Faraday’s Law Part Il - Motional emf



Faraday’s Law for motion emf: A note for Example |
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You need an external force to
maintain a constant velocity,
because of the magnetic field.

You can calculate this force either by
(i) Newton’s Law of motion:

Fo
(i) Conservation of energy:.

I°’R = Fv



Faraday’s Law for motion emf: Example | — nothing new

Assuming there is an induced emf &.
~F,=ILxB=ILB <«
Pulling force=F, =-F, = ILB —

Power of Pulling force= F, -V
=|LBv
But power of Pulling force
= power dissipated at resistance R
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Motion emf is just a result of Lorentz
force acting on the charge carriers
due to the magnetic field.



Faraday’s Law for motion emf : Example | — New approach

However, we can rewrite previous result as:
B | e |= LBv

o o o o s o o o o o _ g™
° o © o o o o o o o dt
oL o+ e o o o o { ° V’ _ Bd(LX)
¢|e o o o o o . ® o dt
° | o e o o o o o e o dA
® o, @ o o o o Lo o oo — BE
[ [ [ [ )& o © [ [ [

_‘dCDB

dt
Including sign, g=—d;DtB

This merges and has the same form as the Faraday’s Law for changing B field!



Faraday’s Law for motion emf: Example Il

=

The flexible loop in the figure has a
radius and is in a magnetic field of
magnitude B. The loop is grasped at
points A and B and stretched until its
area is nearly zero. If it takes At to
close the loop, what is the magnitude
of the average induced emf in it
during this time interval?



The Faraday’s Law

So the two parts of Faraday’s Law can be written in
one single equation:

do,
dt

E =

@, depends on B and A:
1. If you change B, you will get the Maxwell’s 4t equation.
2. If you change A, you will get the motion emf.



Faraday’s Law, Maxwell's 4% Equation, and the Lorentz Force Law

Feynman Lectures on _
Physics Vol. 2 p.17-2: Faraday’s Law of Induction

do,
...We know of no other place in - dt
physics where such a simple and

accurate general principle requires

for its real understanding an
analysis in terms of two different You need two of

phenomena. Usually such a these to “derive” the
beautiful generalization is found to

stem from a single deep underlying other.
principle. Nevertheless, in this case

there does not appear to be any

such profound implication. We have

to understand the “rule” as the

combined effects of two quite Maxwell’'s 4t nguatlon Lorentzr: FOI‘C? Law

separate phenomena. _ OB —=VxB
VXxE=-— q

ot



Class 37 Lenz’s Law



Lenz’s Law

VxE:-a—B
Tat

Lenz’s 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.




Lenz’s Law: Example 1

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.

Meaning of negative sign
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Lenz’s Law: Example 2

The flexible loop in the figure has a
radius and is in a magnetic field of
magnitude B. The loop is grasped at
points A and B and stretched until its
area is nearly zero. If it takes At to
close the loop, what is the magnitude
of the average induced emf in it
during this time interval?



Lenz’s Law: Example 3
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Lenz’s Law: Example 4

1) Increasingfluxin ({
II
"

2) Induced magnetie
fielddirection: .—




