6. ELectromagnetic induction

Electromagnetic Tnouchon CEMTI)

The p‘*m«;frw.xn ob- r\,a Cusendt and
e.m.f. B‘a Chan ‘nér megnete felds a3 Ccalluol Elechn-
maarwh‘e, Tduchiomn” CEML).

Induced e.m. . & Induced Current

The e.m.f. So developed 44 CoMed induud
em.f. T +Hie Comduetor wb 'm Hhe -ﬁm{m o-b— qc,’os.‘d
Civewit then a cwdunt flow in the civeuwit - Thaa 4
Cothed nduced Cannand.

¥ The phenomena of EM1 AA Hae  basis ? wovKin%
Ob power generotors’ ohinc"mo.S, #amjmm rs edc.

Magnetic Flux (¢)

The megqnetic Hux (@) +hwo omy susface
hdd n a ma?r;ﬁ;a eld” & 4 mm,sm b -H\i
fotal numbexr J m c Unea ob J"o'rc,o, C¥o \-ng-l—kl
.sw:_jacg. nokm JA./-
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$=B.A = 8ACasH

If the Cenl hat N funns A6 -
Hhen “total omount of maguedic N
Aux Unked with cal” 1
¢ = N(B.A)D= NBALesO

* hen 8= 90 tHan b
* wWhen & =0  Hun ¢

SI Unit 06 maﬂne:h'a :{"qx wd  webexr (Wb)-

I
o

BA (Max: value)

i



L Weber (Wb) —

_ one weben »iA-}'tu.amaunkobm c Alux
ovex arn) sua o 1 metrer hdd movmal 8 a uniform

masm.ﬁc -b‘e.lo\ o-b— L Tesla.
L webex = 1 tesla X Im?*

¥ Magretic Hux (@) b a scalon Juombity-

* When a body <4 peuent m a uifpsm e
NneM- unifoxm megnedic jeld, oubword Flux is faken
o be, positive  “while mwarol flux Us talen ad

negachive .

E*Pvtimn## off Faraday and Henvy
Expeviment -1 ( Curvent induced by a mognet )

() when north pole of o bor magnet Js pushed
fowands +he coil, the galvenometer Shows A sudden
edlection , which indicedes that cwent is mducd
n +Hhe cel.

(1) Thine < 7o obtfec, o when Hie bar ”7"';9"“
33 hdd  stahionary anvww-

Git) whan +he moagnet s moved awoy the Col,
the agodvanometer’ shows . oeflechon i the oppos e |
Slivecion 5, which imdicates vewversol in the olivechm
ob iNducesl cussunt.




Gv) when South pele off bar mogret Jd moved -bwords

o  aw +he coi1l, the vanometer deHechons
ket om/sj?e 4o Hwose ostuvc_zlaJ wiHy Hae 2
pole. sirmlon. movermend.

(v) The aalvanometer d\i{‘ecﬁm ( omd hence ivduces!
CMKRL: )isfound-to Lorger when magnet 4s
Puu'u.d toveds oy Pullgo\ oy 761)11) +he Corl
fa,s‘lv:. ‘

(Vi) When +he bar m aa had s-i'qﬁo-nwua,and
corl ¢ ua  moved words o7 aw%z.um +Hhe
maﬂnch the seame efjects are obs .

_ I} shows velohve notien between +Hha
cenl amd +he ad (‘ospo'n.&;l:lo_ -50{ iduction
ot electric curvetd iy Hae coil.

Expvuimcn't 2- ( Curvent imodluced by cunent)

(i) when col ¢ s moved 1owards +Hae coil C,
The godvanometer Showe o sudden oleflecHen. Thia
‘m.d‘ic,aa.:f% Hhat eldechhic cwwveentd 1S nduced n the
Corl C.
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(i) whan +he il ¢! Js moved e | Hom  Hhe
Coil C, the 8«JVanome;rer shows a eHo ' the
opposite dlivechon: Thia insicatez thedt divectiom of
CE)\MM";ﬂo‘uue‘ N Coil C i rexensed.

G ) TRene 54 0 %Ctim whon Hure wa no Teladive
motionn betwoeen +uro coils.




(v) The galvanometex deffecton ((omd hence imducd
Cupent ) e J‘mmd 1o be larger  wohen Corls Qre
moves] Jaster towards / awasy -tm-m each oOthes.

* Here +he conl| < Cwozéuin cusscend behaver ax a

Expeniment 3 - ( Curverd imducd by Changing Currend)

Fom the experiment 3 Fanad showzd +hot
redlatve motoen 1z not om absslute equivement .
Curent Coam be induced withouwd relachve. motion.

% sz—'-
(1) When K Ja prestes , qalvonometer m Cal C
shows a ome,n#ar\{ d edfln, malicod-ma +hod Curvent

e induceel I Coil c.

Gi) When +Hhe Kﬁ\ﬂj.a presies C-c-r\;!"muoulj , Haeme 44 no
ol-bbkon N . gedvemnomedex.

(i) When +Hae Kué o releasred Haa 3qlvanomd'er Showe
agam o momemfcvu-j otoslec,h'm bud 1 the o te
olge_cﬁm' phos

C’V). Tkn_.raqivanom_uv._ olbtlec_:ﬁm increases ;| ohan om
17N d 12 inaented mdo He coils a..lon3 Ha iy
axis., and +he Key s presied [ releasred.

Cause of Incluceel E.M.F.

Al experiment sShowst hat imduces} e.m.f.
appeh in  a ceil whenever e amount of |
;a nehe fux Linkesl with the Coil changed” with




Farqday's Law of
Elec:l-romasnd-ic. Tnduction

First law -

., Whanever the amount of magnetic flux
Unked with & civewit chan

: g2, om em.4 15 Mducd
m the circwat s The induad “em.f exists so long
os the change in magnetic Hlux Continues.

Secto Law - :

nd ‘Q - The m +uclL‘_°b e-m.§. induceol
in a civewut wi Surect! wportona) o the rade
o«b C.hemae. ob mogmetc ux Jnked it Hae Cvaut.

induced emf € @;‘1%_¢1)

e e = R{($2-2)
T
Henwe K= »n all s&j,&'l"cm ob Units .

So le_--ézg‘?’l 0] le.:——jf%—]
* Negative S/ s t1aken becamse mduwd e-m-4.
ad ) PO&Z? 3
ass

W an Chame ™M magneHc ux
o od-:j: Lo HA 'H‘\.Z CiTC!:Aﬂd'- J &

T Couse °<b— a (‘)oseh/ nwround <o | °b N 4ums,

e.:-—N%%

So 'Dd |'~ncxem;?"q +Hhe number OL-}‘W\«& N i the
col we Coan Incveose +Hhe indu e-m:f

I$ +he total resstance of Hae closed Loop (Cotl) da R than

- € = --Nd
Induad cweunt T 2 =5 T = %




The chau;ge, induced v Hie Cvewt Jv time At 14 %Nen as

- AR - =N A = &R
& At ¥ < R —A_% At

= AQ =-.'H?:A¢

* Incluced emf does not depends om nature of the Coil
aond (ts rvesstance .

* The induced change dupends on Hhe net change N the
magneHe Hux and not on the time intowal At of flux
Change .

* Tnduced cuvuent omd nduced charge dipends om vesistance
of +he Cotl ( or Civewit).
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@‘R cavculak Conl Ob vadius 10Cm, 500 twunA and
resmstance. 92 0 4 quu_o! wirth 11s Pianz P ouay
to the horizondal component of the eandh's magnehc
velol. T+ w3 votated abou} s vertical duameder

rough 18306 1 025 5. Estimale Hhe tuokoﬁ
tHhe &m.f and curvent mducd N the Eoil. o
Hovrzental Comn ponarvch o} 2oxth's m«g-ru:l-lc. Feld s 3x10° 7.

_§£L' Here - Yy = loCm = Joi m. ., N= 500

R = 24 , 9,-:0',9,:180'
it = 6328 S
e= -NL$2-21) = —NBA ( CosBa-Co28,)
dt clt
e = -S00X BXI0% x31U XI6 [ Cox a0 - Cox0")
0*25
e = 2.8 XI0> YV
e - o 3
— = 2.8xX10 = 19 X1vo A
R %

@ The magnetic f{ux o a corl P%PGHUJM
./'tD uds Pla e Qndﬂc,ourffiﬂd 1mdo papen JAV; 'ma
.QCCoTch\a to the veladiom ¢ = (S+42 4 1ot +5)MwWE-
Calculode” +he em.f. mduted ' the loep of t=5a.

Sol Here P = (5t°+10t +5 ) m wb
= (5¢%+ 1ot +5) x15° Wb
— o 2 >3
As e = -d¢ - -2k (5474 ot +s) Ki5” Wby

2

e=-(Jot +10) x107>  Veolt

A+t -é = 5 Cec.
@ = -Qoxs +|o> Xlo-?’ Vol+

e = - o6 Volt.



A-ccoroLm to ‘Lenz's Law', the polooq-l'\J ofs
+he nﬁdu&&d e1a 4. LS Such —-Hno& Lt opposes. “H~o.

Chamge i +he netHe espona) bl Ads
S i, e g s raprilE e

T Law 84v~ea +he irechon Ob Cuvvent Induco
Iv1 0 Civcuat:

| ion -
Explanation bkt ekl . i
ik beAY\g pushed fowoards e Cm,l “Hhe  amou ok
magretic’ flux Linked with the il ncreases.
Cuwsrweznt b Imduced i Hae le n such
ivecHon that JAF opposes +the imcvease im flux. This
U Pos.mble only when He cuwrent mduwd in +Hhe ol
is i ambdockwise olivechen wnth vexpect do om

observer. on +he Sicle of the bov, mauand—-

movement against repulsion movement against attraction
q h

s [ N SN ¢

Strilavdy | when north pole ob Hre bcu; ned
W moved a $~ra-m CmL ijﬂ
Linked w1‘+h' Lol olecreases - To onose_
decrease. in Mo«ﬁnzhc_ Flux , curvent imduced in -tkz_
coil ie in . clockSise divection se +hod Jis foce
Fowonds Hae bok. rfmﬁ'n.d’ becomes soudh pole.

This  wouwlel  vesudt m on adwethve foree,
tohich ct oses the motiem of +Hwe magnet omd the

Covvesporicluvg clecyease. 1M mqgn.u«c_ ~]5lux




Lemz's Law 4 Enerqy Conservation

Lenz's Laww v 1 accosdonce with Hae Law
ofy Con seYVadim ob enesgy -

Explanatien -

T Ha expvumwfa.l V‘e)u-f-\c ofy Lenz's

Lews wkm N~ pa.bz, ok mo.and ' moveo‘ Foworols

ob Hae coill acquives

novth 't olouu Luwwk haws .go be dene

ainst Hae e o Y 1M 5, M NN Hha
(r):qaaﬁw close rto He CZPL ’ 784 d

Sy an,lﬁ O hawn nNorth pole °b moxﬂnu- N
mov-ed away polouu olcwelo o —Hw.uppex
:che, o -H'\.Q_ C.OlL M. e  wovk “\D\b Fo bedonn_

cursd the Aforvco CLH'Y'C(QA'\M Ibs +cdcmg
l )
L]
N =

T

Tt ou Hvld mechaniead worK olome N mow‘n&

the m whr-+. tHae Coil Hhed chonges indo
elechrical” enengy p*roduu-nca Nduces Cuwre
Thus eYiRhgy S nq mjvtmed cmb.f

Whon we oo o Hae_ ned ,work clone
Js  ZRID . Tﬁmfoge,, tméﬂﬁea c.urrer:\’t?a odso Mot
producaed.




Flem’mj's Right Hand Rule

. ‘ Flemima's rn'gM hand rule a«‘vu ws Hae
Sivection o} induced €m.+/ current i a Conduchor
moving in a maﬂne:hc_ fidcl.-

I.t we Sthretclhn Hae ti'r»s‘l' -b—;wﬂgcr, Centva)
imaey and +humb of oun 'S, hand '  mutu

endicwlar durectioms such thot fivat $imnger ports
gj{:ﬁa Hre Srechon o} 'H-l\lL ield J %?1: 35‘32\13
the Y divection o mohon of conductoy | Haon Hheo
ce>itrod «ijef cooudd Five s the divechiom ob- induced
cuyyent- ;

Az,
ohebb

e

Motion F

5

Tn +the Siven -ffaw.g a box maﬂnd- tA qwddﬂ
mov2g| -l-oalnt.ds Q Candud%ng. Loop hqv'mg a o
= F\'ed.cgJ' Hae Po\ﬁ’v.ua of the plates A ond” & g-ﬂu

CAPquibr.

B
S ND) — - —— e f--

-—

:'5,0;1- Here +he. Movhy pole 42 proack;n Hre mo@nrz;\f

So the .l'no'uc.n.d C,uh’.;xr\} in o;ﬁ\e jtonr_e,8 ob bnoP Vieweol
]Lru‘nr\ ,Lub} Swle. will floww In such a oy Mot
“F will behave Like movHh pole 3o, soudh’ pole
ol.uvelo’;e_s mn lm)P whern viewed) ~b’r0\'n e handl
sicle ob Hoe .La-op The chm o~b induced Vcuwrsant
i clockunse, hence. A accT,«ireA Po_s":b'.ve, Polqm'i'j

ond B m,aad\ve.




&1  Preclict Hae clivection of inoluceol Clsrant im the
= Situediont descyibed by Hal frollowing :{‘—'W

-------------

44 ya Z
----- ===
ALALAAAN AN ' (a ) AP
FEriesd ..“‘“. /4 \.‘.“\'
s H) - W e
: 29 . P , A ’ .
[+ Q x y
- (b) z
Y y
Commonaxis
)
(Tepping key just closed) Rheostat setting
_— being changed A
COCCC00000ED) OO0 4.
— D r Current (I) decreasing at
(Tapping key just released) (€ ) () a steady rale

_Sol.

(@) South pole cdevelops at 9, , So Cuward ‘nduced
muAt CJOCKlmSe at Y.

(b) Cel Pq, In Hua Coxe would develop s- pole ot 9
omd Coil XY wowld also clevelop s ‘pole ot x - So

e mduced Cwiscent 1 le Pa, will be bnrn’) 9 to P
ond induced cwownt tn call Xy vl lse_ X 1o Y.

(c) TInauwd Ccwdunt 1 He vight loop will be odo

(d) Irducesd Cwendt 1nm “H‘\L' l 1| be. ol Yx'
aA Seen : QH'O'OPW' tmaz

(e) Induced ¢ m 'Hr\L.\r'l?\f Corl s Fom X 1o Y.

(f )fo,:go_ Cbuidcf:‘d- +~r\i L?axdotbe'l%e magndic Lines of




The closedl Aoop PARS Ls mov'tn% o o un)

Co\iwﬁhe:ﬁ'c, fiels) aching ot ongles Fo Hhe plame

- Ofy the popex . S’i‘o..ila Hhe cl'\rech'o:\a)ob- e induced
Cwrent in +Hhe LooP.

Sol: Due o wotien of Conl X X X XpP Q

+he %neﬁc Flux Lnked with

the Coil Tincreasel. So by Lenz's

Law , Hhe curven¥ tndhces] in

+he Coi) wun)) cppose Hhis imcreage,

henca produce o moane-h'c fietel X X X X 8 R
7% , S0 Canwment i Imduced

v the Cot] i) -f«iouo anticlockwise .

X X X X
<

A SRUsre l-o-op bb sicle 12 em. tHth ats sides
PWM F0 X ond Y axes Jdbs moved with a

Velotidyy of 8 omls in the positive x- dlivection in
an ervivronmeny Conteunin _n_:c_ Mg«.anz:h'c Jiddd in

Hae Po.s:'H‘ve Z lvrection. ld 4 TedHas

Uni:for:g. In Space. nor Corsta in Hrme, Tt hes

a end of .l.o"'s. T/cm. along +he ve x -

olifeq_ﬁon. and ot 4 akcrea.&'mg in £ ofF +He

vt ;f lo® T*st.-. Detemme the clrection and
de o

magni 5 inducesd cwvaendt T Hae J.oop ¥
ats’ rvesistancg L 45 m -

Sol. Griven +hot
/

A = (12 xicr)" = 1wy X151 mr Vdod'l:a V= leilrry_;
.3'%. = 10’3‘1‘/¢m. ” .‘Z’—% = 107> T/s s R= 4.5 X106 2N
‘Rode_ o'br CJ‘\anc o} maﬁmz){c Hux olue Ao vamatin
N B with me_ -

e = A(-f—ﬁ—) = 4a X X107 = Luy x50 Whfs

Rote o} thange o maﬂerc ﬁux due 40 motdion
ob Hae lmp ivn a hNon- tmiform ma@n.vh'c_ Feld -

o & A(g%) (gi{ = 144 X100 x 102 x8 =152 XIDT Wbfs



As batr the ?—ﬁed's cawte o olecveose in
Mmarw:!—ic. flux axl»ng the positive z-durechon,
M‘f‘o*e Flarny add up-

Total induced emf (¢) = €, +e4

= luy x10¥ + us2xi0S

&
€ = 12:96 X0~ V
-5
Tnduced Cuwwaend I = & = _[2:9¢Xlo
R 4.5 Xi0
T = 2.88 x16 A

TRe ovecton obf inducad cuwexend L& Auch as Fo
mcrease e flux Hawo Hhe Aevp along pesitive
Z - ddvecHon , hanece  Cusdw will be seen o éluﬁdod:wise.




Molienal Electometive Ferce

Fn'ar- Shows a vectamgulon  cemducting
PARS in~the plane. of paper: The mognehc
is perpenciculay o +he plane of paper omnd directed
inwards.

Loop
1elol

R K b 4 X
P
= - _
X X ® | X
L
-—
G' v
x X R X
. i
Rfﬁ x - |
X % x X

. ket the cemdudor P& moved towands the lejh
with o veloaty V,duc 10 whith +he aneo enclosed

by the Loop PGRs clecreases. Thasedove amound ‘e
ﬁéo’m Unked Pw‘ﬁ'h +he loop Aecveares omnd an c:bm- Y
maueed  jy Hhe  Loop-

T ot any Rmne, +Hhe RQ = ¢ omd
PR =L  then maegnedtc flux Linked with tha
loop P&RS (s .

4) = L
bTRm t+he induced em.f. n the loop com ke given
d- - -dd -
e i % (BLx)
e - oL(=3F)
- ‘ ——
= selv] (v--%)
I R Ja rewtanae of loop, at a a%ven instant | +he
induced curvent I od “thed matant Yoo be lem AA-
| e . BLV
- e R

¥ The divechon o

ndutedl Gt Ja a»{wzn by

Flem‘una's ria)d‘ hand yule ov ba Lernz's Law.




Special Cose~ T} yod J& moving by making an angle
© with the olvection of magne e Held

Induced em4
e = BL LVS‘\ﬂQ)

Moving Conducting Rod in Easth's Magnede Field -
4. Honizonta) Red Moving m horizontal Plane —

. E-W = Bv Cuis Morwmal EMF
I} its ends n

e = Bvlv
N-S = RvCuts

2] Verticle vod meving in horizontal Plane-

E-W Lne = By Cuts — | € = ealy
T§ (£ moves 0n<

N-S Line = No Cuﬂ"mg —> No MoHonal EMF

3.] Hoxizontal Rod allowed do fall undesn gravity -

E-W divection 2 Buludks —>| € = Bulyv
If its end m<

N-8 divedion = No cudfing — No motional EMF




Irduced EMF due do yotation of a Canduuh'na.

Yod in uniform magnetic feld -

Let a  comducting vod X x X X X x
of ongth L A4 votating -
Lt Ha vdoo'uhj w, ’ P 2
penpendiculas o a magnehc T 4T
ffdd ._B,’ I " l} \

. X1 x 3 ?, " x X

To calcudatre Hhe ivduced Yo% .
emf [ Conaider an elumend x Sox x ,,: X
0f dun di at ddatence L ~e_--7 0 =

frm e end o O:f +Hhe TOd' X A X A X

Iy the ULinen wloa'l::( of the elument M L4 v
the irnduced emf ivn 1t
de = Bvald

Here elument ol AA Yotccting i a circwlan padh

of vadiuzs L , so that
vV = AW

Hence cle = BwAil oL

To Cedewdode the [nouced emf in the Complete vod
we  infegrate He above equatovy with Limts 0 to L.

fae = [Beotds
O

e = mw [£7]

e = Bw EJ{:-— o:]

oY e = Buwl*r

2
AS LD = 211:f Se ‘H‘\oci' e = %&)\lﬂjxl}'
oY e = BpiS = ®af

Whene A= T = Avea of +Hhe CO'IL




Note - .
It @ Conducting rod 7votaking about an

O(xls ejzpe,ncucc«la)z_, Jo its length o PaMir\g

uﬁh its cenhre then +he poivds which are
at equod distance jpom he Cantre have +he same
poterdual awvd -theixr peotenhald el fyerance whHll be
zexO-

Induced emf M a whe! of e votatng i
A Uniform magneHc »f{dd - i

T a whet of
havma. Spokes of langth U JA X

Yotodin ULH‘H\ anaaiah velocit

w Pv;pmdﬁcm o am :‘g X
fne)d B, then <duc 4o induced
em$f v each Spoke behave,s x
Lke a cell of emf €.

As Hhese Cells Que Connected
v pozolle] than X

Eequvatens = & Lemj of each Ceu.)

eequivnkrd’ = ..?L_ E»O.lt

¥  Net imduces) emf does not olupends on +he number

of <poked in +he wheel.



'lr:qm o§n50 renv /s, with one end hinged ait
centYe d +Hhe end af Hhe ar mtmnm
a cvewlan medallle vimg of radius 1im, oakout om
oxXis Powﬁ'na +h Har e ancl ndreuwlar to
tha plane " of the H’ﬂ%- A Cerdtandt (mi magnehc
twlclo-b.L'r Mdh#&axisispre&nie«:%:ﬁ:m-
What Ud +he e-m.f. betwean +he Condre omd +he e
ng ?
_;Q_L.% Here , vadius of civele R = 1m.

Fm,thnuj ¥ = SO w.»/_-, 3 8= A

@ A metallic ‘rodab Lm length Jo wihoted wihhq
o-b-

S 2
e .—TGR&)

e =L er* (2mv) " X
= JIVARY P
e = 2494 xsox 1x(dY X X
= 1571 V \
Me4al E.nna,
X > X

*
%@ A Jet plome & MVE.U.ma west at the Speed
4 ob 1800 Km/h. What W the voltoge cl«bnbmnc:z.
dleveloped between Hae ends af +Ha himg 25 m lon
15 Hhe eanth's mognedic -ﬁdc! at Hro. Locatom h
ama.on'r\'uou. of sSx107"T omd Hae 2Up cmade.u 20" ?
Sol- Gijvenn Hhod - V = 1800 Kmfnh = so0w™)s

L=2sm , B= sxi69T , 6=3%
So €= Lv By = Vexhcle Compo-nM I )
= ( earth's field 5
e = (BSims) Lv
= 5x10Y X SIM 30 X25 X 500

e = S B Velt




C\.. otfquauL Copper sl ot yoolns 1OCm yotates
at a aj 2.0 JT mc\/s akount on owis 'va
"’ -:n:h’e, ol ncht,u.la/z. 4o +he SAde . A un
ftdd Ob* 02 T acts FuPe'r\cL(r_qur 40 +he “dixe.

CL) Calewlate potential dabvumu- daveloped. betwean
Hhe axis ot 'Hu._ disc and +the ¥m.

(i) Wwhat 44 +he mduu.o! cwdunt ¥ Hae vesistnce
05 disc ts 2 n?

Se)l pere r=lotm = L0

4 w = 207 Tads
B=027T , R |

'2_..0..

uS

& € = _LBooY'L
e - .%xo 2 X 207T Llo'l) - 0.0629 V
, = e -~ 00629 _ ) <
L = ki = 0-+03NS A

@ arm P& ©°f the yveclangulaa Co-r\dudoY is moved

=0 to +he " Side skown N IGUAL -
m ru m m iw%le,lcl D CxJo:El_ the
P\qm anqd extend s : =0 1 b m’\d G
ZexD tcr‘( 2P0 Oﬂlﬂ 'Hu, tvvm PQ possessel suhstanhql
resstance v. Conadey” tHhe <siuotion when Hhe atm
P& Ul PukurJ outhnard s ~=0 t x= 2b, and
i1s then movest bock to xX'=o0 hith WWSP‘“" V.
Obtun ex re.ss)m -5:;1 +hae «Hux the mmducd e.m.f,
The mecess pull the amm omg the power
=lissipated .Tou.)e kv.od' Skatch +he variodion 2y
Hhere ﬁumuh%eas ity cbatomca .

.§’9L . L K @ > L ®
L M
S , ‘
® £} I- e o ® ® P :
a 8 s ® © ® ®
® ® 10 e o @ * ” v
. o ® e o L) ®
o E B o e e ° ® Q




Congides. the fovwora motion o oc=0 to x=2b.
whaon em P& is at x| magruzzﬁc_ tfux Unked with
+Hie Civcwut PRRS -

¢ = BLX —fox 0£x<h
¢ = BLlb foe b £¢x < 2b
So t+he mducd em-f K-
e = -da‘ﬁ = - 3LV for o<cx<bhb

$ = -~ T-L_df' = i for bcxegeab
Wwhen the mduceel em-f is non - zevo, Hau megmiude
Ob Curvent w2 I = B. = Blv
Y i
Force vequived to
+tHhe arm PR in Constan Motionboﬂ_le’Right Mation to the Left
. e o=
motirnm = RBIL '; D ow T«
= BLV BT AT N
F = B(2bv) RN
s BL¥ ,for 0¢x<¢b A
Y | : | |
F = Zexo ., for bgxgb o E i
w I I
. ' b3 | I |
The oclUrechon of the force oo ¥ P
PR o to tHhe l.e.,b* ; ; | |
: . i R S
The Joule kuuhng loes X - r E |
P = T = p? ¢ v? .g : | |
v oa— 11
p = PBACY® for 0<x<hb L oo
¥ 2 5202 'I E 1 [
P = o , for bédx<2b T 1
%ro b 12 b Vs
Similas expressions Qne obtaimeo] T

¥y mword mohon ok PR rfrm
xe2b 16 £ Z0. b




Encﬁy Censideration in Motional E.M.F.

l»\)kmn a4 cendudtor of Ie,na}Hq L 4 moved with

a velocity v in « empen&cu!% m ed B
'H«l motion al e. m.+. onduunlaam mt'andudéf

e = BLv
Let v be +Hie vealdtance ok movaoble arm PG, of the
vectom Ccmdudof Heve e astume Hhad Haa
re&vs'l' Yemouﬂm? aun ®RR , RS ond SP Is

?ble_ pa)ual s v,
Cuwuvewendt TInduces! in +he [a—oP I =% = B.%V

The m hudle ° ce. on Hthe Condudor P& movim
iM &qamhc, fe?l.;I AA - d

F=mBIL=B(BLv)L = Bzi’v

The Jdrechon ok +Hua e te to H~z veloc
o«b Hhe Ccnndud'on —fmr - OFPOS' N g

Power requived to push +he conductor s

p= Fxv = 8LV ., _ @20V
Y ¥

As the conductor J» pushed  mechamic
mechanica) evievgy d:smpcdcc? per sSecomd s awenba_

E:IT:(M): E};VL

which s Hie scme as the power weguived o
push the Conductor

Hence , mechani'cal u\mﬁ mqu)-rco! 4+ soove. Hhe
Conductoy PR IS Convernt indo efechrical enegy fost

(l-e- the imduced em.f.) omd +hen ‘o +Hurmal entrgy-

Heat enexgy P‘TDdUQd/SQc. = 61'7 ]




_A-coila-b—numbe,\_o}h.mrq,auqn.h
v Yototesl ot @ cendtant o ..{Pg_q_d [
20°% j1 a uniform Tﬂaﬂh.e.‘}ic j—‘ S B omnol Commected

1o a yveslsdtor R. Decduce. the expression Jpr -

(@) Movimum emd 3pa\uuol i, Hae coyl

(b?) Powen dassipahon m #he. coil.

Sol:y o in‘l{-;alﬁj asea vector ?oﬁ Corl makes an
cma'(e. 6 wiHy +he lirection of Mdgn.vh& fido(.

Let Hae Coil Yotodes by om amaAe & ot Hhe
magreh ¢ fidd in Lime t- sheo

L = ._i- 3 { > 5
oY e = ot A ;
> \/} :,
. Magnehc flux.. Linked with each Aurn off Hre
mc{anaum coil ia -

-—
4; = B'A = BACoAB = BACorWt
w0 2% . - sAwSHwt C w = 20f 7]
Fox N twawt off the cor L bi‘,l meda,y’s law -~
e = —N_‘;Lg = NBAW SNt

oY € = €., Simwt
Whenhe €, 1A mouimum of PQO-K vod we ob. em\f.
nduced in Coil and a»;vcn b-é -

€ = NBAW = NBA(aAT)

(b)Y Power dissipated (P)= .\%E_s_ - e%.

LWhene R wA the reastance .

Cyms = S0 = NBAW
J J2
p = (Neaw/m )™ o [ o NIB AT o
R o




A Metollic Sauane J.mp ABCD o) .Sn-r_e. 15 Cm.
c65€ and m:btance. 1 0 1% moved of a um m veloci

i s in a uniform mognetic fied 2T
1'2:. ;Z:l Erws be,ma nor:éa.l 3o f'ﬁu. plane o
m paper: Tha J.Ad‘Comec}cp! Fo an electyical

eéq

2 ea.a‘cmrs 0 YesAtance 2.2,
Ob' tha” Leop fnr tohich 2ma
cw.u_n:)’ flows in 'H\e_ Loop-

X, x X g P
X Tx X X ‘—
ISCm S ()
l’( = “ 2n 2 -
B A
X x R
sol: Given - L= I5em, B=2T, Rasp = L, T =2mp

PRRS @b a bolancesd wheatstone byidge .
s S/ wive. of 2.2 yes\stance Covy be Yemoved .

4. TRe egwivalent rvesistoance acvoss PR 1A a-iven by_
R = XY . 2. na.

G+y
Net vesistamce o the Civeult = Ll+2 = 3n
a ' = IR = zxvo’3x3 = 6xm’3 Vel+.
But Fofmaﬁd a‘iﬁmﬂm acyoss Clenductoy = v L
So Rl = ] e
-3
v = _EXI0o = 2x{6™ mfs,

2L X oIS



Eddy Currents

. The ecldy Cuwents are basic Hie Qusands
induteel in +the body ok a cenduchy d +o change
n maam:h'c_ Fux Limked with Hae Cenducdor.

For e.nample when we meve a metal plod-e, e o

ofy & mnﬂ%c iedd , Hren Hhe relodlve meotiom of Hhe

e,k:!:l +Hne ductor Imnducer A wrent In G
uctoy.

) The CendudhHon elechrona nr\aJm-nau ap tHhe
nduced cwvunt whirl aboud within +Hhe ‘plote as

i 4—1«.,5 were Cay i an eddy ( or whirlpool ) o
:goder. Thid A Callaol Hae edg!a CMMM\;-.PO ) t

Eddy Cumnant (L)= nduced em.f (&)
vedjdtonce CR)

Bul we. Eknow thead e = —:L%_ So
L = - a$/dt |
R

The divection o} eddy Cuwrend is a—l‘v-eh ba_ Lenz's law
oY F—lemiﬂgfs h'?dzd' hand rule .

Experimental Dewmonstration
Suspend a —flad' metedlic pledte  bethwean pole
pieces N omd S of “an elechomagnet . Lat 53 come
© vest with its PIQ'n.Q. culon Jo magn_d-l‘c_ .belo'
Z 7

gl
Z

Whann Hhe M2anehc, daela) g o +he metadlic
P‘QJ’& dAA-hu,,be_daﬂ |€b; equ‘flé'lbn \i_",po&"n‘m omd
.LCf!‘ , oscillates u;Jj 'fmr a lonﬁu’ e

Bunt wwhen Hao e,luMmagxi——iA sunitcheal on,
Hhe vibrediomA ok the plate dAamped amd +he
Plod—'e_» 2tops vib 2‘ sooney. This 44 becaunsre O‘E
edclar Crttundes Sawn opeo! 1 Hae v’»bmﬂv\g plad'?_




Reason ;-

In the mormal positiom rest o} the pode
m e fux Umkad with the plade is maamum.
oool:Qn o 3 Aupacd towonds ony ene extreme posibion,
@l ob— ode i He ik Secreates. Therefove mMognatic
ux UnKed with the = plate decreases. pady c "
develop N the plade which, according {o ' Lenz's law,
o Hhe elecreare i fux cv’no\ han He motiom of
-rf\.L plate . towonds extreme positivn.

| s';m;\uh.lj when plode vedurns fpom extreme.

posiita o pusdn position | area o) plate” in Hae freldl

(Ncreosed | MogmaHc «b\ux Linkeol tith +Hhe plote increades.
Eddy cawrurds are olevelopesl whith oppose Hae marase
on tz,{x and hence +he motien of 1the plate +fowards the
mean posititm.

T either. cose, nibvotona of the plate are

How to veduce eddy curvents -

When « P\o.i’& witr slots cutn 1t o4 meade
do oscillate im the magneHc jield , +he damping
e‘bheo_‘\’ a4 Here , bud OF M4 mudh Smaller ccmpau.al
5 Hae Coune whan no Slots wexe cud.

Thila nmeansd ed cavents At reduced . Thay
J becauase mﬂm{c_ oment oy Hrz nduces current
Ctohich = opposes ™ the moton ) depénd wpon Hae ok’
enclotec! b% Hae CuwroentS. '

™M= IA
Hence 4o mmimize +Hee Qda‘% CJ«MS, Hre mada]
Cove. fo be uwsed in an appliance “like djnqmo,m-.ajurmo/,
choke cCeil, motor edc. Ly 4aken Im Hiz $ovm o Han
steets. Eadn sheet va elechicadly jruwlodes

He other by jnauwdedting varvish. h a Core
Colleel o Lqiﬁ'aﬂOd‘-eo\ Ye . e Y

. Lorge.  resistance between Hae Haiyy Sheeds
Con e -AL e_old7 Cuwrrerds 4o tHhe Irndividual sheets.
Hente Hnae eddy TCurvrents ome vreduceol 4o a large. exterdt.




Uses o}y Eddy Cunrents
(A.) Dnoducthon Furnace -

The heating  e)bect ofy eddy Curterds is used
for 'rm_li'lha a muted ivn an  induchon  furnace- Eclely
Cwsonds 0f tudle arne produced b in
Mo\a'm.h'a {a‘clz?ilmaﬂkx_ckana% iy Hae ™ 31% ag‘c
So “¥opid thot very lomge eddy cumwrerds ave gentraded
and heat produced 4> Awb’bldol o madt a medad qw'dd\tjr

(2.) Electvic Bvokes -~

T4 L& an eﬂ—fdu\j' 5a4+c.nr\ ob byouces evnpo\\,ed
in elechie Predng « The oxle o a -haivn <A Lushounded
by a ceaxial inoltnicad rum . Whan the tredn  4a
4o be Liopped | a 2hong weagredic fidd & applied
30 the fofqﬂng Arum. Thia vesulds In Hae ae»w.pd:a‘on
oy :H'u_ eddg Cunnents which oppose Hae velative
mothion  an Hhusa Hhe tredn slows down avvol Comes
o vaat quickly.

(3) Speedometey -

Th & S omeztey, He magnet yotatesr (nole
Q pivoted mialmmm. 12—\r\L epeeol of votation clepends
dtpuds on the speed of the velicle . Eddy Cunsunt i
HAe dvum Caurtr Hae F2  wsotote it Hae cShum.
I+ ~yotates -H'vrmﬁh ar angle whith 44 propovhonal o
P speed of the wvehicle. A poinder attached To the

mas vaA q Yeadu o)y the Speed of e vehicle on
G '\o?:dzd SCO.Je,ﬂ%

(M) Deadbeat Galenometer-

Wharn Hhe curphent j:lovos M Hae Co4) ot o mov'ma,
Con) %alvmmm:}tr,m Cenl gus cefjected and as Loon ax
the “Cuwwrent chope Hhe coil dends do 0scillode about ids
mZavr Pos'v-Hon. Howeath Haa edd.y dents e 1'1\
Hae mefel Cove of +he Coil oppsse Hae osclladory motion,
dut Ao which Har Cet) Comes 0 reat quickly.




Menh n ' )
or;. any  uwd wseful applicotions of eddy

<

Sol. (1) M&jnbh'f- byake
(b) Moﬂerc. Furnace | InducHon Cooker-

9.0°



Self Incluction

I+ W Hhae ik,
ohich e “Coll opfares oy Burrge m e shengh
j (tsdt‘ ﬁOMY\% "H’\m‘ﬁa*\ Ut ba lﬂduqy\i an emf

Whowy  cuwrrend (1) s |-nc.re.a&mg Yhe selyy
induced em.f- (e) pears OCCYDSS il 1IN Aa
irechon SuCJ‘\ -Hr\adai oppofes Hre mcrme Tharejore
»d wouwldl be I a Urechon opposﬁce Fo L

< e,
&

whon Cuwrvant (1) w2 decreasivng | Hae Sely nduced
em-{f. (e) a.PPe_qM Qcxoss the Coil in a Juyvechonm ,
Sqoh Hhrat 4 cpposes Hae <lecrease. Mﬁw& 14+ wowld
be i +Hae ol.are 100 of L.

.Sc,lb Inductance -

Letr the Cwwereendt I oosww "l’hmua'h a coil ot

‘bm omol &P K -Hruz. oo moﬁmbhc., 100{
LmKeol l«n'H\ oM the twens o} 'Hfu_ced

Then wth O -bouf\o\ +Hhat

¢ < T o¥ ¢ = LL

Hexo L 4 a Constomt oﬁ g:m o&:hono\bt-!'g
Colleg] self. inductence o e.wuent’ Ob .Sdt mduchcm.
O-k tHhe Coil,

X The value o nale tHhoe Number o
twns | QLA t Cmssd"ﬁ:d-zm um nodure ob t
ob Hae Core on oruch Hae Coil i wound:




Iy I=1, ¢ = Lxl oy L =¢
Self induttamce ©f A Coil Ja numex equad o
He avout of mogrehc Hux Ulinked wi Hie coil
when Unut m Pow 'Pm'ob\gb\ Haz coil.

The emf. induced m the Coil s given by-

e= - = - x
—idt G (L1
oY l e = ~LxdI
_ ot

¥ The ST unit of L h,eru'a,-

=
AT et

The .Ser- induciemca o a coll is coud 4o be 1 hen
whon o Cuant CMQM—MYM!ObiMWe;i&L
‘ﬁ‘\‘ﬂi Hhe Cotl imducety en em. f. Ob 1 volt in Hwe
CotlL: ™

1L Volt
1 ampere ) Sec,

= 2

L Henﬁ =

@Cu\hu\* in a crcwt falls steaclily fom 24 to

it O A in Lo ms, Ik an average emf of 200V b
" incluced | Colewlate. the Sely tnoluckance of the Gradit.

’S’ﬂ; Given +hot -

-3
AT = -2 A , At = loxI0°S , V<= 200V
v Trdluced emf{ e = - LAaT
At
L = -—eat - —7.00:(!07063 < LA
AT iy

self Inductamice L = LH




Selfy Inductance of a Solenoid (cese 200912,

Consider a lpn ocuy Solenoid havina_ Nnumbey of
tunns per umt !lmaan N -end current flowing in
tt AA T

where " =L"£_

Maane;h'c_ fleda) withivn +the Solenvid B= Mo
Where  Mo= UTt x167 H/m

< L m—p
b % »
== — < =
:4— ——t
. /' 5 A =

2 o

Ib A 1A Cx08s-SecHonal ooy o Saleno’d ,Haean
Plux Linkos wiHy solenoid o} .Ll_nd-!'h L 14

b = NBRACAO

Ct) = NXMonTIA = NXJUO_'}_IA
- MoN°AL
¢ r
Selb imductemea oy afg’ solevoic)
L= N

L. = &oNZ’A

'Ib- Solenols) ConYeint a Coxve ob— -fe)rmmaaﬂdﬂ'c
sulbstance o relative Pe:rmeabﬂHy My 5 Hhen
Selly 1ncuctence

= Mo NA
L= Mx s




@A Sownce °b e:mf E 44 wieol Jo establish

pdr'* a Cuwwvent T, ‘Hr\mua'h a Col ob— Selfs inductemoee

V7 L. Show thed the wovK done Bg the Soukce of
buld up +e Cwsent T 0 L LI

Sol. b

— TRe. Sownrce emf £ establishes cwvend in cal
in opposition of imdud emf ( Lenz's law) and
hence. oloer  work fof the Same., This worK olone

by Souncer Stoves i +h c e
i he  coil. tn the frrm of magetic engy
) -

/

(-

+| .-

'E
let} I cCwerent flows  +hvo dthe @il of sely
meAuctonce L at any natant €t cohen vajte ob chmnp_
Ob Cwuoeend in Coil L AI/dt .

I = - LaxT
roluced emf e e

Wevrk done in e,btmblistu'n} the Cwvund n small
Lime. inderval ot 4a 3iven b&-

duw = PeolE = —ETdE

o w =~(‘L%%_)Id-l: = LIdT

Yoo Toted Wowrik done i'ncmab'mg Hhe Curweerd
-bru-w\ 2ot 30 T 4 -~

5 T
= [Lzgr = L_deI
(-]

W
o
T
R )
W

- %_L[::’..g—] w:..:I:LI’-




Inductor.

Ji-L'Il o the external Ciyewit

on anc n the switch-

* Alten the cwvund has reached its fina) stea

dxj State

vadue T , %'L%. =0 and no more enwngy is input Ao the

* Wwhoun Hhe cwsunt decveares om I o zexyo, Hw nductoy
acts as a sounce thot supplies a jotal amount oy

entia

T we interrupt the civcwt suddenly by opening
a Switth the cussient cecreaser very vapidly, the induced
emf 13 vey large-ord +he encrgy may be dissipated in

Maﬂwl'ic Encrgy der\«!:u-lti-
Evien
of the inductor.

d 2.
u-;__U_ = LI

various formulae for L

3y Stoved per umt volume 4y Codlto] ey densiiy

Circular coil Solenoid

{ n=popt, )

A
—

v




A plot of mognehic flux ($) versus cwent (1)
cBsE i Shown in the fig: fox two inductors A and
2°7 5. Which o} the +r§o ha» lange Value o self-

inductance .

So]. We Know Hhoed cp=LI T 2
Oy i = 1. &

v o
The slope o} % o}y 5+r0«.ia»h‘ﬁ'
Line is quox,\ +o sdb— inductence
L. Tt i3 largen fov inducter A,
Hrexefore. inductox A has larger —
vedue o) selp inductance L. I

@ The C(wwxent ‘ﬁow'm in the two colls ofy sely-
CBe€ nductemce L, =lbwmH omd Lz =12 mH are inCreasig
T ot the same yate - T the powen Supplied Ao
the two coils are equed, Pind +he yedio of
(L) induced voltege (i) the cuvvent (i) +he
en.e)z—a%ezs stoved in the Ywo Coils at a grven instent.

Sel, (1) Tnduced emf e = —‘-%”%-
o &= -hidg L
-oTmE ¢
€] - i6mH =4
5. 12 ™mH 3

(i) Powen Supplies] P=ex1
Since powen s Same for bots the coils

r —-e :3

(1) Energy Stoved in +he coil U = S LI™
o'd _Lﬁ. - J—g L'lI’l
U?_ —%_Lzl%:

—Lﬁ.:.ELxE = .4;)((
Uz Lo T2 3

% =

o
o



o

2z0\2

A o0's™ long selenoic) Db— lo +wms/6m has areq
Ok Cy0sSs—Section 10m2. C'aqulaﬁL Hre Voltoge
induced acvoss its ends 1 the cuwrrent in Fhe

Selenoid is Changed from LA to 2A in O-l Sec.
Siven thed I, =1A, I.=2A, L= 0:5s™M
nm = .% = JO '}W\X\&/C,m - Jlooo mm/m

A = 1 cm% - lo—u "M 9c’{ = O] Sel.

Sol.
P

The Lnduced voltege [ €] = LI

ot
= é‘“’NandI = MonZ*AL x d XL
v ot olt
g = unx151@ooo)75<)o-qx0°_sx (Z-l 3

O"
— 26TIXI0° mV

e

)
<Gioll

%%




Mutual Inductonce
T+ & He PBOFM}J O‘b 4vo  Cols ba Vivhae

whach each oHoOs chemn 1 Hae <hen
0% 'H\-ro Hae  oHren I ba e{,welopw 8’”‘
i?‘duc.mo' e-m-f
P S
‘___.—-J %> < .
i wesnnsl lu)t.lceocuaaenrh
CELL CURRENT Dol
j— s
On PreA&iﬂ oY re)ea,&\‘ﬁga' Ko vanometer shatos
a Sudden Rmpora)uj ob./b'QC!H . Twa s due do
mutueld [mducHon asled belowo —

(1) o Pr-u.&m Ku% K | cusseent in P imcreoues
zexn Jo imumU value. . I+ takes some e

Hais dumc, cwveent i P i mcre,wsm&
T‘km-bwa; mojn:.,h'c. ux UnKed vt P A4 omrwna

As S a4 close,ba, Maﬂmuhc. Flux arsoctades! with S
also  Increases . AN e-m-f. J4 induces) ms Accorohng
+o L-e-nzs Law , Hae nduces] owsmwt- n S w-oudcl
epbpose Increste. Im  cudent M Pn}a j‘-fownna i a
i vecHon o;;pos-te 4 Hae cell curye N P

\

(i) On ve)eau'nrg K , Cwoeent in P decreases fom

modmum 1o Zero uw I‘l’ T akes Sorme :btrnt.
D wui Husa2 time. CcCwoendt 1 P oJUa d-ecreaxlﬂg
e mognehc #wn Liniceol witHA P is decrewsma-
As & ds hald” closeb neHe Hux ardocieded corth
S alro oclecyeosed ¢ Ai’ W Induass In S,

Accosding 4o lenz’s Law mduced ecussernt imn S
Swum wﬁ lows i Hae divechon of tHae cell

Ciansel m P _So asy o oppose the decrease n Curvent
m P



Mutual Inductance

et I K3 Hae sthre ok owuun:f:honec_ulqnol
¢ 44 the totad Qmouvu" ux Linkes coith
ad the twwns oj rwarkb:g»una coil
Then it is -fouf\

P, & I ov [4,&-.: M,
whese M ws a Constand ob Foﬁd’\or}ahf\a ona LA

Collad C,oe—ﬁsluervf' o4 mutual \Y\cluc+|m oy mulual
‘vAuctonce ob Hwe Yo ceils.

Tf T,= L1 5 +hen [d= m

Thus The mudual inductomer of fwo coils (s equad
3o the Qmoum netc  flux Unkeol with one Corl
hen unit C -}‘hm&a&\ Hrz r\m@hbouﬂra Coil.

‘mﬂ;-i-ncluu,cl em4. 1 Hhe neghbow:ing Cerl G
d ¢ €= ~ g = - d (MI)

e, - —m4dL,
ot

ST Unit of M MYU
I}y dIl/c,H— = 1 Hazn €, = — M
So  +Hhe muwtual nductemce of two colls 2 S-Ouc\
tt be ome Henyy, When o Cuwwant chm‘g
ncel CA‘n

the Yoke of ome /Sec in one Coil 1
e m.f. ob onz vyolt (v the_ other coil.




Coeﬁfden‘[’ ob C,ou.plinel (K)

C,oaofj-iuen;f ob Cowb h-nﬂ Ck) o-b— Cenls
Al KR TUAWR o-b Cbupllﬂg betrveen Hnae tuwo Coils.
I+ «& arwwh a—
K = =M
\IL|L‘2..

Nku..L L ond L2 are Coett\ucn:fs of self incuctance

'Hu. fwo Calls and M 22 Coe.tbuu'd— mudusd
uc:}'aﬂc.n,- ot Hae Two cCeolls.

K=\ K<

»

X The vadue 0 K Yanges from O 401 (oek 1)
¥ Value of K decidtd fpom fashion of Coupling-
x K s also defined ar
K =_$s . magnehe flux Linked with secendaty Coi
Pe magrehc flux Unked with primary Coll




Mutua) Inductance ob— two coaxia) Seclenoids

Congiclesr $wo Lona co-axio) solenoids . each ok

lena"r‘h [ . Le)- N; ond Nz are the Number of turns
in Phe solenoicle. dmol Cxoss SecHonal areq ob Hie
Cotls JA A.

Let the Cunrent In the. fivatr solenoiel 4A T Hhen
Hhe maanezh'c field produed by 1t J&

2, = Moy, = MOL:'(LI,

So +hot +he magne-hc Hux passing Havou h Hhe
Second col)l AR 7 7&) g S J

¢2 s NQ_&, ACOSO'

o P, = Nzx Ngr_i_l I A
Mutued nducteance oy +he +uso <olenoids fg
M = P2
I
M = 240 '\'i&?—A
Tk Solenoid Comtauns o Core mag netc modenie
obb yelaHve 'macanehc Pexrnezm'h/ My Hhen

M = MYMON’ Nz,A
L




@ Taso Concerdrice civewlosn tolls ¢ and Ca ok
(esEvadius v, and v (¥, << 1) vespechvely ane
g K:.P‘l' Coqxia.u;’d' Ib Curowend LA Pcw.se.o‘ Hhrou
Ca, then i an expression v mufual
inofuc;fance botween +he Coils.
4o Comcendric colls when

__—C_—_-fl- In Coue ob
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Combination of Inductance

(1) Series : If two coils of self-inductances L; and L, having
mutual inductance are in series and are far from each other, so that
the mutual induction between them is negligible, then net self

inductance

Ls=L, +L,
When they are situated close to each other, then net
inductance Lg=L,+L,+2M

(2) Parallel : If two coils of self-inductances L, and L, having
mutual inductance are connected in parallel and are far from each

other, then net inductance L is

' & 1
fp &y Lp
L, +Ly
When they are situated close to each other, then

[ Ll — —M?
P
L, +L,+2M




0.1. A square plate of side length 4cm is placed in
a magnetic field of induction 20 mT in a

direction making an angle 30° with the plane

of coil then the magnetic flux linked with the
coil is?

Solution:
Area= (4x10‘2)x(4x10'2) = 1€ s 107 w2
& =90—-30=60° B=20%10"3T
@ =BAcosO

1
=(20x102 )(16x107* )x—

( )( )*>
—10x102%x16%x10*=16%x10°=16 4 wb

Q.2. A circular loop of area 20 cm? is placed on x-
y plane. Containing uniform magnetic field
of Induction B =0.4; + 0.3 Tesla
then the magnetic flux linked with the coil
is?

Solution: B=0.4i +03] T ; A=20x10"k m?

¢=B.4=(0.47+0.37).(20x107k)

=(0.47 +0.37).(07 +0j +20x107k)
=0+0+0=0

.. flux linked with the coil is zero
03. A wire loop of 5 turns area vector
A= (45" +3j ) m? is placed in a magnetic field

of Induction B=0.4;T. Then the flux
linked with the coil is?




Solution:
=0.49
- N(B’.

.
LU

; A= 4i +3j;and N=5

S
Al

)

5(0{ +0.47).(4i +3j) =5(0+1.2) =6 wd

|

Q4. A rectangular loop of area 0.06 m? is placed
in a uniform magnetic field of 0.3T with its
plane (i) normal to the field (ii) inclined 30°
to the field (iii) parallel to the field. Find the
Jlux linked with the coil in each case.

Solution: ¢ =NBAcos©O
i) $=1x0.06x0.3xcos0° =0.018 wb
ii) $ =1x0.06x0.3xcos60° =0.009 wb
iii) $ =1%x0.06x%0.3xcos90° =0

Q5. A4 small conducting loop of area 1 mm? is

placed in the plane of a long straight wire at
a distance of 20 cm from it. Current in the
straight wire changes from 100 A to zero in
0.01 second. Find the average emf induced
during this period.

Solution :

Average emf ¢ — - 2% _ & — ¢,
At At

Here ¢, linked with the loop = B.A. =

Mol
27mtd

. 4t x<10"7 %100
21tx0.2

¢, = (final flux) = O.

x(10°) =10"'° Weber

10" -0

= =107" 1t
So, € 5.01 vO




0.6. The magnetic flux linked with the coil varies
with time as ¢=3t°>+4t+9. Find the
magnitude of induced e.m.f.When t=2sec.

Solution: ¢ =3t% + 4t +9

- (3t2 + 4t + 9)
dt dt
e=6t+4

Att=2s;e=6 X2 + 4 = 16V.

0.7. A magnetic field of induction 2T acts at right
angles to a coil of area 100 cm? with 500 turns
and having resistance of 10 Q. If the coil is
removed at a uniform rate from the field in
0.1 sec, find the

(i) e.m.f. induced (ii) Current induced
(iit) Charge induced in the coil

x x >
x x T
. ' do
Solution: (1)Inducede.m.f. E=—N at
£-n(8t:)

¢, =nBA cos 6, =2 x 500x 100 x 10~ cos (0°) = 10
[ 6, =0°, since area vector and B are in same
direction]

—_ 10—-0
6, -BAcos0, -0 ; E=2_92 5 ~100
(i1) Induced current 1 =§=%=10A

(ii1) Induced charge q=It=10x%0.1=1C




O8. The magnetic flux through a coil
perpendicular to its plane is varying according

to the relation ¢, = (St3 + 41> +2¢ — 5) weber.

Calculate the induced current through the coil
at ¢ — 2 second. The resistance of the coil is

55).
Solution: ¢=5>+4t>+2t—5

|e|=d—d)=15t2 +82+2

dt
atr=2sec, =15%x4+8x2+2
E 78
— + j=—=—=15.64
e=78V ; 1 R 5

09. A4 long solenoid with 1.5 turns per cm has a
small loop of area 2.0cm’ placed inside the

solenoid normal to its axis. If the current in
the solenoid changes steadily from 2.0 A to 4.0
Ain 1.0s. The emf induced in the loop is

Solution:
The magnetic field along the axis of solenoid is
B = n ni where »n is no. of turns per unit length.

flux hrough the smaller loop placed in solenoid is
Since current in solenoid is changing, emf induced

d¢ _d

dt dt
—4tx10"7 x1.5x10*>x2x107* x(4—2)
=0.75%x10"V

in loop is e

[onid];




0.10. A wire of length 2l is bent at mid point so that
the angle between two halves is 60°. If it moves

as shown with a velocity v in a magnetic field B
Jind the induced emf.

Solution:
e =Blv. Here [ = Effective length =PQ

sin30=§:>x=lsin30=é

ly=2x=2(Y)=1 e=Bi,v=BN

011. A copper rod of length 2m is rotated with a
speed of 10 rps, in a uniform magnetic field
of 1 tesla about a pivot at one end. The
magnetic field is perpendicular to the plane

of rotation. Find the emf induced across its
ends

Solution: 1

e= EB(Dlz =%B(2nn)l2 = tBnl?

e=3.14x1x10x2x2=125.6 volt




012. A 0.1 m long conductor carrying a current of
50 A is perpendicular to a magnetic field of
1.25 mT. Find the mechanical power to move
the conductor with a speed of 1 ms™'
Solution:
Power P=Fv ;  P=Bilv; I=0.1m i=50
B=125%10"3; v=1m/sec ;.. p = Bilv

=1.25%x103%x50x0.1x1 ;s =6.25x103;
B=625 mW

0.13. Two coaxial solenoids are made by winding
thin insulated wire over a pipe of cross-

sectional area A =10cm?* and length = 20cm.
If one of the solenoids has 300 turns and the
other 400 turns, their mutual inductance is

(1o =47x107"TmA™")

N N.,A
Solution: M = ey }, =
M_4n><1o-’><3><102><4><102><10‘3
2x107"
=24nx107*H

0.14. The self-inductance of a coil having 200 turns
is 10 milli henry. Calculate the magnetic flux
through the cross-section of the coil
corresponding to current of 4 milliampere.
Also determine the total flux linked with each
turn.



Solution:
Total magnetic flux linked with the coil,

No=LI=107%x4x10"> =4x10"Wh

4x%10
200

. Flux per turn, ¢ = =2x107"Wh

0.15. Two solenoid A and B have same area of cross-
section. The ratio of lengths of two is 1 : 2 and
the ratio of number of turns is 2 : 1. Find the
ratio of self inductance of A to that of B.

Solution :

&1 N,

Given =— and —L=2
L 32 N,
Self inductance of solenoid 1s
NZ2A
L=fe— o . (i)

From (i) we can say

2
L (M) [L2)o2)2.2)=58.
L, (sz (ll) i




