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32.1 Self-Inductance

O In chapter 31, an emf and a current are induced i1n a circuit when the magnetic
flux through the area enclosed by the circuit changes with time.

B

A

1. When the switch is closed, the current does not
immediately jump from zero to its maximum value
/R

2. As the 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.

3. The direction of the induced emf is such that it would cause an induced current in the
loop (if the loop did not already carry a current), which would establish a magnetic field
opposing the change in the original magnetic field. Thus, the direction of the induced emf

IS opposite the direction of the emf of the battery.
¢ This effect is called self-induction because the changing flux through the circuit and

the resultant induced emf arise from the circuit itself. The emf set up in this case is
called a self-induced emf.

» The direction of the induced emf, it is also called a back emf
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A second example of self-induction Lenz’s law emf Lenz’s law emf
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» A coil wound on a cylindrical core and the current in the coil is either increases or decreases
with time.

» The current is in the direction as shown in (a), a magnetic field directed from right to left is
set up inside the coil.

> As the current changes with time, the magnetic flux through the coil also changes and
induces an emf in the coil.

» The polarity of this induced emf must be such that it opposes the change in the magnetic field
from the current.

> If the current is increasing, the polarity of the induced emf is as shown in (b)

» If the current is decreasing, the polarity of the induced emf is as shown in (c)
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» From Faraday’s law that the induced emf is equal to the negative of the time rate of
change of the magnetic flux.

» The magnetic flux is proportional to the magnetic field due to the current, which in
turn is proportional to the current in the circuit.

» Therefore, a self-induced emf is always proportional to the time rate of change
of the current.

For any coil, we find that s — —Lﬂ
L dt

where L is a proportionality constant—called the inductance of the coil

» From Faraday’s law, the inductance of a closely spaced coil of N turns carrying a current | and
containing N turns is
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Inductance of an N-turn coil

_ N®y
I

L

where it is assumed that the same magnetic flux passes through each turn.

_ &
Inductance L=-—ra&

O Inductance is a measure of the opposition to a change in current.

The Sl unit of inductance is the henry (H) which is 1 volt-second per ampere
V-s
A

IH=1



32.1

Self-Inductance

Example 32.1 Inductance of a Solenoid

Find the inductance of a uniformly wound solenoid having N
turns and length {. Assume that { is much longer than the
radius of the windings and that the core of the solenoid 1 air.

Solution We can assume that the interior magnetic field
due to the current is uniform and given by Equation 30.17:

N
B=ponl = py ?I
where n = N/{ is the number of turns per unit length. The
magnetic flux through each turn is
N
® B= BA = i) T[
where A 15 the cross-sectional area of the solenoid. Using
this expression and Equation 32.2, we find that

N A

T " (32.4)

This result shows that L depends on geometry and is propor-

tional to the square of the number of turns. Because N =

we can also express the result in the form
(nt)’

L=py—— A= pyn’Al = yn®V

; (32.5)

where V= A{ is the interior volume of the solenoid.

What [f? What would happen to the inductance if you
inserted a ferromagnetic material inside the solenoid?

Answer The inductance would increase. For a given
current, the magnetic flux i the solenoid 1s much greater
because of the increase in the magnetic field originating
from the magnetization of the ferromagnetic material. For
example, if the material has a magnetic permeability of
5004, the inductance increases by a factor of 500.
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Example 32.2 Calculating Inductance and emf

(A) Calculate the inductance of an aircore solenoid con-  (B) Calculate the selfinduced emf in the solenoid if the
taining 300 turns if the length of the solenoid 15 2.0 cm  currentit carries i ecreasing at the rate of 5.0 A/s.

and its crosssectional area is 4.00 cm?.
Solution Using Equation 32.1 and given that dl/dt=

Solution Using Equation 32.4,we obtain = 50.0 A/s, we obtain
N4 i
= “OT 6= L=~ (181X (-500AS
(X 10T A 300)*(400 X 1074w o

%0 X107 m

=181 1074 T'mYA = 0181 mH
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6. An emf of 24.0 mV is induced in a 500-turn coil at an
instant when the current is 4.00 A and is changing at the

rate of 10.0 A/s. What 1s the magnetic flux through each
turn of the coil?

7./An inductor in the form of a solenoid contains 420 turns, is
16.0 cm in length, and has a cross-sectional area of 3.00 cm?.
What uniform rate of decrease of current through the
inductor induces an emf of 175 uV?

9. A 40.0-mA current 1s carried by a uniformly wound air-core
solenoid with 450 turns, a 15.0-mm diameter, and 12.0-cm
length. Compute (a) the magnetic field inside the sole-
noid, (b) the magnetic flux through each turn, and (c) the
inductance of the solenoid. (d) What If? If the current
were different, which of these quantities would change?



32.3 Energy in a Magnetic Field

» The emf induced in an inductor prevents a battery from establishing an
Instantaneous current, the battery must provide more energy than in a circuit without
the inductor.

» The energy supplied by the battery appears as internal energy in the resistor, while
the remaining energy is stored in the magnetic field of the inductor.

c dl
IE = [’°R+ L] —
di

Recognizing

1. &l asthe rate at which energy is supplied by the battery.

2. I?R as the rate at which energy is delivered to the resistor.

3. weseethat LI (dI/dt) must represent the rate at which energy is being
stored in the inductor.
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» The energy stored in the inductor at any time

aU dl

dt dt

» To find the total energy stored in the inductor when the current is I

Energy stored in an inductor

I I
U=de=fLId]=Lf[d[
0 0

— 1772
U 2L[
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= Energy density of a magnetic field

= Consider a solenoid whose inductance L = ugngAf

= The magnetic field of a solenoid B = ponl
B \2 B2
U=1L12=1,u,n2A€( ) = Al
2 2 -0
Hon 210

Because Al is the volume of the solenoid, the magnetic energy density, or
the energy stored per unit volume in the magnetic field of the inductor is

Magnetic energy density up = U B_Q

Al 210

= The energy density is proportional to the square of the field magnitude.
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QUiCk QUiZ 32,9 You are performmg an experiment that requires the
highest possible energy density in the intertor of a very long solenoid. Which of
the followng mcreases the energy density? (More than one choice may be correct.)
(a) mcreasing the number of turns per unit length on the solenoid (b) mcreasing
the cross-sectional area of the solenoid (c) ncreasing only the length of the solenoid
while keeping the number of turns per unit length fixed (d) mcreasing the current

In the solenoid.



Section 32.3 Energy in a Magnetic Field

‘ Selected Solved Problems (Chapter # 32)

29. Calculate the energy associated with the magnetic field of
a 200-turn solenoid in which a current of 1.75 A produces
a flux of 3.70 X 10~* Wb in each turn.

30. The magnetic field inside a superconducting solenoid is
4.50 T. The solenoid has an inner diameter of 6.20 cm and
a length of 26.0 cm. Determine (a) the magnetic energy
density in the field and (b) the energy stored in the
magnetic field within the solenoid.

31.|An air-core solenoid with 68 turns is 8.00 cm long and has
a diameter of 1.20 cm. How much energy is stored in its
magnetic field when it carries a current of 0.770 A?

37. A uniform electric field of magnitude 680 kV/m through-
out a cylindrical volume results in a total energy of 3.40 uJ.
What magnetic field over this same region stores the same

total energy?




Chapter # 32 Problems Q
Selected Old exam questions

Q26.The unit of the self-inductance coefficient is:

| I () Gl b ik 320 0 26
T Vs
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A

Q27.An air-core solenoid contains 500 turns with a length 40cm and a cross-sectional area6cm?.
Then the self-inductance is:

13¢] Q.Sl.'ﬂi lll Jalea o)lé <6 cm’ dakite daliag 40 cm g’.\S]l gk @il 500 e o A “.:_,_)Lsuh & sisy 27
g wald|
@0.471 mH B)0.146mH  C)0.834mH D) 0.656 mH F)0.780 mH

Q28.If ug 1s the energy density resulted from an applied electric field E and ug is the energy
density from an applied magnetic field B. Then the ratio ug/ug will be:

B sl Jindl o Lan T H (g S 0l o i LRI 28 g o 28
(2Up/ug OO duudll o8
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Selected Old exam questions
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Q26-.A long solenoid has a self inductance of 10 uH. The energy stored in its mag. field when 1t
carries a current of 10 A4 is:

AY50 uJ ‘B) 250 uJ 3500 g ) D) 5000 uJ

1 ol Lo adiasy QM a8l (o) 260
Q26- Which is of the following independent on the electric current 1?

| B) Mag. Flux & . C) Mag. force on a conductor F D) Mag. Field B

-5 st 4 55l AN Aei ¢ 10 pH A (S Gl Qalaa s 10 4 W8 42 e Jashe (Pudls e 270
Q27- A long solenoid has a self inductance of 10 uH. The energy stored in its mag. field when it

carries a current of 10 A4 is: : S——
T |

A) 50 uJ B) 50 mJ C)250 puJ
Tonall Ban o Lo LU RS2SRSS 777 (5 sbons eulalinall Q) S 13} 227
Q27- If the magnetic field is 15 mT", what is the magnetic energy density? .

A) 179.1 ( B)895 ) C) 119 D) 5.96

ol 13¢d Alaill Zall (8 2ty ,e< 31y &bl =38 xey 0.5 4
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Q29- A 200 mH inductor carries a steady current of 0.5 4. When the switch in the circuit 1s

opened, the current is effectively zero after 10 mS. What is the induced electromotive force
(emf) in the inductor during this time?

A) 10000 B) 1000 C) 100 _@
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