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In other words , purely reactive impedances, such as (ideal ) inductors and capacitors 
or combinations of the two, absorb zero average power, and are referred to as lossless 
elements. 

\ =9LQ: 

Example 4.7 

Let us calculate the power absorbed by each element in the circuit given in Exam
ple 4.6. 

Figure 4.23 shows the circuit in the frequency domain, where the currents II 
1.30/ 2.49° A and 12 = 1.24/ -15.9° A were previously determined . 
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Fig . 4.23 Circuit from Example 4.6. 

Since 1121 = 1.24 A, the average power absorbed by the 3-D resistor is 

P3 = tR31121 2 = ~(3)(1.24)2 = 2.31 W 

By Ohm' s law, V2 = 312 = 3(1.24/ -15.9°) = 3.72/ -15.9° V. By KVL, 

The average power absorbed by the dependent voltage source is 

Since 2V I = 2(1.24/ -15.9°) = 2.48/ -15.90 V, then 12V II = 2.48 and ang(2VI) = 

-15.9°. Also, since Id = -12 = (-1)12 = 0 / 180°)(1.24/ -15.9°) = 1.24/ 164°) A, 
then Iidl = 1.24 A and ang(ld) = 164°. Thus 

Pd = ~(2.48)0.24) cos(-15.9° - 164°) -1.54 W 
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.18 For the circuit shown in Fig. P4.17, find the 4.23 For the op-amp circuit shown in Fig . P4.23, 
-=ne\'enin equivalent of the circuit in the shaded box 

:1cn v,(t) = 4 cos(2t - 60°) Y. Use this to deter

~ne vo(t). 

.19 Find the frequency-domain Thevenin equiv
_=nt (to the left of terminal s a and b) of the circuit 
-,o\"V n in Fig. 4.20 on p. 211. (Hint: Use the fact that 

Z = V oc/lse.) 

20 The frequency-domain Thevenin equivalent 
-" a circuit having w = 5 rad/ s has V oe = 

~ - J -15.9° Y and Zo = 2.38 - )0.667 fl. Deter
;;::nc a corresponding time-domain Thevenin-equiv

~t circuit. 

fihd vo(t) when viI) = 4 cos(2t - 30°) Y. (See p. 
258.) 

4.24 For the circuit shown in Fig. P4.24, find the 

currents II and 12 when VsI = 250Vz/ -30° Y, 
Vs2 = 250Vz/ -90° Y, and Z = 78 - )45 fl . 

21 For the op-amp circuit shown in Fig. P4.21, v,, 
- ~ \'0(1) when vit) = 6 sin 2t Y. 
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2 For the op-amp circuit given in Fig. P4.22, 
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Fig. P4.24 

4.25 Use mesh analysis to find II and 12 for the 
circuit given in Fig. P4.25 when VsI 
250Vz/ -30° Y , Vs2 = 250Vz/ -90° Y, and Z = 
26 - )15 fl . 

- ~'()(I) when vit) = 3 cos 2t Y. v" 
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4.26 For the circuit shown in Fig. P4.9, when 

i i I) = 5 cos 3t A then Vo(l) = 4.47 cos(3t + 26.6°) 
Y. Find the average power absorbed by each element 
in the circuit. 

4.27 For the circuit shown in Fig . P4.17, when 

vs(t) = lOcos 41 Y, then the Thevenin equivalent of 
the portion of the circuit in the shaded box is Voc = 
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Fig. P4.23 

447/ -634° V and Zo = 1.6 + j4.8 D. (a) Replace 
the 4-D load resistor by an impedance ZL that ab
sorbs the maximum average power, and determine 
this maximum power. (b) Replace the 4-D load re
sistor with a resistance RL that absorbs the maximum 
power for resistive loads, and determine this power. 

4.28 For the RLC circuit shown in Fig. P4.28, 
suppose that vs(t) = 10 cos 3t V. Find the average 
power absorbed by the 4-D resistor for the case that 
(a) C = iF; (b) C = -Is F; (c) C = To F. 
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Fig . P4.28 

4.29 For the circuit shown in Fig. P4.29, suppose 
that vs(t) = 8 cos 2t V. Find the average power ab
sorbed by each element in the circuit for the case that 
ZL = 1 D. 
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4.30 For the circuit shown in Fig. P4.29 , change 
the value of the resistor to 2 D and the value of the 
capacitor to ~ F. Suppose that vit) = 8 cos 2t V. (a) 
Find the load impedance ZL that absorbs the maxi
mum average power, and determine this power. (b) 
Find the load resistance RL that absorbs the maximum 
power for resistive loads, and determine this power. 

4.31 For the op-amp circuit given in Fig. P4.21, 
when vit) = 6 sin 2t V, then the output voltage 
vo(t) = 134 cos(2t - 117°) V. Find the average 
power absorbed by each element. 

4.32 For the op-amp circuit given in Fig. P4.22, 
when vs(t) = 3 cos 2t V, then the output voltage 
vo(t) = 10.6 cos(2t + 135°) V. Find the average 
power absorbed by each element. 

4.33 For the op-amp circuit given in Fig. P4.23. 
when vit) = 4 cos(2t - 30°) V. then VI (t) = 

1.6cos(2t - 66.9°) V and vo(t) = 1.6cos(2t + 23.1°) 
V. Find the average power absorbed by each element. 

4.34 For the circuit given in Fig. P4.24, when 
V sI = 250Y2/ -30° V, Vs2 = 250Y2/ -90° V, and 
Z = 78 - j45 D, then II = 6.8/ 30° A and 12 = 
6.8/ -90° A. (a) Find the average power absorbed by 
each impedance. (b) Find the average power supplied 
by each source. 

4.35 For the circuit given in Fig. P4 .25, when 
V sI = 250Y2/ -30° V, V s2 = 250V2/ -90° V, and 
Z = 26 - jl5 D, then II = 6.8/ 300 A and 12 == 

6.8/ -90° A. (a) Find the average power absorbed by 
each impedance. (b) Find the average power supplied 
by each source. 
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