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Chapter 2 : 

Faraday`s law
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Chapter 2 Outline:
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when a north or south pole of magnet

moved perpendicular to a closed

conductor loop, a current is generated

and its direction depends on the

magnetic field direction.

Note. Static magnetic field can not

generate the current

The results are quite remarkable in

view of the fact that a current is set up

even though no batteries are present

in the circuit! We call such a current

an induced current and say that it is

produced by an induced emf.

Another way to change the magnetic field

across closed loop is to produce a

magnetic field by a coil.

Nearby the coil the secondary coil in

which any change in magnetic field caused

by the primary coil generates a current in

the secondary coil as shown in the simple

transformer

Note: constant current in the primary coil

will not produce a current in the secondary

coil
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In a closed loop conductor, the induced electromotive force (ε) is directly 

proportional to the negative rate of change in magnetic flux 

For several loops connected coil of number of turn is N, the emf is then

the multiplication of N by the negative rate change of magnetic flux

If the magnetic field is not perpendicular to the coil ( sloped with angle θ), the 

magnetic flux is then determined by :-

we see that an emf can be induced in the circuit in several ways:
• The magnitude of B can change with time.

• The area enclosed by the loop can change with time.

• The angle θ between B and the normal to the loop can change with time.

• Any combination of the above can occur.
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The electrons in the conductors are affected by two forces, electric and magnetic 

forces as follows:-

In equilibrium state the two forces are equal 

Introducing the potential difference in the Equation we get: 

Another derivation

The bar cutting the magnetic field of length l and moves a

distance, x

The magnetic flux is then The rate of change of magnetic flux

is obtained by first derivative and equal to the negative value of

the emf :-

Then

Because the resistance of the circuit is R, the magnitude of the 

induced current is
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Lenz law

The induced current in a loop is in the

direction that creates a magnetic field that

opposes the change in magnetic flux

through the area enclosed by the loop.
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“an electric field is created in the conductor as a result of the changing

magnetic flux.”

We have studied before that the negative rate change in magnetic flux generate an

induced emf. Now the emf generate an electric field between two points of the

potential difference. In a conducting loop of radius r rotates perpendicular to

magnetic field, the electric field is then given by the emf over the circumstance of

the loop. integrated as follows:-

Using this result and the fact that Φ𝐵 = 𝐵𝐴 = 𝜋𝑟2𝐵 for

a circular loop, we find that the induced electric field is
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The emf for any closed path can be expressed as the line integral of𝐸. 𝑑𝑠 over 

that path: 𝜀 = .𝐸ׯ 𝑑𝑠. 

In general cases, E may not be constant, and the path may not be a circle. Hence, 

Faraday’s law of induction𝜀 = −dΦ𝐵/dt , can be written in the general form
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Gauss’s law

Gauss’s law in magnetism

Faraday’s law

Ampère–Maxwell law

Gauss’s law: the total electric flux through any closed surface equals the

net charge inside that surface divided by 𝜀0.

Gauss’s law in magnetism: states that the net magnetic flux through a

closed surface is zero.

Faraday’s law of induction: This law states that the emf, which is the line

integral of the electric field around any closed path, equals the rate of

change of magnetic flux through any surface area bounded by that path.

The Ampère–Maxwell law: the line integral of the magnetic field around

any closed path is the sum of 𝜇0times the net current through that path and

𝜀0𝜇0times the rate of change of electric flux through any surface bounded

by that path.

Once the electric and magnetic fields are known at some point in space, the

force acting on a particle of charge q :can be calculated from the expression

Ԧ𝐹 = 𝑞𝐸 + 𝑞 Ԧ𝑣 × 𝐵
This relationship is called the Lorentz force law.


