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Inductance, Capacitance,
and Mutual Inductance

CHAPTER CONTENTS We begin this chapter by introducing the last two ideal circuit
' elements mentioned in Chapter 2, namely, inductors and capaci-

6.1 The Inductor p. 176

6.2 The Capacitor p. 182 tors. Be assured that the circuit analysis techniques introduced in

6.3 Series-Parallel Combinations of Inductance = Chapters 3 and 4 apply to circuits containing inductors and capac-

and Capacitance p. 187 itors. Therefore, once you understand the terminal behavior of
6.4 Mutual Inductance p. 189

6.5 A Closer Look at Mutual Inductance p. 193

these elements in terms of current and voltage, you can use
Kirchhoff’s laws to describe any interconnections with the other

/ CHAPTER OBJECTIVES basic elements. Like other components, inductors and capacitors

' are easier to describe in terms of circuit variables rather than

1 Know and be able to use the equations for . electromagnetic field variables. However, before we focus on the
voltage, current, power, and energy in an l
inductor; understand how an inductor behaves
in the presence of constant current, and the . lying these basic elements is in order.
requirement that the current be continuous in
an inductor.

circuit descriptions, a brief review of the field concepts under-

An inductor is an electrical component that opposes any

2 Know and be able to use the equations for change in electrical current. It is composed of a coil of wire

voltage, current, power, and energy in a - wound around a supporting core whose material may be mag-

capacitor; understand how a capacitor behaves : . ; " £
inFi]:he presence of constant voLtpage e netic or nonmagnetic. The behavior of inductors is based on phe-

requirement that the voltage be continuous in a nomena associated with magnetic fields. The source of the

capacitor. Vs i : : -
B magnetic field is charge in motion, or current. If the current is

3 Be able to combine inductors with initial
conditions in series and in parallel to form a ;
single equivalent inductor with an initial varying magnetic field induces a voltage in any conductor linked
condition; be able to combine capacitors with ; it ;
initial conditions in series and in parallel to by the field. The circuit parameter of inductance relates the
form a single equivalent capacitor with an induced voltage to the current. We discuss this quantitative rela-
initial condition.

varying with time, the magnetic field is varying with time. A time-

tionship in Section 6.1.

4 Understand the basic concept of mutual ) . y . .
A capacitor is an electrical component that consists of two

inductance and be able to write mesh-current

equations for a circuit containing magnetically conductors separated by an insulator or dielectric material. The
coupled coils using the dot convention

cttectly capacitor is the only device other than a battery that can store

electrical charge. The behavior of capacitors is based on phenom-
ena associated with electric fields. The source of the electric field
is separation of charge, or voltage. If the voltage is varying with
time, the electric field is varying with time. A time-varying electric
field produces a displacement current in the space occupied by
the field. The circuit parameter of capacitance relates the dis-
placement current to the voltage, where the displacement current
is equal to the conduction current at the terminals of the capaci-
tor. We discuss this quantitative relationship in Section 6.2.
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