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IIf we move the wire from
lleft  to right. the lenght "1

loss__ the  magnefic field  ana
a current  _Flows  though  the
loop . When we  Slop  moving
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Now . hold the loop  sialionary and mo.}|
4 lve _the  mognet . Some results  are  produced
llie. induced —emf aond  induced  current  are

motiori." of the loop and

the .magnetic  flux  thro_

change © of _magnelic ~ flux
foivdn  the  loop . Gireater
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{lis. no relative  motion  between  the  magnet
land  the  coil . galvanometer '
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lan___induced  current  shown
by the galvanomeier.

v This._method _of pro.
_ducing _emf 5 _used in
electric  generafors. L I A < W e .

5, By changing current in Mutual

_ inductance : “
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lalso  tokes  place  in _the secondary  coll . Due |
u i[to  this change of magnetic flux _on _induced
'l emf _produced in_ the SGCDndorg = cm\ which

Mlis  shown by  the deflection  of  the galvano.
| meter.
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] For  steady  currenf  passing  through

{| the. primary coil, no _induced emf _is _ produc.
lled in_ the secondary coil and the galvano.
| || meter  shows  zero. No deflection. i

iy ~ When the. ,Qg\é) the  primary
i mil* s turned  “OFF ’Lh@(@@\ urrent  decreases
1l ( changes ) from  moximum® Yo zero . During  ihis
thﬂgmg current égl\gu Mele shows Oppﬁiiie
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Hlare  stafionary. The  magnetic
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1S F[owmg fhrough fhe [on ND@ consider  the |}
'lrod is  moved fowards " with __constont
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o hond tule of cross
By  the right gmd [ule. of c¢r

: ’ jaradﬂcf__m the  direction of F on q s from Q
lto b along  the length of the rod.
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~_This __is the  magnitude  of motion emf.

IE.L [f _the angle between Vv and B is 0. then
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e e Ve cign . shows dbai . ine  Jiteciion
of the induced emf is sucn that it opposes

the change in  Flux. ' =

Proot ;
We  know that  mofional  emf

A VBL_SJDQ.

_ motional _emf and all  other tgpes of mduaa
j|demf be e&pnesgad in__ferms - magnetic

(OF c‘:‘t
| QY
the experiment -mlse?x»! t
in ELQ __The NNC
rod |~ moves from -
| position (1) 1o position
(2) 1n_a time At.
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OF the coil acts as  the north _QOJE_L__Wh I
llthe other one as the south pole. Then the

| Jﬂducﬁd current  in_the coil  Flows in  Such q
that  the foce of the coil fowards |
| the _magnet  becomes the north pole ond  so

{é it repells the north pole of the bar magnet||

According 1o the Lenzs Law  the |

|| produces  the  induced  current, ond the _current
' to _oppose - the  push . D® the otnher
{lhand _ if _we pull the [@a@@r away from  the
Hcoil, the  induced muenés | oppose  the

S
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When the
rod _moves _ towards
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ke r ic induced in it ond an  induced
current_flows  through the  loop in_ the anti
 clockwige  direction .  Since  the current carring
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W Definition: - e
| | C— uThE orocess in which a nanaing
current _in_one  coil _induces an emf in_an.
other coil is called the mutugl induction.”
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N SRR R R =

1| oo induced emf _across the  secondary coil 1S

®. = magnetic Flux through one fum__or
secondary  Col.

%
I
|
a ' N, — Number of turns  of sec(mdmg coil.
1
?
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F pn mary  COil .
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| U_mL _ ,
I bnit_ of  Mufual Inductance is  Henry "W
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sec

‘ Hemg;

- One hﬁmg Is__the . @%ﬁa\ inducionce
Qf _the = pair  of coils L@@l\ﬂ.h a frate of
| of _current Or @v:l‘ ampere per 2Conc

in__the primary produoces aon  induced emf
llof  _one  volt ‘j:hﬁ _sSécandary .
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{lvoltage . Sa  the resulfant _emf in_the circul

) ,,ifL  come whaol less  than  fne QPPJiEC\ vollage |
%giLeT, , —
1 ® = Flux_ through one 100p of coil.
NO — Total Flux througn N_loops of fthe

coil.
Flux = BA and B a1
flux oo 1
N e -
NO — consfant X 1 ‘L — consfant

Nl e i

-
Lo
Self _inductance ' -depends
) The number
il JLY (o T At
L) Material _of the  .core
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Self _induced emf s proporfional

[to the rate of change of

@L@l in__the Same
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The  negative sign (equation 1)

Shows  that  the eLeJLJnduged emf _must _oppose
| the change thal  produces . _This {5 the

reason  that  self  induced emF S somefime

Q@@

Eﬂer &\é_an be siQ[ed 16,5

vetweenz: n- plates  of Yne
e *

e

: Enngg__cqn bé S1ored L[L__me s
|| magnetic  field ‘of gn _indueior.” _

e — - - e o .

Ji)spjonotiﬂnf‘.

Comr a_ coilCinductor) s

N od  with

o hottery through a  switch

5. When the cwitech § s furned “ON, voltage

v _is.- . applied

across  the  ends of the cotl

and __ current  rises  from zero Yo IS maximum.
valve . Due fo change of -2 e L R
is _induced which ic opposite Yo {nal  of
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boﬁﬁerg 3 W . '
| i _— Induced
the s_pofert .30 MOVE ... - c"'"e"t

arge___against the indu.

_&3 definition

V = W B
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£, = - DWW
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52 ' 6\ .: E_L —— I.. _él_
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e This  work  done by the battery

Olea 3
sSe VISIt Tor more data at: www.pakci
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; magﬂeim : field of the current carrying  Coil.

nergy  Stored  Um in terms of Magnetice

For a solenoid Ccoild « - v B = N
Flux = BA O,

2 VISIT T0r more data at: www.pakcity.org
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Since B for a solenoid is given - by

H-ol

These  values put in equation (4) .
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15 2 Allernatig Cunenl Generaior

_ f g e e e

Derll'JlJfLOFLH c o e R
I T | . |
R rLemL _gener ator is a device |

| w thb#_ converts  mechanical  energy into  electrical|]

A e e S T T ':-;u"'t!'l_ql T T
— = TR et SR S e e S —— e —

__ene,rgbt_.f’ _ 2 " !

Current _generator is based upon
Fmadqys Law  of _eleciromagnetic induction.  |f
th;n g colle g rotaied in_a_e magaeﬁg F'Leld_ -

(Fro ni view)
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nngs Thejjt ha_v,e# *-__J[helL_CEﬁ*[_es - odgto o the T Akde
f rotation of the loop and rofafe along

, wnh s

Ri __Ring R.R"slide (slip) against _statio_|
_D ar y carbon bLU_S_h_,eS B 3 B’ . Ee bLU shes are '

|| Calculation _of emf:
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|[Foce T wnich _ocls on 4q.

@ | WH Same _amount oF emf : 15 induced in |
lthe cide cd __bul  opposite  direction i.e. from |

@ ™)
5

€ed-= JBL sine {8 pakcity.org

Ewo = Eda
_ Smge\\boih emf's in_the gides ab and
lcd send current “in  the same. direction in  the
Jlicop. so  the neWgemf iny“fie loop iS5

——— =

£ Eab+—Ecd ,
£ — VvBL sing o vBL sing

: N

If  there are "N turns in the loop.

Il

Va




www.pakcity.org -

www.pakcity.org

The  linear speed A ﬁOf ‘rhe _vertical

k
: .ﬁ wite is _related to its angular  Speed w as. ||

e e LN )inrw) BLﬁst

e — BeaxINw.sine |

Induced COTEeRt y odlt” the coil  is

I = £ =&, Sln wt = Eo Sill wit |
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_C._uxf_em __;____.l____d_e__pends_u_pon. _ 0 = oqft

f

F Currem _Verses D\FferemL POSI ions ot _one

OF COll SR
S WJ'_ fo¥ _._H_Shows, _the graph  of

J ' __cuue_m corresponding o different positions  of
| flone  loop Tne coll . As O iNCIeaSes from o, |}

|
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ﬁ\t = h A _Fne _current  becomes

Zeéeyg  and plane.‘ : c?_F_ the loop is aga.
perpendlculor 3 v/ TR . A e [ e b L

M 9= 9270'= 3% yed , current is maxim.

2 s
um in the reverse ditection as fhe

loop _iS__parallel _to ‘B

A at. WWW.Dak
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~In _on A.C__generator. a number of
coils_are wound on jron  cylinder . This__cylinde
|15 rotated  in the magnetic  field . This  asse_
| of a _number of coils s called
il _Aamature .

Clectromagnet ;
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llarmature and  carbon  brushes.

i Commutator .

&
" -
1

o |

E

|| the direction  of current ~from_ chonging .

15 9 DG @euamtox

‘It is a device to  produce direch

[ECUTIERr - 2ar_ ditect - emf..

It consists of commutalor, magnef,

‘ In 1834 STU9M®MM e
simple _device  called <r?’ that  porevenis
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rield . when the current in  the coll is zero |
‘fland s about to chonge direction . the  spii
| rings  A. A inferchange  their confacts  with  the

{|carbon _brushes BB

. = == —— el i— PR S e e i R i A N .~ -l T e — - R e B - — A=
B F = oy ' = = = l- " 3"
. - - v - I I™s i [
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~ Front view




B e = W i = = =

e e e et o i e e B

— 3B
L

e e S . e R R e e e il & ——
. L

I T . = A "

www.pakcity.org www.pakcity.org

I 4

e As Enon. (15 ne s-cifcpil= §S Pl et
1o current  is  drawn  tharough  Yhe coil . The
| magnetic  field exerts force on  the current
TilaTs Bl s 1 9 *

|Back Motor Fifect :

h , Fig (by shows the
|| forces  acting  on  the coil. Force ¥, is acting||
lon the left side of the coil whereas on

' _EQJJ_GJ bul Qppﬁ'ie orce current into
’ acts _on the right side e Sy

ﬂf the coil . Thece forces - () _
lare  cuch  that they pm@ﬁ% F,
fluce a counter forque , current out
| | : ‘ of paper !
,(_Q_P_P_O_SJ_DQ Orqu ‘“s‘ N . —————(bi—'lfop-vlow
_0PPOSES the \‘g"i na Ay . 9-_

moftion of the coil . This <)
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C onducia[s pLQdLLCES a _toque that rofates  fhe
'_.- | the _armature . The  amount  of  this toque  de_
{lpends  upon  the curtent. the strength  of  the
|l mognetic  field . the area of ‘the coill and . the
number of  turns  of the coil. (T = NIAB cosd)

Commuiator :
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| ele ctro mggﬂe_’t Tbe windings  of the electromag.-
g lnet  are usually colled  fiedd  coils . The field coils
' flmoy be in Series ot 10 parallel 1o  the
E 'l armatue  coils . _

| Lffect in Molors

1 Moftor:
| =

"Mofor s liKe a generator running in_
S

A —a

|| Back EME __ of the Muotc o
| TRy When _the
Mlcoil_of the motor:iciotates actoss the magnetic
field . by the (upoli potential  difference "V
llan _emf “€” is induced” " it . The induced
llemf _is in  opposite _ditection’. Yo the Q_pp\\ed
'v'. Due “%o this . reaSon, nduced emf
1lis___called Back EMU the  Motor,
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50 _high that it may burn  the  motor out.

| g A transformer i _on _electrical
device _to change a given alternating emf

into o large or small  alternating emf "
Principle 2 5
. It  works on the©principle of

other.  wound one the samew’ ifon

o cl— ‘-—w-—-—-‘l—*ﬁ_——f - -H':— -

The mdﬂ%’m wh\_h AC DOWey

Jlease visit for more data at: www.paKcity.orc
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~WorKing : SiEes o e gt W e
| Suppose fhat on  alternafing  emf

llic _applied to the primary .coil. e

ACD Bgie f_change of Fflux in the
pumaLg coil.

- ___There  will  back emf induced i[L'
the primary  which  will oppose the applied
m&age The Lnsiamgnﬁ_us value of the Self
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secaond ary  coil.

Divide equation (2) by equation (1). we gef.

<

| .
<.

S p)

A LN AL — (3)

T —— = —_——— = s S ——— —x == — == = T — . —— T = =
- o — — 3 e -

Please visit for more data at: www.pakcity.orc
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Ul Power of Transformer : |
| | _I :
h The  transformey  transfers

; | electrical _power from ifs primary fo s _secondary
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the _ transmission  line . In order to  minimize

the  power loss_ V*R  duming  tronsmission . it is
_not  possible  to reduce R becalse i Iequires
the use of thick copper wire which becomes

highly  uneconomical . The  problem  can be  solv.
ed by decreasing I’

\anation &

Guppose R is the resisfonce  of

2);  Inside .a . hause____ _frc:msEormer moy be USed 1o
Step_down  the Joltage, From 220v 4o 9v
for _running  bell or operating o tronsisior
radio . ’

4y:  Transformers  with Sﬂeml secandaﬂea are.
used in_ television and  radio  receivers — Whe
e several different voltages are  required.

oS _

5% pakcity.org 3k




o 7 PO W i 1S ) S . o o R e

WWW. pakcrcy org ,‘ Q) www.pakcity.org

' Jﬁ+ : ns former &

g _ In. _an ideal tronstormer  the
lout put power IS nearly —equal 1o input  power.

LT T I e W—

_In an actual  transformer |}

ihﬁ output is  alwoys less than ihe inpuj due
il to  power loss. There are iwo mMaIN CAUSES '
llof  power loss.

‘ ; Actual Transformer:
|
i
1
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How bo rainimiz e Power Loss:

- = g _Fi——'—\— _--’EJ

; As o result  power is disSipated
ﬂand the core  material S LI -0 o MR o 7

C—— —— .

In__order to |

|| minimize _the  power loss due to the flow of

lleddy currents. the core is lominated wih inS. ||
|ulation in befween inhe layers  of laminations ||
|| which _stops  the Flow of eddy currents.
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energy spen R

Due ’La the

% ghove mentioned pouar*L_ai&s the out put pow

ller s aways less than its input power . The

fleffeciency  of a  transformer (s defined  as

E o=y ou PN PAVERELG: 30
In put power
" Effeciency of a real _franstormer is less
: than 100 % |
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| To improve Cincrease ) the effeciency.
1li,:  Resistance of the primary and Secodary
" coils  should be Kept  minimum.

f1L) The primary ond secondary  coils  should
be S0 wound in such away thal  Flux
coupling befween them is maximum.
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| of JLhe question _no magnetic  Flux  charges
}hrcmgb _the squre loop of wire.
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When +hﬁ rmg it ?alng there

llis_ a charge ‘of  magnetic flux  across +he
 flring _and  induced current IS

in__the ring. @
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opposSe the cause +that produces

The  magnetic _tield pLQdJJLEd by The indu-=|
in__the  ring Will _oppose Tthe ||
ring towards the ba¥v- —magn-

() When  fe. switch ia~ closed . the current
1 in_ the primony (P) in€reases from  zerg
to_maximum - for g Short  inferval ot

3

- " o s

wmm _

X\

mm

mm'

of _magnetic  field , the

face A of the coil P

__becomes N'_pale._
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 Induced  current iS5 produced in  the

secandmy coil (). By the lenz’s Law the
~ direction _of induced current should be such

~ that it opposes  the cause  which  produces

T T T S S 4

60, the face AN of the seconday coil
S shauld also becom& a  N- pole so  the

Chibrert —=ia0 Theﬁsecandqr% coil is opposite 1o
that  shown ift" figei REIA
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| througnt o circuit.

B _In_ principle. the induced emf trieg  to
! lloppose _any  change in the magnetic  flux. '

——

_D When the Flux IS increasing in @
| Circuit, the induced emf acts to decrease it

{10 ~When the Fflux is decreasing in a
I | Circuif . the  induced emf acts 1o  increase
el
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M jumps  up due o force  of repulsion. lhis _is
| in  accordance  with  the lenz’s law. It the
' mOnfy of the batlery is reversed . the ring

i w il jump again. The reasoOn s same  as
|| above .

1l Question_— 15.7

{_Answer ¢

The cail ShQLﬂd | =
_[Dia_te CIJZlf)_LJJL X_ax\s . So that Q@ | > B

? Flux__and __an im@ = 2
.; | current 19 P_I'_QdJJCBd ; x

| §lnefic_ Flux passeg ’rhmugh the loop. S0 the
change of the flux is zero in ihe loop. There.
| fifore. no induced emf is  produced in i

At
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exfernal ens . Due :
coil in _the permanenf ma.
Flux  through the coil chon_ ||

_ges. Thus  according 1o the Famdcgs LOw
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‘f B is increased aof o cer|
tagin __rate _and  Area A is  decreosed af |
- fhe came rate Cond  vice versa)  then
§ .' there iS5 no cha,n_ge s magne’fic Flux
l| 1 _ 0 50, induced emf is olso Zero
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S i secofdan.. o :

|.n-. _."'__-..- o ¥ §

e i, iR e o Sy e — e e T e —

W — == r e e e -

— e ————— —— —

jﬂ); The  primary coil _is connected 1o jhe_
o known _ Volfage Ve . Voltage across the seco_|
ndary Vs in__measuted by the voltmeter

Then the ratio of the volinges %45
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Il procss  of  “electromagnetic  Induction” '
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1 |8 pades 0% Soads 9\’7- across  the  secon ||
dar 7, then DOV * 1S consumed Ln fhe
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