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140 Chapter 4 AC Network Analysis

the equations we derived for the capacitor. Thus, the inductor current is found by
integrating the voltage across the inductor:

iL(t) = 1

L

� t

��
vL(t�) dt� (4.13)

If the current flowing through the inductor at time t = t0 is known to be I0, with

I0 = iL(t = t0) = 1

L

� t0

��
vL(t�) dt� (4.14)

then the inductor current can be found according to the equation

iL(t) = 1

L

� t

t0
vL(t�) dt� + I0 t � t0 (4.15)

Series and parallel combinations of inductors behave as resistors, as illustrated in
Figure 4.10, and stated as follows:

�LO1
Inductors in series add. Inductors in parallel combine according to the same
rules used for resistors connected in parallel.

LEQ = L1 + L2 + L3
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Figure 4.10 Combining inductors in a circuit

It is very easy to prove that inductors in series combine as shown in Figure 4.10,
using the definition of equation 4.10. Consider the three inductors in series in the
circuit on the left of Figure 4.10. Using Kirchhoff’s voltage law and the definition of
the capacitor voltage, we can write

v(t) = v1(t) + v1(t) + v1(t) = L1
di(t)
dt

+ L2
di(t)
dt

+ L3
di(t)
dt

= (L1 + L2 + L3)
di(t)
dt

(4.16)

Thus, the voltage across the three series inductors is the same that would be seen
across a single equivalent inductor Leq with Leq = L1 + L2 + L3, as illustrated in
Figure 4.10. You can easily use the same method to prove that the three parallel
inductors on the right half of Figure 4.10 combine as resistors in parallel do.

EXAMPLE 4.5 Calculating Inductor Voltage from Current�LO1

Problem

Calculate the voltage across the inductor from knowledge of its current.
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where T is the period of integration. Figure 4.17 illustrates how this process does,
in fact, correspond to computing the average amplitude of x(t) over a period of T
seconds.

x(t)

tT0

< x(t) >

Figure 4.17 Averaging a
signal waveform

EXAMPLE 4.8 Average Value of Sinusoidal Waveform

�

LO2
Problem

Compute the average value of the signal x(t) = 10 cos(100t).

Solution

Known Quantities: Functional form of the periodic signal x(t).

Find: Average value of x(t).

Analysis: The signal is periodic with period T = 2π/ω = 2π/100; thus we need to integrate
over only one period to compute the average value:

�x(t)� = 1

T

� T

0
x(t�) dt� = 100

2π

� 2π/100

0
10 cos(100t) dt

= 10

2π
�sin(2π) � sin(0)� = 0

Comments: The average value of a sinusoidal signal is zero, independent of its amplitude
and frequency.

CHECK YOUR UNDERSTANDING

Express the voltage v(t) = 155.6 sin(377t + π/6) in cosine form. You should note that the
radian frequency ω = 377 will recur very often, since 377 = 2π(60); that is, 377 is the radian
equivalent of the natural frequency of 60 cycles/s, which is the frequency of the electric power
generated in North America.

Compute the average value of the sawtooth waveform shown in the figure below.

v (t) (V)

5

t (ms)0 2010

Compute the average value of the shifted triangle wave shown below.

v (t) (V)

3

t (ms)0 105

Answers:v(t)=155.6cos(377t�π/3);�v(t)�=2.5V;�v(t)�=1.5V


