| 1.1 Magnetic Flux

The magnetic flux represents total magnetic
lines of force passing normally through a
given area placed in a magnetic field.
Magnetic flux ¢ through an area dS in a
magnetic field Bis defined as, ¢, =[B-dS.

where, B is the magnetic field and 4S is the
area element. /

Magnetic flux, ¢ = B-S = BScos6,

where, Sis the area of surface and 0 is the

angle between the direction of magnetic field
and normal to the surface.

P

SI unit of magnetic flux is Weber (Wb).
CGS unit of magnetic flux is Maxwell (Mx).

1 Wb= 102 Mx =1 Tm?

Magnetic flux is a scalar quantity and its
dimensional formula is [ML*TA™"].

1.2 Electromagnetic
Induction

The phenomenon to generate induced
current or induced emf by changing the
magnetic flux linked with a closed circuit is
known as Electromagnetic Induction (EMI).

Faraday's Law of
Electromagnetic Induction

Faraday's First Law

Whenever the amount of magnetic flux
linked with the closed loop or circuit changes,
an emf induces in the loop or circuit which
lasts so long as change in flux continues.
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Faraday's Second Law

The induced emf in a closed loop or circuit is.directly
proportional to the rate of change of magnetic flux
linked with the closed loop or circuit. y
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where, N = number of turns in loop.

1.3 Lenz's Law

According to this law, the direction of induced emf or
induced current is such that it always opposes the
cause that produces it. i.e. it opposes the change in
magnetic flux.

Induced Current

* If N is the number of turns and R is the resistance of

_ a coil, then the magnetic flux linked with its each
turn changes by d¢ in short time interval 47, the
induced current flowing through the coil is
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* If induced current is produced in a coil rotated in a
uniform magnetic field, then the flux through the
coil ¢ = BAcoswt
because the coil rotates with an angular velocity ®
and turns through an angle 8 in time 7, 6 =

¢ = Bcost

dd d .
Hence, &= ——d? = ——(BAcost) = € = BAsinwt
If coil has N turns, then € = NBA®sinot

NBA® sin '

Hence, I = —— = I ,sInw¢

A :
where, 1, = Listhy Peak value of induced current.

Fleming's Right Hand Rule

If the thumb, forefinger and central S Motion
finger of right hand are stretched Ao 1
mutually perpendicular to each

other such that the forefinger

points the direction of magnetic /

field, thumb points towards the SEtited

direction of motion of conductor,  gyrrent

then central finger points towards
the direction of induced current in the conductor.



Motional Emf due to
Translatory Motion

Let a conducting rod of length / be moving with
a uniform velocity v perpendicular to a uniform
magnetic field B, an induced emf is set up. The
magnitude of the induced emf will be
e =El, e= Bly
[In equilibrium FI = Fm, [E = lvB, E = vB]

If the rod is moving such that it makes an angle
0 with the direction of the magnetic field, then

e = Blv sinf. Hence, for the motion parallel to B,
the induced emf is zero.

Motional Emf due to Rotational
Motion

The induced emf developed between two ends of
conductor of length / rotating about one end
with angular velocity ® in a direction
perpendicular to magnetic field is given by,

2 2
€= S = Bl*nty = Bfrn

where, v = frequency (cycle/s) and T = time
period.
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Self-Inductance of a Long Solenoid

Self-induction of a long solenoid is one whose
length is very large as compared to its area of
cross-section. The magnetic field B at any point
inside such a solenoid is practically constant and
uN%4

[
where, N = number of turns,
A = area of solenoid, and / = length of solenoid.

2.2 Mutual Induction

The phenomenon of generation of induced emf in
secondary coil when current linked with primary
coil changes is known as mutual induction.
N0, = MI,
where, N,6, = flux linked with secondary coil
I, = current in primary coil
— MdI,
dt
ST unit of mutual inductance is Henry (H).
[Where By =Wom,l,, By =poml,
&, = BAN, =pgn,l,- AN,
0, =B/AN, =unl, - AN,]
1 Henry (H) =1 V-s/A or 1Tm?/A.

Mutual inductance (M) of closely wound
e HoN ;N 24
where, N; and N, =number of turns in primary

and secondary solenoids, 4 = area of solenoid and
I =length of solenoid

given by L=

According to Faraday’s Law, e, =

solenoids,

Some Important Points Related to
Inductance

* Two inductors are in parallel combination, then
equivalent inductance is given by

1 1 1
—_=— 4 —
i N iy,
where, L,, L, = coefficient of self-inductances
of both coils. o~
Two inductors are in series combination
i \ L = Ll + Lz

* Magnetic energy stored in an inductor

U=1Lﬁ
2

where, I is the current in the inductor.

2.3 AC Generator

A generator is an electrical machine that produces
electrical energy from mechanical work, just the
opposite of what a motor does. In a generator, the
shaft is rotated by some mechanical means, such
as an engine or a turbine starts working and an
emf is induced in the coil.

Principle {

An AC generator is based on the phenomenon of
electromagnetic induction, which states that when
a coil is rotated in uniform magnetic field magnetic
flux linked with a conductor (or coil) changes, an
emf is induced in the coil.
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Theory and Working ‘

As, the armature of cojl js rotated is uniform
magnetic field, angle 6 between the field and the
normal to the coil changes continuously. Therefore,
magnetic flux linked with the coj] changes and an
emf is induced in the coil. According to Fleming's
right hand rule, current induced in AB from A to B

and it is from C to D in CD. In the external circuit,
current flows from B, to B,.






