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14.1 MAGNETIC FIELD OF INDUCTION: o

= When an electric charge is stationary, it is not influenced by magnehc ﬁeld But
“an -electric charge in motion produce around it'a field which is fundamentally of a
different type from electric field (This field exerts force on other charges only when
charge move in the field). This field is called the magnetic field intensity or Magnetic

flux dens.1ty Its QI Umt is Newton per ampere per meter  which is also called as
weber/m’,

| 14.2 FORCE ON A CHARGE MOVING lN A UNIFORM
' - MAGNETIC FIELD:

Consxder a point charge of magmtude “q” moving in a uniform magnetic ﬁeld of -
mductlon having strength B with a velocity v. The angle between velocity and magnetic

. intensity is “0”. Force experlenced by the charge depends duectly upon the followmg '
“factors: 3 . . . : ‘ 5

@ ) “.The magmtude qof the charge . I o
Fecq ...l e m O
(11) The veloc1tyvofthe charge oo R S \ _‘ ‘ e
\(m) The strength of magnenc ﬁeld ' ek PRI
o | : P B L0
(1v) The sine of the angle between force and velocxty field:

-F oc sin® . ....oal0 0L @)

By combmmg above four factors: A '
: 'F o qu Sm )
- F= Constant x qvB SmB

This constant of proportlonahty depends upon the system of units used
~If 1 coulothb charge enters perpendicularly in a magnetic field of 1 tesla with a velocity -
of Im/s and experiences a force«of IN then in S.1. System of units value of this constant
will be unity. Therefore,

F= qvB SinG-

CONDITION OF MAXIMA:

Force on.a charged particle in a magnetic field will be maximum if it enters
perpendlcularly in the magnetic ﬁeld i.e. the angle between field Band velocity
V is 8 =90°

"~ F=qvB Sin90°-
" (as S1n90°—l)

CONDITION OF MINIMA'
Force on a charged particle in a magnetic field will be minimum if it enters along
the direction of magnetic field, i.e. the angle between field Band velocity Vis 0 = O°
' F =qvB Sin0° »
F=0 “(as sin0° = 0)
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DIRECTION OF FORCE: D o

The force ona charged particle always acts

Perpendicularly on the plane defined by velocity of - |-
clxarged Particle:f and the magnetic field B .‘?Mathe‘matj

1? = q(?/x‘fz)

> —

v v
14.3 FORCE ON A CURRENT CARRYING CONDUCTOR lN-

A MAGNETIC FIELD:

A wire placed in magnetic field experlences a force when. electrlc current 1S
passed through it. It is due to the free electrons present in the conductor.

Consider a conductor wire of length “L” placed in magneti¢c-field B. Let “A” be
the cross-sectional area of the wire and “n” be the number of free e]ectrons in umt
volume of wire. The charge moving through the unit volume of elements is

q= nA Le——— (a). e
As the force on a charged pamcle movmg m a magnetlc ﬁeld is g,lven by
F= q (V X B ) ' '
- OR F nALe(va)———(l) , 7
If the direction of dl‘lﬂ ve10c1ty 1s spec:fied by umt vector | £ then .
. Eq.ualt’_i‘von (.1) = . F = nA Le (v rx B) .
- F= nAve(erB) ——(2)
_ s . But Lr i.' R
Equation 2) => ~ ()F = nAve(L x BY— (3) -

Where L 1s the vector length The magmtude of veloclty of charge passmg A 4
: through length L ‘of conductor i in time t i$ glven byz i SR

- - t

Equatioﬁ 3) ==

vl

é
:
o
@

 From equation “a”

CBut

Hﬂ -l

(S

OR F";-—BIL Sind -
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CONDITION OF MAXlMA' s

Force on a current carrying conductor will be maximum when conductor is placed

perpendlcularly on to the ﬂeld that is the angle between ﬁeld B and vector length L is-
8 90° ) . :

: F BIL Sm90° T e
F BIL ~ (asSin907=1)
CONDITION OF MlNlMA ) :
- Force on a current carrymg conductor wﬂl be mmxmum when conductor 1s placed

parallel to the ﬁeld that is the angle between field B and vector length L is 9 0° st

‘ F = BIL Sin0° g

' F=0_. . = --(as S1nO°.=O). SR ‘ ' T
DIRECTION or roncs. S B T e
' The force on a wire ina magnetrc field acts perpendrcularly on the plane of L the
vector length and magnetrc ﬁeld B , - ;

14.4 TORQUE ON.A CURRENT CARRYING COIL lN A
' UNIFORM MAGNETIC FIEI.D'

A Consrder a rectangular corl ABCDA Placed ih a uniform’ magnetlc ﬁeld B wrth
“its plane parallel to the field and “I” current is ﬂowmg through it. The srdes AB and CD
-dre the widths of the coil représented by “b”.and, - R D —" C >
.the sides BC and-DA are the lengtliof the. corl T )[/ . A 7( 5%

<N : 4\ e

‘ represented by “L”, as shown i in figure. .

: " The force experlenced on the. eonductor : l_, oL e o
laced in a magnetic ﬁeld is given. b A s o - " m—>
p gn g o7 st VLT /,LF” o /L i
) XF = BIL Sin@ , / - 7( E 2.
' Since sides AB and CD are parallel to the AR 5 7y -
field, so they will not: experlence any force but. - ' ‘ >

BC and DA are at nght angle to the ﬁeld SO the force experlenced by these srdes of corl
1s represented by -', ) ) i

L F - BIL: TR E
Since the force always acts perpendlcular to the plane of (L X B) $0 by applymg
the right hand rule, the direction of the force on srde BC is found to be outward on the

plane of paper and for side DA the direction” . : S -
_of force is found to be inward on the plane-’ b —" | F_
. of paper, therefore a couple is acting on the-. D Je Ef%
. coil- which wrll cause the conl to rotate about, , / = %" Force arm. =i [
“axis. & : v T £ — / —
. ‘The torque of a couple of force is~ / i —

- equal to the product of the magnitude of the F\[ : ' T

‘couple of the force and the. perpendlcular'
distance between them, which is the width __. : :
of the coil “b”, therefore e A N

"1=Fxb

WL
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If coil is so placed that its plane makes an angle “a” with the magnetic ﬁeld

B then perpend1cular distance (force arm) is given by:

force arm ‘ ‘
Cosa = ———b— or force arm = becosa

7 Now the torque actmg on the coil is gwen by

1= = Fb Cosat
OR | ‘ . T=BILb Coso,
Where - L - Lb= A'the area of the 4c‘oil_
| " 1=BIA Cosa o

If “N” is the number of turns of the 0011 then

T = BIAN Cosq

' Condltlon of MaXIma-

' ‘Torque in a 2 coil w111 be maximum’ when plane of c01l is placed parallel to the
magnetic ﬁeldle a=0° »

:> R 1 BIAN

Condltlon of Mmlma' \'

' Torque m a ‘coil w1ll be mmunum when plane of cml 1s perpendlcular on the .
[“magnetlc ﬁeld ie.a= 90° i : o

-‘1 4 5 DETERMINATION OF CHARGE TO MASS RATIO
o (e/m) OF AN EI.ECTRON ‘

\/<Slr . I Thomson Determmed the charge to mass ratio of electron in 1897 by
< notmg ‘down the. deﬂectlon in the path of a beam of electron 1n umform magnetlc ﬁeld)w

eeeee

[consmucnon *

/<The apparatus consist of a dlscharge
.tube having a tungsten filament, which is a
“cathode. When the filament is “heated,

X electrons are ejected from it .and are o
-accelerated. by’a voltage ‘V’:applied by the . .~
slits:“Electrons by traveling in a straight line -
hit the screen at point ‘O’ when a magnetic
_ﬁeld “B s apphed ‘perpendicularly-. on -
~electron beam;, it ‘deviates from their path = Y :
“"and hit.the screen at point- O’ by following =~ Electron gun: -~
“a curved path: of radius ‘r’. Hence electron” = .ot
) beam is ‘acted upon by’ magnetlc and T
centnpetal force such that. / S
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Finag = Fo

OR o evBsmG _mv
S : . r

myv
‘ eBsmG = —

r‘
eV
m BrSin0

Since the motlon of electrons is perpendlcular on the magnetic Imes of mductlon
ie. 0= 90 therefore, ’

[ \4

a—ve ERRSSPRSRRRIN ¢

m Br

In the above equatlon by putting the values on R.H.S, charge to ‘mass ratio of
electrons could be determined. Radius of ‘circular arc. of electron beam can be
determmed by knowing the shlft of light spot, glven by, ‘

bl
2a

Where ‘b’ is the distance travelled by electrona in the tube and “a’ is the shxft of .
luminous light spot.

..DETERMINATION OF VELOCITY OF ELECTRONS g
- Thé Velomty of electron. can be determmed by two methods which are as follows .

i) _ Potential leference Method:

As. electrons are .accelerated in the magnetlc ﬁeld by applymg a hlgh E
- potential difference ‘V’ soif ean be assumed that the Kinetic energy of eléctrons :
“is equal to the elecmcal work done on electrons. - -

r=

' lmv‘ =eV
2™
. . K OR . i ‘ j: Yz : 26V . S.
o ‘.‘. ) ) . ‘.‘:,'. L .o m *:
2eV
V=,
m
M= e_1 ¥
. 99_(:1)1 CwENm
f et 1 2V
‘.__:‘.__z_lx—...
m* Br m

or e

“Above equatlon prov1des the charge to mass ratio of e]ectron 1f the acceieratmg :
potential of electron is known.
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‘i) Particle Velocity Selector Method' '

By considering the electric and magnetic fields set in the tube velocity of
electron can be determined also. Since both the fields are perpendicular on each
other, therefore, intensity of electric field is. gradual]y adjusted such that the
Tuminous spot comes back from ‘O’ to ‘O’. :

Since electrons travel undeflected through the crossed electric and
magnetic ﬁeld therefore, :

Fmag':FeI;
evB_=eE
' E
V:.__
i B
. e E/B
coeq(l)=> e =
3 Aeq(),v‘ B P
OF o |le _E
: st m Bir

,Thc charge to mass ratio of electron thus found to be 1.7592"x 10” Coul/Kg ,
14.6 BIOT- SAVAT’S LAW: |

“The relation between the magnetlc ﬁeld of a
current carrying conductor and current. passing through
a conductor was studied by Biot and Savat.

Consider a long ‘straight wire carrying-a current
~*1” and a closed curve, consisting of a circle, of radius ‘r
with the wire at the centre as shown inithe ﬁgure

, Biot-Savat deduced from the experxence that the -
magnetic field ‘B’ around a~long . straight current _
carrying conductor is directly. Proportional to the twice of current I passing through the
:conductor “and is inversely Propomonal to the distance ‘r’ from the conductor,

;j"_mathematlcally :

-Bm ~2_—I

T
B= 2 ><é

_2')4’7[ Tr s

g = Mol

21

Where Mo is the constant called the permeabnhty of force space and its value is
‘;4712 x 107 weber /A.m. ,

?:%AMP'ERE.'S. LAW:-

L A current carrymg conductor has a magnetlc ﬁeld around it. Ampere’s Law
‘provides ‘the relation bet_ween the magnetu, ﬂux densxty and the current enclosed
f; Consxder a long straxght
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Wire carrying a current ‘I’ with a magnetic field in the form of
a closed curve consisting of a circle of radius ‘r’ around it. Let
us divide the magnetic field into a large number of small length
of elements AL, AL,, ALy, .......... The direction of each
length of element is along the direction of magnetic ﬁeld which
s tangent on the c1rcle at each length of element. Takmg dot

product .of tangentlal component of magnetlc ﬁeld with all
,length of elements :

—>

Lt BAL Cose

A
AL. BAL CosO"

CU

3

B.ALi= BAL,

yon s v -

_____________

—— e

B ALN BAL

The sum of all. dot Products s .o L eE T

ZB AL ZBAL

‘As. tanglal component of magnetlc field ‘B’ remains constant at all length of
elements therefore ; oy o =

Lo EB AL BZAL O e ‘

L Where EAL is, the c1rcumference of the cncle whxch is 27tr and B’ is glven by the
“Biot - Savat sLasas. S t o . :

E§5L= ]J.I x27tr‘
27cr

LB AL—' I

_IB. AL= B, xCurrent '

This’ relatlon 1s called Ampere s Law and is stated as.

_ “The sum of the dot Product of the tangenttal
component of magnetic field of induction and
the length of an element of a closed curve taken
Jin the Amagnettc, field is u, ttmes, the current .
- . passing through the conductor.”

~



PRACTICAL CENTRE (KARACHI)
VISIT US AT: HTTP://WWW.PHYCITY.COM

Xii-Physics Chapter# 14 Page# 11

14.7 APPLICATIONS OF AMPERE’S LAW:
I) FIELD DUE TO A SOLENOID:

A Soienoid is a long hollow pipe on which wire is wounded. The turns of the
winding are closely spaced and may consist of one or more layers. The magnetic field
produced by the solenoid in the middle of the solenoid is stronger and uniform but it is’
weaker and negligible outside the solenoid because magnetic lines are crowded and runs
‘parallel with the axis of solenoid inside but they diverge outside the solenoid. :

" In order to determine the magnetic field B, consider a rectangular path abcda as
shown in the figure. Let this path be divided into four elements of lengths as, :

ab=1L,,bc=1L;,cd=Lsand da= L, Such that the sum of dot product of magnenc
4ﬁeld and the length of element 1S, ‘

ZB AL BL CosGl + BLZCOSGZ + BL3C0583 + BL4C0594
as L]lS parallel to the magnetic field and lies m51de the solenoid theletore

6=0°
BL, Cos6=BL, : .
L. and L, are perpendicular to the ‘ e Ls - : L
mangnetic ﬁeldle 6, = 90° and 94— O0 T dERS YT T
.. an 4 OS 4__ . .
and L lies outside the solenoid l\{A N I A S A | 7 T A/
‘where the field is negligibly e \} a - b\f} S
weaker, ' ' ' .
el . p= 0, £ [ T\'
: : , BL3C0593 e
: Puttmg all the values ifi eq (1. > ‘ R
S B.AL- BL, +0+0+0
YB.AL=BL, e )
Acmrdmg to the ampere’s law S '
ZB.AL= M, xcurrent  ............... 3)
If Nuis.the number of turns of coil then ‘ '
Current = NI
And n‘ n’ is the number of turns per unit leuoth then
; ‘ N
n=-—
OR _ N=nL,
Current = nL|I
' eq. (3) => SBAL=paLI e ()

.. By comparing equation (2) and (4), we get
p.nL I=BL,
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1) FIELD DUE TO A TORQID:

A Toroid or a toreidal coil is a circular solenoid.
When a current pass from a toroid circular magnetic lines
of induction form inside the toroid. The field oufside the
toroid is almost zero, as magnetic lines are confined inside

ofthe toroid only.

For determmmg the field B let us divide the loop
into a large number of very small elements, so that each

element is considered as straight. The direction of B at any point is tdngent to the crrcle

passing through that point and having center at the center of the toroid. By symmetry B _
Is constant everywhcu along the !oop and its direction is paraHd to each of the

clementar y length AL such rhdt the sum of all dot products of Band AL s given by

ZB AL BAL CosO“ +BAL, Cos0° +
"ZB.ALzzBAL

Y Zﬁ.AﬂL =BXaL

s

Where ZAL is the circumference of the toroidal cml If “r” is radius of torordv_
then: e : : :
- , ZAL‘=‘ 2rr

S B A‘[;‘F—’Bxf_/_‘nr—; ————————— (1)
But accordmtT to Ampere s'Law ’ '

» ¥B AL poxcurrent
If Iis the current flowmg through each turn of the toroid “N” then the current ;

enc]bscd will be NI.-

UOR . (BB.AL =uNL -~-;--L--~-(2) SR
By comparing eq. (l) and (2), we get: Mo NI =B x 2nr N o
orD" | B=tNL
2nr

14.8 MAGNETIC FLUX:
The measure of maoneﬂé lines of force passing through a given area placed in
@ magnetic field is called as Magnetic flux or mathematically it is defined as the dot

product of flux density and vector area,
Om= B . AA =BAA Cos6

Where 0 is the angle between B and AA . Flux will be maximum when magnetic
lines of induction and surface area are parallel to each other, i.e. 6 = 0° and minimum
when surface area and magnetic lines of induction are perpendicular on each other i. e.

8 = 90°. S.1. unit of Magnetic flux is Weber.’
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14.9 ELECTROMAGNiT!C INDUCT!ON

The generation of electric current in a conductor due to chan ge of magnetic
Slux through it is called the phenomenon of Electromagnetzc Induction. The current
thus produced is called the Induced current and the emf produced is called Imluced

emf.

14.10 FARADAY’S LAWS OF ELECTROMAGNETIC
INDUCTION:

A Detailed investigation of magnetic field of induction leads to two laws known
as Faraday’s Laws, which are state as: '

(1) “An emfis induced in a coil through which the magnetic flux is cllaﬁging.
The emf lasts so long as the change of flux is in progress and becomes zero
as soon as the flux through the coil becomes constant.”

(2) “The magnitude of induced emf depends only upon_the number of turns aml'
the rate of change of flux ltnked with the czrcmt 2\ :

_ANg

At
Where N is the number of turns of coil, and the negative sngn arises from 1enz s law,

14.11 LENZ’S LAW:

The direction of induced current'was carefully studied by H.E.F Lenz a German
scientist and the results were generahzed most elegantly mto a rule in 1835 called
' Lcnz s Law The Law states that :

ot

Inducted e.m.f.=

“Tke induced current always Slows in such a dtrectton S0 as to oppose the cause
which gtves rise to it.”

EXPI.ANATION

The cause"0of the current may be the motion of a conductor ina maonetlc ﬁeld or
it mav be the change of flux through a statlonary conductor The current in'the moving -
_conductoris such that it opposes the motion ‘of the conductor. In the second. case the
induced, current oppose the cause, which is the change of magnetlc flux through the
circuit.\If the original field is increasing, the direction of induced e.m.f will be such that
the magnetic field generated by these currents will decrease the original field and vice-
versa.

EXAMPLE: S e R

© If we drag a loop of wire leftwards in a uniform <«
magnetic field acting in a downward direction, then the ’a/f;’ [ [
_induced current produced in the wire is directed inward on the x LA

paper. The force due to this cuirent, as determined by right
hand rule is directed rightward, opposite to the dragging force, ‘ S
thereby opposing the cause which has produced it. * '
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14.12 LENZ’S LAW AND ENERGY CONSERVATEGN

Lenz’s law is also directly related with the law of conservation of energy.
When we drag the wire across the magnetic field we do work against the magnetic field
arising from the interaction of the original magnetic field and that of the induced current
and in doing so we impart energy to the loop. This energy is the source of induced

current. The ele;tromag,nenc mductnon is exactly accordmg to the law of consewatlon
of energy.

14.13 MUTUAL INDUCTION:

If the two coils are placed close together, then a changing current in one coil (the
pnmary) sets up a changing magnetic field in the other (the secondary) and so induce an
e.m.f. in the second coil. This effect is known as mutual induction and can be defined

s “The phenomenon of inducing e.m.f in the secondary coil ‘bylchanging the
magnettc flux of the pnmary coil wzth the help of a vatymg current through it is
called Mutual induction.”

Consider two coils located near each other The coil with'the battery cmmt is
called the primary coil and the coil joined with the galvanemeter circuit is called the
secondary coil. The secondary coil is within the magnetic_field of the current carrying
primary coil. The current in the primary coil can be changed with the help of rheostat.

If the current is changed in the primary coily the magnetlc flux through the
secondary coil due to pnmary coil ‘also changes. So, an emt 1s mduced in the
secondary c01l v

PR

YA

E .oc—AIP S ~ f—<‘—~

A - : - .
MAI . G : . : : .t ad )
By = - oo M | F—AAA
At v Secondary coil : Primary coil R

Wherc M is the_constant of proportionality called a Mutual mductlon ‘and
negatwe sign drlses due“to Lenz s Law e

o “-Accordmg to the Faraday ] Law of e]ectromagnetlc mducnon L an o

By equating eqﬁation (1) and (2):, we get |

- MAIP _ - N5A¢

At . At
MAI, = N;Ad

The S.I unit of self induction is Henry.
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14.14 SELF INDUCTION:

The change in the magnetic flux in a coil may be due to the relative motion of the
coil and the magnetic field or due to the change of current in the coil itself.
Phenomenon of inducing emf in the coil due to change of current in coil ltself is
called self Induction.

Let us consider a coil of N turns with a
battery, a galvanometer and a rheostat in its
circuit. If current in the coil is changed with the
help of rheostat, then the change of magnetic
flux would also be felt by the coil itself, thereby
inducing an emfin it.

The induced emf in the coil is

emf o Al
At
_LAI
M = — D et e 1)
AL (1)
According to Faraday s Law of electromagnetic 1nduct10n
emf = ANe SR ¥\ Y )
: At .
By equating equation (1) and (2),we get
~LAl _ - ANg
A
LAl = AN¢

' _ Where Lis the constant called as self mductron The S.I Umt of self-mduchon is
-Henry : :
14.15 MOTIONAL EMF:

. If a conductor, is moved.in' a regmn where magnetzc ﬂux is changmg then an
emfis induced in the conductor, called as Motional emf. ‘ : :
Consider the situation”as shown in figure,
where a conductor of length L is sliding with
velocity v along fixed condumng rails in a regron ,
of uniform  magnetic field B, which “is
perpendicular«to,the plane of the rarIs and the X\
~conductor: An extemal force pulls the bar along
.the rails at-a constant speed v. if a positive charge
"q moves within the movmg conductor, then it
will experience a force in magnetic region in the
+j-direction, given by:

e iFmag = q(vxB)
- _OR -~ Fre = qvB Sm@

7R As the velocrty of the conductor is- perpendrcular to the dxrectron of magnetrc
lmes Itherefore, . E s i

CF = QUB i il (1)

i mag
The external force that pulls the sliding conductor provrdes the work required to
“move the charges around the circuit through the length “1” of the conductor,

o W = Foggl |

SN - W =gvBlI
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As emf is the work done on the chargze, given by

mf = work
charge
or . y=hB
LN
V =vBl

Where V is the motional emf. If the direction of ve]ocu‘y of conductor and
magnenc lines are at the angle 6 with each other, then

14.16 ALTERNATING CURRENT GENERATOR:

A device which converts mechanical energy into electrical energy is(called generator.
A generator which produces alternating voltage and current is called A.C generator

PRINCIPLE: ~
Its principle based upon Farady Law when coil rotates by any means in a magnetic field.
the magnetic flux changes and induced emf is produced. . ‘

CONSTRUCTION:
The main parts of an A.C generator are
(i) Field Magnet: ‘ ‘ ‘
It is a strong permanent magnet which produces‘a strong and uniform magnetic field
between it poles. (In commercial generator electromagnet is used).
(ii) Armature: : :
A rectangular coil ABCD of N turns'closely wound on a iron cylinder (core) rotates
! about as axis oo’ which is perpendlcular to\the magnetlc field. The assembly (cod + cylmder)
b "is called armature. o e
T «(iii) - Slip Rings: N :
S and S are the two copper cxrcular rings called shp rings which are connected to. the
i ends of the coil the slip rings Totate with coil. »
A (iv) Carbon Burshes:
' b and b’ are the twao carbon brushes slide-over the slip rmg (8§89 and connected the cml
to the external circuit, - . -'

n WORKING:

b - .
i - When. th&-¢oil ABCD is made to o PR P
i rotate by any,means'in the magnetic field —~=—" S 7 T +
j about an axis oo’. The magnetic flux _ / A’ /] / ,“ // .

v

! > s T 7

| through the coil changes. B /‘ / / / .- / 7 / iy

i According to Faraday’s Law -~—~\V~ - 71/ “L7 a
induced current or emf is produced is it. : ' i
Consider different position of the coil during one rotation as shown in the ﬁgure

When the coil rotates from 0° to 90° the flux decreases from maximum to zero and
mduce current increases and becomes maximum. o ‘ ’

During rotation from 90° to 180°, the flux
increases from zero to maximum the induce current
decreases from maximum to zero.

During rotation from 180° to 270°, the flux
decreases from maximum to zero and ‘induce
current increases and becomes maximum but in
opposite direction.

During rotation from 270° fo 360°

A\ 4
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EXPRESSION FOR EMF: . :

As we know that the induced e.m.f in a conductor of length “L” moving in a magnetic

field of strength B with velocity v is given by:
| V =BvL Sin®
During the first half rotation, which is positive
V.= BvL Sin6

During the second half rotation which is negative
o V_=-BvLSind
Total emf in one cycle is
V=V,-V. |
V = BvL Sin6- (-BvL Sin0)
, 'V =2BvL Sinf ﬁ
If the Co>il: has N turns or loops .. ' P
e | V =2BVNL Sing ‘siehecscrssssmsinne (1)
As V=ro
‘Where ‘r” here is the half of width of edil
' b

equatipn» (= 4 ‘= 28 % coNL}S in6 , 3
OR .Cy  V=LbBNnSin®

But Lb = A; the area of coil
V=ABNwSind

As SR =0t

S V= ABNo Sinot
And - ’ = 27rf

NN I TR S S —— )

for maximum emf putting Sin2xft =1
Viax= ABNw

" Equation (2) = . V=V, Sin2nrft

=V, Sin2rft
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14.17 D.C GENERATOR:

The current induced in the coil of A.C. Generator is passed to the external circuit
by the two carbon brushes, pressed against copper slip rings. As the coil rotates, the emf
is induced in the coil. In one rotation the vertical position of
coil reverses, so the emf cycle also alters and thus the current
produced is called alternating current. But if the slip rings are
replaced by a simple split called commutator or split rings,
the alternations in the cycle can be eliminated, because
during the reversion of vertical position of coil, ‘the two
halves of the split rings exchange contact with the brushes
and thus the direction of induced emf in the circuit remains
unaltered,. This emf increase from zero to a maximum and
then falls to zero when the coil is back to the initial vertical
position. A generator modified for this function is called a |7~ Y ~
D.C generator and the current so obtained is called a D.C Pui;uating\éurrent
current. :

14. 18 ELECTRIC MOTOR

An electric mutor is the device wluch converts. . Axis of ro.tation i
electrical energy into mechanical energy. 1t is '
essentially a generator runs backward. Like generator,«
a simple motor consists of a coil rotating in the field
produced by a magnet. A simple Electric afiotor is. = _
shown in the figure, in which the -coil is situated
between the pole pieces of a magnet. This magnet is

" an electromagnet and not a pennanenl magnet, The
coil itself is wound on an iron corexto intensify the.
magnetic field resulting from*the, current through it. ‘
The current carrying coil itself acts asa bar magnet. Its strength increases many fold due"
to iron core. S L 5

North pole of theeoil is repelled by the north pole of the permanent magnet and
the coil will be made to rotate in the counter clockwise direction by the mutual
repulsion of the poles. After rotating through 180°, the north pole of the coil will be next
to the south pole’of the pole of the permanent magnet and would have to be retarded
from rotating \away that position. However, when it reaches that position, the shding
contacts on the ring slide over the gap and the current flowing through the coil reverses.
This in turn reverses the poles of the coil, and so once again the situation shown in
figure is achieved. Repulsion is maintained, and as a result rotation continues.

14.19 TRANSFORMER:

Transformer is the device which is used to chunge the voltage of an alternating
current to a desired value.

PRINCIPLE: )
‘The principle of transformer is “The Mutual Induction.”, i.e. the rate of change
of current in the primary coil induced emf in the secondary coil.
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CONSTRUCTION LE

A transformer consists of two corls,'aj{ B
one of them acts as primary coil and the J
“other as secondary These coils are wound
_on the'same rectangular or circular- ‘soft iron -
--core wh1_ h is in the: form of sheets and are
i ulated by somie means :

"wom(mc

s A changmg current in the primary coil mducesian emf i in the sec __dary c011 On
supplymg voltage vy to the prnnary coil with N turns,xthe resultmg current I causes a’

.varying ﬂu_ in the'iron coré accordmg 10 the Faraday . Law. The' magmtude of induced.
- ‘emf Vy in'the seconda 0011 i '

Aro

dary 0011 decreases and In
' The efﬁcrency -0 ay

_' 'Power' output x ]
* Power input
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vass or TRANSFORMER' ek i i

Transformer can be cla551ﬁed as fohows

for the matenal of co




