Chapter 32
Inductance

32.1 Self-Induction and Inductance

As the source current increases with time, the magnetic flux through the

circuit loop due to this current also increases with time. This increasing

flux creates an induced emf in the circuit.

The direction of the induced emf is
such that it would cause an A
induced current in the loop (if a S
current were not already flowing in
the loop), which would establish a
magnetic field that would oppose

the change in the source magnetic
field.

After the switch is closed, the
current produces a magnetic flux
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through the area enclosed by the loop.

As the current increases toward its equilibrium value, this magnetic flux

changes in time and induces an emf in the
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Using Faraday’s law, the self-induced emf can be written as,
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Where L is the proportionality constant-called the inductance of the loop
that depends on the geometry of the loop and other physical

characteristics.

We know that: ¢ =-N dzB so we substitute this in eq. (32.1) as

following,
NP, d
dt dt
=1L = &
1
The unit of L is henry (H).

Example 32.1

32.2

ExAMpPLE 32.2 Calculating Inductance and emf

{a) Calculate the inductance of an air-core solenoid contain-

ing 3 turns if the length of the solenoid 1s 25.0 cm and 1ts

cross-sectional area is 4.00 cm?.



Solution Using Equation 32.4, we obtain

woNZA
p=fr =
£
(30002(4.00 =% 107+ m?)

950 ¥ 1072 m

= (47 % 1077 T-m/A)

=181 10 T-m%A= 0181 mH

(b} Calculate the self-induced emf in the solenoid if the
current through 1t 1s decreasing at the rate of 50.0 A/s,

Solution Using Equanon 32.1 and given that df/di =
— 500 A5, we obtain

E; = —L% = — (1.81 x 107*H)(—50.0 A/s)

= 0.05 mV



32.2 Energy in Magnetic field:
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In the figure, the battery in the circuit must provide more energy than in a
circuit without the inductor. The energy supplied by the battery appears
as internal energy in the resistance and the remaining energy is stored in
the magnetic field of the inductor. This can be formulated as following,
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dt
Multiplying this equation by I,

dI
le=I"R+LI—
m 32.4

Ok, what this equation does represent?

dl
The last term (le—j represents the rate at which energy U is being stored in the
t

indictor.

dU dI
= —LI—
dt dt 32.5

By integrating this equation one can find the total energy stored in the
inductor at any instant,

Uzj dU:Lj IdI:%LIZ 32.5
0



Also, we can find the energy density of a magnetic field created by a

solenoid. For a solenoid, we have derived the magnetic field and the
inductance:

L=’V

B=u,n I:>I:£
Mo

Substituting these in eq. (32.5),

2
U=%(/10H2V{£] =21 B’V
n
Hy Hy 32 6
U 1

= — = 2
Vo 24,

Ug

Where ug indicates the energy density.

Examples:

31. Calculate the energy associated with the mzignttif feldd

of a 200-turn solenoid 1n which a current of 1.75 A pro-
duces a flux of 3.70 % 107*T-m? in each turn.
Ndg  20003.70 x 1079

[ = ] = 175 = 42.3 mH

so U= é—LIE - é—(D.LIEEI—IHI.TSA} 2 =[0.0648 |

[

An air-core solenoid with 68 turns 1s 800 cm long and
has a diameter of 1.20 cm. How much energy is stored
in 1ts magnetc field when it carnes a current of 0.770 Az
—2. 2
Lep NZA (68.0)° x(0.600 % 107%)°
— D —

| =821 uH
1 Mo 0.0800 g

33.

U=111"=1(8.21x 107 H)(0.770 A)* = [2.44 g




38, A uniform electric field with a magnitmde of 680 kV,/m
throughout a c}rlindrical volume results in a total energy
of 3.40 wu]. What magneuc field over this same region
stores the same total EnEJ'B}r?
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6.80%10° V/m _
3.00x10° m /s
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