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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). 
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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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UNIVER\\TY Of (,\,lIfORNIA , 



• 

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<. 

0 .. ",0,11"-,, 
UNIVE~\lTY Of CAli fORNIA 1 1 -



-------

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 
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.......... <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.,., « . 
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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. 
..... , �p�t�r�m�~� 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(U i. bt<d<." uti be 
uood in phc. of �C�\�l�n �~�n �t� 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 """.... I f 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 �d�i �, �~ �"�"�,� 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", raft. 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 �~�i�p�m�e�n�l �.� A «I.rrnc. nwrbo. i. �,�,�~�~� ... d 
10 coodo .. po ..... �~�e�m� 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. l i>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 �~�.�r�c� 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- -----
.loll COl 
'U;[::" ,. .. 

, 
I 
I 
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~-- J iliQ:- •. , 
-, 

.. 
, 
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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""", 
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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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