Chapter 15:Electromagnetic Induction

}

Please visit us at http://www.phycity.com

" CHP 15
ELECTROMAGNETlC I.N'ﬁua!o:\z

$% . In 1831 ,m,‘_g'hae) F.—zrain7 in Engl and and

IoSe_F\n Henr7 m USA DEServeﬁ ’H\.ﬂ: -

.’De_":

Rn emg is sel Lvp ‘n a conductor when T

5 moved AQwoss 3 mame’fn\ u)cl oshich
results n ’ﬂ\& e]zﬁir:q currenl JF.\Q«,.J-n.-Cﬁ Throuzk
el . Cnr:U)t B

The. emr F’rcoQU(-QJ n The ronduclior 15, called Qﬂdﬂc&u},
em‘F and Tha current ‘geﬂer'lr‘::.c} AS :nan T e fnéuc«eﬁ&
Curreni’ This . P))Enamenoﬂ s kKnown As életi‘rongwetfc

nduction.. .
PRODUCT\ON QF INDUCET EMF AND
INﬁUCEﬁ CURRENT. ‘

Cons, a,e_r a. straadkf FLQ:Q

°,Y, Lyre e+ )erucﬂ\ E ?]11—_&3 Vi
FRa- .ma?:fnei‘m__;..el%, ",;Y_B Perrrmlrm: Pj:

m‘-"-—‘?nery_zls shewan 'Y.‘C.C?’J . The

<

wWIire is. conne<Yed | to 3
SQnS.tve c'llvﬂﬂomcter Thss —fcrms -

_closed. P;a‘ﬂn N 100(’ withavt

‘Direction

. v
any. ba.ﬂ—erf...,fn 'ﬁ'\,o, bzg'nxncv of motion — A
when Ttha )oar fs' 2X resT in S

The ma-‘»’nei‘xc_ Fie! o\ no cuarrenl %fil «/\N\N\/J/
'S Shgg;:ﬂ b/ THh e ‘33]\/:21’1§r712t‘”—

I_)’_ we maove.The oof .i:-ro‘m;. I
lz,):-l_- ) r:-r\:t Tha )e_n?’f’ ) 2f Thea tsire. «-_____d,—.:.eér.f..eJ,
Qeross Tl\a. mggneﬁ:;c .f_.elA and 2 curcenX Heows
'H—;rouol't Thos.. 0019 Ag we 5JEQT> mav:r'LD 'Hr\a \°°F7

: Currenj'_ __.ASa_, rs- -Now, i e mQVQ TR& losf in.

g I~
l -l
Qf?fas it ad» ret*\' <, Tho Tlacemall als ;a..,rever‘se._, T'ts

’ (P-T=D

HSSCII



Chapter 15:Electromagnetic Induction Please visit us at http://www.phycity.com

olfr_e':ﬁ:i@f' . Thys s :’ncL{cnj.'Q:) 107 The AE’Y_)ij:-'Oﬂ Q"Y‘
The Palvanomei'-zh,fn QFFQSI'T.'Q diredtron .

DEPENDENCE OF INDUCED CURRENT

T‘.-.e,rnéu—_<.-)) currenl depends upon -

o< L A e

| == The srg-e_.-.) wih whith The tandudor meves

2 e Vhe2 res,stance of MNies l-wqu.

‘ .E_I_ e c_k:lngc e ressstanze o1 “th < )eewj’7 b7

in ser'tfr\g,_ .c\\',ﬂ'.e.-:en't resislors m The 1<:‘°1>7 and move
o e magnebic pield with e Sams< spe<d

we .Y-.‘nc) hat the Pr%c)fdt =T ‘N3 ve<d
znco,'ﬁ\n. res;<tance £ o_-_y_ﬂgloof

2 Staal '.-:-:)‘ IK = rensll |

Thrs . eanstanl is Ths ,‘ncpuc:-e«g ert T Tke?nc’ﬂc-cj
em_F 1@45 Yo 2an fndveed c<irreal’ when tha

every time
7 P

cu rre.r\i .

Cfrcﬁ?':t. s ..é)aseA .The \:urren—t =an Le ,‘ncreasec)
LZ - L o
@) US;WE‘ poe} StrangSer mﬁ?nétt'c ,{.‘e)Q
e e

NN= Joe T i
(B) may "‘C.C’- ﬂ\?w P f2st= | N N
Qc) Flefl:l:,ng.,‘ﬂ\e )aof L7 2 To: o.§_ n:an7 arns.
JIv

O"Qf‘cﬂerm ﬁz QLhV‘e €1Fcr,‘meﬂf m 'ﬂxe

]

. other ,u;;l:/,_p._-.i:S‘-.,}n stead =27 nmisvins e | soP 2cross

| ' C
‘)h..,mar'z.natic :}'._'L‘QIA? W halé Hea ')aO_‘p_ 5“11t{on27

C— .
'ﬂ.\,aj; 'ﬁ\n__ T'eSu\.i'-'a.,....,Qre the =2me . } . ‘; .

and..moxe Tha' mae nel > then T s eas,';)f obseryed

 CONCLUSION

It- 1.5 -’_}\Q re.]::t;\/q I""\Q’t:“cﬂ . Q"r: 'H,.‘Q \‘QQP aqa —H'L'Q
maonel thal ecauses the .'nc?u.:e.c)_ emj%i.

. cAUSE OF INDUCED emf . -

L]
ITn . .:LJ-_ ﬂﬁ)is‘ re) ﬁ;'\/"‘ mstron . ch anSes. Fhe
T P

m:.-z n_e:tf:w .—fl;.unﬁ--_'nlroug}"\ The \OQ]O :, 'Tkere.¥or,a,7 w e_ c2n
S:l7 :Ik:nl__an.,.[na_u;.e.s). gm_F 'S Prox:l u,te-_') n 1‘:' _)ccf !_} The

m2asSn 2 3 _
chafige of flux,the larger i Me induced emy .

Http://www.phycity.com

" avs .If'ln 4 Yhrouoh it chans~s . The <§r<l‘7&("f”ﬂa rate 0_3' f ;

\ ’Q)’r' >

HSSCII



Chapter 15:Electromagnetic Induction  P|ease visit us at http://www.phycity.com HSSC I

-xs.DIFFERENT .METHODS TO PRODUCE INDUCED
Em£

1.__B~1 relatuve. mo‘taon O,F. bay macsne't or cm\

A bar mnzn{L and 2 ceil /
D_Y_ wire to. ux\-\ c}m a da\vlnamete . Statlonary ‘\;
1o tcr\n-u:tec) as S}IO\AY\ yn —f—’D 2_(2' _\
when There is. Na re(:i;v‘a maotran

between Tha a#ne't :sz Fhe cai) .
‘SQIV'Znamej.:r H’\a tﬁQS na Curaenl

ih The clrm.ht As sSoon 23 The  boar

mndne_t s moved. 'tcn.s:zrc?g The Ca»\j

2 Currant af?eﬂrr in 't as 5]’1an
n «Y;é 1(1»7 Tn mov»na The mJthei The W o
C

maﬁnet = 'f—\ux T\'\rou«p\") The CQ»] , c%lﬂser;?
?nc» Fhis. ﬁkanﬁ:na :r\w Pru.cpuc-‘es “the . L Q
ind beed curren‘t in. The zail .Wn\an the —F"?Q7
m;zrc.snet meves. 3@27 _Jrom The cail , 2 Lepreenl Qs
a-‘ﬁzm indvced._ bul. new m cfoesﬁ.e cl)rejt,cn The
Cur"en't_ would_2als=. be :nducej "F The mazne’ts wers.
held . S‘t:zimnar/ and (the coils L.:ere,rhcs'v:«)
»2..-(‘.‘\3!1¢'m9'. the 2red {_"ﬂw coil in 3
cons‘tantc m:¢ne‘b= .m

-

T\-\efe Ls _ansTl \\e.f
'meﬂocg n w)'v';)'\
“+he  curr Qn". s
3nc3u_c,<a m R
casl by chansing

< <

the @Area -_-*-,?1 The

CO'»l an 2. Camﬁﬂt
m:ldnetic _F.’elé)

Y \

! ,'qS , ko E
Y + ;;37@7 = L'D_t B into f aper '
| | Tk na cuwreen e g.;i Ls)

Http://www.phycity.com



Chapter 15:Electromagnetic Induction

Please visit us at http://www.phycity.com

o induced i the c=il a;y_ consTanl arexa Thal is Phw&

no a__zanstanl _m:.éﬂeithc
_coil is _beinﬂci,_d;s‘tor'tqc‘) Ss @S TTo . re cyUce i ts

2s shown 1n. -)l'f-’ 3():7 2n anu ec) em

LS no loncer ch:lntsuno'
C

2s tha

1:15"(,5 2s )an=

curran‘?: Appears . The currtszf

to tS Or‘l 'ﬁal CH’CLﬁz" sha

area , an QPQ"QS T_e)7 drrected [ ureen

.elc! However _t'Sl'mn The e
areld —

anc\ hence
‘!ms)'\e_s when 'ﬂ\q, Fred
’.f% The distorted coil is brousﬁﬁ:

’ﬂ’\gf&%{ increasme thw
s .nc}oc¢<) which

aAred 1<. C]l:nﬁ n6 - l

3— Coil o_[_ constant area is rctafe d mn__d

,coﬂsfant magnetic -{'—m\d

i

. |ﬂ.é U<€A

can :f)sg

r D"t"l}czc)

<14rr€rz'% ,
be cener2Xed when ‘
a esil ex ¢=-f1>'t‘&n’t arez is > X o *l
in 2. constanl 'm:mnet‘i:/’:
,F,ela Now The mz_dnetv: ,"_‘lL.x
leauc\n The coil 115«: c]wanzses
This s the basic prinsy \e

.USQJ 1.n.. e]zc:trl.c denerlg

Qi

Fz @)

4._ Proa.l.lem# a chanare n mac:!ne‘hc F,uv. -'n

A nearby “Ceil CMdtual mcluc’t.on)

red uwins R ckanese
P c

maaneiwc T—\Q% n ZL nexrb
c.op) F."(b) shows tws €3ils
F)'\c&c‘ S-’gt 1:7 Sncge The C.Dl)

3

2 bfl&er~ ”

2 Su,‘tcl—z
( o

g:&).v’lr\-hmaieu— 01’117'-

s notb«?ﬁi—tr/ m The el S,

An .nc)ucec) Currenl »n

a Ca{) caAn. bQ»ProJULQA b?)

STnQQ ’T\n_re

(kp]

5 cennacrec) In Series v Th
= ckeosbcﬂ :ang
while the othar

ceil’ is connedied += a3

e
e

N

closed 'F'Z S)

Http://www.phycity.com

(Pre>

HSSCII



Chapter 15:Electromagnetic Induction  P|ease visit us at http://www.phycity.com HSSC I

_S=. ;erent-_ﬁ,rc;uoh L el ales e be 5~ar¢ -Nows, _5_
the _seitsh O_Y_—ﬂmc CQl (P ’'s Suc\éerﬁ/ C)ased .a
momentary _cument is induced n coi] S ThnsJ s
.n&1ca§;e3 )o/_.ﬂ'\s- G?lvlnametef’ wshch sudc)enly c)_e,y_]o.cts ;
and. Tke_n relurns. 't'= 5era . No ndueced current. edus'ts

n _eoil.. ‘s aj__lar?:s as. The curient Houws _sTeads )/

the e=3) P An voﬁoos,'te]/ direded cusrenl is

induced i the coil 8 a2k ha ‘n.s'[:ln.'t The Busitch =y
P is orenvé .-‘Pm'tu:l\h/ Yhe currenl m [ groues
. Jrem.. 5 S 4ts ma=x. valve Just Z‘te-"ﬂ\_& E’;w?’tc)n'
c\as@-.'ﬂme ,Lu"er{lt comes &ewn 't:: 5Qrc when The
Feh _as cfean PDue tw cn:m ‘€ 1n corren't Tha madne,—t\.c:

S

f\ubk aSSOC)QiC*) m:ﬂ; 'ﬂ—\e Cn»l r: Chana-e'; !nnmen'tar,!)ﬂi

[
. This_chanzins. _plos is. alss )inked w-:ﬂ\ The coil S
b _causes ﬁ\Q-JﬂClU :ec) CDrref{—t in - CL)rren_t '
>
o )‘P can 2?5: be Cklﬂaig L.,- \'ﬂ,\ '\"’-\Q ‘\.Q){o o;_ T’)’\E.est\a:t
» - O
S — CHanam? magne‘\'tc -Flv% in @ coi' by '

e’ B o
Us o.ﬂg . R ﬂ el eXroma P’ n e.t Electromagnet

Tt _is. alsa o .o.s.s_,.lple ko
linl& “the Ckané ne masnelic
e ¢ & .
lux st @, _zail ’b7 using an

Cledromaﬁnd 1ns'teac) 0,{_’:(

zrm;lnedt magnet In This

method —ﬂ-\,q cail 1s F]’lce:) n
Tha ma"—"neivc .Y_.elé .:;{_ an o RO
c')ev:lrom:adnej: 25 . shown 1n » {--’f(@)

Fig @) - Btk The coil and o

c]edromadﬂ& are Staks QT(J The madne:t»c Ji‘_-\uu

ﬂwoui}'l\ 'ﬂ\.v. ceil s C‘h"mdec> l,/ c'}f:mc nd Ha
Th= . eleciramadnet < o Thus . T:raciu:.nc

Curr e.n't ) P,F

tThe 'o'na Uc_zg Curran'?__ In "1Le Too } .

Http://www.phycity.com



Chapter 15:Electromagnetic Induction  P|ease visit us at http://www.phycity.com HSSC I

#15.2 _MOTIONAL EMEF -
_Ds%.__‘.fj"nawgmg -nclucecp L77 The mat\” i}"_ a

o candustor. acress 2 m2 a0 ehic ,Y_.et 3 vs cnnec)
. -m a't» SN :Ll em__F V!
EXPL ANATION B into paper Lo

/ " ;
_Consider .. .. ¢ I b , l

T ]
a canéu;b-na l x x¥ x tPx x| |x x x X
‘ focé-» D;_ )zns’-"ﬂ«_ R 4 o 4 i
; x x T x x| x x x X
- v o e s
,‘c@g__.i?&.:gjlg\,,,,,,, = X X X X X X X X
metal rails ) l 4 I | v
: X X x % X X XX X
.Sef&f‘aj:gcl 'bZ - ]
~a_ distance L, e z 2 1 -
’F"'ck) |

= D‘Z\y— f\emetgr S
Lannecﬂ:cc) loeila:en Te enci> c and ;l) c;}_”ﬂ\\:
r-:uls This -fc:rm_s, 2. chp)e'ti ccncgucj:-nQ \cof 213:4\;1
a3 shown. ¥ 6@) A L)T'H,Y,crm rnaéne'bc *313

15 2(3]:1-‘10) cy.xr'ac—teoy ints 'ﬁh.e papes - l_n“'\? ;1])7 rshen The
red s STa:Le.n:Jr7 ¢:12v2nameter}ncl esites na current
in The lc)of Tp the ro& sopulled teo e rishE ooTh
constant Ve)ccec, v, The aglvzm,me‘ty,mtmﬂg a
cyrren .‘:Io...nmts 'ﬂ.rcup\n qu laaf: ObV»Dus)/ » The currenC
> induced due.._'tc mt malion c>_},,'ﬂle Cang ucl® g rod
2cross The ma‘féne'tlc _{::e\A -The m.:.v»‘nz' red 1's zcj._{nz

as . Souree. . ﬂ,}'_ em . ]
E =7V, —V ANYA

when The  rod  moves 52 ckarcsz 1 «.,.sw)L,n Tke rod alse
maVe.s with The_ sArme velac,tfl V n The m"'“ne‘l_u: _Pclc)
8 3“4 e ef.enge_ 2 orce 2|Ven b/

F = 1(\’»\ o . !
Tk_e mas’-“m'tuc]e e_]j‘_'ﬂ,,s ,.f.crce T » .

E-——ﬂ_\IBSnS L
Sinece. anglc Bg bekween Vo oand f_" ,1- c)-h Q‘ o

Http://www.phycity.com

—3



Chapter 15:Electromagnetic Induction

Please visit us at http://www.phycity.com HSSCI
e F o= 3_‘V B - '< iy Sin c\ﬁ‘ = ':) .
, P\Fp‘l,no T};g nth h:mcl rule we . Y. |
5?—( ’ﬁ—:_a:t F s d,nert-cJ -f—ram - é
3 to. ‘1; m. The recl JThis Sucﬁfae;[s = A '-ll

) T’F\:d'- .a.,..,um,):.:cm,_e)earm .f, eld E
is induced erzané The rod . Its .
' < © rd ®
ma:?’n?'tx.&cle s Fiven ):7 : / ‘ v
C = /
Puﬁ‘.in:é F=gviR., W< Aave
. E = ‘UB = VB €Y)
The diredtson c__¥ eledric lr\ten 't? s 'ﬂa{i °—§' ._Yor —_—
= s d)fttt(c) -from Q. A ]o .
f-\s He. e rie_intenssit 7 s ? iven 7::/ The ne?'ﬁ:»v‘a
O,%, The F{tgrftf,ll.. ‘zr:zcy venl 'ﬂner&_YerQ )
- |
Cam{oar{ng ele-@L_ _and @), e by = ,
€ - V& R

S
o £ = =V BL @)

'ﬂ-\_e :ln‘?)e Le;tu‘ecn V' :lﬂg‘B s G'Pﬁet]"ﬁaz
ma-?m'tu&e °+ m:;’t) Qn‘:{? err\¥ 15’- Lo

& -' vBLs.nB ﬁ,(b

The absyve. :ae, 3'11-:@5 Thit when v=2° 5, & -_Q_;, vshreh - .
means “Thals no: ma—tuof\'l.) em 'S Frhauctc) "'n—’(

<

s‘caﬂlonz-7 rod. It s :Llsc. abvravs That ):,7 ,n:r(:ﬁmc
ﬁ-»e. S(Deed é_F_ roA ancg U5xn-z s'fray\iuer ,F.elc! em_;__ &2an

be H‘)C"c:{}e.}_ B - B . i
Due te The nnAUQeJ em loas,'b"va chzrges wculc&

-f—\o\...x 2\00.6 —r},\ PETL :L]:Laa —ﬂ\_CE(Q%th The \‘n.c)u:gcg

current xls an’t)clcc_kw».se n The d,z-_‘wnmﬁ)

-

| !

e \

L e

Http://www.phycity.com



Chapter 15:Electromagnetic Induction Please visit us at http://WWW.phycity.com

———

,moy_,‘nsés_._. at 2.s ecd) ,o_¥ o-Srn's_ in X dfr-?.':ii‘c‘_“‘

_\Q..e._-:fen;k@.ﬂzr t=_a ©.257T masnelic -f—-‘&lc' - Tind The
. ~ e

. QTZ!_F_ _ﬁco,a u.tera . .H\& r c»é -

‘DATA - Lgﬂfﬁfl -.3{_ r-aa) =1 =é.§¢n1 =3 .Z5m

EX&MPLE 15.) 2 A melal rocgl, a_]r_ \engﬁ__z%cm Is

) 5f:_<=)" o_i_ rea =V = o.5 m ;’
, Dﬂa.‘ém?ifc Flux dcns;b7 =R = 6.2577
- Tndueed emp = E =7
_s__.o__l... LSins tha rel ;
e .. & = NBL

e . = 6.Tx0.25 % .25
-z |
€ =[;.\3 Ris V [

» POINT TQ PONDER. o INTERESTING
oy INFORMATION .

i
&
i
Q. 3

'C
\\\\\(I(

This heater operates on the principle

of electromagnetic induction. The
water in the metal pot is boiling

3 whereas that in the glass pot is not.
Even the glass top of the heater is

cool to tauch. The coil just beneath

the top carries ac surrent i that

XXX MK KR
SOX X X ¥ X X W
YA %K X WK
Yox ox ¥ x x X

Flux linking with pots induce emf in

4 them. Current is generated in the
metal pot that heats up the water, but
no current flows through the glass
pan, why? .

Y4
4

A cooper ring passes through a
" rectangle region where a constant
magnetic field is directed into the
page. What do you guess about the
current in the ring at the positions 2, 3 T T
and 4? ' |

Http://www.phycity.com

produces changing magnetic flux.

HSSCII



Chapter 15:Electromagnetic Induction  P|ease visit us at http://www.phycity.com HSSC I

- 9
#15.3 FARADAYS LAW AND INDUCED EMF.
Statgmeﬂl,.-__f‘,,.]fk.e,. a‘\lcr:tgs em¥ TncLu r_eJ in <=t tanclu\—_t'ngf

I o .'.l_p;._.fN’ loops Is t:t a2l ts the. neaéativ.__e__
‘..9% FThe. r.'-fl_te ?:lj_ wh '-'11‘1 The m:l*,cﬁﬂ Q't;c -}.—)U\A

2>
_ Ahrough The csil is chansing il trme
C C

EXPLANATIONC

Position 1 Position 2
: «—1I n
;Ccns-.c\.ef-—_",‘}k.n..u . = T"' = _
expPerimenl Shawn . ; A X X xax X X x T x
| ]
n Tre(1). Let, ! Pl
o _F,‘- LD X X x| | X X X X X
e .Lc.ncgu:t'ﬂg R (*y‘h“v\(;) ! | AA o>, L
rocl._.v(L,,“ MaYeS_ ... . . X X X | :l X X || X% X X
R S B : 5
- 1
.Fram Fn.s,.tus*» 1 < X .x >::. « xSt x4 x
—_ ihen. 2 an__ N e
te posa e . ! ‘\_—Bihto papet
Q.S mzﬂ_intgc.v_al.,.ﬂ__-- [ Sl --aX - =3 ‘ -
N |
e Dt. The = k------- B k- U —
Q'Y—"t’m{ : ,F:éc__fU
Arsthance. ,__'tr:a:v_.gll_gé,, IR , L e .
bj__jh_r_.,MEQ_cL_...,lh_.;th_ﬂ,e at s ‘ . o
R =B N
= . c 2
. armee tha rad_is movYingl: wiith ceastand velsc t7 v,
< J
. Tke;:g_)':org-_,_” — _—A;{ . \ ¥ _
IR A S S L) T o ,
>t — | | | ?
Fuﬁ,'nz’. thes _val,u:“ 0% Y o m.ﬁ'_“un:bl em{ eq .. ,Lu-\ e have
— — 1
, el = =NBL = .___é%*QL ____@
FN
 As tha rod mayes :erou?:k -H"‘Q. Aretance Lx the

Nerease m_Tthe 2rex. ‘-‘q_ ")QQP Vs g'.\'VQn , )-.7?

DA = DL —

T)"gfi%cfQﬁ_,‘- —Y_-)ux_._,'ﬂ\rcu-?}\ ,'H'\.-e loc; rb becames 2 <

—_> < s ‘
B -A%:—B_?AA) = BARA coss = BAR _.(m.‘:lx.vzz)ue>’ »
or D.¢ = B~ DOxX-L ____,4@ ;

Putlind. this yaloe O .L.B=0@ 1M <9 (3, we have
I There  1s 2,,.._ca3)b_‘%,§, ‘N,IOO(JS insYead =5 2 ‘S»'ngleh
\9.9.(,.,’,’&51\ Fhea {nci uteg em.a; w3l becsme N time 1-25
' | (P-T-8D

Http://www.phycity.com



Chapter 15:Electromagnetic Induction  P|ease visit us at http://www.phycity.com HSSC I

N N’;"‘ i |
This_vs__mathematieal form op Far:!c?:47J A . -
g']e_rj:rogng—'n ebre _induekiron.. Tha ne oz& ve S.ﬁn indreates
‘ﬁxﬁi The . d-rett-c“"e.{. the Tad ucec} em,? )s. Suc)-\ AR Tk
OFFose: The ck:nae n —qu- - . o “b' o
The u:LQu:Qc)__em_g s, alss c)e_y_ nac} L -

!
i

Ch5o1a

“% The work Per unit d-\:trc‘e done b7v ‘he |
. indueced elecj:nc,.?.elé. I — | e
NeB . Pastive. emf means. Yhat The Sirection. o,;

,_Arn_axsc<~=\_.,._._ e.\eclrm,.’_,e)d inthe. u‘ar:»u’»“ pr—ac’uss _
_.an_t\.r_,_o_:ls_.wgse__cur.r.:ni. whereas_ neait.ve emy mean

.aﬂn__fnclua:e\__,Ftelc) Hhah Praq’u:es c\acKu.nSe currenl-
EXP\MPLE 15.2. A )ocr °f Ls Tz 1S F'I2¢<~_J

um_Fcrm m2¢ne‘txc —Y—;elc) Hhat 1s Puc?‘)enc}.:u}.‘lr to T}-‘,Q.

.-plane_ ,y_'ﬁ\e \cmf .The S’tren¢ﬂ-s ST The. m:.zcné):m 5 re1d

18, . 0.6T . The_ are o’y_’n-\_e lobF bednrs s?-;r.n)t-ns ﬂ =8

L;@T&ﬁt rake ¢_¥ = 0.%um s .whal is. 'ﬁ-;_g m:én.tuda

At
‘D,}'_ Qm_F_anL):eco an. ‘Hme AIDQF oJ)‘nl‘; it s Shnn{KsnE '_?

DATA - m:LG«e:tL;.*)w density = B=o.CT )
. _Rake Af.g,_g_h?.n?e n_;_ arel — Db}: =o- X r-r2; gl

S

Nuomber o 'tyrns = N =1
In.c?u:eq)._.w,em_y =t =
Sol. we jenoos that

R‘«Zt_z VO__Y__...CLBY\C?Q_,DJ"» .-F’u)g___._ b¢ Py BAA;OSB
D
T or ST A¢'_ B’_DA _C> Q 8"0 %tasQ_>

S
Wl:zdm‘tude D’Y' mc)Lmec’ ef‘n,F can be cfﬂr_ulﬂj\‘zoh 19/
ZPP 7:"":’_ F’é?r:la275 12es o1 e

£ NAE LN L BOA N

D ; nY
PU‘&»'Y_LE The ,_V.:L]uc.st, e gse'}.‘ 3
z —1
E e e 0T 08 m S

E =fe-4%Vv | , o
Http://www.phycity.com




Chapter 15:Electromagnetic Induction  P|ease visit us at http://www.phycity.com

®15.4 LENZS LAW AND DIRECTION OF
___INDUCED EMF.- | R .
Stakement ___“ The. d»ro_cit.on °F the induced -xi:‘ur_ren.'t

o Ts_ alwn/s Ss as to Qﬂbos:a ‘The-ci'_hange

, mhvd\ causes The curr-en‘z_ |
The Len—.z,_s Yawo rg};ers to .nc)UceJ curren’ts ?ncﬁ not
to -n&uceg em_g'_ : '

EXPLANATION,
: A.f\cccrainz te F:lf:lc9=7>—" law (\633176-,;. e)e&ré}n:?ﬁetv-c
’ - ,J_‘t\,c}t),.&i\‘aﬂ

. e e e e E, = N _AT

The rh:nus Sa'gﬂ n The e'&[:ressC’erl ey Ver'y fmr;ar'tarx—t_

To delermine the é.‘reé\—_xoﬂ we Kse 2 method based an

+he CL.$C°VQ"7 m:Jc»e ):7 ‘ha Russ,an P}vys,ms'l Heinrich 'Lenj

mn. 1824 He _T-ouné “Fhat ths ]o::)nr.."t/ a{_ an ind veed em_y_

21u=75 12335 ts an méucQA CurrernT “+hat orioo.sza T},rguc]\

The. mﬁgnét;c ."_,ela c_&_ the .nJUCeq currer\t The Ckan-ﬁe
fnauc..{,n’oi.,.‘fkg. e,rn_}‘_ . Thss. rule 4s nown as Lenj )Qw-
<
..:.A__‘,,,_ . . S e e e va—— . ‘ - H T}Le-
.‘,,Len‘g;___.._,).3.“.’“._{.,%}3_-:75_..,'}:o. n‘n;’)u:.eJ cdrrents :zncn.,-ﬂc't ts
,v_fﬂC).ch.Q em_}:, 'whfch means 'ﬁxai e 3N ?.]"Fl? ot
,.d..'re..,s‘_?_t_)_y‘ to <clese conduoching Lw]?:- = C°*2s....H awever, :_i: :
c

the \00\2 l‘s,.,.,.na't,,,v:)ase,c» -5 L@ Can imagdine . Q_T»v i ZT were

C
4._C1.95e.a,~,ana_._“then -Y-ram e dﬁéd. on Oj‘r :’nc”u:ecg curran‘t

_bse tan {-md Ghae directivan or ’Hua rnduced em}

‘ . . : Lei us
a(’P’j"’Tl'\e Lené daw  to the coil n _whi t)q | curren't s
induced ij,_fﬂ-\_e mavemenl O,F _ bar madnej[ Neo
Know 4hal _a.__cuerend carrying, 1c_<=|) pPro o[u:res_,.ah .

; m:cne)fzc T;e]:’ s\m\]ﬂr to thal <) 3 bar, mflc'ne]t lane

-f-:n:e °;i_'ﬂ\< coi) ads as the noz- _ Fa)e,.‘o-‘.)'h)e Ahe _Sther

_one. _3s. ’ﬂxe‘, 5:9.ﬂ7, _,_\Pa]e,_ I_}-_,, ’)‘Le,, zai) is..te_oppsse the

SN ‘
‘ IR R

i

Http://www.phycity.com

P

T

HSSCII



CI IaptEI 15-E|ect| Olllagnetlc Induction Please Vv S t t htt . WWW h c t com IISSC "
. -p y | y-

1
/ / ““'\.J(/)E{\ N,
>

—

current is
anti-clockwise =
L

the —FﬁCQ o% The Ca';l
nD‘—»JPL PD’]Q |

motran = 4he bar rnz\gne‘t7
m‘agne& mmust becerne 2

‘Do)es will then re
l:elél to the coil suéges‘ts

<t be an't; c\oi\<_o¢,i$&

- ‘touafAs The
(5:21).The twe north
The 'r;’::_ski hand rule app
thal the .x‘nvcl_,uce_,c)_. ..c\.\rre.\ﬂ_'.t muy

, Yhe Srd< a_F’H\e

Accaré\»‘nc} ta
&

l’)61 e]cl'x oﬂqer_ 1

brde masnel . ..
c 1ﬁ-_‘ <« }.")
le 2o iThe pU
n3 -L‘rILaJ.l P S
roduces The _:_'nducec»

os . Seen ,.‘—r_o el

' o,i_._’_\.’ke ,--mﬂ,-‘éne:t-,)—.s., The f(Chamgi’? Thal P
2nd._The. ,.C\}‘rran't ‘acks )‘:a —,oﬂoose.,’l'hc_.éus_h

ute _Pun -Tﬂxlq_‘ m??nei A6y,
.w;n oppese 'H-xe_(‘Pu])
‘,—Y-a :e._o,y_..._caﬂ T owdr

cu rritni. 2

On.thae olher. hana {’Y
coil The ind veed current

cr_c.:ni;"f}z __a. Sa!fﬂ? _P,QJ e on The
| . s - '
CONSERV ATION OF

fr:.o r\n The

L7_
ds

2>

the bar magné‘t_:_, o

LENZ-LP\W._. AND LAW OF
ENERGY.. =~ - - .
The ._,L,e_nﬁ',’s_...__l:zw _is 3lss 3 S%;ﬁjtﬁmenj: oy M a1

|
S:.Q.D,,sgfva).;.uiaﬂ_ a_‘,ﬂ_cnerz7 ‘H\ﬁ_ N Le c_c»\‘n/en ,:'cn't)_7“ ;.
! N |' -
Fn&ucea_.,.«:urcgai‘s,:ﬁz 3S
|

: :,I_,ﬁp.]_iéeﬁ)_-, ko the < srepits. involy ,‘ 29
, L
_c;.n___..hg,...xp_cp_y.e_c)_ -,'w;'i . the he) r ‘,9,%’_ an Q‘A]Zz;c:fm cn_t - ‘

CEXPERIMENT. . -
The . e.mP,en'menh], . atrzln:'—"emerd_. ve . Shown 1.5.;?»“5 z,
toward r_!‘ﬁ!hi’,..,em,g _____ )’s.._nina..n-_veo”

_when the rod. moves. g
an. it anc) :ln..___«'nca_uce_c), currenk 'ﬁ—lvcws;ﬂr'eug"’.\_ The loo P
l - S l -

- _ (!;P—T-?B

Http://www.phycity.com



Chapter 15:Electromagnetic Induction Please visit us at http://www.phycity.com

<l /- B into paper
__in_Yhe ant: .;;1.1:)5‘9:*»?53_“_&_ irection- . = T_————!

Sin .—_e,.f’fka_au,:r.eﬁ__;: rr;m’ noe red
< ““% x ox oxbox{pxoox

v . - - - - - o F
. .LS_“,.,m.,'ca.nl_).lr_'u.,g_w . The maccnet < .Y_.ela 5 (\() ' ;nq——ﬁ%_—)v ’

X x X X
....-.;_t_v._.Q’XFer rences R...m3a g netic Force
——3 . x x x X X X L
e .,_-nts,ﬁmagmi‘uae X D!Veﬂ 197 =
. F= T1L.B SinQq a @x)‘l
97 ,th hand_rule the d;rec.ton‘ o » ’
K ___l_> /— B into paper
o f‘ js (=1 OS.'CE tu ' - ya
'Y \9') Thak o_y V) v x  x¥ x x x| [x x
Sa it 'tenclz to Stof The roo\ - = IR ]Fm
-.u.‘ w w > > b l <
{—F).g 7—-C3_~>} R Pnn_,,e-.ad;e_rna,! drlgging . x/—x-yv)\
‘.Afy-nrr_e e?uﬂ-] "t° _Faan mﬁgn;tUdt‘ [x %« x xl % x
_ bul. affos)ie W Airection most! < i _
_ be Zﬂo],ea,wta Ktef 'ﬂxe red o 0'0
FEE,

,,A,_l'_‘n_OY;_ag s oxith _constanl ve]ac"};7 . W e

1
_This.. enerq[ s _the soure< O’Y mdu:eoﬁ CUtk'r‘Eflit _dhus.o

_e\aziromnqsne_t)c ,nc?uit.on is _ .‘—;1(;,%17 2resrdsney T
[

l

t

—-becavse the forse F . ‘wasuld be, Ahen. h. The diredktron
A S Cthl eonld akeelerale ‘Huz rod ’teu'lrc’»s rxgki‘

{;F, z(b)] Thrs 1n turn would induce 2. s‘b—ender—
|

_._C,.\.)r_tcn—.t.,_’!_)xe._m_aZ?:nd).c, —Y—l el‘:! due t= it ,;L)_s_m ._ncfQJS_Fl.:g

_and The mf""’nef\k_:{:er_.ce increlses —Furﬂ-\er. Thlus The

M..mo’tton G,S'_ The wvre s morg 2wc e)u—'.‘LteJ 2:’1& S on-

CommencinsS __with a «rnanufc o?u?ﬂt"t/ -={ ,J=ner—‘>_\/-
c 2

e oblam__an_ever increazsind KLE =L nc’b S

¢

_.-apfare.n't77 Jrem nowhere . Thys "ﬂ..e Tzrocﬁ.ss Lecames:

..._,__Sel,f Fea:ge,‘l:uatana wshich s ag"zsns't dhe lae. o_g_
.Qﬂ,_ﬁb_y Cner%/ I

Consery,

Http://www.phycity.com

daws o.s_ c_onser\(‘ail.on Qfs— ener°~/ ."i.' o - I
The . L‘en:;> Jaer farcbi A Yhe ..

ind. u_s_c_cL curreat directed telockuarse_n__this 2se 5. .

HSSCII



Chapter 15: i i
P Electromagnetic Induction  Please visit us at http://www.phycity.com HSSCII

# 15.5 MUTUAL INDUCTION:

(14 . ¥
: .__:D_e,\l_..,._—_f_—;_Ihs.-._er nemmendn_ in. o h reh_a_ ch :t_nilgf_“ g._turrers T
. ‘ < :

sn_one_eail_induces_aN_em I . _ansther ecoil {

. _._fs__.c:_ﬂ_es]m The _mutual un C’.U,CTC,QJ"__,_,_’... L _‘

EXPLANATION . I S

Primary } Secondary ;

 _consider_tws coil coil B

cails .,?.l_l, cecﬁ _clase. V. ,F/i/ 3

 to_each. other .

as shewn 1n The A\ o

o Th . - - 9" lr - ‘ » 3

. —F 1_£.;______Q.._E..rl M2!_z e . Ll l | ™ o~ -

cail . 1s cenn ected S T f : _
i 2 battery thes, IV ' i L

b <=7 rcugh "_“HMeosmt @ ll '

a switch and 3. . .
. £z
rheastaX , and “The !
secondary €oil 15 zonneded Yo g7 1y anQ“mei*er. Iy

. ’_ﬂ.\,e._..A..current‘_.z;;,.f!'kg~ ?r..‘.ms;—.7l' Cwil s ckan?}e_c) vy
*trme b? Va.r7l'n"-:-‘o “he.  ressstance a%_’ﬁ\g l'}we.as‘tai7'fko;
i} <
masz.ne)“;\.c-..f‘_lux c,;l_..‘l‘ke_._, primary cai] 2lss chzn?es ws7th
4,,,,t;me_-.B,Ut..ﬂi443cza_ném7_ cail 1s in Yhe ma.ccn.ei{r. .f{.elo‘)i
- .Q,Y___'Tke_.u?r[mﬁr_.?__ ca'n)’ ﬂ')\zre_‘x_org 'an—‘,r‘ c_‘h.nn;fe,..x';\ The ma“:'sr\ei{;_ :

1

%{e.’l3....o,;_.ﬁk¢..pc.‘mar7 coil c:u)ses’:ln ina Ucecb emyx. '
1]

7

. qhe._Second Ry CB 1) .
V4

> ! ,"
[ ACcaz.A.a’n,d . to Fara 3975 126 D'g 61 Q‘Cif Dmnf’ncﬁlt
’ < C oo
n Au &;’Aoﬂ‘.,ﬁ,.ﬁie,_mem . ind u:—_ec) n The Secbncl A~ co3] rs -

Prnq)o;t.:o.na)._:ta.,.ffke rate o5 chanecfe o5 {-\u» passing. -

<
ﬂ7f°§??]’) it.Therc,s_D'Q9 , /_\¢5 -

fnJUcega e..n?_g_ m Setanoh“/ zail = £_= -—Ns ,_——@  __

. ‘ > »t
. w)\GY—C--»-‘NS...._15,.__1-.)\Q,. nu mbgr ,a" 'tU rinsS l;’)-ﬂ'\e S Ctarl; ‘2.-:7 Ra-X) 1 R

Lell Th e.__.]—_lu_z_,g_&.sg ' n z_’? heou g h one los iD ey he Secondar 7 -

ceils_ be. Jé.s.._,. ..!}J.gf‘u..—g-l v Pa ssin 2 j;k,o O "2 he ) e cod o ,_3'_ _:N g - _!s

\.O_O‘T?S IS Nsiﬁs . A S. Th ’S .5—\ W S-,,,.Pr'.,a,?,.aa—ft)fu .n,al.-_.'t:awjkg_‘_-_#.

mQé’n etl:c .T—;.E_l d Pra) UCEc) ):,7 —n\.‘a CQ\rre r\t LIr ;-;7 .}.LQ ) i
(& . . :

o SewD

I—SS L

!
. o (A . ey e e
PEETnE S ER 2T

Http://www.phycity.com



Chapter 15:Electromagnetic Induction

{

. HENERY.“ruo

Please visit us at http://www.phycity.com

| 5=

,P.n:;'-m-:z-ty__.Rﬂ.cg_'l'h.g._..mzzi.n_at_f_c,,%'{ eld _itlse 7%’_ . ‘{'s'“Fﬁ?f'Qntrp n a?._,.v,.
te Ip.,-3%2 e o B 4
g B | S
and B A Ip

[ S .¢5_ o IF ) .
e O e ~‘N§¢ < o L f)

TTTTTT T ";'—;7 N$¢S = ™ 1?
L )’JL..(K.Z- ™M

Vs - .Frafortﬁaﬂa}:t7 eonstant called the
_mutual inductance of the Tws wodls -

: ..f?ut"c.iﬁz The value o
haves;

NS ¢> —Y—Aram ':¢7 ,@ e ch ®)w<
€= _ B (MIE7
> Lt )
_ers . E = — Mi*—‘;—it BN CY) ‘
._.'\:h.,ii_.e.e).__sl'zgm_i Hhal c.kan,-?\'nz' The cuycer{t’, I_P an rthe
c

MP_v:imar?k».C-::'z) with time ,‘nA Vres afi em%‘_ an. the. ,Secanc)t.ir/
a3l It m..eans;_,"ﬂ\:i The em_{_fndu,ce':'l 'n ‘)‘L.a,,Se:ar\éan/
1

7
coil ;S.,.,,PfaPort\'Df\:l) to The chanse oC C_L\’r"‘r_ﬂ-‘t.:lﬂ. Yhe
g |.
Pt‘)’m.’«lry ,A.C-;x) T o

The nesakive 2isn_in <1 .(3) indicales tha¥ The_indv --%c?,
A= c ,

em{, Vs, 1n Fhe AOPFQS;f‘Q e ) freclt\’an +> The C)\'-lni_’ei_.c_g -
zorcent m.the Fr:’m:-\/ geil . From =
™ €=

9- @) ;we have .
= ==\ "Numerft—ﬂ““-
M G

" MUTUAL INDUCTANCE. = -

-y 'l - -
! -
UC‘IlQ!J n TL.Q —
. . .Ssexond ary eail.ts The' c}xznfc. :3,_51,_‘currfe At
: e b -
‘Vu-'-‘j_ﬁw time 4n tThe APlr‘,f n12r7 ol

f.D_e-Y:._——;,‘Tbc rakio o,): a'Ver_:zfcfe_ ﬁm_f_ nd

Cs-,CDU:_J) R

e .mufEu.Ql,_fnc) velanee 272 S _,]__4,,,_,\ S § '
UMNIT. The S1 ~un T ek m Lol

nduclance ys. V.S A. 5
C—«J‘)‘lvcg‘.“ hen cow ( H )2?1'_‘_«.— T ose lah H_enr7l .

which 1

cails are said T« have ;L_,_rputual

inducYron 0% ll__hen <r

5y ip an emp =f 1VelC 5 induced G
l;') ’n\{ géta‘n&:r;&iC::T:l_ﬁubl;en_r’fl?z E'_u-r:'ie-n;t‘_{;; TH"'-’_ Pf)'m7Q.7 (2%
] - ;}Lan?.e.s-»atm'ﬁ:m_.,. ate. e% ] ;, ELD'\T’UQ . Per_ < Qt_crHQ Zh 3

Http://www.phycity.com

HSSCII



Chapter 15:Electromagnetic Induction

Please visit us at http://www.phycity.com

DependEnce of Mutual Ind.u‘c.‘i on.

\

Mutua'l_ m&Uc.tnoﬂ.,O_i_ tTwe . co.ls _)e_Fenc)s uf’on lhe

%o]low:nz .+2_¢Dr:>; L

| e Nuymbear o1 tTuras o_f_‘H\e cdils
B e Area. °_7_ Cfb-'»S section ﬂ..y."ﬂq_e <Qr)s .
3.—- c,’laseness O{._—n—xc ‘:Qx}s i"\

rai)= 2re wonnd .

SN et § S

The c\-n.an’-"’e T _Y.Jusc éurmo- This unter‘VZ]

/

.__Muftualm_it.\cnudtaﬂce =M=7%

'DP\TB - emg indueed 5 'Tke Sm:cn():tr?c catl =
I ._‘___C,Jl;.l_'l*g?..m..Cuz.rzen’t n Pr;maf7 CQ.),_AI
o __ . T:m=ntesva) for The chanse= At=0.025s

<
-No. ey Yurns in the $ezanc)':z-f7A:—_NS

A
t

4 . NaXure e_y_ tThe core mﬁer.:l] chn 1mhmk The tors

EXAMPLE 15.3 An emf =3 5.2V i ndused o3 esil
vehsla. the current 2 ﬂe"lrby cail vs decrezsad %.—Jﬁ :
\1oo. A +a 23 A _in 0.02S5.Whak is “the mutual indoclance 5
°+”Th€ ’tqu.Ca't) 7 'I_}'_ e Setanc;:tr\} HQSZS.S ,’i‘urnsv,—i‘-ino\ _

B . =5-8Vv"
l

F

|

f

= 2aQ

l

!
i

C\—n:m_ge. . Plos = A?! =7 |
Sol. U=ing the relt For Mutis2l induckiinee;
——— C '

- —=
AIe it
A = =
M = ‘Q-GV =|1. 4= NS A

Bo A /o a2 S

>
Ac:or& m»:f_-'to _Farad 25 l2awy e havss

T €= NabhZs
P S ———_A t.
) - at = N A Ps
or ¢ = E-xnt
— - e S ,——"‘—"'N
-

T 95 - _ 5.V ~0.Q2>
S

‘2z o9

Http //www phycity.com

~rue|R;zoh—_ Ba A

HSSCII



Chapter 15:Electromagnetic Induction Please visit us at http://www.phycity.com

__#15.6 SELE_INDUCIUON_- e e

._,_,.:De‘. _  The mhenommensn in mh,gh a C\'xanc’m*r
curre.ntP o2 tosl \ncluce, an en'»;_ n rtcse)_y_
s, called SCLY_ mduci-on,’_gL Se)'g_ inductance
97 er 32 eol is Tha rablos o{_—n\a meradt em_Y_
o the ra.ti r:q__ chan;Se c_'y_ cureefC R 'ﬂ'\_t cayl .

EXPLANATION .
”(_gn,S_z,tja._c‘ .;__,Can] unneﬁech M[/F/Nﬁf&

n. Sermes._wiTh & bz‘tter7 and 2 _—

} r"hgestﬂr as shawn 1-71 'TRQ-T"45(1) -~
When _a. current PQSS‘ES 'ﬂ\fuu"'h .S ‘ ‘
' ‘ the. cail , ma‘:‘ne,tt.c flux s PchUcecj\ _|Hkr Rheostat

Ix_ The C_urren')' 'S chandgch bz ar7__xna , ,F;g(])
Ahe— rhe.as‘hi qt_hc)i)y, m2.<5ne't\c 4—1U>L : :
."l"hroud]’\ The co\l, ch:lncfes 4hal cavses an uﬂAUcec) eﬂ

n. ’rke 23] - Such . an em%j IS CRNQP) as se\_g indueced em_}
I

‘ﬁ\e ma“nexxc {—]Q* 'H':rouﬁk one )DQT oy The coﬂ 'S 75
_and  are The tetal HOrmlber o1 Turns. o the. ceil,
then toral ﬁ—\thk ‘H\rouOL “The c::»l wi)l ke
CTok2al. —r—]qV\ — 525 N , . .
As . maaﬂe-ttc ."'Mx & s Fo—u}oo.—'t-onzz) ts 'T\\e ma?neifr_
—f\elc‘ wh,ck bBe  an. taen Praﬁor't. onx) te The Current

,_.._I_,__Cl _§_5_—¢ o< B Bt l) ” ’Tkere,s SYQ e

Do LN _r\\¢ = I ) .
e N ¢ N ____(-D

bdk_efe ...L_._JS The . constanl o,‘I_ rrO)Oar'haﬁ.t);‘l‘/ c‘cﬂ)u‘ o

e ~Self. .nductance. o the cailo o oyl oo
By F:zr:zc\‘-'z7 law em_} .né?ucecl S T)‘)-.o Ca,) ys

N N L a J -
. or E. - - b @Drjﬂ _-—————@ .
_ USm-) e.ol @ ih @ TEOE e havs CoTT T
[ — L A(L I‘> iI ,.‘__.. e e e e e
T . ; | Dbl S
e e e = ST ' (f’ ’\‘ b)

Http //www phyuty com

HSSCII



Chapter 15:Electromagnetic Induction Please visit us at http://www.phycity.com

15-1%

,f_,e;_”_";gl_y_ -’qc) u;e,:) =m_}', m The c:;?),fs meef‘tc.cna) tw_
Jhe. rzitsz_og_ ,C_erent in The cayl. o A :

From .¢-°) @, £, . - -’
. L= ,Ty—;’—t—- (T]Urner-CJ 7/> _ (5

fDe_P The. rakra °T The av.errage emp. te the rake
S ,,‘?{:~¢.hﬁ~f\.gt c__F t:urre.rﬁ yn The <—o3! IS @He&l ‘

>
 geif inductance.

5s_eAlled 2 _hen ry CH) , 2%‘1‘&( jcscrh , H.enr7 S
Dependence of Self Inductance.

Tt c\g_feg_és upen the '{56,\}0 wing sackens i

le— No.op turns oy The sl
2— Areﬁ ‘3{, Trass Sgci,‘an O_T_ 'TI‘LQ C:)II
..3—-._.1—}11,_,_§-’3 re mﬁer:‘l\ - ‘ ! ‘ llA

FERROMAGNETIC CORE . X

.___.67.,....\..»5__;0.92-’,»3 $_the.. cal] aroun ci a .‘Y_e_rra-ma_,ﬁ ne't,'g 'C;'::c n)
C : R : c

| :
- _zan be. increased S:,‘g n ?.P't-? n I'U 7 relalliye + o_ﬁxﬁi—f—er_

AN Qir_core el o
_INDUCED EWF IN SELF INDUCTANCE AS
_BACK EME. ) | |

. The nesaltive Si8n on eq(4) ind ieates Hal The. sed A B

o induced.. g.m,F,muﬁt oppese ,,Tkés_ clange ol ]b,rﬁcucec) ;,-t- i f
—T)\af "-;5-—“-1“-7——I)\Qv-----s ei_F_.iﬁA peed e"m ’S A :'_;,_:.ASam-‘!eT‘imgs_ called s
baelk eml.+This_ 15 _ex2 C—t’]' m 25;9r09__w5ﬂ;fﬁhe. Legiviaw- f

R | ,Y_:ﬂ\.e._:uc:rad,tj s _jneredsed ;‘H\g’::nc)ugeJ _en—_:_s'_ s b.e_‘ .

._orofo;s_}te_.:taj)\, DI.__.Q.,F,_bJILQ,‘Z\ and . r% “the .curreal l's,de:r..e_as.ecp_._é

_The induced _emr ) 3id ) rather than _o]ef_«@_e._'lke_b:b_‘tterf .

.(.IND.U.CT.,O.R .

A . . . o _ :
. __*A ..___C\,!T;Q}i_?lgmfﬂj_tw N uﬂv,t]'l a _sel mc‘! :.\.ca_cl)._ em e g } i
Az d mP:»n{es p=8 c‘wzn.g-‘ng Civewt l is c-’inec) :‘Zn l'nC'UdOI'

| Http://www.phycity.com |

. -,.._UN\.I_‘.__Ih_e,A$I_Aun v °_Y_ SéLi: ?qdu:i‘:ln ce 1s..V S. E;_w h ?.c')'u o

L

. | i
cere the magnebc Plux.and hence the _inductanee &

HSSCII



Chapt : i i i
pter 15:Electromagnetic Induction  Please visit us at http://www.phycity.com HSSC I

TS

|

o ‘ }

!
_Becanse _E,Y_.Ajl\.e_lit,_hs,elg inductance 7._CD.,;Z.S.N_.°. _sire
Jre Xnown _2s inductors and are (;S;C_)\Q_)}’_ vsaed n
-.In 4d.C Lu'né)uc',".or_:: behave like resislors,

e\e{t‘ronﬁ'cs

EXP\MPLE 1§.ﬂ s The curren't n a‘ Torl =1 1009 turns
Is.changed from S5A to Zers 6.5 .Ly an avyerage em
: C . C
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AN
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EXPRESSION FOR ENERGY IN AN IN'DUCTDR

| = ._C_onS»c)er 2. cal Cannetiec)

to & b:ﬁef7 an(l a sesitch !
LSerjes AS Shm—m an_ EED-SE N}men Tne
Switeh _i5. ‘turnec.) on VQ\'tade_V 4$

af’?]xeo) acrass dhe ends. c_}'_ﬂ.\_e co. Land. ! 5

current ﬂ\"ou_.}\ it rises —From 'L?)Qra t=
c s <

ma=x. Nalve I . Due to _c}uance of- curraﬂ'\t, T e
[4

an . _,F_ s mAUceg. wh,c‘n s QFOQS;‘\‘Q to . .
ﬂ:zl D,Y_ baﬁe7 Work is. done \5:7 dhe b‘lﬁ‘l'y T move
- c,harqasm:zd:zmsr_- Yhe_ ind ULec) emg : e |

R - - - . S —— { v 4 ¢ - —- . aa - .
WorK‘ done b7 Tke blﬁer7 m mev,r.o a2 Sm:m c?-z:xrcc Ai 13
<

o eEeX

| (.__,.,____;___A,_\/\l._. = n9-E , -
tihere € s The maan;tucle al-)n;)_ucec) em{: 7@4\/@« );/
_E AL» f}_‘{__. _ @) ! , L
r’uﬁmé This- y:]uf C'S' eq‘ & m =9 - O L3e. del
. , = nq- LAL ______@
_As Me cuvrer{t fncreases ot Jrom mere te a rrax.value

,,I,,marg aﬂa Dore. . enQrCD7 1< _>"Earec“ m The ,,nﬂc;Urier

_’ﬂnere_Y_ore ’ tat2l worlc Aone 9:7 Tha ):zfter7,_ 'S -f—aunc’

Http://www.phycity.com



Chapter 15:Electromagnetic Induction  P|ease visit us at http://www.phycity.com

) 5—;1\

b/__ﬂ’LsQrt»nG —f—or‘ﬂ,‘e c_\nande ,nj CUrrenj: l\]-_a__ﬂnci)_‘,,,,_,,,v;é
- The élVEra?Q ; Cnrren.t A‘L m (.;_] CD o ‘

BT l
RS ———pAvwrrme e enl = A q s b o - _I— i

. i . N

anA\. C-}'LET\ge in turreﬂi E.I. 1___6 1::_- I

e 1

Y <A U §

Thcre.s,are e @ betQmQSY ';';‘ 7 - '_» o o
) - : |
L Torzl wek — W = ———le .
S o - W — ‘ - LI

'H’\.C.‘ener"és/_. ‘3t°recl in an )nclLICIC)T‘ is 3 A . . J

S ma It e e

i.e; The  enerey s*l-arec\ in the inductor 2_?': any »ns’cwni
,depenas on T‘r\_e Cuwen't m the -ncyuctbrzt‘ﬁmj; »nsfznj/
| This
- emprassion has The Same Jorm | 35 ﬁ\Q e?-) —Trar’ﬁ»_e
e\ed}vﬁ‘bi'lc enersy stored 337 2 c::p:c,tmr— < w.ﬁ:. a
. VOH'—:'—"'?- V ATesss its. P'I:J_Q_-. ¥y Eneﬂ:w = CV .
ENERGY STORED IN_AN INDUCTOR IN TERMS
OF THE MAGNETIC FLELD.
e . As o cas< O'Y' a cara:h:r, energy 1= StTored 7n -
The _eleckric . 7 eld | between The p):ﬁes and. likewise in
an s’ncluctcr “nerey .lS stored in the masnet;c;.f’e)c)

merc,’:efz EER @ can be exrbreécecjl in terms °_§_ The :
ﬂo‘neilr___—y-.elé) B , For He sfeull case a{_ U )an -
_¥hin. Solenoid. *La ‘a’ are the r‘umbir o3 Toens )oea— ~
un;t ]énom o_y_ ﬁ.e o) Q’Y_ Hoe Selensid anc) aren. 0,5_
Cross.. Sec’t»aﬂ_ N ,
A.T.hz.ma-.fc?.n.ejtn: ‘{. e\c) S‘treqd’ﬂq inside The Sc]Qna)g B LLnT.
S.‘ncﬁ7 —f.—.)u.y- jl‘hr‘ough The s3] = 55 BA.
Sor s . - @ = M NT A

As ue,.)fsno@,

o N@ =vT .
.or L_.—-_ E_‘é. .—-———@ e e
T ‘

Http://www.phycity.com

® . . -

 This_workX s _stored as P = m The )nclue'tor - Henee . &

HSSCII



Cha : i i i
pter 15:Electromagnetic Induction  Please visit us at http://www.phycity.com HSSC I

. Putttnc__jj:\e___'\fa’lue___ ¢ _;—rem ‘==’ @ l‘nta <|~—='1@ b’e]-g:hlt

IR S ,)u nIA
I.

[ L _., N“ n A :3 ,I y 2

or
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. EXAMPLE 15.

S.f A ,_Solenoig cail 10.0 Cm,_,,\on,z.. has

Ao turns pes.cm - When The switeh s Aoszd , The
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- Nooe > AP_Ut_tn‘n._F,f The V;J.lue,s a;t'\i‘1 cz‘:/) —@7 Wwe havye
= -3 L2 ‘1
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VAR‘lA’Tl,ON,OF“CURRENT AS A FUNCTION
OF "0

Eq. @ ind . cates e varjatian c:,i: currenl as I
—Fuﬂctb an °_¥, B‘—’—.}-t F; 4 Shaus'ﬂ—\_g Gfa‘ol)'l .For‘
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&
whrch reverses. in_ AirecXion .F. times P
In 333331 Fr?ci»;e 2.

Secto -lncl -

number_ o ca'»‘s are.

wauna arouna afl irean c7).r1<2er u:)ndq is . rdtﬁ‘ac’,

the magne‘tlc +.cl<:\ This assemL17 s zalled an armaurs
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REDUCT\QN ,OF OUTPUT WAVEFORM FLUC rumoN,
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4 15.12 BACK EMF EFFECT IN MOTo_gs;“__‘_m B
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. back ¢m¥ of the metor- The magn Tude oL The \o'ld\

LY
e 5% mal_or_ {

em_y, increases. L:Jxﬂ:\ TNhe Spe
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\N}\,en '_ﬂva meler 15 Jus't _,Tarteci baclk lem_Y_ s almesl
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EXAMPLE \5-1’ A Fermaneni'ﬁ *h’naznétl D.c mstor .
IS run. b/ a. b—'Lﬁ:e.f '=’,¥_ 24 valts .{)ha conl a_)'_ The. mmstor

has =2 res;s'tance oy 2 ohms . Il“ dcve)atzs a baclc Q”l’-)"—
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S X . . i
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24,.\/.:—@‘)"-:"2
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' 2_J2_
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em_; 6 22 .5 V. chzn Ugun.-: the re)lt}bn
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