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since V] = - j3(1 ]  12)' Calculating determinants yields 

_12 - j
D - j3 

D] = j~ 
By Cramer's rule 

= 

Therefore, 

1 ~ j3j = (2 - j)(l - j3) - (j3)(j) = 2 - j7 

~j31 = 3(l-j3), D2 = j2j;j ~j = -j9 

3(1 - j3) 

2 - j7 

-j9 

3(23 + j) 
53 

1.30/ 2.49° A 

- j9(2 + j7) 9(7 - )2) 

(2 - )7)(2 + j7) 53 
1.24/ -15.9° A 

and 1.24 cos(5t - 15.9°) A 

Drill Exercise 4.6 

For the circuit given in Fig. 4.15, on p. 209, suppose that ZL is a 48-D resistor. 
Use mesh analysis to find the two clockwise mesh cunents. 

ANSWER 0.0805 cos(4t + 17.0°) A, 0.0714 cos(4t + 23.1°) A 

4.4 Power 

We previously defined power to be the product of voltage and current. For the case 
that voltage and current are constants (the de case), the instantaneous power is equal 
to the average value of the power. This result is a consequence of the fact that the 
instantaneous and average values of a constant are equal. A sinusoid, however, has 
an average value of zero. This does not mean that power due to a sinusoid is zero. 
We shall see what effect sinusoids have in terms of power. 

Although our prime interest will be in the sinusoid, we shall also be able to discuss 
average power for the case of repetitive or periodic nonsinusoidal waveforms by 
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3. 4.15 Given ac circu it. Fig. 4.16 Determination of open-circuit voltage. 

(5~) - Voc Voc - V 
3Voc + V = 20/ - 30° (4.7)

-j50 j200 

At the node labeled V, we get 


Voc - V V 1

V=--V 

j200 200 1 + j oc 


Substituting this express ion for V into Eq. 4.7 yields 


1 / _ '2(\ 0 


3Voc + 1 + j Voc = 20d.Q. 


from which 

1 + . V2/ 45° . 
Voc = --)(20/ - 30°) = ~(20/ -300) = 4V2/ -21.9° V 

4 + j3 5 36.9° 


Thus, 


To find Thevenin-equivalent (output) impedance Zo, set the independent source to 
zero. The resu lting circuit is shown in Fig. 4.17. We can find Zo by combining 
impedances in series and parallel. In particular (the symbol II means "in parallel 
with " ), 

U200 + 200)(-j50) _20_0_(,--1_--.:),,-,-')circuit on the Z - (Z + Z ) II Z - 
o - L R C - j200 + 200 - j50 - (4 + j3) 

I lysis. By KCL 
. = 8 - j56 = 40V2/ -81.9° n 
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::nportant circuit concepts such as the principle 
_=--=rposition and Thevenin's theorem are also ap
~ '= in the frequ ency domain . 

-:-he instantaneous power absorbed by an ele
" equal to the product of the voltage across it 
-'= current through it. 

~e average power absorbed by a resistance R 
- i J sinusoidal current of amplitude I and volt

:' :lInplitude V is 

average power absorbed by a capacitance 
,n uctance is zero. 

.-\ circuit whose Thevenin-equivalent (ou tput) 
~'l e is Zo transfers maximum power to a 
Z_ when ZL is equal to the complex conjugate 

~or the case in which ZL is restricted to be 
_ . resisti ve, maximum power is transferred when 
_~ _. Is the magnitude of ZOo 

-:neeffecti ve or rms value of a sinusoid of am· 
....:= ,..\ is A/v2. 

Problems 

Fi nd the exponential form of the following 
;- ex numbers given in rectangular form: (a) 

- . (b) 3 - is, (c) -2 + )3, (d) -1 - )6. (e) 

- -3. (g»)7, (h) - )2 . 

Find the rectangular form of the following 
;::ex numbers gi ven in exponential form : 
':'t!'. -o' , (b) 2ej12o', (c) Se- j60', (d) 4e-jI50·, 

'Y <Xl' , (f) e- j90', (g) 2e jI 80' , (h) 2e- jI80' . 

3 Find the rectangular form of the product AIA2 
3ei30=- that: (a) A I = ', A2 = 4e'60'; (b) AI = 

. --\ 2 = 4e- j30' ; (c) AI = Se- j60' , A2 = 2e'120' ; 

-\ = 4e i4 5', A2 = 2e -J90'. 

Find the rectangular form of the quotient 
.\ : for AI and A2 given in Problem 4.3. 

12. The average power absorbed by a resistance R 
having a current whose effective value is Ie and a 
voltage whose effective value is Ve is 

13. The power factor (pf) is the ratio of average ) 
J 

power to apparent power. C, 
14. If current lags voltage, the pf is lagging. If cur I 

rent leads Voltage, the pf is lead ing. 

IS. Average or real power can be generali zed with 
the notion of complex power. 

16. The ordinary household uses a single-phase, 
three· wire electrical sys tem . 

17. The most common polyphase electrical system 
is the balanced three-phase system. 

18. Three-phase sources are genera lly Y connected, 
and three-ph ase loads are generall y !::. connected. 

19 . The device commonly used to measure power 
is the wattmeter. 

20. Three-phase load power measurements can be 
taken with the two-wattmeter method. 

4.5 Find the rectangular form of the sum AI + A2 
for A I and A2 given in Problem 4.3. 

4.6 For the ac circuit shown in Fig. P4.6, suppose 
that vs(t) = 13 COS(21 - 22 .6°) V. Find vo(t) by usi ng •
voltage di vision. Draw a phasor diagram. Is thi s cir
cuit a lag network or a lead network? 

S{l 

+ 

6H "" 

Fig. P4.6 
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4.7 Connect a 5-n resistor in parallel with the in 
ductor in the circuit shown in Fig. P4.6. Suppose that 
vs(1) = 13 cos(21 - 22.6°) V. Find the vol tage vo(l) 

across the inductor by using voltage division. Draw 
a phasor diagram. Is thi s circuit a lag network or a 
lead network? 

4.8 Connect a 5-n resistor in parallel with the in 
ductor in the circuit shown in Fig. P4.6. Suppose that 
v,.(l) = 13 cos(21 - 22.6°) V. Find the vo ltage vo(1) 

across the inductor by using nodal analysis. Draw a 
phasor diagram. Is thi s circuit a lag network or a lead 
network? 

4.9 For the circuit given in Fi g. P4.9, suppose that 
isCt) = 5 cos 31 A. Find vo(l) and vii) by using current 
division . 

i, 2D 2D 

Fig . P4.9 

4.10 For the ci rcuit given in Fig. P4.9, suppose 
that ill) = 5 cos 31 A. Find vo(1) and vsCt) by using 
nodal analys is. 

4.11 A voltage of vsCt) = 10 cos wI V is applied 
to a series RLC ci rcuit. If R = 5 n, L = ~ H, and 
C = ~ F, by how many degrees does ve(t) lead or 
lag vs(t) when (a) w = 1 rad/ s, (b) w = 5 rad/ s, and 
(c) w = 10 rad/ s? 

4.12 A voltage of vit) = lOcos wt V is applied 
to a series RLC circuit. If R = 5 n, L = ~ H, and 
C = ~ F, by how many degrees does VR(t) lead or 
lag vsCt) when (a) w = 1 rad/ s, (b) w = 5 rad/ s, and 
(c) w = 10 rad/ s? 

4.13 For the RLC connection given in Fig. P4. 13, 
find the impedance Z when w is (a) 2, (b) 4, and 
(c) 8 rad/ s. 

Fig . P4.13 

4.14 For the RLC connection shown in Fig. P4.1-l . 
find the admittance Y when w is: (a) 1, (b) 3, an 
(c) 7 rad/ s. 

2f} 

2Hy-

Fig . P4.14 

4.15 Show that a general expression for the il :
pedance Z depicted in Fig. P4.13 is 

32 w(w2 
- 16)Z + .~~--~ 


= w2 + 16 J 4(w2 + 16) 


4.16 Show that a general expression for the ad
mi ttance Y depicted in Fig. P4. 14 is 

2
Y = I + . w(w - 9) 


2(w2 + 1) J 20(w2 + 1) 


4.17 For the circuit shown in Fig. P4.17, find th:o
Thevenin eq ui valent of the circuit in the shaded 
when vit) = 4 cos(41 - 60°) V. Use this to dete~
mine Vo(I). 

Fig. P4.17 


