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L_is vatio bw induced _emf  and  rate of change of i
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ecurrent

E. For _a  solenoid: _
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3. E"ﬁ(: due 4o nutual induction s

€= Np /__bin_;_),_
DE

N&__QD__QE_—‘;M_DS___DF col\ B

B/pt 2 Rate of c.bo.%g,_gf_muj:ua\ Flux

£ = M AT

At

Mutual _Trductance -

M= Nb
:

6. et pro duced i AC_(Gene vatoy_:
£ = NAB (wSanut\

£ = Smay Sinwt

£ = Epaxsin (2xF)E

3. For_ Transtoxmex :
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Cuvrent  in_ynotor:

T = (\-¢€) : £+ Bl =y

R

Ef(_—‘irie\nc% o(‘- voDtoy :

= \ovk done by Motov 100 4.

Ev\ergg Consumed hH Metor

L .
Applied evref

£ = NwAB o E=_NABw
(fof Generator )
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 w ELECTROMAGNETIC LNDUCTION

:

= _Ahen  the magnetic Flux \irﬁmg_n.._condudm changés
i on_emf is induced in_he conductor. This  phenomenon ls
Knowp as___eleckromagnetic inducHon

— = The Vasic_reguirernent _for _electromagnerte induction is
the change in flux_linking the conduckor (or coil)

_ _PrRoDRY’s [aw OF ELecTROMAGNETIC LnNDUCTION

--

£ = NAY®
At

fov wc®: The Heme vate of change of  flux hqs +he
Same. o\xme_mhon__auhai‘_of_@ie_hg_cl_fﬁerence__

w LENZ'S [AW

> The induced _emf always opposes dhe change in_ flux.
__The_ Qirection of induced emi’ is  given by lenz’s law.

F= =N Afb
At )
2 The  induced__curcent _will flow wn such a  direction so

as_1o oppose. the__cause that Produces ik, ~




N

3

- s \
- —— = il

¥ The lines of magnetic _field from o bay wmagnet  form

closed lines. By convention , he fie\d see  divechion is
——taken H40 be outward from dhe  norkh  pole and__in 3o
__the south pole of 4he maﬂ_n_e{-

) , / :
ﬁ_Le.nz_s__chw S _a -~ Consequence oE Naw nE a)nsewaﬁc)n

a(: ene.y:gu
. Tne__rmechanical _enevgy m__o_\.Ler_pm_n_g__Ho.e_oppnbdiob_é_
__converted indp  elecirical energy which appears In e cail

i-__%er.smome:ea
i pes :

4 knevhal 4
2 Based on_Neuwton's  Fivet Law

1. Eleckroma 8 netic +
3 E)Mﬁd_an_el&CﬂDM%he'\‘f ¢ Wnduchon

- . ey
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— \\Ducep EMF

= Whenever . conductoy is_ placed in_ o varying wmagnetic
%ﬁe&d_? emb___is induced  n the conductor _and _this emf
— s calledinduced _exf

—

4. STATICALLY _TNpUCED EMF
= _Conductor :stationayy
2_Magnetic Field : Moving
2 E&ample ._Tvansformey

2. DNNAMIeALLY  Inpucep EMF
> Conductor : Moving
~» Mognetic Field: Stratianary
“ EmmFle. DL Genexatny

_MoTioNAL EMF

> Motional_emf s ..nggg_gﬂnemted_Mo_s.s__'lbﬂ_lﬁngib_oL
a_mndugioLihm_Js_mDyjngJynugb_ﬁ magnetic_field

>__Dynamically induced emf

_ ¥ £=yBd sinb Y—eem




3 Sewe \NDUCED  EMVF
= example_of  stakicaly_induced emf
> The__phenomena in__which emwf indutes _in_a__coil

due o its own_variab! e__magne-hc.__ﬂelol
= The property of a coil - that__opposes_any change in
the _amount  of curvent Flowing through # s called
_ selt-inductance _or_inductonce
(A_col e caled _oan nductor)

2 The wnductor s mgcie__bg foreming o coll of wire
axound. o cove .
The _ctore wmay be:

b i,;S,QfE iT;h d_e,my_.c O
9. Bie Ko—f_ae_a
_ SeLF- TNDUCTANCE

> Tf o skeady curvent  (DC) is fouing in_a civeut,

there _will_be V0 inductance. _
— = lalhen AC is_ flowing in +he SQMP circurt ., dhe current
_'iS_Cb_ELSﬂ'QDﬂL_; Chaﬁg'fn_g_arxd hence -Hw circnit_exhibiis
____inductance. ‘ e
— = The electrical pro Der’ru Yhal__vesiehs eithey 1h£YeQ5€_ oY
" decrense ruweh’t v known _as md_uctghce.
e _purpose  of inducter e Yo o
. _m@gnﬁude of  cuvent in -Pne nrc.urt

—




- , 1
Hows INpUCTANCE INoRrK. £ - 4

¥_ldhen curvent s incyensed: :
- se\E _nduced _emf s nPPQ__S'i\:e. o) (L]np\ipck an‘f‘age i

. 4
% When cuxrent s decveased: :
se\t induced _emt s same as_applied Voltoge |

l

— FAcTORs  AFFECTING  INDUCTANCE ,
L= Un*QA 1
n=N/

l

l._Shape _and Number of tumns (N) LN - |
2. Diareeter  of coi - _
3. Cal lg,h?l)"(\'\ f
u_ Wpe of matedol _used n_core i-e  Relakive Dmbﬂﬂ_

£ voateriol_surousding the coll (Ma) - o
5. Rede ;_-,.{ c_hav\qe bF 'ﬁux \m\(na 'H\&_mﬂ_(_b_b/_ﬁg .

Anything '.‘.f\‘.\.a:tm_d_{:ﬁe_cis__nmgngtLL_ELEIi__ﬂlﬁo_ﬂ?.ffmﬁ_ﬁlﬁ.dﬁlﬂ;

" z:F coil..

N Doublma Jrhe. le.na-}h DF_Cm_\__mh|g ngPDﬂ the. csoame

numbhe y of -}u\rns halves the,  wlue o‘ inauctance
L o -_' -

_ s off——
= | Kofae&de‘ ) _




% Series  Compinamion. OF  TNDULTORS

£ 'p=L|T“1+‘L%

b e——e—

4 i. :L . ‘L
Le. L4 Lz

& ENERGY_STORED In AN INOUCTOR

TR . —

% LNDUCED EMF _ -

| oo
' &Koraeade . *

. Teduced Guvvent:

T= & = N p0
R R M

\(e%ss;‘car\Ce. of the conl

g
N
]
;
E = Maqrw\-ude. f__mluf.&c\.._ﬁmf__ﬁanﬂﬂ*_bﬁ_ﬁﬁ&dngj__

(Bmuse em€ s not _affected bu vesistan ce)

< lalhen nm"“\ bo\e o\: a maanet noves -\-mgg- r-gl-s n_
: sYaonary \nOb an__induced currerﬁ- T Flows in_the

i_clockuwise agm_";? in__dhe \OQP




i I/\\hpn notth _pole of e gane\: e ymoved awal from
the \oop , Yhe curvent T FlD.LUS v the  clockwise sense

_ in_+dhe loop

% MuTUAL  InNDUCTANCE

hixe Dmpe_v’ru oF “+wo hglghbpuﬂng __coils 3o induce {

_“MOMQL__Y\_OXD&__C&l__duL_:\-O the chonge of c:yrren‘r n
e other s caled  routuo)l inductance.

_w EDDY CURRENTS ‘

= The  cuwent which _induces in_ o reelal  block due Yo |
‘ o changing wagnekic  flux is  calld eddy cuorrent

\n_o._raogn evic. fie\d _or _metals Yoot ave exlgos_gdg to
o chanaing __magnetic -ﬁ'ech
- et 2 J

> Eddﬂ_cz_m&’t&_gowﬂ_m_d,oﬁed\ \oops _ within_conductors , in
__fpla.nis__;zaxp_enéismgr_&n__ﬁ_e magnetic, feld

> ’Y‘\e, mg%m{ude OF the  curcent  in 78 Q:Veh lonb g

_pmp_oibmm(_'tn_ibe s+t,nm‘h of _the maaneHc ﬁeld ﬂae ;
__Qre_a___a_L:&lﬁ [ODD-O«hd 'fhe rate aP rhanae of flux ctnol.

JnVe.rGe_lu Pmnmrﬂomﬂ 1 the Peslshwz‘t(/__gf the rm_gna__{,__

e




> An addg cuerest  creoXes a maC{thc field  that
OP‘E)DSQ_S ‘{:hp_ c\\mr\gp a Hhe magnﬂ‘hr‘ QP((L 'thEr_C_[ﬂQf,&LL

~ Fdd_{.! Currents produce. heat
(The__current Floumg_ through dhe resistare of the
onductoy  alse dlgglpa)re% eneygy A hect _in_The ma‘['eriao

2 Eddy cucvents ave a  cause of enevgy lbes_in AC

___inductors , dransformers, elecivic motoys amd. genevators.

_:?jb_\’&ducud.dg_f_matsﬁ_{:bﬁ solid rglindev could be
*@M_MIMQCKJMMMMQ_iD“ |
_ boetween one  agnother. The insulation  betuseen the coins’
___lmg_ﬁ_mﬁﬁ:’cance__a_m\_\cedms_gddu current  thus
__Eﬂéucmg__&t,cjﬂan oy \\ea"ctna
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AC GENERATOR

_ % Main_Parks: :
1_Pole_pieces (V- chaped wnagnet) uith concave poles
QJﬁ_E\mo_\t_ure_C&&s_em,bfg_gF__cojl_an_l.'mn_ﬁ%n’f 421’)
3.slip \:Ulgﬁ_(.a.&_ao.nae.cioﬁ,) i
___¢1_.~C__atbon_br_us_b_{_exiama_l_s_gpp}g)

N =\, _sinarht ' ,sj
T =T, sin2xft

(

_j_'\ke_dmeddon_gF_\mduged_amg__gn_d_cM_Lchmggs___{
every wnalf cycle.

(

2 The doma&bﬁc,__ﬂlgdﬂ.@iig_&upp]g_bﬁs_m_&&mq_cf_ﬂaﬂz,_{
“wﬁgh_m_e_a,mﬁ_*bd_jb,e_gmerﬂ_w makes BD vevyglutions
___each . second

DC_(GENERATOR
= Yn_ DC _Generator, oplit vings or commubators ave used
in qu,g,e,___‘_o[: C_,lip Yings.

= DC. (senevatoy Produce  one- divectional pulsating  DC.,

nat PUY& DL .

= Fov puYL_DC,__TL\Q.Dg_LQHS ave wound __around eylindrical

(ove

e




_ Back_MoTor ErpecT IN (FENERATOR

2 The back _motoy effect is the. countey dorque which

___opposes _the vptational motion of the coils__in_a
Slpnpv-at-oy when__the genem_‘!-m e undey load. _

= The back motoy effect  de Pends upon the_ load. connected
fo__the gen eralpy

= The device_in e circuit Yoat  consumes ele ctvical
___enevqy s Knouwn__as “V\oad” 3

I Gl L b e ) L




“—f«-‘-‘&b—hno_w_n_.as __induction  paotor
\e}.ec_mmagrne}_c inducton

bez ik is based an

= Two_ Payls -
e % Shades » Stationary payk
2, Retoy - Roim’ting part

Rovatoy

N /
PP Ymanm‘f w

a
ﬁjﬂe

S 2lokov : A group of eLechYOhnagneJcs aﬂmlﬂgmm_

cuindey itk poles Eo.cfmg towoards  stakoy paleg,
=2 Rotoy : locoked  Wside e  stotor _and S mounted on

e potor's  chali:
__MGY_LMEISE_QLQM_QQM o._\aminated \Yon

oxmatUre  mourded  on # an__ayle_

= The roxor  cols  ore not  csnnected 1o the exteynol PO ¢

Supply ond__an_induction motny  haS  pedhey comemudatn
DY B’fUuShQ.&.
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=

2 An wmduction rentor e 80 nommed  bez edAu CUrrents

B, (2 induced _in the  rotor  coails bu +he. Yﬁahng_mg_ﬁﬂgju
_fie\d_of dhe  stator

Back EMF Tn MoTogs

54 Ar\Lj \mtqﬁng coll unll  have _ah induced.__emf__l'n_miug

—

e s caled back emf sinte & _opposes dhe eraf
.JB?MJQ__"ED_‘lbg raotoy
ﬂ___ﬁmﬁm_ma%mtude__pf_id\ﬁ__bagkwi—w-ﬂl—

'Stneec\ of _rmokoy

_-‘r_AJ__a-_mL_&_afe_n_o{?p:&ﬂ'_e__lemlEU B
V= & +TR |

—

.= T motor_is odexloaded, Yne  back owf Adecreases and

~ a\ows  4he  potor do d\mm rnare.  cuvvent.

> T€ reotor s nverlogdad_b.e_gand_ﬁb;_lmds_,j)g_&m

could _be So  high Mot % may _burn +dhe  wmotar

LJ—% \o Prn’cec’r fhe vnotoy at low ‘E’:Pegc\g o _Yesistoy . in
-

covies  is  suikched in 4o dhe eircuik 1o nm'l:ec.{‘ the
cnmls Fvom hnfhtf\ﬂ Ogt

\&o\"aeade .
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IRANSFORMERS .

= A device used 4o .dransform electrical powey {ron owne
——\o\tage _and . current Jevel o anothex.
= makes use of AC  cuvrent

2> Wree wan patts :

4. Twp_cails cf_wi\ie_(pﬂmm_g__qncl_sjmpgdm’@
ie laml_nactg_& WONn__ Cove aonnec{-ihq bo}b wires

2 Prlmaw_lj_(:ml s Qphncc+ed..ia_npu_ed;Lca\_&u{zp]5_CﬂL)_

__Buuip.l&_:af__tmns(mmy
. E\ee_homg_ﬁggh_sm_i_e_\ggrc current can Droduce a
Macmd-.lc FIE|¢:0
________4__E.]£c\‘mma_9ne‘\-ia wduction

_f‘:_JEqumL_o_f_ene\'_gg connot be st_e,p)lr;ci_gp or down

éfhzo UD Transfoymer:
\ Vp

Nq>N|,
Qs'(Rt‘: al

T, < Tp V_e_em 1
w«e@fﬁé@m
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e

e

mg_’\teP;D_omn_;Egﬁs_{m mex :

L Ne 2 N

N T

For Wansfovmey -
Yo o N -
\ N
S wcom

e Ns - Ig_ 2 ’ : :
L _\4(;:858‘ B

w15 o hgh Vokage s Yeguired. a_s_%epﬂ.upﬁmnsfm

__\.)&e.éﬁ_ngbg.x__qs_f_abblgb__wmni §__equme&_&jkp_ig
__transformex s used

EFFICIENCY OF  TRANSFORMER.

'12’., Outpqh Power %400
In]plft Pow&\r

<

. The lonﬂ dictance  transmiesion of electvical
— done. ot bigh__potential and__\ow __current

eneray is
T

Mﬁn_ﬂ\_ﬂ Freauencu of AC i 80 H2 | [Bg‘" numbey |

- of  tmes  dhe V,o_l.l;.g,gg._mm.mL ibs  dire ction  will _be 2 400

i e

L
=
3
3
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o ENERGY Losses  In TRANSFORMERS

A Jn:ahs('btmews___a_cc,yx_s_dug__ .

Fnery. loss
~

_ﬁ-_h__Elux__LeAlsagL
(not a0 the flux due -o the primavy passes

thvough the Se.condavg__due—ﬁ-l-o pgor_desian of the core

ov_+4he _air gaps in the co re}

_ 1. Eddy Currents

3, Resietance af Hhe wLnd_i_n_gs
Y. Hgsbevesis

s REpUCING ENERGY _LOSSES
- Flux )pnkaaa _can _be_ Yeduced bfj mlﬂd.m_g__‘lb.&_fltmm:?

and Se..t‘.um\am coils. _ane oveyr the pother
e, —_Eh h\ah (‘mrﬂelit___lnm_MQngﬂ__qun.dm_&ﬁ_)_tgs _Q_Dce a{:' —

the  uin d\hmﬂ_ean_lemxmLsed_bg_usmg_'bLaLmﬁe____
- To__veduce pdd_g_cu_tentts_,_vl:mnsﬁm:_t_m_ndngs axe

rnode of tam|natg_d 1ron that s P’ man&‘ valla) 5_}_7_681"5 ap
wron__pressed__“together but cepavated by thin_insuleting

lauers - »

= Maahehc. ?na'l'&__igl__whlc_b_bgs._@_@w_}_\ysj'
Shbuld he used |
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— The lectviciby fivst goes to o transformer ot the
—powey plant that beosts the voltage uptc 400,000 volts,

— = _When__electriciky  travele long distances & i bettev -to

- have it -legk Voll:ages,

= The long _dhick cables = of transmission lines ave rade
of Co_[:;pev oY  aluriniuna bea -Hﬁes have a low
_____YeSistance . -~

i

= The \!oll:age s ever\l:uq\hj weduced +o - 220vohs for
laygey appliances and 110V foy™ lights, TVs and other
small  appliances,
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\b, 3 ;
N vz As a_loop of  wive _with _a yesistance of 40.0
moves  n__a non- uniform  magnetic  field, it loses kL

rate _of LLmI/s__J.be__.indﬂ_ce_d_mueﬂt“JL

ot o Lniform

e Loop is
2) _2ero (b) 2 A LQ__'J-;%mA___L_‘ﬁ)/_ZO mA

Sol -
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