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Chapter 4 Instructor Notes 
 The chapter starts by developing the dynamic equations for energy storage elements. The analogy 

between electrical and hydraulic circuits (Make The Connection: Fluid (hydraulic) Capacitance, p. 138, 

Make The Connection: Fluid (hydraulic)Iinertance, p. 150, Table 4.2) is introduced early to permit a 

connection with ideas that may already be familiar to the student from a course in fluid mechanics, such as 

mechanical, civil, chemical and aerospace engineers are likely to have already encountered. A Focus on 

Measurements boxes: Capacitive displacement transducer and microphones, pp. 147-148, permits 

approaching the subject of capacitance in a pragmatic fashion, if so desired.  The instructor wishing to gain 

a more in-depth understanding of such transducers will find a detailed analysis in1. 

 Next, signal sources are introduced, with special emphasis on sinusoids.  The material in this 

section can also accompany a laboratory experiment on signal sources.  The emphasis placed on sinusoidal 

signals is motivated by the desire to justify the concepts of phasors and impedance, which are introduced 

next.  The author has found that presenting the impedance concept early on is an efficient way of using the 

(invariably too short) semester or quarter.  The chapter is designed to permit a straightforward extension of 

the resistive circuit analysis concepts developed in Chapter 3 to the case of dynamic circuits excited by 

sinusoids.  The ideas of nodal and mesh analysis, and of equivalent circuits, can thus be reinforced at this 

stage.  The treatment of AC circuit analysis methods is reinforced by the usual examples and drill exercises, 

designed to avoid unnecessarily complicated circuits.  Two Focus on Methodology boxes (pp. 165 and 180) 

provide the student with a systematic approach to the solution of basic AC analysis problems using phasor 

and impedance concepts. 

 The capacitive displacement transducer example is picked up again in Focus on Measurements: 

Capacitive displacement transducer (pp.175-177) to illustrate the use of impedances in a bridge circuit.  

This type of circuit is very common in mechanical measurements, and is likely to be encountered at some 

later time by some of the students.   

The homework problems in this chapter are mostly exercises aimed at mastery of the techniques. 

 

 

 

 

 

 

 

                                                           
1 E. O. Doebelin, Measurement Systems – Application and Design, 4th Edition, McGraw-Hill, New York, 
1990. 

Learning Objectives 
1. Compute currents, voltages and energy stored in capacitors and inductors.   
2. Calculate the average and root-mean-square value of an arbitrary (periodic) signal.   
3. Write the differential equation(s) for circuits containing inductors and capacitors.  
4. Convert time-domain sinusoidal voltages and currents to phasor notation, and vice-versa, and 

represent circuits using impedances.   
5. Apply the circuit analysis methods of Chapter 3 to AC circuits in phasor form.  
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Section 4.1:  Energy Storage Elements 
Problem 4.1 

Solution: 
Known quantities: 
Inductance value, H50.L = ; the current through the inductor as a function of time. 

Find: 
The voltage across the inductor, (Eq. 4.9), as a function of time. 
Assumptions: 

( ) 00 =≤tiL  

Analysis: 
Using the differential relationship for the inductor, we may obtain the voltage by differentiating the current: 
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______________________________________________________________________________________ 

Problem 4.2 

Solution: 
Known quantities: 
Capacitance value µF100=C ; capacitor terminal voltage as a function of time. 

Find: 
The current through the capacitor as a function of time for each case: 
a)  Vttvc )2/20cos(40)( π−=  

b)  Vttvc )100sin(20)( =  

c)  Vttvc )6/80sin(60)( π+−=  

d)  Vttvc )4/100cos(30)( π+= . 

Assumptions: 
The capacitor is initially discharged: ( ) 00 ==tvC  

Analysis: 
Using the defining differential relationship for the capacitor, (Eq. 4.4),  we may obtain the current by 
differentiating the voltage: 

( ) ( ) ( ) ( )
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Problem 4.3 

Solution: 
Known quantities: 
Inductance value, mH250=L ; the current through the inductor, as a function of time. 

Find: 
The voltage across the inductor as a function of time for each case 
a)  tAtiL 25sin5)( =  

b)  tAtiL 50cos10)( −=  

c)  AttiL )3/100cos(25)( π+=  

d)  AttiL )12/10sin(20)( π−= . 

Assumptions: 
( ) 00 =≤tiL  

Analysis: 
Using the differential relationship for the inductor, (Eq. 4.9), we may obtain the voltage by differentiating 
the current: 

( ) ( ) ( ) ( )
dt

tdi.
dt

tdi
dt

tdiLtv LLL
L 25010250 3 =×== −  

a) 
( ) [ ] V25253125525250 tcos.tcos.tvL =×=  

b) 
( ) ( )[ ] V50125501050250 tsintsin.tvL =−×−=  

c) 
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Problem 4.4 

Solution: 
Known quantities: 
Inductance value; resistance value; the current through the circuit shown in Figure P4.4 as a function of 
time. 
Find: 
The energy stored in the inductor as a function of time. 
Analysis: 
The magnetic energy stored in an inductor may be 
found from, (Eq. 4.16): 

( ) ( ) ( ) ( ) ( )tititLitwL
222 2

2
1

2
1 ===  

For 0<<∞− t , 
( ) 0=twL  

For st 010 <≤  

( ) J2ttwL =  
For +∞<≤ ts10  

( ) J100=twL  
______________________________________________________________________________________ 

Problem 4.5 

Solution: 
Known quantities: 
Inductance value; resistance value; the current through the circuit in Figure P4.4 as a function of time. 
Find: 
The energy delivered by the source as a function of time. 
Analysis: 
The energy delivered by the source is the sum of the energy absorbed by the resistance and the energy 
stored in the inductor: 

( ) ( ) ( ) ( ) ( )tLitRitwtwtw LRS
22

2
1+=+=  
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( ) ( ) ( ) ( ) ( )tititi 222 22
2
1 1 =+=  

For 0<<∞− t , 
( ) 0=twS  

For st 010 <≤  
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For +∞<≤ ts10  

( ) J200=twS  

______________________________________________________________________________________ 

Problem 4.6 

Solution: 
Known quantities: 
Inductance value; resistance value; the current through the circuit shown in Figure P4.4 as a function of 
time. 
Find: 
The energy stored in the inductor and the energy delivered by the source as a function of time. 
Analysis: 
The magnetic energy stored in an inductor may be found from, (Eq. 4.16): 

( ) ( ) ( ) ( ) ( )tititLitwL
222 2

2
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1 ===  

For 0<<∞− t , 
( ) 0=twL  

For st 010 <≤  

( ) J2ttwL =  
For st 2010 <≤  

( ) ( ) J 4040020 22 ttttwL +−=−=  
For +∞<≤ ts20  

( ) J0=twL  

The energy delivered by the source is the sum of the energy absorbed by the resistance and the energy 
stored in the inductor: 

( ) ( ) ( ) ( ) ( )tLitRitwtwtw LRS
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2
1+=+=  

( ) ( ) ( ) ( ) ( )tititi 222 22
2
1 1 =+=  

For 0<<∞− t , 
( ) 0=twL  

For st 010 <≤  

( ) J 2 2ttwL =  
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For st 2010 <≤  

( ) ( ) J 28080020 2 22 ttttwL +−=−=  
For +∞<≤ ts20  

( ) J0=twL  
______________________________________________________________________________________ 

Problem 4.7  

Solution: 
Known quantities: 
Capacitance value; resistance value; the voltage applied to the circuit shown in Figure P4.7 as a function of 
time. 
Find: 
The energy stored in the capacitor as a function of time. 
Analysis: 
The energy stored in a capacitor may be found from: 

( ) ( ) ( ) ( ) ( )222 05010
2
1

2
1 tv.tv.tCvtwC ===  

For 0<<∞− t  
( ) 0=twC  

For st 100 <≤  
( ) J  05.0 2ttwC =  

For +∞<≤ ts10  

( ) ( ) J 51005.0 2 ==twC  
______________________________________________________________________________________ 

Problem 4.8  

Solution: 
Known quantities: 
Capacitance value; resistance value; the voltage applied to the circuit shown in Figure P4.7 as a function of 
time. 
Find: 
The energy delivered by the source as a function of time. 
Analysis: 
The energy delivered by the source is the sum of the energy absorbed by the resistance and the energy 
stored in the capacitor: 

( ) ( ) ( ) ( ) ( )tCv
R
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( ) J55.0 2ttwS =  

For +∞<≤ ts10  

( ) J55=twS  
______________________________________________________________________________________ 

Problem 4.9 

Solution: 

Solution: 
Known quantities: 
Capacitance value; resistance value; the voltage applied to the circuit shown in Figure P4.7 as a function of 
time. 
Find: 
The energy stored in the capacitor and the energy delivered by the source as a function of time. 
Analysis: 
The energy stored in a capacitor may be found from: 

( ) ( ) ( ) ( ) ( )222 05010
2
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1 tv.tv.tCvtwC ===  

For 0<<∞− t  
( ) 0=twC  

For st 100 <≤  
( ) J  05.0 2ttwC =  

For st 2010 <≤  

( ) ( ) J 05.022020 05.0 22 ttttwC +−=−=  

For +∞<≤ ts10  
( ) 0=twC  

The energy delivered by the source is the sum of the energy absorbed by the resistance and the energy 
stored in the capacitor: 

( ) ( ) ( ) ( ) ( )tCv
R
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For 0<<∞− t  
( ) 0=twC  

For st 100 <≤  
( ) J  55.0 2ttwC =  

For st 2010 <≤  

( ) ( ) J 55.02222020 55.0 22 ttttwC +−=−=  

For +∞<≤ ts10  
( ) 0=twC  

______________________________________________________________________________________ 
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Problem 4.10 

Solution: 
Known quantities: 
Capacitance, resistance and inductance values; the source voltage VvS 6=  applied to the circuit shown in 
Figure P4.10. 
Find: 
The energy stored in each capacitor and inductor. 
Analysis: 
Under steady-state conditions, all the currents are constant, no current can flow through the capacitors, and 
the voltage across any inductor is equal to zero. 
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______________________________________________________________________________________ 

Problem 4.11 

Solution: 
Known quantities: 
Capacitance, resistance and inductance values; the voltage V12=Av  applied to the circuit shown in 
Figure P4.11. 
Find: 
The energy stored in each capacitor and inductor. 
Analysis: 
Under steady-state conditions, all the currents are constant, no current can flow across the capacitors, and 
the voltage across any inductor is equal to zero. 

The voltage for the 1-F capacitor is equal to the 
12-Volt input.   
 
Since the voltage is the same on either end of the 
3-Ω resistor in parallel with the 2-F capacitor, 
there is no voltage drop through either 
component. 
 
Finally, since there is no voltage drop through the 3-Ω resistor in parallel with the 2-F capacitor, there is no 
current flow through the resistor, and the current through the 1-H inductor is equal to the current through 
the 2-H inductor. 
 
Therefore, 
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______________________________________________________________________________________ 

Problem 4.12  

Solution: 
Known quantities: 
Capacitance value µF80=C ; the voltage applied to the capacitor as a function of time as shown in 
Figure P4.12. 
Find: 
The current through the capacitor as a function of time. 
Analysis: 
Since the voltage waveform is piecewise continuous, the derivative must be evaluated over each continuous 
segment. 

For ms50 << t  

 ( )
CC vvC qtmtv +=   

where: 
[ ] [ ]

[ ] [ ] ms
V6

0ms5
V20V10 −=

−
+−−=

Cvm   

V20+=
Cvq  

( ) [ ] ( ) mA480
ms
V6µF80 −=�

�

�
�
�

�−==+==
CCC vvv

C
C Cmqtm

dt
dC

dt
tdv

Ci  

For ms10ms5 << t  

 ( ) V10−=tvC  

( ) [ ] 0V10 =−==
dt
dC

dt
tdvCi C

C  

For ms10>t  

 ( ) 0=tvC  

( ) [ ] 00 ===
dt
dC

dt
tdvCi C

C  

A capacitor is fabricated from two conducting plates 
separated by a dielectric constant. Dielectrics are also 
isolators; therefore, current cannot really flow through 
a capacitor. Positive charge, however, entering one 
plate exerts a repulsive force on and forces positive 
carriers to exit the other plate. Current then appears to 
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flow through the capacitor. Such currents are called electric displacement currents. 
______________________________________________________________________________________ 
 
 
 

Problem 4.13  

Solution: 
Known quantities: 
Inductance value, mH35=L ; the voltage applied to the inductor as shown in Figure P4.12; the initial 

condition for the current ( ) 00 =Li . 

Find: 
The current across the inductor as a function of time. 
Analysis: 
Since the voltage waveform is piecewise continuous, integration must be performed over each continuous 
segment.  Where not indicated t is supposed to be expressed in seconds. 

For ms50 ≤< t  

 ( )
LL vvL qtmtv +=   

where: 
[ ] [ ]

[ ] [ ] ms
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( ) ( )( ) mA3714A005045710050107185s0050ms5 23 ......tiL =⋅+⋅⋅−===  
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For ms10>t  

 0==
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Problem 4.14 

Solution: 
Known quantities: 
Inductance value mH750.L = ; the voltage applied to the inductor as a function of time as shown in 
Figure P4.14. 
Find: 
The current through the inductor at the time µs15=t . 

Assumptions: 
( ) 00 =≤tiL  

Analysis: 
Since the voltage waveform is a piecewise continuous function of time, integration must be performed over 
each continuous segment.  Where not indicated, t is expressed in seconds. 

For µs50 ≤< t  

 ( )
LL vvL qtmtv +=   

where: 
[ ] [ ]

[ ] [ ] µs
V70

0µs5
V0V53 ..m

Lv =
−

−=   

V0=
Lvq  

For µs5>t  

 V91.c)t(v
LvL −==  

Therefore: 

( ) ( ) ( ) ( ) ( )

( ) [ ] ( )( )

( ) ( ) mAssV
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sms
V
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s

s
s
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s

s
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LL

LL

vvL

vvLLL

c
L

m
L

i

dc
L

dm
L

idv
L

ti

______________________________________________________________________________________ 
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Problem 4.15 

Solution: 
Known quantities: 
Capacitance value nF680=C ; the periodic voltage applied to the capacitor as shown in Figure P4.15: 

V20=Peakv , µs40=T . 

Find: 
The waveform and the plot for the current through the capacitor as a function of time. 
Analysis: 
Since the voltage waveform is not a continuous function of time, differentiation can be performed only over 
each continuous segment.  In the discontinuity points the derivative of the voltage will assume an infinite 
value, the sign depending on the sign of the step.  Where not indicated, t is expressed in seconds. 

For each period �,TtT,Tt 20 <<<<  the behavior of the capacitor will be the same; thus, we 
consider only the first period: 
For Tt <<0  
 ( )

CC vvC qtmtv +=   
where: 

[ ] [ ]
[ ] [ ] µs

V50
0

0
.

T
v

m Peak
vC

=
−

−
=   

V0=
Cvq  

( ) [ ] mA340
µs
V50

V
nAs480 =�

�

�
�
�

�
�
�

�
�
�

�==== .Cmtm
dt
dC

dt
tdv

Ci
CC vv

C
C  

For �,T,Tt 2=  

( ) [ ]∞−== C
dt

tdvCi C
C  

Figure P 4.15 shows the current waveform. 
Note: For the voltage across the capacitor to decrease 
instantaneously to zero at �,T,Tt 2= , the charge 
on the plates of the capacitor should be instantaneously 
discharged.  This requires an infinite current which is 
not physically possible. 
If this were a practical waveform, the slope at 

�,T,Tt 2= , would be finite, not infinite.  A large 
negative spike of current over a finite period of time 
would result instead of the infinite spike over zero 
time.  These large spike of current (or voltage) degrade 
the performance of many circuits. 

______________________________________________________________________________________ 

Problem 4.16 

Solution: 
Known quantities: 
Inductance value, µH16=L ; the voltage applied to the inductor as a function of time as shown in 

Figure P4.16; the initial condition for the current ( ) 00 =Li . 
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Find: 
The current through the inductor at µs30=t . 

Analysis: 
Since the voltage waveform is piecewise continuous, the integration can be performed over each 
continuous segment.  Where not indicated t is supposed to be expressed in seconds. 

( ) ( ) ( ) ( ) ( )

( ) [ ] ( )( )

( ) ( ) nA2501µs20µs30nV21
µH16
1

0µs20
s
V1

µH16
10nV211

3
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1101µs30

3
2
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sµ20
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0
2
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..

.
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V
L

i

dv
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dv
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LLLLL
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+−⋅⋅+=+��

�
��

�+=

=++=== ��� ∞−

ττ

ττττττ
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Problem 4.17  

Solution: 
Known quantities: 
Resistance value Ω7=R ; inductance value mH7=L ; capacitance value µF50.C = ; the voltage 
across the components as shown in Figure P4.17. 
Find: 
The current through each component. 
Assumptions: 

( ) ( ) ( ) 0000 =≤=≤=≤ tititi CLR  

Analysis: 
Since the voltage waveform is piecewise continuous, integration and differentiation can only be performed 
over each continuous segment.  Where not indicated, t is expressed in seconds. 

For 0≤t : 
 ( ) ( ) ( ) 0=== tititi CLR  

For ms50 << t : 

 ( ) vv qtmtv +=   
where: 

[ ] [ ]
[ ] [ ] ms

V3
0ms5
0V15 =

−
−=vm   

V0=
Cvq  

( ) ( ) A6428
Ω7

ms
V3

t.
t

R
tm

R
tvti v

R ⋅=
⋅

=
⋅

==  

( ) ( )

A103214
ms
V3

mH72
1

2
1

2
1111

232

2

0

2

00

t.t

tm
L

m
L

dm
L

dv
L

ti v

t

v

t

v

t

L

⋅⋅=⋅⋅
⋅

=

=⋅=��

�
��

� ⋅=⋅== �� τττττ
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( ) ( ) [ ] mA51
ms
V3

V
µAs50 ..Cmtm

dt
dC

dt
tdv

Cti vv
C

C =�
�

�
�
�

�
�
�

�
�
�

�====  

For ms5=t : 

( ) A1432A1056428A6428105 33 ..t.iR =⋅⋅=⋅=⋅ −−  

( ) ( ) A3575A105103214A103214105 233233 ..t.iL =⋅⋅⋅=⋅⋅=⋅ −−  

( ) mA51105 3 .iC =⋅ −  

For ms10ms5 << t : 

 ( ) V15== vctv   

( ) ( ) A1432
Ω7
V15 .

R
c

R
tvti v

R ====  

( ) ( ) ( ) ( )

( ) [ ] ( ) ( )

( ) A1014323575s105V15
mH7
1A3575

10511051105

11051105

33

33
105

3

105

3

105

3

3

33

t..t.

tc
L

ic
L

i

dc
L

idv
L

iti

vL
t

vL

t

vL

t

LL

⋅⋅+−=⋅−⋅⋅+=

=⋅−⋅⋅+⋅=⋅+⋅=

=+⋅=+⋅=

−

−−
⋅

−

⋅

−

⋅

−

−

−− ��

τ

τττ

 

( ) ( ) [ ] 0=== v
C

C c
dt
dC

dt
tdvCti  

For ms10=t : 

( ) A1432010 ..iR =  

( ) A0716A0101014323575A1014323575010 33 ....t...iL =⋅⋅+−=⋅⋅+−=  

( ) 0010 =.iC  

For ms10>t : 

 ( ) 0=tv   

( ) ( ) 00 ===
RR

tvtiR  

( ) ( ) ( ) ( )

( ) [ ] ( ) A07161010011010

01101011010

3
1010

3

1010

3

1010

3

3

33

.i
L

i

d
L

idv
L

iti

L
t

L

t

L

t

LL

=⋅=+⋅=

=+⋅=+⋅=

−
⋅

−

⋅

−

⋅

−

−

−− �� τττ
 

( ) ( ) [ ] 00 ===
dt
dC

dt
tdvCti C

C  
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______________________________________________________________________________________ 

Problem 4.18 

Solution: 
Known quantities: 
The voltage across and the current through an ideal capacitor as shown in Figure P4.18. 
Find: 
The capacitance of the capacitor. 
Analysis: 
Considering the period: µs52µs52 .t. +<<− : 

 
t

vC
dt

dvCi cc
c ∆

∆
== , since the voltage has a linear waveform. 

Substituting: 

 
[ ] [ ] µF3

V
µs

20
5A12

µs5
V10V10A12 =⋅=�

−−+= CC  

______________________________________________________________________________________ 

Problem 4.19 

Solution: 
Known quantities: 
The voltage across and the current through an ideal inductor as shown in Figure P4.19. 
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Find: 
The inductance of the inductor. 
Analysis: 

 
t
iL

dt
diLv LL

L ∆
∆== , since the current has a linear waveform. 

Substituting: 

 
[ ] [ ] mH10

A
ms

1
5V2

ms5ms10
A1A2V2 =⋅=�

−
−= LL  

______________________________________________________________________________________ 

Problem 4.20 

Solution: 
Known quantities: 
The voltage across and the current through an ideal capacitor as shown in Figure P4.20. 
Find: 
The capacitance of the capacitor. 
Analysis: 
Considering the period: ms50 << t : 

 
t
vC

dt
dvCi cc

c ∆
∆== , since the voltage has a linear waveform. 

Substituting: 

 
[ ] [ ] µF50

V
ms

15
5mA51

ms5
0V15mA51 ..CC. =⋅=�

−=  

______________________________________________________________________________________ 

Problem 4.21 

Solution: 
Known quantities: 
The voltage across and the current through an ideal capacitor as shown in Figure P4.21. 
Find: 
The capacitance of the capacitor. 
Analysis: 
Considering the period: ms50 << t : 

 
t
vC

dt
dvCi cc

c ∆
∆== , since the voltage has a linear waveform. 

Substituting: 

 
[ ] [ ] µF142

V
ms

7
5mA3

ms5
0V7mA3 .CC =⋅=�

−=  

______________________________________________________________________________________ 
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Section 4.2:  Time-Dependent Signals 
Problem 4.22 

Solution: 
Known quantities: 
The signal ( ) ( ) 5.2cos2 += ttx ω . 

Find: 
The average and rms value of the signal. 
Analysis: 
The average value is: 

 

( )

[ ] 5.25.2]00[
2
15.2)2sin()0sin(

2
1

5.2)(sin
2
1dt5.2t)dt( 2cos

2
)(

2

0

2

0

2

0

2

0

=+−=+−=

�
�

�
�
�

� +−=
�
�
�

�

�

�
�
�

�

�

+= ��

π
π

π

ϖ
π

ω
π

ϖ
ω
π

ω
πω

π
ω
π

tttv
 

The rms value is: 

( )[ ] ( )[ ]

( )[ ] ( )

87.225.8225.60102
2
14

2

25.6sin10cos4 
2

 

25.6cos10cos4 
2

dt 2.5) + t)( (2cos 
2

 x

2

0

2

0

2

0

2

2

0

2

2

0

2
rms

==��

�
��

� ⋅+⋅+⋅⋅⋅=

=
�
�
�

�

�

�
�
�

�

�

⋅+⋅+⋅⋅=

=+⋅+⋅==

���

��

ω
π

ω
π

π
ω

ωω
π

ω

ωω
π

ωω
π

ω

ω
π

ω
π

ω
π

ω
π

ω
π

dtdttdtt

dttt

 

 
Note: The integral of a sinusoid over an integer number of period is identically zero. This is a useful and 
important result. 
______________________________________________________________________________________ 

Problem 4.23 

Solution: 
Known quantities: 
The sinusoidal voltage ( )tv  of 110 V rms shown in Figure P4.23. 

Find: 
The average and rms voltage. 
Analysis: 
The rms value of a sinusoidal is equal to 0.707 times the peak value: 

2110=peakV  
The average value is: 
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( ) ( )

( ) ( ) ( )[ ] 02cos2cos1cos250

)cos(2110)cos(2110
2
1

sin2110sin2110
2
1)(

2

20

0

2

2

=−−+−−=

=
��
�

��
� −−=

=�
�

�
�
�

�
+=

−

−
� �

θππθ
π

π

π
π

θπ

θ

θ π

θπ

tt

dttdtttv

 

The rms value is: 

( )( ) ( )( )

( ) ( )( ) ( ) ( )( )

( ) ( ) ( ) ( )( )( )

( )
π
θθ

π

θπθπθππθθθ
π

π

π

π

θπ

θ

π

θπ

θ

11026050

22sin2cos2sincos6050

sincos
2
1sincos

2
112100

sin2110sin2110
2
1

21

21

212

20

212

2

2

0

2

=
�
�
�

�
�
�=

=
�
�
�

�
�
� −+−−−−++−=

=
��

�
�
�

��

�
�
�

�
�

	




�
�

�



+−++−=

=
��

�
�
�

��

�
�
�

�
�
	



�
�
�



+=

−

−
��

tttttt

dttdttvrms

 

______________________________________________________________________________________ 

Problem 4.24 

Solution: 
Known quantities: 
The sinusoidal voltage ( )tv  of 110 V rms shown in Figure P4.23. 

Find: 
The angle θ  that correspond to delivering exactly one-half of the total available power in the waveform to 
a resistive load. 
Analysis: 

From 
π
θ110=rmsv , we obtain: 

2
110110

2
22 ==
π
θ

rmsv   �   2
πθ =  

______________________________________________________________________________________ 

Problem 4.25 

Solution: 
Known quantities: 
The signal ( )tv  shown in Figure P4.25. 

Find: 
The ratio between average and rms value of the signal. 
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Analysis: 
The average value is: 

( ) ( ) ( ) 4002.0018.025019
004.0
1 004.0

002.0

002.0

0
−=+−=

��
�

��
� +−= �� dtdtv V 

The rms value is: 

 8

( ) ( ) [ ] V4060020004000208125019
0040
1 0040

0020

20020

0

2 ....dtdt
.

v
.

.

.

rms =−+⋅⋅=
��
�

��
� +−= ��  

Therefor, 

625.0
40.6
4 −=−=

rmsv
v

 

______________________________________________________________________________________ 

Problem 4.26 

Solution: 
Known quantities: 
The signal ( )ti  shown in Figure P4.26. 

Find: 
The power dissipated by a 1-Ω resistor. 
Analysis: 
The rms value is: 

( )( ) ( ) A126
8

310011001101
0

4

0

22 .p
p

dttsin
p

dttsin
p

i
pp

rms =⋅⋅=⋅=⋅= ��  

Therefore, the power dissipated by a 1-Ω resistor is: 

( )( )  W5.37 W12.61 22
1 ===Ω rmsRiP  

______________________________________________________________________________________ 

Problem 4.27 

Solution: 
Known quantities: 
The signal ( )tx  shown in Figure P4.27. 

Find: 
The average and rms value of the signal. 
Analysis: 
The average  value is: 

m

t

t m V
T
tdtV

T
V == �

+τ0

0

1
 

where t0 is the left-hand side of the pulse. 

The rms value is: 
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m

t

t mrms V
T
tdtV

T
V == �

+τ0

0

21
 

Therefore, 

T
t

V
V

rms

=  

______________________________________________________________________________________ 

Problem 4.28 

Solution: 
Known quantities: 
The signal ( )ti  shown in Figure P4.28. 

Find: 
The rms value of the signal. 
Analysis: 
The rms value is: 

A151
3

2
3
41

483696464
3

6442
3
112189

3
11

6412864166464641

884881

4
3

2
2

2

4
3

4

2
2

2

4

0

2
2

4
3

24
3

4

24

0

2

.T
T

TTTTTTTTTTTTT
T

dtt
T

t
T

dtt
T

t
T

dtt
TT

dtt
T

dtt
T

dtt
TT

i

T

T

T

T

T

T

T

T

T

T

rms

==��

�
��

�=

=��

�
��

� −+−+−+−+−+−+=

=
�
�
�

�

�

�
�
�

�

�

�
�

	


�

� +−+�
�

	


�

� +−+�
�

	


�

�=

=
�
�
�

�

�

�
�
�

�

�

�
�

	


�

� −+�
�

	


�

� +−+�
�

	


�

�=

���

���

______________________________________________________________________________________ 

Problem 4.29 

Solution: 
Known quantities: 
The signal ( )tv . 

Find: 
The rms value of the signal. 
Analysis: 
The rms value is: 

 ( )( ) ( )�=
π

ω
π

2

0

2

2
1 tdtvvrms  
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( )( ) ( ) ( ) ( )( ) ( )

( ) ( ) ( )

[ ] [ ] ( ) ( ) ��
�

�
��
�

�
+−++−=��

�

�
��
�

�
+++=

=��
�

�
��
�

�
+++=

=++=+=

�

��

002
2

002
2
10

2
0

2
1

22
2

2
1

2
2
1

2
1

2
022

0

2
02

0
2

2

0

2
2

0
2

0
0

2

2

0

22
00

2
2

0

2
0

2

ππ
π

ωω
π

ωωω
π

ωωω
π

ωω
π

ππ

π

ππ

VVtVtV

tdtcosVVtcosVVV

tdtcosVtcosVVVtdtcosVVv

DCDC

DCDC

DCDCDCrms

 

 ( ) ( ) V770V770
2
1V50

2
22

2
02 ..

V
Vv DCrms =+=+=  

Note: 
1. T = period in units of time and tω  = period in angular units, i.e., π2  radians.  Considering tω  as a 

single variable is useful when dealing with sinusoids. 
2. A sinusoid integrated over one or more whole periods gives 0 which is very useful. 
______________________________________________________________________________________ 
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Section 4.4:  Phasor Solution of Circuits with Sinusoidal 
Excitation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Problem 4.30 

Solution: 
Known quantities: 
The cur nt through and the voltage across a component. 
Find: 
a)  W
b) Th
Analys
a) Th

 

 

The imp
that this

b) Z L

______

Solut
Known
The wa
Find: 
The sin
Analys
From th

Focus on Methodology: Phasors 
1. Any sinusoidal signal may be mathematically represented in one of two ways: a time 

domain form:  v(t)  Acos( t ) , and a frequency domain form: 
V( j )  Ae j  A  .  Note the jω in the notation V( j ), indicating the e j t  
dependence of the phasor.  In the remainder of this chapter, bold uppercase quantities 
indicate phasor voltages and currents. 

2. A phasor is a complex number, expressed in polar form, consisting of a magnitude equal 
to the peak amplitude of the sinusoidal signal and a phase angle equalto the phase shift 
of the sinusoidal signal referenced to a cosine signal. 

3. when one is using phaso notation, it is important tonote the specific frequency w of the 
sinusoidal signal,since this is not explicitly apparent in the phasor expression. 
re
     4.22 

hether the component is a resistor, capacitor, inductor 
e value of the component in ohms, farads, or henrys. 
is: 
e current and the voltage can be expressed in phasor form: 

mA1517I o−∠= , V7553V o. ∠=  

Ω92050Ω909205
mA1517
V7553

I
V .j..Z o

o

o

⋅+=∠=
−∠
∠==  

edance has a positive imaginary or reactive component and a positive angle of 90 degree indicating 
 is an inductor (see Fig. 4.39). 

mH7327
A
Vsm7327

s
rad3628

Ω9205Ω9205 ..
.

.L.jLjXj L ===�⋅=⋅=⋅= ω  

________________________________________________________________________________ 

Problem 4.31 

ion: 
 quantities: 
veform of a signal shown in Figure P4.31. 

usoidal description of the signal. 
is: 
e graph of Figure P4.31: 
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 T
f,VV,o

o ππω
π

πφ 2217060180
3 0 ====+=  … not given. 

 ( ) ( ) ( ) V601700
o

r tcostcosVtv +=+= ωφω  
Phasor form: 

 
ojo eV 60

0 V170V60170V ⋅=∠=∠= φ  
______________________________________________________________________________________ 

Problem 4.32 

Solution: 
Known quantities: 
The waveform of a signal shown in Figure P4.32. 
Find: 
The sinusoidal description of the signal. 
Analysis: 
From graph: 

 s
rad157122mA8135180

4
3

0 ====−=−=
T

f,I,o
o ππω

π
πφ  

 ( ) ( ) mA135
s

rad157180 �
�

�
�
�

� −⋅=+= otcostcosIti φω  

Phasor form: 

 
ojo eI 135

0 mA8mA1358I −⋅=−∠=∠= φ  
______________________________________________________________________________________ 

Problem 4.33 

Solution: 
Known quantities: 
The waveform of a signal shown in Figure P4.33. 
Find: 
The sinusoidal description of the signal. 
Analysis: 
From graph: 

 s
rad157122mA8135180

4
3

0 ====−=−=
T

f,I,o
o ππω

π
πφ  

 ( ) ( ) mA135
s

rad157180 �
�

�
�
�

� −⋅=+= otcostcosIti φω  

Phasor form: 

 
ojo eI 135

0 mA8mA1358I −⋅=−∠=∠= φ  
______________________________________________________________________________________ 
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Problem 4.34  

Solution: 
Known quantities: 

The current through ( ) ( )
s

radmA 283.6,3,45cos 00 ==+= ωω ItIti o , and the voltage across 

( ) ( )
s

radmV 283.6,700,cos 00 === ωω VtVtv  an electrical component. 

Find: 
a) Whether the component is inductive or capacitive. 
b) The waveform of the instantaneous power ( )tp  as a function of tω  over the range πω 20 << t . 
c) The average power dissipated as heat in the component. 
d) The same as b. and c. with the phase of the current equal to zero. 
Analysis: 
a) Phasor notation: 

mAI o453∠= , mV0700V o∠=  

 ΩΩ
mA
mV

I
V 0.1650.165453.233

903
0700 jZ o
o

o

−=−∠=
∠

∠==  

 The component is inductive because it is lagging. 
b)    

( ) ( ) ( ) ( ) ( ) ( ) ( )( )

( )( ) ( )( ) ( )( ) WmAmV µ4.742452cos1050707.0452cos3700
2
1

45cos452cos
2
1cos45cos 0000

++=++=

=++=+==

oo

ooo

tt

tIVttIVtitvtp

ωω

ωωω

 
c) 

 

( ) ( )( )

( ) ( )[ ] ( )

( ) ( ) ( )[ ]
( ) [ ] WW

W

W

W

µ4.7424.74200
2
1µ1050

2
1

4.74245sin765sin
2
1µ10501

4.7421452sin
2
1µ10501

4.742452cosµ105011

2

0

2
0

00

=+−=

=+°−=

=++=

=++== ��

π

ω

ω
ω

ω
ω

ωω
ω

ω
ω

ππ

ωω

o

o

T
o

T

T

t
T

t
T

tdt
T

tdtp
T

P

 

d) 

 
( ) ( ) ( ) ( ) ( ) ( ) ( )( )

( )( ) ( )( ) ( )( ) WmAmV µ12cos105012cos3700
2
1

0cos2cos
2
1coscos

2
1

0000

+=+=

=+===

tt

tIVttIVtitvtp o

ωω

ωωω
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( ) ( )( )( )

( ) ( )[ ] [ ]

( ) ( ) ( ) WW

W

W

µ10500200
2
1µ1050

2
1

2sin
2
1µ10501

12cosµ105011

2
0

2
0

00

=�
�

�
�
�

� −+−=

=�
�

�
�
�

� +=

=+== ��

π
π

ωω
ω

ωω
ω

ω
ω

ππ

ωω

tt
T

tdt
T

tdtp
T

P
tt

 

______________________________________________________________________________________ 

Problem 4.35 

Solution: 
Known quantities: 
The values of the impedance, kΩ321 .R = , kΩ112 .R = , mH190=L , nF55=C  and the 

voltage applied to the circuit shown in Figure P4.35, ( ) ( ) V3030007 o
s tcostv += . 

Find: 
The equivalent impedance of the circuit. 
Analysis: 

 ( ) kΩ570kΩ570mH190
s

radk3 .jXjZ.LX LLL ⋅+=⋅+=�=�
�

�
�
�

�== ω  

 

( )
kΩ0616kΩ0616

nF55
s

radk3

11 .jXjZ.
C

X CCC ⋅−=⋅−=�=
�
�

�
�
�

�
==

ω  

 kΩ9213372kΩ57032111
o

LLReq ...j.jXRZZZ ∠=⋅+=+=+=  

 kΩ7179166kΩ061611112
o

CCReq ...j.jXRZZZ −∠=⋅−=−=+=  

 

( ) ( )
( ) ( )

Ω56.7261.2
Ω23.58458.6
Ω79.6560.14

Ω491.54.3
Ω79.6560.14

Ω061.61.1Ω57.03.2
Ω71.7916.692.1337.2

21

21

k
k
k

k
k

kk
kkΩ

22
o

o

oo

oo

eqeq

eqeq
eq

j

jjZZ
ZZ

Z

−∠=
−∠

−∠=
⋅−

−∠=

=
⋅−+⋅+

−∠⋅∠=
+
⋅

=

 

______________________________________________________________________________________ 

Problem 4.36 

Solution: 
Known quantities: 
The values of the impedance, Ωk331 .R = , Ωk222 =R , H901.L = , nF86.C =  and the voltage 

applied to the circuit shown in Figure P4.35, ( ) ( ) V153000636 o
s tcostv += . 

Find: 
The equivalent impedance of the circuit. 
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Analysis: 

 ( ) Ωk75Ωk75H901
s

radk3 .jXjZ..LX LLL ⋅+=⋅+=�=�
�

�
�
�

�== ω  

 

( )
Ωk0249Ωk0249

nF86
s

radk3

11 .jXjZ.
.C

X CCC ⋅−=⋅−=�=
�
�

�
�
�

�
==

ω  

 Ωk9359596Ωk7533111
o

LLReq ...j.jXRZZZ ∠=⋅+=+=+=  

 Ωk83657353Ωk024922112
o

CCReq ...jjXRZZZ −∠=⋅−=−=+=  

 

( ) ( )
( ) ( )

Ω81.5305.7
Ω71.5917.50
Ω9.508.354

Ω32.433.25
Ω9.508.354

Ω02.4922Ω7.53.3
Ω83.6573.53Ω93.5959.6

21

21

k
k

k
k
k

kk
kk

22
o

o

oo

oo

eqeq

eqeq
eq

j

jjZZ
ZZ

Z

∠=
−∠
−∠=

⋅−
−∠=

=
⋅−+⋅+
−∠⋅∠=

+
⋅

=
 

______________________________________________________________________________________ 

Problem 4.37 

Solution: 
Known quantities: 

The current in the circuit, ( ) ( ) ,,I,tcosIti o
s s

rad1000mA1330 00 ==+= ωω  and the value of 

the capacitance present in the circuit shown in Figure P4.37 µF50.C = . 

Find: 
a) The phasor notation for the source current. 
b) The impedance of the capacitor. 
c) The voltage across the capacitor, showing all the passages and using phasor notation only. 
Analysis: 
a) Phasor notation: 

mA3013I 0
o

s I ∠=∠= φ  
b)  

( )
kΩ902kΩ20

µF50
s

rad1000

11 o
CC j

.
j

C
jjXZ −∠=−=

�
�

�
�
�

�
−=−−=

ω
 

c) 
( ) ( ) V6026kΩ902mA3013IV ooo

CsC Z −∠=−∠⋅∠=⋅=  

( ) ( ) V60100026 o
C tcostv −=  

Note that conversion from phasor notation to time notation or vice versa can be done at any time. 
______________________________________________________________________________________ 
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Problem 4.38 

Solution: 
Known quantities: 
The values of two currents in the circuit shown in Figure P4.38: ( ) ( ) mA13541411

otcos.ti += ω , 

( ) ( ) mA1353502
o.tcosti += ω , 

s
rad377=ω . 

Find: 
The current ( )ti3 . 

Analysis: 
A solution using trigonometric identities is possible but inefficient, cumbersome, and takes a lot of time.  
Phasors are better!  Note that one current is described with a sine and the other with a cosine function.  
When using phasors, all currents and voltages must be described with either sine functions or cosine 
functions.  Which does not matter, but it is a good idea to adopt one and use it consistently.  Therefore, first 
converts to cosines. 

KCL: ( ) ( ) ( ) ( ) ( ) ( )titititititi 213321 0 −=+�=++−  

 
( ) ( ) ( )

( ) ( ) mA90135350mA1354141

mA135350mA13541413
ooo

oo

.tcostcos.
.tsintcos.ti

−−−+=

=−−+=

ωω
ωω

 

 ( ) ( )
( ) o

oo

...j.
.j..j.

..

8114mA2143mA981299859
mA00300040mA98999899

13143mA50135mA4141I3

∠=⋅+−=
=⋅−−−⋅+−=

=−∠−∠=
 

 ( ) ( ) mA811421433
o.tcos.ti += ω  

If sine functions were used, the result in phasor notation would differ in phase by 90 degrees. 
______________________________________________________________________________________ 

Problem 4.39 

Solution: 
Known quantities: 
The values of the impedance, kΩ7951

o.Z ∠= , Ω0322
o.Z ∠= , Ω11173

oZ ∠=  and the 

voltages applied to the circuit shown in Figure P4.39, ( ) ( ) ( ) V37717021 tcostvtv ss == . 

Find: 
The current through 3Z . 

Analysis: 

 ( ) V0170V0170VV 21 jo
ss +=∠==  

KVL: 03321 =+−− Zss IVV  

 A1120
Ω1117
V0340

Ω1117
V0170V0170VV

I
3

21
3

o
o

o

o

oo
ss

Z
−∠=

∠
∠=

∠
∠+∠=

+
=  
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 ( ) A11
s

rad377203 �
�

�
�
�

� −⋅= otcosti  

Note also: 

KVL: 
1

1
1111 0

Z
Z s

s
V

IIV =�=+− , 
2

2
2222 0

Z
Z s

s
V

IIV −=�=−−  

______________________________________________________________________________________ 

Problem 4.40 

Solution: 
Known quantities: 
The values of the impedance in the circuit shown in Figure P4.40, ( )Ω313000 ωjZ s += , 

Ω120=R , mH19=L , pF220=C . 

Find: 
The frequency such that the current iI  and the voltage 0V  are in phase. 

Analysis: 

sZ  is not a factor in this solution.  Only R, L, and C will determine if the voltage across this combination 
is in phase with the current through it.  If the voltage and current are in phase, then, the equivalent 
impedance must have an "imaginary" or reactive part which is zero! 

 eqeq
o

eq
i

eq jXRZZ +=∠== 00

I
V

, ( ) 0=ωeqX  

 

( ) ( ) ( )
( )

( )
( )

( )[ ] ( )[ ]
( )22

2

CL

CLCLCCLCCL

CL

CL

CL

CCL

CL

CL

CLR

CLR
eq

XXR
XXXXXRjXXRXRXX

XXjR
XXjR

XXjR
jRXXX

jXjXR
jXjXR

ZZZ
ZZZZ

−+
−+−−−=

=
−−
−−

−+
−=

−+
−⋅+=

++
⋅+=

 

At the resonant frequency the reactive component of this impedance must equal zero: 

 ( ) ( )
( )

( ) 00 2
22

2

=−+�=
−+

−+= CLL
CL

CLCLC
eq XXXR

XXR
XXXXXRX ω  

 2222 01 R
C
LL

C
LLR −=�=�

�

�
�
�

� −+ ω
ω

ωω  

( )( )
( )
( )

s
radk1489

s
radM8939

s
radG3293

mH19
Ω120

pF220mH19
11

2

2

2

2

...

L
R

LC

=−=

=−=−=ω
 

Notes: 
1. To separate the equivalent impedance into real (resistive) and "imaginary" (reactive) components, the 

denominator had to be "rationalized". This was done by multiplying numerator and denominator by the 
complex conjugate of the denominator, and multiplying term by term. Remember that 12 −=j , etc. 

2.  The term with R had a negligible effect on the resonant frequency in this case. If R is sufficiently 
large, however, it will significantly affect the answer. 

______________________________________________________________________________________ 
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Problem 4.41 

Solution: 
Known quantities: 
The circuit shown in Figure P4.40 
Find: 
The frequency such that the current iI  and the voltage 0V  are in phase. 

Analysis: 
If the voltage and current are in phase, then, the equivalent impedance must have an "imaginary" or 
reactive part which is zero! 

 eqeq
o

eq
i

eq jXRZZ +=∠== 00

I
V

, ( ) 0=ωeqX  

 

( ) ( ) ( )
( )

( )
( )

( )[ ] ( )[ ]
( )22

2

CL

CLCLCCLCCL

CL

CL

CL

CCL

CL

CL

CLR

CLR
eq

XXR
XXXXXRjXXRXRXX

XXjR
XXjR

XXjR
jRXXX

jXjXR
jXjXR

ZZZ
ZZZZ

−+
−+−−−=

=
−−
−−

−+
−=

−+
−⋅+=

++
⋅+=

 

At the resonant frequency the reactive component of this impedance must equal zero: 

 ( ) ( )
( )

( ) 00 2
22

2

=−+�=
−+

−+= CLL
CL

CLCLC
eq XXXR

XXR
XXXXXRX ω  

 2222 01 R
C
LL

C
LLR −=�=�

�

�
�
�

� −+ ω
ω

ωω  

2

21
L
R

LC
−=ω  

______________________________________________________________________________________ 

Problem 4.42 

Solution: 
Known quantities: 
The values of the impedance, Ω50=sR , Ω40=cR , µH20=L , nF251.C = , and the voltage 

applied to the circuit shown in Figure P4.42, ( ) ( )
s

radM6V100 00 ==+= ωω ,V,tcosVtv o
s . 

Find: 
The current supplied by the source. 
Analysis: 
Assume clockwise currents: 

 ( ) Ω90120Ω1200Ω1203µH20
s

radM6 o
LL jZLX ∠=+=�=�

�

�
�
�

�== ω  

 

( )
Ω903133Ω31330Ω3133

nF251
s

radM6

11 o
CC ..jZ.

.C
X −∠=−=�=

�
�

�
�
�

�
==

ω
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 Ω040Ω40 o
R jZ

c
∠=−= , Ω050Ω50 o

R jZ
s

∠=−=  
Equivalent impedances: 
 Ω56715126Ω120401

o
LReq ..jZZZ

c
∠=+=+=  

( ) ( )

Ω0450Ω0400Ω050
Ω441816142

kΩ44188716Ω050

Ω56715126Ω903133
Ω56715126Ω903133Ω050

2

1

1

ooo
o

o

oo

oo

eqC

eqC
Req

..
..j

...

...j
ZZ
ZZ

ZZ
s

∠=∠+∠=
−∠

−∠++=

=
∠+−∠
∠⋅−∠++=

+
⋅

+=
 

OL: ( ) ( ) mA02222mA02222
Ω0450

V010V
I o

s
o

o

o

eq

s
s tcos.ti.

Z
+=�∠=

∠
∠== ω  

Note: 
The equivalent impedance of the parallel combination is purely resistive; therefore, the frequency given is 
the resonant frequency of this network. 
______________________________________________________________________________________ 

Problem 4.43 

Solution: 
Known quantities: 
The values of the impedance and the voltage applied to the circuit shown in Figure P4.43. 
Find: 
The current in the circuit. 
Analysis: 
Assume clockwise currents: 

s
rad3=ω , V012 o

SV ∠=  

Ω−== j
Cj

ZC ω
1

, Ω== 9jLjZL ω  �  Ω+=−+= 8393 jjjZtotal  

AA oj
j

I 44.694045.13151.14932.0
83

12 −∠=−=
+

= , 

( ) ( ) Aotti 4.69cos4.1 −= ω  
______________________________________________________________________________________ 

Problem 4.44 

Solution: 
Known quantities: 
The values of the impedance and the current source shown in Figure P4.44. 
Find: 
The voltage. 
Analysis: 
Assume clockwise currents: 

s
rad2=ω , A010I o

S ∠= , Ω== 6jLjZ L ω , Ω−== 5.11 j
Cj

ZC ω
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Ω−=
+

=
+−

=
++

= 3846.19231.0
5.033.0

1

3
2

6
1

3
1

1
111

1 j
jjj

ZZR

Z

CL

eq  

( ) V31.56641.16V 10*846.13231.93846.19231.0A10 o
eqS ajjZIV −∠=−=Ω−⋅==

 
______________________________________________________________________________________ 

Problem 4.45 

Solution: 
Known quantities: 
The values of the impedance and the current source for the circuit shown in Figure P4.45. 
Find: 
The current I1. 
Analysis: 
Specifying the positive directions of the currents as in figure P4.45: 

Ω∠=

��
�

�
��
�

�

−
+

= o
eq

j

Z 56.2679.1

4
1

2
1

1
 

( ) ( ) VA ooo
eqSS ZIV 06.49.1756.2679.15.2210 ∠=Ω∠⋅−∠==  

AVI oS

R
06.495.81 ∠==  

______________________________________________________________________________________ 

Problem 4.46 

Solution: 
Known quantities: 
The values of the impedance and the voltage source for circuit shown in Figure P4.46. 
Find: 
The voltage V2. 
Analysis: 
Specifying the positive directions as in figure P4.46: 

Ω== 12jLjZ L ω  

( ) VVV o
o

o

L jj
V

RZR
RV 7.3393.6

1218
0150025

61212
6

612

6
2 −∠=

Ω+
Ω∠=∠

Ω++
Ω=

++
=

ΩΩ

Ω

 
______________________________________________________________________________________ 

Problem 4.47 

Solution: 
Known quantities: 
The values of the impedance and the current source of circuit shown in Figure P4.44. 
Find: 
The value of ω for which the current through the resistor is maximum. 
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Analysis: 
Assume clockwise currents: 

A010I o
S ∠= , Ω== ωω 3jLjZL , Ω−==

ωω
31 j

Cj
ZC  

( )1
10010

33
1

3
1

3
1

111

1

2 −+
=∠

+−
=

++
=

ωω
ω

ω
ω

jjj
I

ZZR

RI o
S

CL

R  

 
The maximum of RI is obtained for .1=ω  , therefore ( ).cos10)( ttiR =  
______________________________________________________________________________________ 

Problem 4.48 

Solution: 
Known quantities: 
The values of the impedance and the current source for circuit shown in Figure P4.48. 
Find: 
The current through the resistor. 
Analysis: 
Specifying the positive directions as in figure P4.48: 
By current division: 

( )

( )  .j.

RC+
RCj

RC+j
 

Cj
R+

 

Z
+

R
 

R 

oo

ssss

C

R

A049910157A01A1552002470

I
1
1I

1
1I

1

1I
11

1

I

3

2

  .∠⋅=∠⋅−−=

=⋅−−=⋅−=⋅−=⋅−=

−

ω
ω

ω
ω

 

( ) ( )  tcosti o
R mA0499200157 .+= π  

______________________________________________________________________________________ 
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Problem 4.49 

Solution: 
Known quantities: 
The values of the reactance kΩ1=LX , kΩ10=CX , and the current source mAI o4510∠= for 
circuit shown in Figure P4.49. 
Find: 
The voltage outv . 

Analysis: 
Specifying the positive directions of the currents as in figure P4.49: 
 

( ) ( ) ( )
( ) VmAkΩmAkΩ

mAkΩkΩIIIV
oooo

o
CLCLeqout

j

jjjXjXZZZ

4590451090945109

451010100

−∠=∠⋅−∠=∠⋅−=

=∠⋅−=−++=+==
 

 ( ) V°−= 45cos90 tvout ω  
______________________________________________________________________________________ 

Problem 4.50 

Solution: 
Known quantities: 
The circuit shown in Figure P4.50, the values of the resistance, Ω2=R , capacitance, F81=C , 

inductance, H41=L , and the frequency 
s

rad4=ω . 

Find: 
The impedance Z . 
Analysis: 

ΩΩ
4
14 jjLjZ L === ω , ( ) Ω2

814
111 jj

C
j

Cj
ZC −=

⋅
−=−==

ωω
 

( )
( )

( )
( )

( ) Ω11
11

12

1
1

1
2

1
2

2
1

2
1

1
11

1

=+−=
+

−−+=

−−
−−

+−
+=

+−
+=

+
−

+=
+

+=+=

jjjjj

j
j

j
jj

j
jj

j

j

RZ

ZRZZZ

C

LCL

 
______________________________________________________________________________________ 

Problem 4.51 

Solution: 
Known quantities: 
Circuit shown in Figure P4.51, the values of the resistance, Ω3=R , capacitance, F101=C , 

inductance, H54=L , and the frequency 
s

rad5=ω . 
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Find: 
The admittance Y . 
Analysis: 

( ) Ω2
1015

11 j
jCj

ZC −=
⋅

==
ω

, Ω4
5
45 jjZ L =⋅=  

( )

( )
( )

( )
( )

S34.012.0
25
4

25
3

2
1

25
43

2
1

169
43

2
1

43
43

43
1

2
1

43
1

2
111

11
1
111

jjjjj

jj
j
j

j
j

jjZRZ

ZRZ

ZRZZ
Y

LC

LC

LC

+=−+=−+=

+
−+=

−
−

+
+=

+
+

−
=

+
+=

+
+

=
+

==

 

______________________________________________________________________________________ 
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Section 4.5:  AC Circuit Analysis methods 
 

 

 

 
 

Problem 4.52 

Solution: 
Known quantities: 
Circuit shown in Figure P4.52, the values of the resistance, Ω9=R , capacitance, F181=C , 

inductance, H31 =L , H32 =L , H33 =L , and the voltage source ( ) V
3

336 �
�

�
�
�

� −= πtcostvs . 

Find: 
The voltage across the capacitance v using phasor 
tehcniques. 
Analysis: 

 
s

rad3=ω , V6036 °−∠=sV  

Ω=⋅== 93322
jjLjZL ω  

( ) Ω6
1813

11 j
jCj

ZC −=
⋅

==
ω

 

Ω=⋅== 93333
jjLjZL ω  

( )
( )

Ω∠==
+

=

+
+

=
+

= o

CLL

CLL
eq

j

jjZZZ
ZZZ

Z 9025.2
4
9

3
1

9
1

1
11

11

23

23

 

Ω∠=+=+⋅+=++= o
eqLRT jjjZZZZ 34.51407.1425.11925.2339

1
 

A34.111499.2
34.51407.14

V6036
0

o
o

T

S

Z
VI −∠=

Ω∠
−∠==  

ooo
eqeq IZV 34.21623.5)9025.2)(34.111499.2( −∠=∠−∠==  V 

( )
oo

eq
CL

C

j
jV

ZZ
ZV 66.15825.1134.21623.5

3
6

2

∠=−∠−=
+

=  V 

( )otv 66.1583cos25.11 −= V 
______________________________________________________________________________________ 

Focus on Methodology: AC Circuit Analysis 
1. Identify the sinusoidal source(s) and note the excitation frequency. 
2. Convert the source(s) tophasor form. 
3. Represent each circuit element by ots impedance. 
4. Splve the resulting phasor circuit, using appropriate circuit analysis tools. 
5. Convert the (phasor-form) answer to its time-domain equivalent, using equation 4.50. 
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Problem 4.53 

Solution: 
Known quantities: 
Circuit shown in Figure P4.53, the values of the resistance, Ω= 5R , capacitance, F21=C , 

inductance, H501 .L = , H12 =L , H102 =L , and the current source ( ) ( ) A26 tcostis = . 

Find: 
The current through the inductance 

2Li . 

Analysis: 

 
s

rad2=ω , Ω222
jLjZ L == ω  

Ω1 j
Cj

ZC −==
ω

, Ω== 2033
jLjZ L ω  

( ) ( ) ( ) ( )

Aoo

o
S

LCL

CL

j
j

jjj
jjI

ZRZZ
ZZ

I

4.1328.506
215

19

06
2520

20

23

3

∠=∠
+

=

∠
++−

−=
+++

+
=

 

( ) Aoti 4.132cos28.5 +=  
______________________________________________________________________________________ 

Problem 4.54 

Solution: 
Known quantities: 
Circuit shown in Figure P4.54 the values of the resistance, Ω500== LS RR , Ω= kR 1  and the 

inductance, mH10=L . 

Find: 
a) The Thèvenin equivalent circuit if the voltage applied to the circuit is ( ) ( )t,costvS 000110= . 

b) The Thèvenin equivalent circuit if the voltage applied to the circuit is ( ) ( )t,,costvS 000000110= . 

Analysis: 

a) Ω10mH10
s

rad1000 jjLjZ L =⋅== ω ,  

The equivalent impedance is: 

 ( )
( ) Ω+=

+
+=+

+
=+

+
⋅= 999.91.500

100
10500500

100010
100010 3

j
j

j
j
jR

RZ
RZZ S

L

L
T  

The equivalent Thèvenin voltage is: 

V010VV o
ST ∠==  

b) Ω10mH10
s

rad10 46 jjLjZ L =⋅== ω ,  

The equivalent impedance is: 
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 ( )
( ) Ω+=

+
+=+

+
=+

+
⋅= 01.991.1490

101
10500500

100010
100010 4

4

4

j
j

j
j
jR

RZ
RZZ S

L

L
T  

The equivalent Thèvenin voltage is: 

V010VV o
ST ∠==  

______________________________________________________________________________________ 
 
Problem 4.55 

Solution: 
Circuit shown in Figure P4.55 the values of the impedance, H1.0=L , capacitance, µF100=C , and 

the voltage source ( ) ( ) V10cos12 ttvin = . 

Find: 
The Thèvenin equivalent of the circuit as seen by the load resistor LR . 

Analysis: 

Ω1000
µF100

s
rad10

11 j
jCj

ZC −=
⋅

==
ω

 

Ω=⋅== 1H1.0
s

rad10 jjLjZ L ω  

The equivalent impedance is: 
( ) Ω=Ω∠=

−
=

−
−=

+
⋅== 001.190001.1

999
1000

1000
1000 j

jjj
jj

ZZ
ZZZZZ o

CL

CL
CLT  

The Thèvenin voltage is: 

 ooo
in

CL

C
T jj

jV
ZZ

ZV 0012.12012
999

1000012
1000

1000 ∠=∠⋅=∠⋅
−

−=
+

=  V 

______________________________________________________________________________________ 
Problem 4.56 

Solution: 
Known quantities: 
Circuit shown in Figure P4.56 the values of the resistance, Ω41 =R , Ω42 =R , capacitance, 

F41=C , inductance, H2=L , and the voltage source ( ) ( ) V22 tcostvs = . 

Find: 
The current in the circuit ( )tiL  using phasor techniques. 

Analysis: 
( ) V02V o

S t ∠=  

Ω−=== 2

4
12

11 j
jCj

ZC ω
 

Ω=⋅== 422 jjLjZ L ω  
 

Applying the voltage divider rule: 
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( )( )
( )( ) °∠=∠

°∠+°∠
°∠=

+
+= 4.1805.102

8.36404
8.364

||
|| 

21

2 o
S

CL

CL
L V

ZZZ + Z
ZZZV V 

Therefore, the current is:  
o

L

L
L Z

VI 6.712635.0
904

4.1805.1 −∠=
°∠

°∠==  A 

( ) ( )o
L tti 6.712cos2635.0 −=  A 

______________________________________________________________________________________ 

Problem 4.57 

Solution: 
Known quantities: 
Circuit shown in Figure P4.57, the values of the resistance, Ω= 751R , Ω=1002R , capacitance, 

µF1=C , inductance, H50.L = , and the voltage source ( ) ( ) V500115 t,costvs = . 

Find: 
The currents in the circuit ( )ti1  and ( )ti2 . 

Analysis: 
In the phasor domain: 

Ω7666
3

2000
1011500 6 .jj

)(
-j Z -C −=−=
×

= , ( )( ) Ω750501500 j.jZ L ==  

By applying KVL in the first loop, we have 

( )2111 IIZIRV CS −+=  

By applying KVL in the second loop, we have 

( )( ) ( ) 22120 IRZIIZ LC ++−=  

That is: 

 

�
�

�

�
�

�

�

�
�

�
�
	


 ++=

+�
�

�
�
	


 −=∠

21

21

3
250100

3
20000

3
2000

3
200075015

IjIj

IjIjo

 

By solving above equations, we have 
oI 6.46108.3 3

1 ∠⋅= −  A 
oI 2.83106.19 3

2 −∠⋅= −  A 

( ) ( )otti 6.46500,1cos8.31 +=  mA 
( ) ( )otti 2.83500,1cos6.192 −=   mA 

______________________________________________________________________________________ 

Problem 4.58 

Solution: 
Known quantities: 
Circuit shown in Figure P4.58, the values of the resistance, Ω= 401R , Ω=102R , 

capacitance, µF500=C , inductance, H20.L = , and the current source ( ) ( )ttis 100cos40=  A. 
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Find: 
The voltages in the circuit ( )tv1  and ( )tv2 . 

Analysis: 

 -j20 
 

-j
C j

Z -C Ω
10500100

1
6 =

⋅⋅
==

ω
,  j20 .jLjZ L Ω20100 =⋅== ω  

Applying KCL at node 1, we have: 

2121
1

S
21

1

1
S 202040

1040111 VjVjV
Z

V
ZR

I
Z

VV
R
VI o

CCC

−�
�

�
�
�

� +=∠�−��
�

�
��
�

�
+=�

−+=  

Applying KCL at node 2, we have 

2
1

2
2

12

2

221

20
1

20
1

10
1

20
111 VjjVjV

ZZRZ
V

Z
V

R
V

Z
VV

CLCLC
�
�

�
�
�

� +−=���
�

�
��
�

�
++=�+=−

 

Therefore: 

 

( )

�
�

�
�

�

−=

�
�

�
�
	


 −=−+−=∠

�
�
�

�
�

�

−=

−−�
�

�
�
	


 +=∠
�

�
�

�

�
�

�

�

�
�

�
�
	


=

−�
�

�
�
	


 +=∠

21

2222

21

22

2
1

21

2
1010

1
2010

1
20

040

2
20

2
2040

1040

10
1

20

202040
1040

VjV

VjVjVVj

VjV

VjVjj

VVj

VjVj

o

o
o

 

 o
o

j
V 4584.282

1010
1

040
2 ∠=

�
�

�
�
�
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∠=  V, oVjV 4568.5652 21 −∠=−=  V 

 ( ) ( )ottv 45100cos84.2822 +=  V, ( ) ( )ottv 45100cos68.5681 −=  V 
______________________________________________________________________________________ 

Problem 4.59 

Solution: 
Known quantities: 
The circuit called Wheatstone bridge shown in Figure P4.59. 
a) The balanced status for the bridge: 0=abv . 

b) The values of the resistance, Ω1001 =R , Ω12 =R , the capacitance, µF743 .C = , the 

inductance, H09803 .L = , that are necessary to balance the bridge: 0=abv , and the voltage 

applied to the bridge, ( ) V000224 t,sinvs = . 

Find: 
a) The unknown reactance 4X  in terms of the circuit elements. 

b) The value of the unknown reactance 4X . 
c) The source frequency that should be avoided in this circuit. 
Analysis: 
a) Assuming a balanced circuit, we have 0=abv , that is, ba vv =  
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From the voltage divider: 
4

4

4

4

jXR
jX

R+
C
j-Lj

R
jXR

jX
R+jX-jX

R

1
2

3
3

2

12CL

2

33
++

=�=

ω
ω

 

Inverting both sides and equating imaginary parts: 

��
�

�
��
�

�
−

=���
�

�
��
�

�
+−=

3
3

21
44

3
321 1

1

L
ωC

RRXX
C

LRR
ω

ω
ω  

b) 

Ω1161
09802000

10742000
1

1100

6

4 .
.- 

.

X −=
�
�

�
�
�

� ⋅
⋅⋅

⋅=

−

 

Negative reactance implies that the component is a capacitor. 

 µF448
1161

1Ω11611 =
⋅

=�=
.

C.
C ωω

 

c) 
If the reactances of L3 and C3 cancel, the bridge can not measure X4.  Thus, the condition to be avoided is: 

s
rad1473

10740980
11101

6
33

233
3

3 =
⋅⋅

==�=�=
−

−

..CLω
CL

ωC
ωL ω  

Hz5234.f =  
______________________________________________________________________________________ 

Problem 4.60 

Solution: 
Known quantities: 
Circuit shown in Figure P4.56, the values of the resistance, Ω41 =R , Ω42 =R , capacitance, 

F41=C , inductance, H2=L , and the voltage source ( ) ( ) V22 tcostvs = . 

Find: 
The Thévenin impedance seen by resistor 2R . 

Analysis: 
 ( ) ( ) ( ) ( ) ( ) ( ) Ω22222122441 =++==+=+= -jj-j-jj-jjZZRZ CLT  
______________________________________________________________________________________ 

Problem 4.61 

Solution: 
Known quantities: 
Circuit shown in Figure P4.58, the values of the resistance, Ω101 =R , Ω402 =R , capacitance, 

µF500=C , inductance, H20.L = , and the current source ( ) ( ) A10040 tcostis = . 

Find: 
The Thévenin voltage seen by inductance L . 
Analysis: 
The Thévenin equivalent voltage source is the open-circuit voltage at the load terminals: 
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 222 40IIV == RT  
From the current division, we have 

( ) ( ) A821437040
102040

10II
12

1
2

oo
S

C

..
-jRZR

R
∠=∠

+
=

++
=  

 V82129782143740IV 22
oo

T ...R ∠=∠⋅==  

 ( ) ( ) V821100297 o
T .tcostv +=  

______________________________________________________________________________________ 

Problem 4.62 

Solution: 
Known quantities: 
Circuit shown in Figure P4.62, the values of the impedance, Ω8=R , Ω−= 8jZC , Ω8jZ L = , and 

the voltage source V305V o
s −∠= . 

Find: 
The Thévenin equivalent circuit seen from the terminals a-b. 
Analysis: 
The Thévenin equivalent circuit is given by: 

( ) 1507.73051305
888

88 ∠=−∠+=°−∠��
�

�
��
�

�

−+
+= o

TH j
jj

jV V 

( )( ) ( ) Ω−∠=−=
−+
−+= o

TH j
jj
jjZ 452888
888
888

 

______________________________________________________________________________________ 

Problem 4.63 

Solution: 
Known quantities: 
Circuit shown in Figure P4.56, the values of the resistance, Ω41 =R , Ω42 =R , capacitance, 

F41=C , inductance, H2=L , and the voltage source ( ) ( ) V22 tcostvs = . 

Find: 
The Thévenin equivalent voltage seen by the resistor 2R . 

Analysis: 
The Thévenin equivalent circuit is given by: 

( ) V454141452102
44

4V ooo
T .j

+j
j ∠=∠=+=∠=  

( ) ( ) V4524141 o
T tcos.tv +=  

______________________________________________________________________________________ 
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Problem 4.64 

Solution: 
Known quantities: 
Circuit shown in Figure P4.56, the values of the resistance, Ω41 =R , Ω42 =R , capacitance, 

F41=C , inductance, H2=L , and the voltage source ( ) ( ) V22 tcostvs = . 

Find: 
The Norton equivalent circuit seen by the resistor 2R . 

Analysis: 
From the result of Problem 4.60, we have  Ω2=TZ .  From the current divider: 

III 2
24

4 ==
-jj

j
N  

and  
( )( ) 4

2
4224 j

j
jjjj −=−=−  

The current is: 

 A45353045
4
2

44
02I oo

o

.
-j

∠=∠=∠=  

Therefore: 
 A457070I2I o

N . ∠==  
______________________________________________________________________________________ 

Problem 4.65 

Solution: 
Known quantities: 
Circuit shown in Figure P4.66. 
Find: 
The equations required to solve for the loop currents in the circuit in: 
a. Integral-differential form; 
b. Phasor form. 
Analysis: 

KVL: ( ) ( ) ( ) 010 1210 211 =−+−+++− � Riidtii
C

vRiv
t

cSS  

KVL: ( ) ( ) ( ) 010 22
2

0 12112 =++−+−− � Ri
dt
diLdtii

C
vRii

t

c  

Note:  The initial voltage across the capacitor must, in general, be considered.  It is modeled as an ideal 
voltage source in series with the capacitor. 
KVL: ( ) ( ) 0121211 =−+−++− RZR CSS IIIIIV  

KVL: ( ) ( ) 022212112 =+++−+− RZZR LC IIIIII  
Note: 
1. The i-v characteristics of the inductor and capacitor, i.e. the integral and derivative, have been replaced 

here by the impedance. 
2. This form of the equation is applicable only when the waveforms of the currents and voltages are 

sinusoids! 
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______________________________________________________________________________________ 

Problem 4.66 

Solution: 
Known quantities: 
Circuit shown in Figure P4.65. 
Find: 
The node equations required to solve for all currents and voltages in the circuit. 
Analysis: 

321 III +=  

( ) ( )23121 RZRZR LCSS +++=− IIIV  
______________________________________________________________________________________ 

Problem 4.67 

Solution: 
Known quantities: 
The voltages at the nodes of the circuit shown in Figure P4.67, V0450V o

a ∠= , V30440V o
b ∠= , 

V200420V o
c −∠= , V62155779V o

bc .. ∠= , V93689153V o
cd .. ∠= , 

V41076230V o
ba .. ∠= , and the voltage sources, ( ) V4501 tcosvs ω= , ( ) V4502 tcosvs ω= . 

Find: 
The new values of bV  and bcV , if the ground is moved from Node e to Node d. 

Analysis: 
A node voltage is defined as the voltage between a node and the ground node.  If the ground node is 
changed, then all node voltages in the circuit will change.  With the ground at Node d: 

 
( ) ( ) V83146859V02201831V0450V02201381

V0450V30440VVVVVV 2
o

oo
sbeedbebdb

...j.j.j. ∠=+=+++=

=∠+∠=+=+==
 

The voltages between any two nodes in a circuit do not depend on which is the ground node; therefore, the 
voltage between Node b and Node c remains the same when the ground is moved from Node e to Node d: 
 V62155779V o

bc .. ∠=  
______________________________________________________________________________________ 

Problem 4.68 

Solution: 
Known quantities: 
Circuit shown in Figure P4.68, the values of the resistance, Ω120=LR , the capacitance, 

µF512.C = , and the inductance, mH60=L , and the voltage source, 

( ) V3000014 o
i t,cosv += . 

Find: 
The new value of 0V . 

Analysis: 
The circuit has 3 unknown mesh currents but only 1 unknown node voltage. 
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 ( ) ( ) V433315570
o.tcos.tv −= ω  

______________________________________________________________________________________ 

Problem 4.69 

Solution: 
Known quantities: 
Circuit shown in Figure P4.69, the mesh currents and node voltages, 

( ) ( ) A284712731
o.tcos.ti −= ω , ( ) ( ) A010291432

o.tcos.ti −= ω , 

( ) ( ) A503790013
o.tcos.ti += ω , ( ) ( ) V081001301

o.tcos.tv += ω , 

( ) ( ) V002501302
o.tcos.tv −= ω , where 

s
rad0377.=ω . 

Find: 
One of the following: 3321 L,R,C,L . 

Analysis: 
KCL: 031 1

=++− III Z  

 ( ) ( ) A92795083A15715071A29721212III 311

o
Z ...j..j. −∠=+−−=−=  

OL: oo
o

o

Z

L.
..

.Z 90Ω900537
A92795083

V0810130
I
V

1
1

1
1

∠=∠=
−∠

∠== ω  

 mH2998

s
rad377

Ω0537
1 ..L ==  

KCL: 032 2
=−+ III Z  
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�
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312 =+− ZVVV  

 ( ) ( ) V56822978V88548117V75220128VVV 213

o
Z ...j..j. ∠=−−+=−=  
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3

3 Ω17291129Ω0645214
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I

V
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