocono«· 
,;.,., 01 •• umbor of ", i ... ""1 II< .-...orr. 

b. To 'ost 10< or<" ci ..... i ... in ... i,i n!: and «JI'iprn<n' 
inoc.lI«I in " re"I,. ,II< .i",,,I, >lorog< bo"et}, flU)' 1>0 
.oed ... """= 01 YOII.go ",J • vol,,,,,,, .. ~'i'h loo~ 
lIniblo IooJ, uS«! to 1<>1 ,II< d"",i,. Thi,.,...,hod 01 
<imri ..... in~ moy II< iJI ..... "'J br ",I<moe<'o. l imrl. 
>.irer>!, d""" """" i,,,n8' ,hoi, bdlc.,.. fu,", .... ·i',h. 
UId I.ond i"8 _I' n.. foHowi"" I'O«,J~ .. ITI>'. 1>0 
.pplie<! to '"1 b .. "", "'''''',' " 'hicb i, f«l "" ,II< "'".rr. 

(I ) Fi ..... d ...... simpl .... iring di'glom oI 'hc ( in"" 
invoh~ . , .row" in@of6""",179. For ,hi, 1"''1'''''<". 
tho "irins bI""I"iDt 01 tho ...... ~ in""oc,ioo "'.~.un, 
....... Id II< """,.IIcd. 

(Z) If 'ho: lomp light, "'hen ,ho: ... ,;t<b i , doocJ. ,he 
j.-.ln,;.,., to be .. p«te<! in n<h po>itioo of the volt· 
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"""<' i, .... "n "" the ",IItOct<, '1~' in S"',. 119@.­
If the ImIp don DOl liplt, <hed< the bon<'1 10< """""I 
,oIt~. n.. ncgati .. tat di~ 01 <he Y<>ltm<tCf i • 
.. ,><hod to IIll, «IIl .... ient ground connt<I;o".: the posi_ 
t,« l<$I dip i, ~ to the bon.". Md of the r ..... 
11 the vol, ........ <ClOd. ><<0, n _ ,!>en b< detttmil>«l 
wl>nhc •• he bon...,. i ... fwl .......... b<c the t..It<'fJ Iud. 
to I t".,,><1 or fu ... r< .. f.ult. If tho moding d .... 
"'I ........ i. ' ppro.imat.ly 12 ........ no dofen ;. inJialed 
"f'~ ,hi. I""",..,d the , ... mo., b< «><tIinU<d .Ioal d •• 
nmul. 

(J) Tht D<p:i •• dip i.!<op< e<>ru>«t«l1O gtouIId. 
1 .... ~i •• cI,p i • .....,..«1 f""" p:O'" 10 1"'''' oJ"", the 

. ;""',' with the "'''''''' lOt. "",do: l<$I _b "'"t """ 

.... 8''' of .. it. (i>r &<1"'_ 01 """t;". dip 10 it. 
t<rn'linal) ""'il the fin< .. 10 .. tdinl i. obtained. ....n 
orrn or<u;' i . indial<d b<tw"", the 1.0 .. poin ..... hid> 
.oItag< .... in<lic&led and the poilll 01 Ii ... om> lUdia" 
Thi. is ill ... ,alod in Iigu .. 279(» by &It Of'<" f.-. In 
.", .. 279@ bJ on Of"" Wnp 1I1am<n<. ood in 6,... .. 
179(1) by on op«>lltllp-I<>-grouod <O<U><dion 

( 0) Whrn , ... iag . lamp, it is to b< not"! "'" in 
n", .. 27l1(!) ,II< voltrnot .. ...do 11 00I ..... b<n the pooi. 
Ii" dip is CO<I""",edl<l .. tb« .. rmin>J of the w.:.p. "... 
"""no tho< the .. i. "" l""""'ioJ dilftftft« "''''''' the 
I...,p. Thi.;. ~ •. 1:>«0." roo "",,,,,,, is fIowi,,! 
th"""&ft the "''''p. ( A(hUIi,. the I<oItmd., does .Uow 
"""" cur""" to e.o... throu&b it but .hi. i. "'" ...... gh 
." light the Iomp-) 

CP .... ~ .. " .... o _, .. , ..... _ .. m ' . 0 ' _ , _ 

,. 
'0' 

r 
® ..- ..... _ . .. ..-

-. 
ii 
" ~ 

, -" 

..-.... ,._. ~.-

0..- .... ,- .. -_,. 
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terminal "'" jfn ..... he i_laIion M>d 0C1>p< 011 iofe;&" 
1lUI ... r""" rho ... in:_ onJ opply. lin .. oolooi"3""", 
Attach tho cooductoc and terminal 1,,& ~ ...d t...r 
.hem with th .. .,I.xriog «>f:P«. CAtmQN IN HEAT. 
INC COi'PEJ., If <o1or .. "",O;.:d on tho I<rtrunoJ Of 

I 

• 
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SECTION XVI 

AUXILIARY SYSTEMS 

124. WARNING StGNAl SYSTEM. unding.golt 
.... ming .ignalo ":un ,I>< pilot '0 [0., .. , .... landing go" 
,,1><0 pt<p>'inS to land .. d _ify him " ......... of root 
.1>< landin,g S .. , i. dooo'n ."d Iod<cd. 

a. II diag,am ol ...... ming ';8""1 ."r.m .. ""'''''';" . 
~ ... 8'. A • ...;I<h io link<d " 'i,h <><h !.ondiog ........ 1 
>0 .h .. ,,1><0 tho " ..... 1 i. DOt doooin and Iockd. tl>< 
... ileh i. <Io!cd. ll>c .pcing S in ,I>< reloy no,mall, 
!>ohl> _''''' po;n" C, <IoI<d. W"",,, th< tItroo.lc ;. 
rlo!cd beyond , ... pojlll, ,I>< ,hrot"< love, ,105<0 • 
... i,dr "hieh i. """,111«1 on th< throttle _.roi. U 
<rtl><, .. , ..... 1 i. "'" Jo.,-n o.nd lode..d, ,I>< ol(Ui. to tl>< 
hot. i. compl<l«l ",d .ho born "iU IO<Ind. In tl>< 
C''<"nt thot ,n. pilo< hu no i", .... i(l<l of Iondi"~. I>< 
"""""",oril, <105<0 ,I>< born· ..... '" «lay .... il<h. "hieh 
<n"giuo tl>< "by. oF""'ing contact. C, •• ilcn<co .1>< 
!>om, ."d cl""" """'><to C~ Th< born·,d."" .. I., 
.",ileh" .10 .. ohun.«I. tho ",lay ",oW ... ""'Si>cd. .. d 
, .... born i. i""l"',"i"" "hon tho """"",,".,<m'act 
... ileh i ... I<»ed. WI><o ,I>< pilo< ''''1'''''' tl>< throttl<. 
.1>< ,h"",1e ,,,i,,h i. opon<d. .nd th< ",10, i. de ...... ,· 
gired. p<,,"i"i"1 """_ c, to «<1oS<_ Wbcn be . pin 
<loon th< .10"",.,.1>< born .. ill """,d. 

b . ll>c .i8""1 'Y"<m .hown in ngore 282 m"" ... .. 
• ,ombi""ion horn and signal.hSht I."ding.,'" .... m· 
in~ '}'$I"" Th< ....... 1 ... i.m...t< double-."""", 'ype 
... d 1.. ... no "..,1<.1 1""";0." coo"'! ..... tl, one ,ircu~ 
0' .1>< ",her i •• 1 .... ,. ""'"r,I<lcd. If .. ,he< " ..... 1 i. DOt 
do ... n .nd Iod<,d. tl>< red aMp<.", tight<d; in .oIdi' .... , 
(I>< ... min/; !>o,n "ill 01""'" .. hon th< 'h"",l, io rlo!cd 
beyond .... point. (A horn "I."" «lay may he . ddcd 
'0 (I>< ."..m.) Th< gr«n .i5n.1 !.mp<.re hp,,«Ionl, 
""",, both "' .... 1 .... do"", and Iod<.d. Th< .i8l»l 
lamp< m., be dimtntd. lor night ayin/l. by ....... of 
dirrrno:, ..,i"o ... A t<Ol . .. ileh is ;'"""f'Orol<d.a <1<1 ... 
minc il .1>< !>om i. apc"""". 

115. INVERTERS. 'The I"""",,, 01 th< in..,,,,, i. I<> 

,h.ng< ,he d< J'O"Cf. rrovid<d by .1>< oirplan<. '0 ... 
f'O'"'<t /0' ~ipm<nl .,hieh ... ill 1"""'(1<1 onl, on ... 
" ""n'. Alr<m .. ing ",,"". i • ..sed for t .... o>p<r.r;o., 
0/ Auo,<>< ... ' !ighu. ,,,.ooy" irul"'rn<fII~ turflo. ... I"' •• 
,ha'Se< _trol • • nd otl><' '{""ioJ «jUiprn<nt. 

a. ~I"clpl.. . (1) Th< ,ib ... ", type inverter 
... ·i"ho •• dir«t cu, ..... in'«mi(f<nriy 'h""'5h "'" I"'i. 
.... ry wil 01 • ''''''/0'''''''_ Thio act;o., m"", .., ,< 
m]"go in the OKo,,,b,, coil. Tbe ... ilehins '''>ng<­
mo:", i. """'lly coll«l • • ib,,,or, 

(1) 'The '0"'1 inve"" ron.i ... of. d< """", ... hich 
J,i,· .. . n .It.mllO. (.< g''''''''''). The /re<p<ncy is 

140 ,1\ -

gt>V<,,,,,d by ,he weed of the RIOlO. ,oJ the ",,\t' g<: 
00'1"" i. gon.r>«f by 11>< .. ",ngth of It.. .1t.",.,0'", 
';"1<1. s.. figure 283. Ho..n", in >Om< in_., .. 
cornplOcolcd .. ,<>dint .,,""S" ......... h",,, bt<n o><d in 
order to goin the <io.j,N /r«p:nq . od volt'8C~""" 
.. ... " til< moIor ."J ,It.mato, ar. int.«o,u>«f.d, Only 
,he <" .. '" in .. "", 01. 'impl< d..ign "ill he " .. ,«I in 
.hi, _;on, 

b. c"n.""cIi.... Ooe rypr of """'1 in.e<tc. is """. 
IIN<I<d ",jlh • """()f .mutu« .. on< end of.be ,)oaft 
""d tho """,,08 PO'" of the .1!¢toOl"" " ,he ",I><, ..,d 
01 tho I&m< ""It. 1k kid f~ ,,,,,,,in, .he ii.eld 
roil> of.he mol<>< .nd the ",."" <";1> of Ho< ,1''''''''0 •. 
'Tho motor btud'><!o ar. 1oc .. «1 11 the _or .nd 0/ ,he 
from<. 11.. """'1 in""" .. ;, boOl. in, nonbnof dill .... 
<fit liut. n.. .i« is .1 .... ,. det<rmiO<d by ,he PO""" 
OUIpo! d.be unit. The . ... (,'OI"""'P<"') is tho unit 
.... d to .... the .... ""'to, at. art,in p""<f 10<10<; ... 
"""mpl. of ,hi, i, d>e 400-cyd •• no·v... inven..-. Thi' 
OUIput i. dcli",oed .. two ..,I"~; 26 and 1 II ...,I"i 
the 26-..", ""put being 210-. ... at 40-1"'««1' po"" 
/><IOr oDd the ILI·"OI, output. 500-.... at 9O-ptlrt"( 
po_' fOClor , 'Tho rim.il oi the '",..,rtet is shooo1> U. 
6gure 284. Tht <imti, ohow ..... of pojn" "'..,t.d 
by • "";110. "nd <O<Itroll.d by 0 _'ril"&,1 _"""" 
... ~i<b "'8"lat .. tho f,<qU<D<y 01 ,ho alt._. 

c. T,oubl •• "-in.. In ,rouble al-oootin8 tho indi· 
,idu.o.l in .. " ... ",fn I<> ,ho TKhnk&l Order "",ron/! 
in'''''''' 

d . M .. ln' . ... " c. . n.. ""';n'mal>« 01 in .. ".n ... ill 
bt ~mi'ccI '0 bn»It "'plow,,.,,, .nd g""<I. 1 <.I ... n.. 
,,"",int' '''' ... Ied at .. ",orbly ond ... ill nove. ~ .. 
lubtico,ion. Otho. "'''''''''' on ,"" in,·."" ..... ire .~ 
<i.1 tool • ."d >hould "" obi. by qo.ilili<d mecIwIico .., 
126. EUcrlONIC TVI'O_SV,nCH.uGU COH­
TlOl. o. Gon. ",!. Thi. «>nlroi .,mm ;. • dnice 
...lUck I"'rmito ,ho nunu.1I ",1«1;0., 01 ..... i .. d ml1Iilnld 
prnwrc .nd "hi<h ,,,_'ico!i, rnaint.in, "'" desi,ed 
manifold 1""'"" ",i'hin ,ho ~mi" of ,ho: turf>o..,po •• 
dv..g<. by I<guloting .ho poo"ion of the .. roo ....... 
p r<. n.. complet •• )'>1<", coosi ... 01 • bridgo ci«Ui~ 
'mpli60:., ..,d. "'_·S'" ""'of. Th< P""" I<> opt"" 
.1>< 'Y"<m ;, lu,nUh<d by, ! I ~·yol •• .fOO.<y<1e oIl<mIIO< 
0' in .. "., . 

b. ' ridgo ';" ,,;t . The bridgo circuit;' • • JX<1n 01 
potmliomrtm <O<Incct«l ."''''. "''''./0''''''' ><rondori .. . 
'Tho>< p"' __ .n :u. ron.",11<d by • man ... 1 p ...... '" 
><1«10., ,ho wt..,,,,,,, inl<l p .......... _mot. ""d 
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tbe ..,.emcnt of .be waot<-P'< _. Tho: manifold 
p ..... '" xloruK is • poIcntiom<l .. moDtU.!l, controlled 
t" .. I<ct ,ho desir<d _i/Old f"<"<''''' In this oni, or< 
mow>I«I thr aliburi"ll poI .... ~ ... .-d 1<1 rquaIi .. 
• he: """" foId 1""""1< 011 ,II ens'-, Tho: ptdSUr<lroI 
po«ntO><nd .. i, <>p«aI<d bJ • bellowo (011,,011«1 bJ the 
ClOn..._ ;01« p ..... ..,. Tho: 0«<1<,.,..,.." and """. 
speed r"I<",;omctm .,. ron,rollN by • 8""''''''' d,,-. 
bJ til< ,urbo. Tho: boJ..n pOIcn,i"uckl i, o!""".d by 
,II< ....... , ... JDO>'<m<ot. 'Tho ,,,,,,,;0.. of ,be briJr: 
e,mO' i. to fumioh .1>< amplili<, "itt. .., ...: pot<nlW 
of nryi..g ... 1 .... 

c, ...... pBA.,. n.. ompliftet t.,.il<!k.~r ,he ,,,,,,,,,,ins 
ligna] from til< bri~ ,h<O<lg. • I. ,,*I< t.t.., 
( 1F7) and .l<li .. " .hOl amphliN 'isn>1 to ,he J'",alkl«l 
~rjds 01 .he ,_ 70 dio<,imi".'or tube< ("s. l 8 l). 
Tho 7C1 ,.b.: .. -h;';h Iu., • 1''''''''''' p .... ~,Il<n th<J". 
'''' posit;,-•• -ill ~ • ",,'m>' to 00< ",;nd",!! .he .. -..... p. """"'. Tho: two tub.. pus {\J'm>< 11K>" "", 
01 phas< .. ith <><h OIh<r or oi OPF""ik ,,,""',..-.. 
polm.,. .. hich d<p<..u 011 ,I>< inf"! "pur. Tho: 7Y~ 
tube is • f.lI· .. n< to<Iilio:, ... ""'h /u"', ..... d~ '''lust 
to .be p ...... 01 tho l t7 .mrhn.:, tube. 

d . Turi>o _d'"!l0'- m.""'. Tho: ....... g.t< motor 
is . KIl&I I ,wo-pho,. moIOI. 0... phase (li" .... ,;.oJ Ii<ld 
windi"ll) i, "'pplo«! by .1-.< i"", .. , .hrouAh ' ><ria 
rn<IdMo<' and !be 011-.<. ptu>< (""~I, .... """,.«l ... IJ 
... i<><li"g ) by tl-.< ampli"". The ptu""S of ",11""t "'j>" 
pi;..! by tl-.< .mpli"" ... j.h tl-.< 011-.<, pi"-'< "Ppl"'" "" 
tl-.< , ..... fo<""', " dco«m,ncd by tl-.< t .. o d\",,,,,,j",,o< 
tuba. multins t" _'" fOulion in one di,«tioo or.1-.< 

··· .. · -0~·· wo.oo ....... . 00 

--- --

<_ ... ,,, .. , .c.. 

~''''-, ... " 

• • Moi", . .... , .. In ...... icin&;!be ,1«.1ronlc!\lm... 
lUr<"""S'" cO<Itro! 'r>'crn. ptrticul .. cor< ""'" "" ... bn 
•• k«p oil Ind. in "",i, P"'J'<' o<dr:t. ....11 1"*"'><>­
m<l<n "'." "" k,pI f_ of du". dirt. 6,,8'" .,.<b. oad 
.."", f~8n mo.t<f"I~ l.ubr;a.ioo for- tbeal-~;"" 
Il'I<t<fJ "'u" bt .. "",11 ,n JoOCOtJ ",ith TKfIn· Order •. 
Ctos.ins of kacl. 0< poor 'OO"""""" ~ potmt;'" 
m,"" and "';p«' ... j]l , ..... !be ""ilt .,...." •• moJ· 
[unclioo. 

121. AMPlIDYN( ........ "'f'~Jyne io.be name P­
I •• 'p«,,1 cO<Itro! '1"'''' of on ,",«'ric motor thfOrlP. 
• motor grnc,"or ><to 

b. The p'i"ct~I' of.be 'mplidJ"ll' <i,<ci. is to conIr<>I 
."" ... IJ CUff tn' In • gmt'"'' dri'·rn by • <Omf ...... p«d 
moIot from II" bot.,'1 '"/'PI,; tht 8""'<>10< d,i.." , 
..... tlt moI.t ... hi.eh i •• >«1 to optt". ,., ;1,,'1 "'I"ipmon. 
(fi~. 286). The aJ,'.""SC 0/ cO<Ittolhng tht &tid of 
,I>< !""'otor ,,'hrch J,iV<") the moIor i. ,1r>I . Yer)' "",II 
ron'fOlhng dtvrc. con be.~ ".(:t onl, . very Jow- "", • 
,"'. ;, "'I.,ffll '0 ,"",., ,be gtnt,ot .. IitIJ. If !he 
<"""oiling <It.i.e, ...... pl><<<l ,n Ii", rot>lrollin~ the 
_or. ron~<It,.b1< ""'~ _k1 Iu,', '0 b< banJI<d. 
11>< ampliJy", p,i"";pl, is """'0 opt,'" SO'" 'u'''''. 
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