
Chapter 30

Induction and Inductance







30-8 Energy Density of a Magnetic 
Field

Consider a length l near the middle of a long solenoid of cross-
sectional area A carrying current i; the volume associated with this 
length is Al. The energy UB stored by the length l of the solenoid 
must lie entirely within this volume because the magnetic field 
outside such a solenoid is approximately zero. Moreover, the stored 
energy must be uniformly distributed within the solenoid because 
the magnetic field is (approximately) uniform everywhere inside. 
Thus, the energy stored per unit volume of the field is

B
B

U
u

Al
 21

2
BU Li



30-8 Energy Density of a Magnetic 
Field

We have,
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here L is the inductance of length l of the solenoid

Substituting for L

l
we get
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And we can write the energy density as
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30-9 Mutual Induction
Mutual induction.
(a) The magnetic 
field B1 produced by 
current i1 in coil 1 
extends through coil 
2. If i1 is varied (by 
varying resistance 
R), an emf is 
induced in coil 2 and 
current registers on 
the meter connected 
to coil 2. (b) The 
roles of the coils 
interchanged.



30-9 Mutual Induction

If coils 1 and 2 are near each other, a changing current in either coil 
can induce an emf in the other. This mutual induction is described 
by

and



Summary

Magnetic Flux

• The magnetic flux through an area A in a magnetic 
field B is defined as

B B d A   Equation 30-1

• If B is perpendicular to the area and uniform over it, Equation 
30-1 becomes

 ,  uniform .B BA B A B   Equation 30-2



Summary

Faraday’s Law of Induction

• The induced emf is,

B
d

dt


 E Equation 30-4

• If the loop is replaced by a closely packed coil of N turns, the 
induced emf is
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Summary 

Lenz’s Law

• An induced current has a direction such that the magnetic field 
due to this induced current opposes the change in the magnetic 
flux that induces the current.

emf and the Induced Magnetic Field

• The induced emf is related 
to

E by

,E d s E Equation 30-19

• Faraday’s law in its most general form,
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Summary

Inductor

• The inductance L of the inductor is
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• The inductance per unit length near the middle of a long solenoid 
of cross-sectional area A and n turns per unit length is
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Summary

Self-Induction

• This self-induced emf is,
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Series RL Circuit

• Rise of current,
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• Decay of current
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Summary

Magnetic Energy

• the inductor’s magnetic field stores an energy given by
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• The density of stored magnetic energy,
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Summary

Mutual Induction

• The mutual induction is described by,
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