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Chapter 7: Electrodynamics

m Electromagnetic Induction
m Faraday’s Law
m The induced electric field

m Energy in Magnetic fields
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1.2.1 Faraday’s Law

In 1831 Michael Faraday reported on a series of experiments, including three:

e —

He pulled a
loop of wire to the right
through a magnetic field. A
current flowed in the loop.

He moved the
magnet to the left, holding the
loop still.

With both the
loop and the magnet at rest, he

changed the strength of the
field.

It 1s just a motional emf

But if the loop 1s stationary, the force cannot be magnetic as
stationary charges experience no magnetic forces.

The force must be electric!!
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1.2.1 Faraday’s Law

Michael Faraday concluded,
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Characterizing electric fields induced by
changing magnetic fields
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The loop does not have to be a wire as induced
electric field will exist even in vacuum. However,

when a wire 1s there, the electrons respond to the
emf making circular current.

The work done by the induced electric field
for a charge q after one circulation:
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1.2.1 Faraday’s Law

The flux through the ring is zero when the
magnet is far away; it builds up to a maximum as
the leading end passes through. It drops again to
zero as the other end leaves the ring, HoMRa2 1

Which way around the ring does the induced
current flow?
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7.2.1 Lenz’s Law

can help in getting directions of
the induced current right. It is summarized
by Nature oppose a change in flux. OR the
induced current will flow in such a
direction that the flux it produces tends to
cancel the change.
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1.2.1 Faraday’s Law
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1.2.1 Faraday’s Law

A ring of pipe below the magnet experiences an increasing
upward flux as the magnet approaches, and hence (by Lenz’s
law) a current (lind) will be induced in it such as to produce
a downward flux. Thus Iind must flow clockwise, which is
opposite to the current in the magnet. Since opposite
currents repel, the force on the magnet is upward. Bl
Meanwhile, a ring above the magnet experiences a
decreasing (upward) flux, so its induced current is parallel to

I, and it attracts the magnet upward.
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7.2.1 Lenz’s Law
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7.2.1 Lenz’s Law
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7.2.1 Eddy Currents

are loops of
electrical current induced within

conductors induced by a changing

magnetic field in the conductor .

They flow in closed loops within
conductors, in planes perpendicular to
the magnetic field.

Pulse of
% .~ current

= Eddy current

= B = Receiver
Fransmitting Eddy _
. : coil
coil currents
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7.2.2 The Induced Electric Field

There are two distinct kinds of electric fields:

Static Electric Fields produced by static electric V-E = p/€o; VXE = 0
charges

Induced Electric Fields produced by changing

magnetic fields

—

Recal, V-B = O;Vxﬁ = lioj

: : . 0B . . . :
Faraday-induced electric fields are determined by — 3¢ I similar way as magnetostatics
are determined by pgJ. We can use all what we learned about Ampere's law in integral

form to find the induced field by Faraday’s law
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Example. o SR

The changing magnetic field will induce an
electric field, This electric field exerts a force on
the charges at the rim, and the wheel starts to
tum. According to Lenz's law, it will rotate in

.

counterclockwise direction.

Rotation
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|
:<— Amperian loop
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This example is artificial, and not just in the obvious sense of involving infinite wires, but in a more subtle
respect. It assumes that the current is the same (at any given instant) all the way down the line. This 1s a safe
assumption for the short wires in typical electric circuits, but not for long wires (transmission lines), unless
you supply a distributed and synchronized driving mechanism. But never mind—the problem doesn’t inquire
how you would produce such a current; it only asks what fields would result if you did. Variations on this

problem are discussed by M. A. Heald, Am. J. Phys. 54, 1142 (1980).
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