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Electromotive Force and Ohm’s Law

For a current to flow, charges has to be pushed. For any substance, if σ is
conductivity and f is force per unit charge and ρ is resistivity, then

For steady current and uniform conductivity,

The electromagnetic force that drives charges is,

Since the velocity of charges is sufficiently small, ignore the second term
and it gives Ohm’s law

It states, total current is proportional to the potential difference,

𝐽 = 𝜎𝑓

𝐽 = 𝜎 𝐸 + 𝑣𝑋𝐵
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Electromotive Force and Ohm’s Law
In a given electric field E, according to Newton’s II law, charge should
accelerate due to the force qE produced. Hence current increases with
time. This is in contrast with Ohm’s law, which states a constant field
produces a constant current

To remove the contradiction, if the frequent collision of electron’s is
taken in account. For example, while driving in a street with stop signs,
acceleration occur between stops, while average speed remains
constant

Also density of moving charges decreases with increase in temperature.
So work done by electrical force is converted into heat as a result of
collision. The power delivered is given by Joule’s law of heating as,

𝑃 = 𝑉𝐼 = 𝐼2𝑅



Electromotive Force and Ohm’s Law
o In a circuit, the current is same around the loop. Why?
o It can be expected to have large charges in battery and none in lamp.

What is the pushing factor?

Consider a current in a bend. When the charges piles up in the knee, it
produces a field that opposes the current flowing in and promote the
current flowing out. So for no accumulation, the system acts like a self-
correcting automatic system.

If fs is source, then electrostatic force is

The net effect around circuit is emf,

Electromotive force (emf) in a conducting circuit is the total
accumulated force on the charges throughout the length of the loop. It
is nothing but the potential, V

f = 𝑓𝑠 + 𝐸

𝜖 = ර𝑓. 𝑑𝑙 = ර𝑓𝑠. 𝑑𝑙 E
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Electromotive Force and Ohm’s Law
From a uniform magnetic field, if a loop is pulled to right with velocity
(v), charges in section ‘ab’ experiences a magnetic force. Then its emf is,

Although the magnetic force is establishing the emf, it is not doing work.
It is the one who pulls the loop, fpull = vB. Let Φ be the flux of B through
the loop,

emf generated is minus rate of change of flux which is called as “flux
rule” for motional emf.

As the loop moves, flux decreases

𝜖 = ර𝑓𝑚𝑎𝑔. 𝑑𝑙 = 𝑣𝐵ℎ

∅ = න𝐵. 𝑑𝑎

𝑑∅

𝑑𝑡
= 𝐵ℎ

𝑑𝑥

𝑑𝑡
= −𝐵ℎ𝑣

𝜖 = −
𝑑∅

𝑑𝑡

b

a

c

d

x h

R

v

B



Faraday’s Law of Induction
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In 1831, Faraday reported series of experiment to demonstrate
electromagnetic induction.

Exp. 1: Pull a loop of wire to right
through a magnetic field
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In 1831, Faraday reported series of experiment to demonstrate
electromagnetic induction.

Exp. 2: Move a magnet to left
holding the loop of wire still



Faraday’s Law of Induction
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In 1831, Faraday reported series of experiment to demonstrate
electromagnetic induction.

Exp. 3: Keep magnet and loop at
rest and change the magnetic field
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In 1831, Faraday reported series of experiment to demonstrate
electromagnetic induction.

Exp. 1: Pull a loop of wire to right
through a magnetic field

Exp. 2: Move a magnet to left
holding the loop of wire still

Exp. 3: Keep magnet and loop at
rest and change the magnetic field

In all the experiments, current flows in
the loop. ”a changing magnetic field
induces an electric field”



Faraday’s Law of Induction
Faraday law states, ”Whenever the magnetic flux linked with a closed
circuit changes, an induced emf is setup in the circuit whose magnitude
at any instant is proportional to the rate of change of magnetic flux
linked with the circuit.”

𝜖 ∝
𝑑∅

𝑑𝑡

Lenz’s law states, “The direction of induced emf is such that it opposes
the change in the flux that produces it.”

𝜖 = −
𝑑∅

𝑑𝑡

The Faraday’s law in integral form is

𝜖 = ර𝐸. 𝑑𝑙 = −
𝑑∅

𝑑𝑡
ර𝐸. 𝑑𝑙 = −න

𝑑∅

𝑑𝑡
𝑑𝑎

Applying Stokes theorem

𝛻 𝑋 𝑬 = −
𝜕𝐵

𝜕𝑡

“nature abhors a change in flux”



Faraday’s Law of Induction
In the coil and magnet experiment, a definite magnetic flux is linked
with the coil. If the north pole is moved towards/away, flux through coil
increases/decreases, which induces an emf.

As the speed of magnet increases, lines of force increases which
induced emf.

N
I1I2

As the speed of magnet decreases, rate of change of flux decreases and
induced emf decreases. So induced emf is always proportional to rate of
change of flux.



When the north pole is moved towards coil, induced current opposes
the motion of magnet. This is possible when nearer face of coil acts like
a magnetic north pole which requires anticlockwise current.

When magnet is moved away, nearer face acts like a south pole through
clockwise current. This in turn again oppose the motion of magnet. This
is Lenz’s law and validates law of conservation of energy.
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Faraday’s Law of Induction



Consider a coil-1 consist of conducting wire in the form a solenoid.
Around this coil-2 is wound through insulation. Varying current through
coil-1 creates a magnetic flux which passes through coil-2 and thus
induces emf in coil-2.

The magnetic field inside a solenoid is

Induced emf in coil-2 is

Inductance : Mutual Inductance
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Induced emf in coil-1 is

𝜖1 = 𝑚12

𝑑𝐼2
𝑑𝑡

Coil-2

Coil-1

N1- number of turns in coil-1
l – length of coil-1
I1 – current in coil-1
N2- number of turns in coil-2
I2 – current in coil-2
S- cross-section of coil-1



According to Biot-Savart law

Flux through loop-2 is

Inductance : Mutual Inductance

This is Neumann formula. Here M21 is purely geometrical quantity that
depends upon size, shape and relative position of two loops.

When the role of loop-1 and loop-2 are switched over
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𝑚21 = 𝑚12 = 𝑀

M21 is mutual inductance
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