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Chapter 29 
Alternating-Current Circuits 
 
Conceptual Problems 
 
*1 •  
Determine the Concept Because the rms current through the resistor is given by 

RI rmsrms ε=  and both εrms and  R are independent of frequency, correct. is )(b  

 
2 •  
Picture the Problem We can use the relationship between V and Vpeak to decide the effect 
of doubling the rms voltage on the peak voltage. 
 
Express the initial rms voltage in 
terms of the peak voltage: 
 

2
max

rms
VV =  

Express the doubled rms voltage in 
terms of the new peak voltage 

maxV' : 

 

2
2 max

rms
V'V =  

 

Divide the second of these equations 
by the first and simplify to obtain: 

2

22
max

max

rms

rms

V

V'

V
V

=  or 
max

max2
V
V'

=  

 
Solve for maxV' : 

maxmax 2VV' = and correct. is )(a  

  
3 •  
Determine the Concept The inductance of an inductor is determined by the details of its 
construction and is independent of the frequency of the circuit.  The inductive reactance, 
on the other hand, is frequency dependent. correct. is )(b  

 
4 •  
Determine the Concept The inductive reactance of an inductor varies with the frequency 
according to .LX L ω=  Hence, doubling ω will double XL. correct. is )(a  

 



Chapter 29 
 

 

706 

*5 •  
Determine the Concept The capacitive reactance of an capacitor varies with the 
frequency according to .1 CXC ω=  Hence, doubling ω will halve XC. correct. is )(c  

 
6 •  
Determine the Concept Yes to both questions. While the current in the inductor is 
increasing, the inductor absorbs power from the generator. When the current in the 
inductor reverses direction, the inductor supplies power to the generator.   
  
7 •  
Determine the Concept Yes to both questions. While charge is accumulating on the 
capacitor, the capacitor absorbs power from the generator. When the capacitor is 
discharging, it supplies power to the generator.   
 
8 •  
Picture the Problem We can use the definitions of the capacitive reactance and 
inductive reactance to find the SI units of LC. 
 
Use its definition to express the 
inductive reactance: 
 

fLX L π2=  

Solve for L: 
f

XL L

π2
=  

Use its definition to express the capacitive 
reactance: 
 

fC
X C π2

1
=  

Solve for C: 

CfX
C

π2
1

=  

 
Express the product of L and C: 

C

L

C

L

Xf
X

fXf
XLC 2242

1
2 πππ

==  

 
Because the units of XL and XC cancel, the units of LC are those of 1/f 2 or s2. 

correct. is )(a  

 
*9 ••  
Determine the Concept To make an LC circuit with a small resonance frequency 
requires a large inductance and large capacitance. Neither is easy to construct. 
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10 •  
(a) True. The Q factor and the width of the resonance curve at half power are related 
according to ωω ∆= 0Q ; i.e., they are inversely proportional to each other. 

 

(b) True. The impedance of an RLC circuit is given by ( )22
CL XXRZ −+= . At 

resonance XL = XC and so Z = R. 
 

(c) True. The phase angle δ is related to XL and XC according to 
R

XX CL −= −1tanδ . At 

resonance XL = XC and so δ = 0. 
 
11 •  
Determine the Concept Yes. The power factor is defined to be ZR=δcos and, 

because Z is frequency dependent, so is cosδ. 
 
*12 •  
Determine the Concept Yes; the bandwidth must be wide enough to accommodate the 
modulation frequency. 
 
13 •  
Determine the Concept Because the power factor is defined to be ZR=δcos , if R = 

0, then the power factor is zero. 
 
14 •  
Determine the Concept A transformer is a device used to raise or lower the voltage in a 
circuit without an appreciable loss of power. correct. is )(c  

 
15 •  
True. If energy is to be conserved, the product of the current and voltage must be 
constant. 
 
16 ••  
Picture the Problem Let the subscript 1 denote the primary and the subscript 2 the 
secondary. Assuming no loss of power in the transformer, we can equate the power in the 
primary circuit to the power in the secondary circuit and solve for the current in the 
primary windings. 
 
Assuming no loss of power in the 
transformer: 
 

21 PP =  
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Substitute for P1 and P2 to obtain: 2211 VIVI =  

 
Solve for I1: 

1

2

1

22

1

2
21 V

P
V
VI

V
VII ===  

and ( ) correct is b  

 
17 •  
(a) False. The effective (rms) value of the current is not zero. 
 
(b) True. The reactance of a capacitor goes to zero as f approaches very high frequencies. 
 
Estimation and Approximation 
 
*18 ••  
Picture the Problem We can find the resistance and inductive reactance of the plant’s 
total load from the impedance of the load and the phase constant. The current in the 
power lines can be found from the total impedance of the load the potential difference 
across it and the rms voltage at the substation by applying Kirchhoff’s loop rule to the 
substation-transmission wires-load circuit. The power lost in transmission can be found 
from trans

2
rmstrans RIP = . We can find the cost savings by finding the difference in the 

power lost in transmission when the phase angle is reduced to 18°. Finally, we can find 
the capacitance that is required to reduce the phase angle to 18° by first finding the 
capacitive reactance using the definition of tanδ and then applying the definition of 
capacitive reactance to find C. 

 
 
(a) Relate the resistance and 
inductive reactance of the plant’s 
total load to Z and δ: 
 

δcosZR =  
and 

δsinZX L =  

 
Express Z in terms of the current I in 
the power lines and voltage εrms at 
the plant: 
 

I
Z rmsε
=  

Express the power delivered to the 
plant in terms of εrms, Irms, and δ and 

δε cosrmsrmsav IP =  

and 
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solve for Irms: 
δε cosrms

av
rms

P
I =                    (1) 

 
Substitute to obtain: 

av

2
rms cos

P
Z δε
=   

 
Substitute numerical values and evaluate Z: ( )

Ω=
°

= 630
MW3.2

25coskV40 2

Z  

 
Substitute numerical values and evaluate R 
and XL: 

( ) Ω=°Ω= 57125cos630R  

and 
( ) Ω=°Ω= 26625sin630LX  

 
(b) Use equation (1) to find the 
current in the power lines:  
 

( ) A4.63
25coskV40

MW3.2
rms =

°
=I  

Apply Kirchhoff’s loop rule to the 
circuit: 
 

0tottransrmssub =−− IZRIε  

Solve for εsub: ( )tottransrmssub ZRI +=ε  

 
Evaluate Ztot: 

( ) ( ) Ω=Ω+Ω=

+=

630266571 22

22
tot LXRZ

 

 
Substitute numerical values and 
evaluate εsub: 

( )( )
kV3.40

6302.5A4.63sub

=

Ω+Ω=ε
 

 
(c) The power lost in transmission 
is: 
 

( ) ( )
kW9.20

2.5A4.63 2
trans

2
rmstrans

=

Ω== RIP
 

 
(d) Express the cost savings ∆C in 
terms of the difference in energy 
consumption  
(P25° − P18°)∆t and the per-unit cost u 
of the energy: 
 

( ) tuPPC ∆−=∆ °° 1825  

Express the power list in trans
2

1881 RIP °° =  
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transmission when δ = 18°: 
 
Find the current in the transmission 
lines when δ = 18°: ( ) A5.60

18coskV40
MW3.2

18 =
°

=°I  

 
Evaluate °18P : ( ) ( ) kW0.192.5A5.60 2

81 =Ω=°P  

 
Substitute numerical values and evaluate ∆C: 
 

( )( )( )( ) 84.63$hkW/07.0$d/month30h/d16kW0.19kW9.20 =⋅−=∆C  

 
Relate the new phase angle δ to the 
inductive reactance XL, the reactance 
due to the added capacitance XC, and 
the resistance of the load R: 
 

R
XX CL −=δtan  

Solve for and evaluate XC: 
( ) Ω=°Ω−Ω=

−=
5.8018tan571266

tanδRXX LC  

 
Substitute numerical values and evaluate 
C: ( )( ) F0.33

5.80s602
1
1 µ

π
=

Ω
= −C  

 
Alternating Current Generators 
 
19 •  
Picture the Problem We can use the relationship NBAfπε 2max = between the 

maximum emf induced in the coil and its frequency to find f when εmax is given and εmax 
when f is given . 
 
(a) Relate the induced emf to the 
angular frequency of the coil: 
 

tωεε cosmax=  

where 
NBAfNBA πωε 2max ==  

 
Solve for f: 

NBA
f

π
ε

2
max=  

 
Substitute numerical values and 
evaluate f: ( )( )( )

Hz8.39

m104T5.02002
V10

24

=

×
= −π

f
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(b) From (a) we have: NBAfNBA πωε 2max ==  

 
Substitute numerical values and 
evaluate εmax: 

( )( )( )( )
V1.15

s60m104T5.02002 124
max

=

×= −−πε

 
20 •  
Picture the Problem We can use the relationship NBAfπε 2max = between the 

maximum emf induced in the coil and the magnetic field in which it is rotating to find B 
required to generate a given emf at a given frequency. 
 
Relate the induced emf to the 
magnetic field in which the coil is 
rotating: 
 

NBAfNBA πωε 2max ==  

 

Solve for B: 
NfA

B
π
ε

2
max=  

 
Substitute numerical values and 
evaluate B: ( )( )( )

T332.0

m104s602002
V10

241

=

×
= −−π

B
 

 
*21 •  
Picture the Problem We can use the relationship NBAfπε 2max = to relate the 

maximum emf generated to the area of the coil, the number of turns of the coil, the 
magnetic field in which the coil is rotating, and the frequency at which it rotates. 
 
(a) Relate the induced emf to the magnetic 
field in which the coil is rotating: 
 

NBAfNBA πωε 2max ==     (1) 

 

Substitute numerical values and evaluate εmax: 
 

( )( )( )( )( ) V6.13s60m105.1m102T4.03002 122
max =××= −−−πε  

 
(b) Solve equation (1) for f: 

NBA
f

π
ε

2
max=  

 
Substitute numerical values and evaluate f: 
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( )( )( )( ) Hz486
m105.1m102T4.03002

V110
22 =

××
= −−π

f  

 
22 •  
Picture the Problem We can use the relationship NBAfπε 2max = to relate the 

maximum emf generated to the area of the coil, the number of turns of the coil, the 
magnetic field in which the coil is rotating, and the frequency at which it rotates. 
 
Relate the induced emf to the magnetic 
field in which the coil is rotating: 
 

NBAfNBA πωε 2max ==  

 

Solve for B: 
NfA

B
π
ε

2
max=  

 
Substitute numerical values and evaluate B: 
 

( )( )( )( ) T707.0
m105.1m102s603002

V42
221 =

××
= −−−π

B  

 
Alternating Current in a Resistor 
 
*23 •  
Picture the Problem We can use rmsrmsav IP ε= to find Irms, rmsmax 2II = to find Imax, 
and maxmaxmax εIP = to find Pmax. 

 
(a) Relate the average power 
delivered by the source to the rms 
voltage across the bulb and the rms 
current through it: 
 

rmsrmsav IP ε=  

Solve for and evaluate Irms: A833.0
V120
W100

rms

av
rms === ε

PI  

 
(b) Express Imax in terms of Irms: rmsmax 2II =  

 
Substitute for Irms and evaluate Imax: ( ) A18.1A833.02max ==I  

 
(c) Express the maximum power in 
terms of the maximum voltage and 
maximum current: 

maxmaxmax εIP =  
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Substitute numerical values and evaluate 
Pmax: 

( ) ( ) W200V1202A18.1max ==P  

 
24 •  
Picture the Problem We can rmsmax 2II = to find the largest current the breaker can 
carry and rmsrmsav VIP = to find the average power supplied by this circuit. 

 
(a) Express Imax in terms of Irms: ( ) A2.21A1522 rmsmax === II  

 
(b) Relate the average power to the 
rms current and voltage: 

( )( )
kW80.1

V120A15rmsrmsav

=

== VIP
 

 
Alternating Current in Inductors and Capacitors 
 
25 •  
Picture the Problem We can use LX L ω= to find the reactance of the inductor at any 

frequency. 
 
Express the inductive reactance as a 
function of f: 
 

fLLX L πω 2==  

(a) At f = 60 Hz: ( )( ) Ω== − 377.0mH1s602 1πLX  

 
(b) At f = 600 Hz: ( )( ) Ω== − 77.3mH1s6002 1πLX  

 
(c) At f = 6 kHz: ( )( ) Ω== − 7.37mH1s60002 1πLX  

 
26 •  
(a) Relate the reactance of the 
inductor to its inductance: 

fLLX L πω 2==  

 
 

Solve for and evaluate L: 
( ) H199.0

s802
100

2 1 =
Ω

== −ππf
XL L  

 
(b) At 160 Hz: ( )( ) Ω== − 200H199.0s1602 1πLX  
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27 •  
Picture the Problem We can equate the reactances of the capacitor and the inductor and 
then solve for the frequency. 
 
Express the reactance of the 
inductor: 
 

fLLX L πω 2==  

Express the reactance of the 
capacitor: fCC

XC πω 2
11

==  

 
Equate these reactances to obtain: 
 fC

fL
π

π
2

12 =  

 
Solve for f to obtain: 
 LC

f 1
2
1
π

=  

 
Substitute numerical values and 
evaluate f: ( )( ) kHz59.1

mH1F10
1

2
1

==
µπ

f  

 
28 •  
Picture the Problem We can use CXC ω1= to find the reactance of the capacitor at 

any frequency. 
 
Express the capacitive reactance as 
a function of f: 
 

fCC
XC πω 2

11
==  

(a) At f = 60 Hz: 
( )( ) Ω== − M65.2

nF1s602
1

1πCX
 

 
(b) At f = 6 kHz: 

( )( ) Ω== − k5.26
nF1s60002

1
1πCX  

 
(c) At f = 6 MHz: 

( )( ) Ω=
×

= − 5.26
nF1s1062

1
16πCX  

 
*29 •  
Picture the Problem We can use Imax = εmax/XC and XC = 1/ωC to express Imax as a 
function of εmax, f, and C. Once we’ve evaluate Imax, we can use Irms = Imax/ 2 to find Irms. 
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Express Imax in terms of εmax and XC: 

CX
I max

max
ε

=  

 
Express the capacitive reactance: 

fCC
XC πω 2

11
==  

 
Substitute to obtain: maxmax 2 επfCI =  

 
(a) Substitute numerical values and 
evaluate Imax: 
 

( )( )( )
mA1.25

V10F20s202 1
max

=

= − µπI
 

(b) Express Irms in terms of Imax: mA8.17
2
mA1.25

2
max

rms ===
II  

 
30 •  
Picture the Problem We can use fCCXC πω 211 == to relate the reactance of the 

capacitor to the frequency. 
 
Using its definition, express the reactance 
of a capacitor: 
 

fCC
XC πω 2

11
==  

Solve for f to obtain: 

CCX
f

π2
1

=  

 
(a) Find f when XC = 1 Ω: 

( )( ) kHz9.15
1F102

1
=

Ω
=

µπ
f  

 
(b) Find f when XC = 100 Ω: 

( )( ) Hz159
100F102

1
=

Ω
=

µπ
f  

 
(c) Find f when XC = 0.01 Ω: 

( )( ) MHz59.1
01.0F102

1
=

Ω
=

µπ
f  

 
31 ••  
Picture the Problem We can use the trigonometric identity 

( ) ( )φθφθφθ −+=+ 2
1

2
1 coscos2coscos to find the sum of the phasors V1 and V2 and 

then use this sum to express I as a function of time. In (b) we’ll use a phasor diagram to 
obtain the same result and in (c) we’ll use the phasor diagram appropriate to the given 
voltages to express the current as a function of time. 
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(a) Express the current in the resistor: 
 R

VV
R
VI 21 +==

 
 

Use the trigonometric identity ( ) ( )φθφθφθ −+=+ 2
1

2
1 coscos2coscos  

to find V1 + V2: 
 

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

( ) ( ) tt

tttVV

ωωπ
αωαωαω

cosV66.8cos
6

cosV10

2cos2cos2V5coscosV0.5 2
1

2
1

21

==

−=++−=+
 

 
Substitute to obtain: ( ) ( ) ttI ωω cosA346.0

25
cosV66.8

=
Ω

=
 

 
(b) Express the magnitude of the 
current in R: 
 

R
V

I =  

The phasor diagram for the 
voltages is shown to the right. 

 
Use vector addition to find V : 

 

( )
V66.8

30cosV5230cos2 1

=

°=°= VV
 

 
Substitute to obtain: 
 

A346.0
25

V66.8
=

Ω
=I  

and 
( ) tI ωcosA346.0=  

 
(c) The phasor diagram is shown to 
the right. Note that the phase angle 
between V1 and V2 is now 90°. 

 
Use the Pythagorean theorem to 
find V :  

( ) ( )
V60.8

V7V5 222
2

2
1

=

+=+= VVV  
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Express I as a function of t: 
  

( )δω += t
R
V

I cos  

where  
( )

rad165.046.945
V5
V7tan

459045

1 =°=°−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

°−=−°−°=

−

ααδ
 

 
Substitute numerical values and 
evaluate I: 

( )

( ) ( )rad165.0cosA344.0

rad165.0cos
25

V60.8

+=

+
Ω

=

t

tI

ω

ω
 

 
LC and RLC Circuits without a Generator 
 
*32 •  
Picture the Problem We can use XL = ωL and XC = 1/ωC to show the LC1   has the 

unit s–1. Alternatively, we can use the dimensions of C and L to establish this result. 
 
Substitute the units for L and C in 
the expression LC1  to obtain: ( )

1

2
s

s
1

ss

1
FH

1 −==

⎟
⎠
⎞

⎜
⎝
⎛
Ω

⋅Ω

=
⋅

 

 
Alternatively, use the defining 
equation (C = Q/V) for capacitance 
to obtain the dimension of C: 
 

[ ] [ ]
[ ]V
QC =  

Solve the defining equation 
( dtdILV = ) for inductance to 

obtain the dimension of L: 
 

[ ] [ ] [ ]
[ ]
[ ]

[ ][ ]
[ ]Q

TV

T
Q
V

dt
dI
VL

2

2

==

⎥⎦
⎤

⎢⎣
⎡

=  

Express the dimension of LC1 : 

[ ][ ] [ ][ ]
[ ]

[ ]
[ ]

[ ] [ ]TT

V
Q

Q
TVCLLC

11

111

2

2

=
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

=
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=⎥⎦

⎤
⎢⎣

⎡

 

 
Because the SI unit of time is the second, we’ve shown that LC1 has units of .s 1−  
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33 •  
Picture the Problem We can use T = 2π/ω and LC1=ω to relate T (and hence f) to 

L and C. 
 
(a) Express the period of oscillation 
of the LC circuit: ω

π2
=T  

 
For an LC circuit: 

LC
1

=ω  

 
Substitute to obtain: 
 

LCT π2=                           (1) 

Substitute numerical values and 
evaluate T: 
 

( )( ) ms26.1F20mH22 == µπT  

(b) Solve equation (1) for L to 
obtain: CfC

TL 222

2

4
1

4 ππ
==  

 
Substitute numerical values and 
evaluate L: ( ) ( )

mH0.88
F80s604

1
212

==
− µπ

L  

 
34 ••  
Picture the Problem We can use the expression LCf π210 = for the resonance 

frequency of an LC circuit to show that each circuit oscillates with the same frequency. In 
(b) we can use 0max QI ω= , where Q0 is the charge of the capacitor at time zero, and the 
definition of capacitance CVQ =0 to express Imax in terms of ω, C and V. 

 
Express the resonance frequency for 
an LC circuit: 
 

LC
f

π2
1

0 =  

(a) Express the product of L and C 
for each circuit: 
 

11 :1Circuit CL , 
( )( ) 1112

1
122 2 :2Circuit CLCLCL == , 

and 
( )( ) 11112

1
33 2 :3Circuit CLCLCL ==  

 

same.  theare circuits
  three theof sfrequencie resonance  the,     Because 332211 CLCLCL ==

 

 
(b) Express Imax in terms of the 0max QI ω=  
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charge stored in the capacitor: 
 
Express Q0 in terms of the 
capacitance of the capacitor and the 
potential difference across the 
capacitor: 
 

CVQ =0  

Substitute to obtain: 
 

CVI ω=max  

or, for ω and V constant, 
CI ∝max  

.greatest 
  thehas   th circuit wi The

max

3

I
CC =

 

 
35 ••  
Picture the Problem We can use 2

2
1 CVU = to find the energy stored in the electric 

field of the capacitor, LCf 12 00 == πω to find f0, and 0max QI ω= and CVQ =0 to 

find Imax. 
 
(a) Express the energy stored in the 
system as a function of C and V: 
 

2
2
1 CVU =  

Substitute numerical values and 
evaluate U: 
 

( )( ) mJ25.2V30F5 2
2
1 == µU  

(b) Express the resonance frequency 
of the circuit in terms of L and C: 
 

LC
f 12 00 == πω  

Solve for f0: 
LC

f
π2

1
0 =  

 
Substitute numerical values and 
evaluate f0: ( )( )

Hz712
F5mH102

1
0 ==

µπ
f  

 
(c) Express Imax in terms of the 
charge stored in the capacitor: 
 

0max QI ω=  

Express Q0 in terms of the 
capacitance of the capacitor and the 
potential difference across the 
capacitor: 

CVQ =0  
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Substitute to obtain: 
 

CVI ω=max  

 
Substitute numerical values and evaluate 
Imax: 

( )( )( )
A671.0

V30F5s7122 1
max

=

= − µπI
 

 
36 •  
Picture the Problem We can use its definition to find the power factor of the circuit and 
Irms = ε/Z to find the rms current in the circuit. In (c) we can use RIP 2

rmsav = to find the 

average power supplied to the circuit. 
 
(a) Express the power factor of the 
circuit: Z

R
=δcos  

 
Express Z for the circuit: 22

LXRZ +=  

 
Substitute to obtain: 
 ( )2222 2

cos
fLR

R
XR

R

L π
δ

+
=

+
=  

 
Substitute numerical values and 
evaluate cosδ: 
 

( ) ( )( )[ ]
553.0

H4.0s602100

100cos
212

=

+Ω

Ω
=

−π
δ

 

 
(b) Express the rms current in terms 
of the rms voltage and the 
impedance of the circuit: 
 

( )22rms
2 fLRZ

I
π

εε
+

==  

Substitute numerical values and 
evaluate Irms: ( ) ( )( )[ ]

A663.0

H4.0s602100

V120
212

rms

=

+Ω
=

−π
I

 

 
(c) Express the average power 
supplied to the circuit in terms of 
the rms current and the resistance of 
the inductor: 
 

RIP 2
rmsav =  

Substitute numerical values and evaluate 
Pav: 

( ) ( ) W0.44100A663.0 2
av =Ω=P  
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*37 ••  
Picture the Problem Let Q represent the instantaneous charge on the capacitor and apply 
Kirchhoff’s loop rule to obtain the differential equation for the circuit. We can then solve 
this equation to obtain an expression for the charge on the capacitor as a function of time 
and, by differentiating this expression with respect to time, an expression for the current 
as a function of time. We’ll use a spreadsheet program to plot the graphs. 
 
Apply Kirchhoff’s loop rule to a 
clockwise loop just after the switch 
is closed: 
 

0=+
dt
dIL

C
Q

 

Because :dtdQI =  
02

2

=+
C
Q

dt
QdL or 01

2

2

=+ Q
LCdt

Qd
 

 
The solution to this equation is: ( )δω −= tQtQ cos)( 0  

where 
LC
1

=ω  

 
Because Q(0) = Q0, δ = 0 and: 
 

tQtQ ωcos)( 0=  

The current in the circuit is the 
derivative of Q with respect to t: 
 

[ ] tQtQ
dt
d

dt
dQI ωωω sincos 00 −===  

(a) A spreadsheet program was used to plot the following graph showing both the charge 
on the capacitor and the current in the circuit as functions of time. L, C, and Q0 were all 
arbitrarily set equal to one to obtain these graphs. Note that the current leads the charge 
by one-fourth of a cycle or 90°.   

-1

0

1

0 2 4 6 8 10

t  (s)

Charge
Current

 
 
(b) The equation for the current is: 
 

tQI ωω sin0−=                     (1) 

The sine and cosine functions are 
related through the identity: 
  

⎟
⎠
⎞

⎜
⎝
⎛ +=−

2
cossin πθθ  
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Use this identity to rewrite equation 
(1): 
 

⎟
⎠
⎞

⎜
⎝
⎛ +=−=

2
cossin 00

πωωωω tQtQI  

showing that the current leads the charge 
by 90°. 

 
RL Circuits with a Generator 
 
38 ••  
Picture the Problem We can express the ratio of VR to VL and solve this expression for 
the resistance R of the circuit. In (b) we can use the fact that, in an LR circuit, VL leads VR 
by 90° to find the ac input voltage. 
 
(a) Express the potential differences 
across R and L in terms of the 
common current through these 
components: 
 

LIIXV LL ω==  

and 
IRVR =  

 

Divide the second of these equations 
by the first to obtain: 
 

L
R

LI
IR

V
V

L

R

ωω
==  

Solve for R: 
L

V
VR

L

R ω⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=  

 
Substitute numerical values and 
evaluate R: ( )( ) Ω=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
= − 396H4.1s602

V40
V30 1πR  

 
(b) Because VR leads VL by 90° in an 
LR circuit: 
 

22
LR VVV +=  

Substitute numerical values and 
evaluate V: 

( ) ( ) V0.50V40V30 22 =+=V  

 
39 ••  
Picture the Problem We can solve the expression for the impedance in an LR circuit for 
the inductive reactance and then use the definition of XL to find L. 
 
Express the impedance of the coil in 
terms of its resistance and inductive 
reactance: 
 

22
LXRZ +=  

Solve for XL to obtain: 22 RZX L −=  
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Express XL in terms of L: fLX L π2=  

 
Equate these two expressions to 
obtain: 
 

222 RZfL −=π  

Solve for L: 

f
RZL

π2

22 −
=  

 
Substitute numerical values and 
evaluate L: 

( ) ( )
( ) mH2.29

kHz12
80200 22

=
Ω−Ω

=
π

L  

 
40 ••  
Picture the Problem We can express the two output voltage signals as the product of the 
current from each source and R = 1 kΩ. We can find the currents due to each source 
using the given voltage signals and the definition of the impedance for each of them. 
 
(a) Express the voltage signals 
observed at the output side of the 
transmission line in terms of the 
potential difference across the 
resistor: 
 

RIV 1out 1, =  

and 
RIV 2out 2, =  

 

Express I1 and I2: ( )
( ) ( )( )[ ]

( ) t

t
Z
VI

100cosmA95.9
H1s10010

100cosV10
21-231

1
1

=

+Ω
==

 

and 
( )

( ) ( )( )[ ]
( ) t

t
Z
VI

4

21423

4

2

2
2

10cosmA995.0

H1s1010

10cosV10

=

+Ω
==

−  

 
Substitute for I1 and I2 to obtain: ( )( )

( ) t

tV

100cosV95.9

100cosmA95.9103
out 1,

=

Ω=
 

and 
( )( )
( ) t

tV
4

43
out 2,

10cosV995.0

10cosmA995.010

=

Ω=
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(b) Express the ratio of V1,out to 
V2,out: 

0.10
V0.995

V95.9

out 2,

out 1, ==
V
V

 

 
41 ••  
Picture the Problem The average power supplied to coil is related to the power factor by 

δε cosrmsrmsav IP = .  In (b) we can use RIP 2
rmsav = to find R. Because the inductance L 

is related to the resistance R and the phase angle δ according to δω tanRLX L == , we 

can use this relationship to find the resistance of the coil.  Finally, we can decide whether 
the current leads or lags the voltage by noting whether XL is less than or greater than R. 
 
(a) Express the average power 
supplied to the coil in terms of the 
power factor of the circuit: 
 

δε cosrmsrmsav IP =  

Solve for the power factor: 

rmsrms

avcos
I

P
εδ =  

 
Substitute numerical values and 
evaluate cosδ: ( )( ) 333.0

A5.1V120
W60cos ==δ  

 
(b) Express the power supplied by 
the source in terms of the resistance 
of the coil: 
 

RIP 2
rmsav =  

Solve for and evaluate R: 
( )

Ω=== 7.26
A1.5
W60

22
rms

av

I
PR  

 
(c) Relate the inductive reactance to 
the resistance and phase angle: 

δω tanRLX L ==  

 
 

Solve for L: ( )
f

RRL
πω

δ
2

333.0costantan 1−

==  

 
Substitute numerical values and 
evaluate L: 

( )
( ) H200.0

s602
5.70tan7.26

1 =
°Ω

= −π
L  

 
(d) Evaluate XL: ( ) Ω=°Ω= 4.755.70tan7.26LX  

 
Because XL > R, the circuit is 
inductive and: 

°70.5by   lags εI . 
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42 ••  

Picture the Problem We can use ( )22
maxmax LRI ωε += and 

maxmaxmax, LIXIV LL ω== to find the maximum current in the circuit and the maximum 

voltage across the inductor. Once we’ve found VL,max we can find VL,rms using 
2max,rms, LL VV = . We can use RIP 2

max2
1

av = to find the average power dissipation, and 
2
max2

1
max, LIU L = to find the maximum energy stored in the magnetic field of the inductor. 

The average energy stored in the magnetic field of the inductor can be found from 
dtPU L ∫= avav, . 

 
Express the maximum current in the 
circuit: 
 

( )22

maxmax
max

LRZ
I

ω

εε
+

==  

Substitute numerical values and 
evaluate Imax: ( ) ( )( )[ ]

A94.7

mH36s15040

V345
212

max

=

+Ω
=

−π
I

 

 
Relate the maximum voltage across 
the inductor to the current flowing 
through it: 
 

maxmaxmax, LIXIV LL ω==  

Substitute numerical values and 
evaluate VL,max: 

( )( )( )
V135

A94.7mH36s150 1
max,

=

= −πLV
 

 
VL,rms is related to VL,max according 
to: 

V5.95
2
V135

2
max,

rms, === L
L

V
V  

 
Relate the average power dissipation 
to Imax and R: 
 

RIP 2
max2

1
av =  

Substitute numerical values and 
evaluate Pav: 
 

( ) ( ) kW26.140A94.7 2
2
1

av =Ω=P  

The maximum energy stored in the 
magnetic field of the inductor is: 
 

( )( )
J13.1

A94.7mH36 2
2
12

max2
1

max,

=

== LIU L
 

 
The definition of UL,av is: ( )dttU

T
U

T

L ∫=
0

av,
1
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U(t) is given by: 
 

( ) ( )[ ]2

2
1 tILtU =  

 
Substitute for U(t) to obtain: 
 ( )[ ] dttI

T
LU

T

L ∫=
0

2
av, 2

 

 
Evaluating the integral yields: 
 

2
max

2
maxav, 4

1
2
1

2
LITI

T
LU L =⎥⎦

⎤
⎢⎣
⎡=  

 
Substitute numerical values and evaluate 
UL,av: 
 

( )( ) J567.0A94.7mH36
4
1 2

av, ==LU  

 
43 ••  
Picture the Problem We can use the definition of the power factor to find the 
relationship between XL and R when f = 60 Hz and then use the definition of XL to relate 
the inductive reactance at 240 Hz to the inductive reactance at 60 Hz. We can then use 
the definition of the power factor to determine its value at 240 Hz.  
 
Using the definition of the power 
factor, relate R and XL: 22

cos
LXR

R
Z
R

+
==δ          (1) 

 
Square both sides of the equation to 
obtain: 
 

22

2
2cos

LXR
R
+

=δ  

Solve for ( )Hz602
LX : ( ) ⎟

⎠
⎞

⎜
⎝
⎛ −= 1

cos
1Hz60 2

22

δ
RX L  

Substitute for cosδ and simplify to 
obtain: 
 

( )
( )

2
3
1

2
22 1

866.0
1Hz60 RRX L =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=  

Use the definition of XL to obtain: ( ) 222 4 LffX L π=  

and 
( ) 222 4 Lf'f'X L π=  

 
Divide the second of these equations 
by the first to obtain: 
 

( )
( ) 2

2

22

22

2

2

4
4

f
f'

Lf
Lf'

fX
f'X

L

L ==
π
π

 

( )
( ) 2

2

22

22

2

2

4
4

f
f'

Lf
Lf'

fX
f'X

L

L ==
π
π

 

or 
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( ) ( )fX
f
f'f'X LL

2
2

2
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=  

 
Substitute numerical values to 
obtain: ( ) ( )

22

2
2

1

1
2

3
16

3
116

Hz60
s60
s240Hz240

RR

XX LL

=⎟
⎠
⎞

⎜
⎝
⎛=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= −

−

 

 
Substitute in equation (1) to obtain: ( )

397.0
19
3

3
16

cos
22

Hz240

==

+
=

RR

Rδ

 

 
*44 ••  
Picture the Problem We can apply Kirchhoff’s loop rule to obtain expressions for IR and 
IL and then use trigonometric identities to show that I = IR + IL = Imax cos (ωt − δ), where 
tan δ = R/XL and Imax = εmax/Z with 222 −−− += LXRZ . 

 
(a) Apply Kirchhoff’s loop rule to a 
clockwise loop that includes the 
source and the resistor: 
 

0cosmax =− RIt Rωε  

Solve for IR: 
t

R
IR ωε cosmax=  

 
(b) Apply Kirchhoff’s loop rule to a 
clockwise loop that includes the 
source and the inductor: 
 

( ) 090cosmax =−°− LL XItωε  

because the current lags the potential 
difference across the inductor by 90°. 

Solve for IL: ( )°−= 90cosmax t
X

I
L

L ωε
 

 
(c) Express the current drawn from 
the source in terms of Imax and the 
phase constant δ: 
 

( )δω −=+= tIIII LR cosmax  

Use a trigonometric identity to 
expand cos(ωt − δ): 

( )
δωδω

δωδω
sinsincoscos

sinsincoscos

maxmax

max

tItI
ttII

+=
+=
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From our results in (a): 

( )

t
X

t
R

t
X

t
R

III

L

L

LR

ωω

ω

ω

εε

ε

ε

sincos

90cos

cos

maxmax

max

max

+=

°−+

=+=

 

 
A useful trigonometric identity is: 

( )δω

ωω

−+=

+

tBA

tBtA

cos

sincos
22

 

where 

A
B1tan−=δ  

 
Apply this identity to obtain: 
 ( )δωεε

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟

⎠
⎞

⎜
⎝
⎛= t

XR
I

L

cos
2

max
2

max  (1) 

and 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

= −−

L

L

X
R

R

X 1

max

max

1 tantan ε

ε
δ           (2) 

 
Simplify equation (1) and rewrite 
equation (2) to obtain: ( )

( )

( )

( )δω

δω

δω

δω

ε

ε

ε

εε

−=

−⎟
⎠
⎞

⎜
⎝
⎛=

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟

⎠
⎞

⎜
⎝
⎛=

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟

⎠
⎞

⎜
⎝
⎛=

t
Z

t
Z

t
XR

t
XR

I

L

L

cos

cos1

cos11

cos

max

2

max

22

max

2

max
2

max

 

where 

LX
R

=δtan and 222
111

LXRZ
+=  

 
45 ••  
Picture the Problem We can use the complex numbers method to find the impedances of 
the parallel portion of the circuit and the total impedance of the circuit. We can then use 
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Kirchhoff’s loop rule to obtain an expression for the current drawn form the source. 
Knowing the current drawn from the source, we can find the potential difference across 
the parallel portion of the circuit and then use this information to find the currents drawn 
by the load and the inductor. 
 
(a) Express the rms currents in R, 
C, and RL: 
 

Z
IR

rms
rms ,

ε
= ,

L
R R

V
I

L

rmsp,
rms , = ,and 

L
L X

V
I rmsp,

rms , =  

 
Express the total impedance of the 
circuit: 
 

pZRZ +=  

where Zp is the impedance of the parallel 
branch of the circuit. 
 

Use complex numbers to relate Zp 
to RL and XC: LL

LL

LL XiR
iXR

iXRZ
+

=+=
111

p

 

or 

LL

LL

iXR
XiRZ
+

=p  

 
Multiple the numerator and 
denominator of this fraction by the 
complex conjugate of RL + iXL and 
simplify to obtain: 
 

22

2

22

2

p

LL

LL

LL

LL

LL

LL

LL

LL

XR
XRi

XR
XR

iXR
iXR

iXR
XiRZ

+
+

+
=

−
−

+
=

 

Substitute numerical values and 
evaluate XL: 
 

( )( ) Ω==

==
− 1.10mH2.3s5002

2
1π

πω fLLX L  

 
Substitute numerical values and 
evaluate Zp: 

( )( )
( ) ( )

( ) ( )
( ) ( )

( )Ω+Ω=
Ω+Ω
ΩΩ

+

Ω+Ω
ΩΩ

=

05.806.4
1.1020
1.1020

1.1020
1.1020

22

2

22

2

p

i

i

Z

 

and 

( ) ( ) Ω=Ω+Ω= 02.905.806.4 22
pZ  

 
Substitute to evaluate Z: ( )

( )Ω+Ω=
Ω+Ω+Ω=

05.803.8
05.803.44

i
iZ
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and 

( ) ( ) Ω=Ω+Ω= 4.1105.803.8 22Z  

 
Express and evaluate the power 
factor: 
 

706.0
4.11

05.8cos =
Ω
Ω

==
Z
Rδ  

 
Apply Kirchhoff’s loop rule to 
obtain: 
 

0rms,rms =− ZIRε  

Solve for and evaluate IR, rms: A20.6
4.11

2V100rms
rms , =

Ω
==

Z
IR

ε
 

 
Express and evaluate Vp, rms: 
 ( )( ) V8.559A20.6

prms,rms p,

=Ω=

= ZIV
LR  

 
Substitute numerical values and 
evaluate IR, rms: 

A79.2
20

V8.55
rms , =

Ω
=

LRI  

 
Substitute numerical values and 
evaluate IL, rms: 
 

A52.5
1.10

V8.55
rms , =

Ω
=LI  

(b) Proceed as in (a) with  
f = 2000 Hz. Substitute numerical 
values and evaluate XL: 
 

( )( ) Ω==

==
− 2.40mH2.3s20002

2
1π

πω fLLX L  

 

Substitute numerical values and 
evaluate Zp: 

( )( )
( ) ( )

( ) ( )
( ) ( )

( )Ω+Ω=
Ω+Ω
ΩΩ

+

Ω+Ω
ΩΩ

=

98.70.16
2.4020
2.4020

2.4020
2.4020

22

2

22

2

p

i

i

Z

 

and 

( ) ( ) Ω=Ω+Ω= 9.1798.70.16 22
pZ  

 
Substitute to evaluate Z: ( )

( )Ω+Ω=
Ω+Ω+Ω=

98.70.20
97.70.164

i
iZ

 

and 

( ) ( ) Ω=Ω+Ω= 5.2198.70.20 22Z  
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Find the power factor: 
 

930.0
5.21
0.20cos =
Ω
Ω

==
Z
Rδ  

 
Apply Kirchhoff’s loop rule to 
obtain: 
 

0rms,rms =− ZIRε  

Solve for and evaluate IR, rms: A29.3
5.21

2V100rms
rms , =

Ω
==

Z
IR

ε
 

 
Express and evaluate Vp, rms: 
 ( )( ) V9.589.17A29.3

prms,rms p,

=Ω=

= ZIV
LR  

 
Substitute numerical values and 
evaluate IR, rms: 

A95.2
20

V9.58
rms , =

Ω
=

LRI  

 
Substitute numerical values and 
evaluate IL, rms: 
 

A47.1
2.40

V9.58
rms , =

Ω
=LI  

(c) Express the fraction of the 
power dissipated in the resistor: δε cosrms ,rms

2
rm ,

tot

rms,

R

LRL

I
RI

P
P

L=  

 
Evaluate this fraction for  
f = 500 Hz: 

( ) ( )
( )( )

%3.50503.0

706.0A20.6
2
V100

20A79.2 2

Hz500tot

rms,

==

⎟
⎠
⎞

⎜
⎝
⎛

Ω
=

=f

L

P
P

 

 
When f = 2000 Hz: ( ) ( )

( )( )

%4.80804.0

930.0A29.3
2
V100

20A95.2 2

Hz2000tot

rms,

==

⎟
⎠
⎞

⎜
⎝
⎛

Ω
=

=f

L

P
P

 
46 ••  
Picture the Problem We can treat the ac and dc components separately. For the dc 
component, L acts like a short circuit. For convenience we let ε1 denote the maximum 
value of the ac emf. We can use 2,1

2
1 RP ε= to find the power dissipated in the resistors 

due to the dc source. We’ll apply Kirchhoff’s loop rule the loop including L, R1, and R2 to 
derive an expression for the power dissipated in the resistors due to the ac source. Note 
that only the power dissipated in the resistor R2 due to the ac source is frequency 
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dependent. 
 
(a) Express the total power 
dissipated in R1 and R2: 
 

acdc PPP +=                            (1) 

Express and evaluate the dc power 
dissipated in R1 and R2: 
 

( ) W6.25
10

V16 2

1

2
2

dc,1 =
Ω

==
R

P ε
 

and 
( ) W0.32

8
V16 2

2

2
2

dc,2 =
Ω

==
R

P ε
 

 
Express and evaluate the average ac 
power dissipated in R1: 
 

( ) W0.20
10

V20
2
1

2
1 2

1

2
1

ac,1 =
Ω

==
R

P ε
 

 
Apply Kirchhoff’s loop rule to a 
clockwise loop that includes R1, L, 
and R2: 
 

02211 =− IZIR  

Solve for I2: 

2

1

1

1

2

1
1

2

1
2 ZRZ

RI
Z
RI εε

===  

 
Express the average ac power 
dissipated in R2: 
 

2
2

2
2

1
2

2

2

1
2
1

2
2
22

1
ac ,2 2

1
Z

RR
Z

RIP εε
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
==  

 
Substitute numerical values and 
evaluate P2, ac: 

( ) ( )
( ) { }{ }( )[ ]

W5.20
mH6s10028

8V20
2
1

212

2

ac ,2

=
+Ω

Ω
=

−π
P

 

 
Substitute in equation (1) to obtain: W6.45W0.20W6.251 =+=P  

W5.52W5.20W0.322 =+=P  

and 
W1.9821 =+= PPP  

 
(b) Proceed as in (a) to evaluate P2, 

ac with f = 200 Hz: 
( ) ( )

( ) { }{ }( )[ ]
W2.13

mH6s20028
8V20

2
1

212

2

ac ,2

=
+Ω

Ω
=

−π
P
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Substitute in equation (1) to obtain: W6.45W0.20W6.251 =+=P  

W2.45W2.13W0.322 =+=P  

and 
W8.9021 =+= PPP  

 
(c) Proceed as in (a) to evaluate P2, ac 
with f = 800 Hz: 

( ) ( )
( ) { }{ }( )[ ]

W64.1
mH6s80028

8V20
2
1

212

2

ac ,2

=
+Ω

Ω
=

−π
P

 

 
Substitute in equation (1) to obtain: W6.45W0.20W6.251 =+=P  

W6.33W64.1W0.322 =+=P  

and 
W2.7921 =+= PPP  

 
47 ••  
Picture the Problem We can use the phasor diagram for an RC circuit to find the voltage 
across the resistor. 
 
Sketch the phasor diagram for the voltages 
in the circuit: 
 

 
 

Use the Pythagorean theorem to 
express VR: 
 

22
rms CR VV −= ε  

Substitute numerical values and 
evaluate VR: 

( ) ( ) V0.60V80V100 22 =−=RV  

 
Filters and Rectifiers 
 
*48 ••  
Picture the Problem We can use Kirchhoff’s loop rule to obtain a differential equation 
relating the input, capacitor, and resistor voltages. We’ll then assume a solution to this 
equation that is a linear combination of sine and cosine terms with coefficients that we 
can find by substitution in the differential equation. Repeating this process for the output 
side of the filter will yield the desired equation. 
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Apply Kirchhoff’s loop rule to the 
input side of the filter to obtain: 
 

0in =−− IRVV  
where V is the potential difference across 
the capacitor. 
 

Substitute for Vin and I to obtain: 
0cospeak =−−

dt
dQRVtV ω  

 
Because Q = CV: 
 [ ]

dt
dVCCV

dt
d

dt
dQ

==  

 
Substitute for dQ/dt to obtain: 
 0cospeak =−−

dt
dVRCVtV ω  

the differential equation describing the 
potential difference across the capacitor. 
 

Assume a solution of the form: 
 

tVtVV ωω sincos sc +=  

Substitution of this assumed 
solution and its first derivative in 
the differential equations, followed 
by equating the coefficients of the 
sine and cosine terms, yields two 
coupled linear equations: 
 

peaksc VRCVV =+ω  
and 

0cs =− RCVV ω  

Solve these equations 
simultaneously to obtain: ( ) peak2c 1

1 V
RC

V
ω+

=  

and  

( ) peak2s 1
V

RC
RCV
ω
ω

+
=  

 
Note that the output voltage is the 
voltage across the resistor and that it 
is phase shifted relative to the input 
voltage: 
 

( )δω −= tVV cosHout  
where VH is the amplitude of the signal. 

Assume that VH is of the form: 
 

tvtvtV ωω sincos)( scH +=  

The input, output, and capacitor 
voltages are related according to: 
  

( ) ( ) ( )tVtVtV −= inH  

Substitute for ( )tVH , ( )tVpeak , and 

( )tV  and use the previously 
established values for Vc and Vs to 
obtain: 
 

cpeakc VVv −=  
and 

ss Vv −=  

Substitute for Vc and Vs to obtain: ( )
( ) peak2

2

c 1
V

RC
RCv
ω

ω
+

=  
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and 

( ) peak2s 1
V

RC
RCv
ω
ω

+
−=  

 
VH, vc, and vs are related according 
to the Pythagorean relationship: 
 

2
s

2
cH vvV +=  

Substitute for vc and vs to obtain: 

( )

2

peak

peak2H

11

1

⎟
⎠
⎞

⎜
⎝
⎛+

=

+
=

RC

V

V
RC

RCV

ω

ω

ω

 

 
49 ••  
Picture the Problem We can use some of the intermediate results from Problem 48 to 
express the tangent of the phase constant. 
 
(a) Because, as was shown in 

Problem 48, 2
s

2
cH vvV += : c

stan
v
v

=δ  

 
Also from Problem 48: ( )

( ) peak2

2

c 1
V

RC
RCv
ω

ω
+

=  

and 

( ) peak2s 1
V

RC
RCv
ω
ω

+
−=  

 
Substitute to obtain:  

( )
( )
( )

RC
V

RC
RC

V
RC

RC

ω
ω

ω
ω
ω

δ 1

1

1tan

peak2

2

peak2

−=

+

+
−

=  

 
(b) Solve for δ: 

⎥⎦
⎤

⎢⎣
⎡−= −

RCω
δ 1tan 1  

 
As ω → 0: 
 

°−→ 90δ  

 
(c) As ω → ∞: 
 

0→δ  

 
50 ••  
Picture the Problem We can use the results obtained in Problems 48 and 49 to find f3 dB 
and to plot graphs of log(Vout) versus log(f) and δ  versus log(f). 



Chapter 29 
 

 

736 

(a) Express the ratio Vout/Vin: 

2
peak

2

peak

in

out

11

1
11

⎟
⎠
⎞

⎜
⎝
⎛+

=
⎟
⎠
⎞

⎜
⎝
⎛+

=

RC

V
RC

V

V
V

ω

ω
 

 
When 2/inout VV = : 

2
1

11

1
2
=

⎟
⎠
⎞

⎜
⎝
⎛+

RCω

 

 
Square both sides of the equation 
and solve for ωRC to obtain: 
 

1=RCω ⇒ 
RC
1

=ω ⇒ 
RC

f
π2
1

dB 3 =  

Substitute numerical values and 
evaluate f3 dB: ( )( ) Hz531

nF15k202
1

dB 3 =
Ω

=
π

f  

 
(b) From Problem 48 we have: 

2

peak
out

11 ⎟
⎠
⎞

⎜
⎝
⎛+

=

RC

V
V

ω

 

 
From Problem 49 we have: 

⎥⎦
⎤

⎢⎣
⎡−= −

RCω
δ 1tan 1  

 
Rewrite these expressions in terms 
of f3 dB to obtain: 
 

2

dB 3

peak

2

peak
out

1
2

11 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

f
f

V

fRC

V
V

π

 

and 

⎥
⎦

⎤
⎢
⎣

⎡
−=⎥

⎦

⎤
⎢
⎣

⎡
−= −−

f
f

fRC
dB 311 tan

2
1tan

π
δ  

 
A spreadsheet program to generate the data for a graph of Vout versus f  and δ versus f is 
shown below. The formulas used to calculate the quantities in the columns are as follows: 
 

Cell Formula/Content Algebraic Form
B1 2.00E+03 R 
B2 1.50E−08 C 
B3 1 Vpeak 
B4 531 f3 dB 
A8 53 0.1f3 dB 
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C8 $B$3/SQRT(1+(1($B$4/A8))^2)
2

dB 3

peak

1 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

f
f

V
 

D8 LOG(C8) log(Vout) 
E8 ATAN(−$B$4/A8) 

⎥
⎦

⎤
⎢
⎣

⎡
−−

f
f dB 31tan  

F8 E8*180/PI() δ in degrees  
 

 A B C D E F 
1 R= 2.00E+04 ohms    
2 C= 1.50E−08 F    
3 V_peak= 1 V    
4 f_3 dB= 531 Hz    
5       
6       
7 f log(f) V_out log(V_out) delta(rad) delta(deg) 
8 53 1.72 0.099 −1.003 −1.471 −84.3 
9 63 1.80 0.118 −0.928 −1.453 −83.2 

10 73 1.86 0.136 −0.865 −1.434 −82.2 
11 83 1.92 0.155 −0.811 −1.416 −81.1 

       
55 523 2.72 0.702 −0.154 −0.793 −45.4 
56 533 2.73 0.709 −0.150 −0.783 −44.9 
57 543 2.73 0.715 −0.146 −0.774 −44.3 

       
531 5283 3.72 0.995 −0.002 −0.100 −5.7 
532 5293 3.72 0.995 −0.002 −0.100 −5.7 
533 5303 3.72 0.995 −0.002 −0.100 −5.7 
534 5313 3.73 0.995 −0.002 −0.100 −5.7  

 
The following graph of log(Vout) versus log(f) was plotted for Vpeak = 1 V.  

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

1.5 2.0 2.5 3.0 3.5 4.0

log(f )

lo
g(

V
ou

t)

 
A graph of δ in degrees as a function of log(f) follows. 
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-10
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log(f )

de
lta

 (d
eg

re
es

)

 
Referring to the spreadsheet program, we see that when f = f3 dB, .9.44 °−≈δ  This 

result is in good agreement with its calculated value of −45.0°. 
 
51 •••   
Picture the Problem We can use Kirchhoff’s loop rule to obtain a differential equation 
relating the input, capacitor, and resistor voltages. Because the voltage drop across the 
resistor is small compared to the voltage drop across the capacitor, we can express the 
voltage drop across the capacitor in terms of the input voltage. 
 
Apply Kirchhoff’s loop rule to the 
input side of the filter to obtain: 
 

0in =−− IRVV C  
where VC is the potential difference across 
the capacitor. 
 

Substitute for Vin and I to obtain: 
0cos cpeak =−−

dt
dQRVtV ω  

 
Because Q = CVC: 
 [ ]

dt
dVCCV

dt
d

dt
dQ C

C ==  

 
Substitute for dQ/dt to obtain: 
 0cospeak =−−

dt
dVRCVtV C

Cω  

the differential equation describing the 
potential difference across the capacitor. 
 

Because the voltage drop across the 
resistor is very small compared to 
the voltage drop across the 
capacitor: 
 

0cospeak ≈− CVtV ω  
and 

tVVC ωcospeak≈  
 

Consequently, the potential 
difference across the resistor is 
given by: 

[ ]tV
dt
dRC

dt
dVRCV C

R ωcospeak≈=  
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52 ••  
Picture the Problem We can use the expression for VH from Problem 48 and the 
definition of β given in the problem to show that every time the frequency is halved, the 
output drops by 6 dB. 
 
From Problem 48: 

2

peak
H

11 ⎟
⎠
⎞

⎜
⎝
⎛+

=

RC

V
V

ω

 

or 

2
peak

H

11

1

⎟
⎠
⎞

⎜
⎝
⎛+

=

RC

V
V

ω

 

 
Express this ratio in terms of f and 
f3 dB: 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

2
dB 3

2
2
dB 3

2

dB 3
peak

H

11

1

f
ff

f

f
fV

V
 

 
For f << f3dB: 

dB 3

2
dB 3

2
2
dB 3

peak

H

1
f
f

f
ff

f
V
V

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

≈  

 
From the definition of β  we have: 

peak

H
10log20

V
V

=β  

 
Substitute for VH/Vpeak to obtain: 

dB 3
10log20

f
f

=β  

 
Doubling the frequency yields: 

dB 3
10

2log20
f

f' =β  

 
The change in decibel level is: 

dB02.62log20

log202log20

10

dB 3
10

dB 3
10

==

−=

−=∆

f
f

f
f

' βββ

 

 
*53 ••  
Picture the Problem We can express the instantaneous power dissipated in the resistor 
and then use the fact that the average value of the square of the cosine function over one 
cycle is ½ to establish the given result. 
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The instantaneous power P(t) 
dissipated in the resistor is: R

VtP
2

out)( =  

 
The output voltage Vout is: ( )δω −= tVV cosHout  

 
From Problem 48: 

2

peak
H

11 ⎟
⎠
⎞

⎜
⎝
⎛+

=

RC

V
V

ω

 

 
Substitute in the expression for P(t) 
to obtain: 
 

( )

( )δω

ω

δω

−

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛+

=

−=

t

RC
R

V

t
R

VtP

2
2

2
peak

2
2

H

cos
11

cos)(

 

 
Because the average value of the 
square of the cosine function over 
one cycle is ½: 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛+

=
2

2
peak

ave
112
RC

R

V
P

ω

 

 
Simplify this expression to obtain: ( )

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+
= 2

22
peak

ave 12 RC
RC

R
V

P
ω

ω
 

 
54 ••  
Picture the Problem We can solve the expression for VH from Problem 48 for the 
required capacitance of the capacitor. 
 
From Problem 48: 

2

peak
H

11 ⎟
⎠
⎞

⎜
⎝
⎛+

=

RC

V
V

ω

 

 
We require that: 

10
1

11

1
2

peak

H =

⎟
⎠
⎞

⎜
⎝
⎛+

=

RC

V
V

ω

 

or 

10
1

1
2

=⎟
⎠

⎞
⎜
⎝

⎛+
RCω

 

 
Solve for C to obtain: 
 RfR

C
992
1

99
1

πω
==  
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Substitute numerical values and 
evaluate C: ( )( )

nF3.13
Hz60k20992

1
=

Ω
=

π
C  

 
55 ••  
Picture the Problem We can use Kirchhoff’s loop rule to obtain a differential equation 
relating the input, capacitor, and resistor voltages. We’ll then assume a solution to this 
equation that is a linear combination of sine and cosine terms with coefficients that we 
can find by substitution in the differential equation. The solution to these simultaneous 
equations will yield the amplitude of the output voltage. 
 
Apply Kirchhoff’s loop rule to the 
input side of the filter to obtain: 
 

0in =−− VIRV  
where V is the potential difference across 
the capacitor. 
 

Substitute for Vin and I to obtain: 
0cospeak =−− V

dt
dQRtV ω  

 
Because Q = CV: 
 [ ]

dt
dVCCV

dt
d

dt
dQ

==  

 
Substitute for dQ/dt to obtain: 
 0cospeak =−− V

dt
dVRCtV ω  

the differential equation describing the 
potential difference across the capacitor. 
 

Assume a solution of the form: 
 

tVtVV ωω sincos sc +=  

Substitution of this assumed 
solution and its first derivative in 
the differential equation, followed 
by equating the coefficients of the 
sine and cosine terms, yields two 
coupled linear equations: 
 

peaksc VRCVV =+ω  
and 

0cs =− RCVV ω  

Solve these equations 
simultaneously to obtain: ( ) peak2c 1

1 V
RC

V
ω+

=  

and  

( ) peak2s 1
V

RC
RCV
ω
ω

+
=  

 
Note that the output voltage is the 
voltage across the capacitor and that 
it is phase shifted relative to the 
input voltage: 
 

( )δω −= tVV L cosout  
where VL is the amplitude of the signal. 

VL, Vc, and Vs are related according 
to the Pythagorean relationship: 
 

2
s

2
c VVVL +=  
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Substitute for Vc and Vs to obtain: 
 

( ) ( )

2

peak2

2

peak2 11
1

⎥
⎦

⎤
⎢
⎣

⎡
+

+⎥
⎦

⎤
⎢
⎣

⎡
+

= V
RC

RCV
RC

VL ω
ω

ω
 

 
Simplify algebraically to obtain: 

( )2
peak

1 RC

V
VL

ω+
=  

 
0.  ,  As .  0,  As peak →∞→→→ LL VfVVf  

 
56 ••  
Picture the Problem We can use some of the intermediate results from Problem 55 to 
express the tangent of the phase constant. 
 
From Problem 55: 2

s
2

c VVVL +=  

where 
c

stan
V
V

=δ  

 
Also from Problem 55: 

( ) peak2c 1
1 V
RC

V
ω+

=  

and 

( ) peak2s 1
V

RC
RCV
ω
ω

+
=  

 
Substitute to obtain:  

( )

( )

RC
V

RC

V
RC

RC

ω

ω

ω
ω

δ =

+

+=
peak2

peak2

1
1

1tan  

 
Solve for δ: ( )RCωδ 1tan−=  

 
As ω → 0: 
 

0→δ  

 
(c) As ω → ∞: 
 

°→ 90δ  

Remarks: See the spreadsheet solution in the following problem for additional 
evidence that our answer for Part (c) is correct. 
 
*57 ••  
Picture the Problem We can use the expressions for VL and δ derived in Problem 56 to 
plot the graphs of VL versus f and δ  versus f for the low-pass filter of Problem 55. We’ll 
simplify the spreadsheet program by expressing both VL and δ as functions of f3 dB. 
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From Problem 56 we have: 

( )2
peak

1 RC

V
VL

ω+
=  

and 
( )RCωδ 1tan−=  

 
Rewrite each of these expressions in terms 
of f3 dB to obtain: 
 ( ) 2

dB 3

peak

2

peak

1
21

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=
+

=

f
f

V

fRC

V
VL

π
 

and 

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
== −−

dB 3

11 tan2tan
f

ffRCπδ  

 
A spreadsheet program to generate the data for graphs of VL versus f and δ  versus f for 
the low-pass filter is shown below. Note that Vpeak has been arbitrarily set equal to 1 V. 
The formulas used to calculate the quantities in the columns are as follows: 
 

Cell Formula/Content Algebraic Form
B1 2.00E+03 R 
B2 5.00E−09 C 
B3 1 Vpeak 
B4 (2*PI()*$B$1*$B$2)^−1 f3 dB 
B8 $B$3/SQRT(1+((A8/$B$4)^2))

2

dB 3

peak

1 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

f
f

V
 

C8 ATAN(A8/$B$4) 
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛−

dB 3

1tan
f
f

 

D8 C8*180/PI() δ in degrees  
 

 A B C D 
1 R= 1.00E+04 ohms  
2 C= 5.00E−09 F  
3 V_peak= 1 V  
4 f_3 dB= 3.183 kHz  
5     
6 f(kHz) V_out delta(rad) delta(deg)
7 0 1.000 0.000 0.0 
8 1 0.954 0.304 17.4 
9 2 0.847 0.561 32.1 

10 3 0.728 0.756 43.3 
     

54 47 0.068 1.503 86.1 
55 48 0.066 1.505 86.2 
56 49 0.065 1.506 86.3 
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57 50 0.064 1.507 86.4  
 
A graph of Vout as a function of  f  follows: 
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A graph of δ as a function of  f  follows: 
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58 •••  
Picture the Problem We can use Kirchhoff’s loop rule to obtain a differential equation 
relating the input, capacitor, and resistor voltages. We’ll then assume a solution to this 
equation that is a linear combination of sine and cosine terms with coefficients that we 
can find by substitution in the differential equation. The solution to these simultaneous 
equations will yield the amplitude of the output voltage. 
 
Apply Kirchhoff’s loop rule to the 
input side of the filter to obtain: 
 

0in =−− CVIRV  
where VC is the potential difference across 
the capacitor. 

Substitute for Vin and I to obtain: 
0cospeak =−− CV

dt
dQRtV ω  
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Because Q = CVC: 
 [ ]

dt
dVCCV

dt
d

dt
dQ C

C ==  

 
Substitute for dQ/dt to obtain: 
 0cospeak =−− C

C V
dt

dVRCtV ω  

the differential equation describing the 
potential difference across the capacitor. 
 

The output voltage is the voltage 
across the capacitor.  Because this 
voltage is small : 
 

0cospeak ≈−
dt

dVRCtV Cω  

Separate the variables in this 
differential equation and solve for 
VC: 

dttV
RC

VC ∫= ωcos1
peak  

 
*59 •••  
Picture the Problem We can apply Kirchhoff’s loop rule to both the input side and 
output side of the trap filter to obtain an expression for the impedance of the trap. 
Requiring that the impedance of the trap be zero will yield the frequency at which the 
circuit rejects signals. Defining the bandwidth as trapωωω −=∆ and requiring that 

Ztrap = R  will yield an expression for the bandwidth and reveal its dependence on R. 
 
Apply Kirchhoff’s loop rule to the 
output of the trap circuit to obtain: 
 

0out =−− CL IXIXV  

Solve for Vout: ( ) trapCL IZXXIV =+=out           (1) 

where CLtrap XXZ +=  
 

Apply Kirchhoff’s loop rule to the 
input of the trap circuit to obtain: 
 

0in =−−− CL IXIXIRV  

Solve for I: 

trapCL ZR
V

XXR
VI

+
=

++
= inin  

 
Substitute for I in equation (1) to 
obtain: 

trap

trap

ZR
Z

VV
+

= inout  

 
Because LiX L ω= and 

C
iXC ω

−
= : 

 

⎟
⎠
⎞

⎜
⎝
⎛ −=

C
LiZtrap ω

ω 1
 

Note that Ztrap = 0 and Vout = 0 
provided: 

LC
1

=ω  
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Let the bandwidth ∆ω be: 
 trapωωω −=∆                           (2) 

 
Let the frequency bandwidth to be 
defined by the frequency at 
which RZtrap = . Then: 

 

R
C

L =−
ω

ω 1
 

or 
ω2LC −1= ωRC  
 

Because 
LCtrap
1

=ω : RC
trap

ω
ω
ω

=−⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
1

2

 

 
For ω ≈ ωtrap: 

RCtrap
trap

trap ω
ω
ωω

≈⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ − 22

 

 
Solve for 22

trapωω − : ( )( )traptraptrap ωωωωωω +−=− 22  
 

Because ω ≈ ωtrap, 
traptrap ωωω 2≈− : 

 

( )traptraptrap ωωωωω −≈− 222  

Substitute in equation (2) to obtain: 

L
RRC trap

trap 22

2

==−=∆
ω

ωωω  

 
60 ••  
Picture the Problem For voltages greater than 0.6 V, the output voltage will mirror the 
input voltage minus a 0.6 V drop.  But when the voltage swings below 0.6 V, the output 
voltage will be 0.  A spreadsheet program was used to plot the following graph. The 
angular frequency and the peak voltage were both arbitrarily set equal to one. 
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61 ••  
Picture the Problem We can use the decay of the potential difference across the 
capacitor to relate the time constant for the RC circuit to the frequency of the input signal. 
Expanding the exponential factor in the expression for VC will allow us to find the 
approximate value for C that will limit the variation in the output voltage by less than 50 
percent (or any other percentage). 
 
The voltage across the capacitor is 
given by: 
 

RCt
C eVV −= in  

Expand the exponential factor to 
obtain: 
 

t
RC

e RCt 11−≈−  

For a decay of less than 50 percent: 
 5.011 ≤− t

RC
 

Solve for C to obtain: 
 t

R
C 2
≤  

 
Because the voltage goes positive 
every cycle, t = 1/60 s and: F3.33s

60
1

k1
2 µ=⎟

⎠
⎞

⎜
⎝
⎛

Ω
≤C  

 
LC Circuits with a Generator 
 
62 ••  
Picture the Problem We know that the current leads the voltage across and capacitor 
and lags the voltage across an inductor. We can use LL XI maxmax, ε= and 

CC XI maxmax, ε= to find the amplitudes of these currents. The current in the generator 

will vanish under resonance conditions, i.e., when CL II = . To find the currents in the 

inductor and capacitor at resonance, we can use the common potential difference across 
them and their reactances … together with our knowledge of the phase relationships 
mentioned above. 
 
(a) Express the amplitudes of the 
currents through the inductor and 
the capacitor: 

L
L X

I max
max,

ε
=  

and 

C
C X

I max
max,

ε
=  

 
Express XL and XC: LX L ω= and 

C
XC ω

1
=  
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Substitute to obtain: 
 ( )

°=

=

90by   lagging ,V/H25

H4
V100

max,

ε
ω

ωLI
 

and 

( )
( )

°
⋅×

=

=

−

90by   leading
 ,FV105.2

F25
1

V100

3

max,

ε
ω

ωµ

CI

 

 
(b) Express the condition that  
I = 0: 

CL II =  

or 

εεε ω

ω
ω

C

C
L

== 1  

 
Solve for ω to obtain: 
 LC

1
=ω  

 
Substitute numerical values and 
evaluate ω: 
 

( )( )
rad/s100

F25H4
1

==
µ

ω  

(c) Express the current in the 
inductor at ω = ω0: 
 

( )[ ]

( ) ( )[ ]t

tIL

1

1

s100sinA250.0

90rad/s100cos
s100

V/H25

−

−

=

°−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

 

 
Express the current in the capacitor 
at ω = ω0: 
 

( )( )
( )[ ]

( ) ( )[ ]t
t

IC

1

13

s100sinA25.0

90rad/s100cos
s100FV105.2

−

−−

−=

°+×
⋅×=

 

 
(d) The phasor diagram is shown to 
the right.  
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63 ••  
Picture the Problem We can differentiate Q with respect to time to find I as a function 
of time. In (b) we can find C by using LC1=ω . The energy stored in the magnetic 
field of the inductor is given by 2

2
1

m LIU = and the energy stored in the electric field of 

the capacitor by 
C
QU

2

2
1

e = . 

 
(a) Use the definition of current to 
obtain: 
 

( )

( )( )

( ) ⎟
⎠
⎞

⎜
⎝
⎛ +−=

⎟
⎠
⎞

⎜
⎝
⎛ +−=

⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ +==

−

4
1250sinmA75.18

4
1250sins1250C15

4
1250cosC15

1

π

πµ

πµ

t

t

t
dt
d

dt
dQI

 

 
(b) Relate C to L and ω:  

LC
1

=ω  

 
Solve for C to obtain: 

L
C 2

1
ω

=  

 
Substitute numerical values and 
evaluate C: 
 

( ) ( )
F86.22

mH28s1250
1
21

µ==
−

C  

(c) Express and evaluate the magnetic energy Um: 
 

( )( )

( ) ⎟
⎠
⎞

⎜
⎝
⎛ +=

⎟
⎠
⎞

⎜
⎝
⎛ +==

4
1250sinJ92.4

4
1250sinmA75.18mH28

2

22
2
12

2
1

m

πµ

π

t

tLIU
 

 
Express and evaluate the electrical 
energy Ue: 

( )

( ) ⎟
⎠
⎞

⎜
⎝
⎛ +=

⎟
⎠
⎞

⎜
⎝
⎛ +=

=

4
1250cosJ92.4

4
1250cos

F86.22
F15

2

2
2

2
1

2

2
1

e

πµ

π
µ

µ

t

t

C
QU

 

 
The total energy stored in the electric and magnetic fields is: 
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( ) ( ) J92.4
4

1250cosJ92.4
4

1250sinJ92.4 22
em µπµπµ =⎟

⎠
⎞

⎜
⎝
⎛ ++⎟

⎠
⎞

⎜
⎝
⎛ +=+= ttUUU  

 
*64 •••  
Picture the Problem We can use the definition of the capacitance of a dielectric-filled 
capacitor and the expression for the resonance frequency of an LC circuit to derive an 
expression for the fractional change in the thickness of the dielectric in terms of the 
resonance frequency and the frequency of the circuit when the dielectric is under 
compression. We can then use this expression for ∆t/t to calculate the value of Young’s 
modulus for the dielectric material. 
 
Use its definition to express 
Young’s modulus of the dielectric 
material: 
 

tt
PY

∆
∆

==
strain
stress

                    (1) 

Letting t be the initial thickness of 
the dielectric, express the initial 
capacitance of the capacitor: 
 

t
AC 0

0
∈

=
κ

 

Express the capacitance of the 
capacitor when it is under 
compression: 
 

tt
AC

∆−
∈

= 0
c

κ
 

Express the resonance frequency of 
the capacitor before the dielectric is 
compressed: 
 

t
ALLC 00

0
11
∈

==
κ

ω  

When the dielectric is compressed: 

tt
ALLC
∆−

∈
==

0c
c

11
κ

ω  

 
Express the ratio of ωc to ω0 and 
simplify to obtain: 

t
t

tt
AL

t
AL

∆
−=

∆−
∈

∈

= 1
0

0

0

c

κ

κ

ω
ω

 

 
Expand the radical binomially to 
obtain: t

t
t
t

2
11

21

0

c ∆
−≈⎟

⎠
⎞

⎜
⎝
⎛ ∆
−=

ω
ω

 

provided ∆t << t. 
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Solve for ∆t/t: 
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

∆

0

c12
ω
ω

t
t

 

 
Substitute in equation (1) to obtain: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

∆
=

0

c12
ω
ω

PY  

 
Substitute numerical values and 
evaluate Y: 

( )( )

29 N/m1022.1

MHz120
MHz11612

kPa/atm325.101atm800

×=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

=Y

 

  
65 •••  
Picture the Problem We can model this capacitor as the equivalent of two capacitors 
connected in parallel. Let C1 be the capacitance of the dielectric-filled capacitor and C2 be 
the capacitance of the air-filled capacitor. We’ll derive expressions for the capacitances 
of the parallel capacitors and add these expressions to obtain C(x). We can then use the 
given resonance frequency when x = w/2 and the given value for L to evaluate C0. In Part 
(b) we can use our result for C(x) and the relationship between f, L, and C(x) at resonance 
to express f(x). 
 
(a) Express the equivalent 
capacitance of the two capacitors in 
parallel: 
 

( )
d
A

d
ACCxC 2010

21
∈

+
∈

=+=
κ

   (1) 

                

Express A2 in terms of the total area 
of a capacitor plate A, w, and the 
distance x: 
 

w
x

A
A

=2 ⇒
w
xAA =2  

 

Express A1 in terms of A and A2: 
 

⎟
⎠
⎞

⎜
⎝
⎛ −=−=

w
xAAAA 121  

 
Substitute in equation (1) and 
simplify to obtain: 
 

( )

⎥⎦
⎤

⎢⎣
⎡ −
−=

⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛ −

∈
=

∈
+⎟

⎠
⎞

⎜
⎝
⎛ −

∈
=

x
w

C

w
x

w
x

d
A

w
x

d
A

w
x

d
AxC

κ
κκ

κ

κ

11

1

1

0

0

00
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where 
d

AC 0
0

∈
=  

 
Find C(w/2): 

2
1

2
11

2
11

2

0

0

0

+
=

⎥⎦
⎤

⎢⎣
⎡ −
−=

⎥⎦
⎤

⎢⎣
⎡ −
−=⎟

⎠
⎞

⎜
⎝
⎛

κ
κ

κκ

κ
κκ

C

C

w
w

CwC

 

 
Express the resonance frequency of 
the circuit in terms of L and C(x): 
 

( )
( )xLC

xf
π2

1
=                           (2) 

Evaluate f(w/2): 
 

( ) 0

0

1
2

2
1

2
12

1
2

LC

LC

wf

+
=

+
=⎟

⎠
⎞

⎜
⎝
⎛

κπ

κπ
 

 
Solve for C0 to obtain: 
 ( )1

2
2

1
22

0

+⎟
⎠
⎞

⎜
⎝
⎛

=
κπ Lwf

C  

 
Substitute numerical values and evaluate 
C0: 
 

( ) ( )( )
F1039.5

18.4mH2MHz902
1

16

220

−×=

+
=

π
C

 

 
(b) Substitute for C(x) in equation 
(2) to obtain: 
 

( )
⎥⎦
⎤

⎢⎣
⎡ −
−

=

x
w

CL
xf

κ
κκπ 112

1

0

 

 
Substitute numerical values and evaluate f(x): 
 

( )
( )( )( ) ( )

( )x
x

xf
1

16 m96.31
MHz0.70

m2.08.4
18.41F1039.58.4mH22

1
−

− −
=

⎥
⎦

⎤
⎢
⎣

⎡ −
−×

=

π
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RLC Circuits with a Generator 
 
66 •  
Picture the Problem We can use the expression for the resonance frequency of a series 
RLC circuit to obtain an expression for C as a function of f. 
 
Express the resonance frequency as 
a function of L and C: 
 

LC
f 12 == πω  

Solve for C to obtain: 
  Lf

C 224
1

π
=  

 
Substitute numerical values and 
evaluate the smallest value for C: 
 

( ) ( )
nF89.9

H1kHz16004
1

22mallest

=

=
µπsC

 

 
Substitute numerical values and 
evaluate the largest value for C: 
 

( ) ( )
nF101

H1kHz5004
1

22largest

=

=
µπ

C
 

 
Therefore: nF101nF89.9 ≤≤ C  

 
67 •  
Picture the Problem The diagram shows 
the relationship between δ, XL, XC, and R. 
We can use this reference triangle to 
express the power factor for the circuit in 
Example 29-5. In (b) we can use the 
reference triangle to relate ω to tanδ.  
 
(a) Express the power factor for the 
circuit: 
 

( )22
cos

CL XXR

R
Z
R

−+
==δ  

Evaluate XL and XC: ( )( ) Ω=== − 800H2s400 1LX L ω  

and 

( )( ) Ω=== − 1250
F2s400

11
1 µωC

X C  
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Substitute numerical values and 
evaluate cosδ: ( ) ( )

0444.0

125080020

20cos
22

=

Ω−Ω+Ω

Ω
=δ

 

 
(b) Express tanδ: 

R
C

L

R
XX CL ω

ω
δ

1

tan
−

=
−

=  

 
Rewrite this equation explicitly as a 
quadratic equation in ω: 
  

01tan2 =−− δωω CRLC  

Substitute numerical values to obtain: 
 

( )( )[ ] ( )( ) ( )[ ] 015.0costan20F2F2H2 12 =−Ω− − ωµωµ  

or 
( ) ( ) 01s103.69s104 6226 =−×±× −− ωω  

 
Solve for ω to obtain: rad/s491=ω or rad/s509=ω  

 
68 •  
Picture the Problem The diagram shows 
the relationship between δ, XL, XC, and R. 
We can use this reference triangle to 
express the power factor for the given 
circuit. In (b) we can find the rms current 
from the rms potential difference and the 
impedance of the circuit. We can find the 
average power delivered by the source 
from the rms current and the resistance of 
the resistor. 

 
 

 

 
(a) The power factor is defined to 
be: ( )22

cos
CL XXR

R
Z
R

−+
==δ  

 
With no inductance in the circuit: 
 

0=LX  

and 

22
2

22 1
cos

C
R

R
XR

R

C

ω

δ
+

=
+

=  

 



Alternating-Current Circuits 
 

 

755

Substitute numerical values and 
evaluate cosδ: ( ) ( ) ( )

539.0

F20s400
180

80cos

221

2

=

+Ω

Ω
=

− µ

δ

 

 
(b) Express the rms current in the 
circuit: 
 

22
2

max

22

max

rms
rms

12

2

C
R

XRZ
I

C

ω

ε

ε
ε

+
=

+
==

 

 
Insert numerical values and evaluate 
Irms: 
 

( ) ( ) ( )
mA3.95

F20s400
1802

V20

221

2
rms

=

+Ω
=

− µ

I

 

 
(c) Express and evaluate the average 
power delivered by the generator: 

( ) ( )
W727.0

80mA3.95 22
rmsav

=

Ω== RIP
 

 
*69 ••  
Picture the Problem The impedance of an ac circuit is given by 

( )22
CL XXRZ −+= . We can evaluate the given expression for Pav first for  

XL = XC = 0 and then for R = 0. 
 
(a) For X = 0, Z = R and: 

RR
R

Z
RP

2
rms

2

2
rms

2

2
rms

av
εεε

===  

 
(b), (c) If R = 0, then: ( )

( )
00

2

2
rms

2

2
rms

av =
−

==
CL XXZ

RP εε
 

 
Remarks: Recall that there is no energy dissipation in an ideal inductor or 
capacitor. 
  
70 ••  
Picture the Problem We can use LC10 =ω to find the resonant frequency of the 

circuit, RI rmsrms ε= to find the rms current at resonance, the definitions of XC and XL to 
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find these reactances at ω = 8000 rad/s, the definitions of Z and Irms to find the impedance 
and rms current at ω = 8000 rad/s, and the definition of the phase angle to find δ. 
 
(a) Express the resonant frequency 
ω0 in terms of L and C: 
 

LC
1

0 =ω  

 
Substitute numerical values and 
evaluate ω0: ( )( )

rad/s1007.7

F2mH10
1

3

0

×=

=
µ

ω
 

 
(b) Relate the rms current at 
resonance to εrms and the impedance 
of the circuit at resonance: 
 

( )
A1.14

52
V100

2
maxrms

rms

=

Ω
===

RR
I εε

 

(c) Express and evaluate XC and XL 
at ω = 8000 rad/s: 
 

( )( ) Ω=== − 5.62
F2s8000

11
1 µωC

X C

 
and 

( )( ) Ω=== − 0.80mH10s8000 1LX L ω

 
(d) Express the impedance in terms 
of the reactances, substitute the 
results from (c), and evaluate Z: 

( )
( ) ( )

Ω=

Ω−Ω+Ω=

−+=

2.18

5.62805 22

22
CL XXRZ

 

 
Relate the rms current at  
ω = 8000 rad/s to εrms and the 
impedance of the circuit at this 
frequency: 
 

( )
A89.3

2.182
V100

2
maxrms

rms

=

Ω
===

ZZ
I εε

 

(e) Using its definition, express and 
evaluate δ: 

°=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

Ω−Ω
=

⎟
⎠
⎞

⎜
⎝
⎛ −

=

−

−

1.74
5

5.6280tan

tan

1

1

R
XX CLδ

 

 
71 •• 
Picture the Problem We can use LCf π210 = to find the resonant frequency of the 

circuit, the definitions of XC and XL to find these reactances at f = 1000 Hz, the definitions 
of Z and Irms to find the impedance and rms current at f= 1000 Hz, and the definition of 
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the phase angle to find δ. 
 
(a) Express the resonant frequency 
f0 in terms of L and C: 
 

LC
f

π2
1

0 =  

 
Substitute numerical values and 
evaluate f0: ( )( )

kHz13.1
F2mH102

1
0 ==

µπ
f  

 
(b) Express and evaluate XC and XL 
at f = 1000 Hz: 
 

( )( )
Ω=

== −

6.79

F2s10002
1

2
1

1 µππfC
X C

 

and 
( )( )

Ω=

== −

8.62

mH10s100022 1ππfLX L
  

 
(c) Express the impedance in terms 
of the reactances, substitute the 
results from (b), and evaluate Z: 

( )
( ) ( )

Ω=

Ω−Ω+Ω=

−+=

5.17

6.798.625 22

22
CL XXRZ

 

 
Relate the rms current at 
 f = 1000 Hz to εrms and the 
impedance of the circuit at this 
frequency: 
 

( )
A04.4

5.172
V100

2
maxrms

rms

=

Ω
===

ZZ
I εε

 

(d) Using its definition, express and 
evaluate δ: 

°−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

Ω−Ω
=

⎟
⎠
⎞

⎜
⎝
⎛ −

=

−

−

4.73
5

6.798.62tan

tan

1

1

R
XX CLδ

 

 
72 ••  
Picture the Problem Note that the reactances and, hence, the impedance of an ac circuit 
are frequency dependent. We can use the definitions of XL, XC, and Z, δ, and cosδ  to find 
the  phase angle and the power factor of the circuit at the given frequencies. 
 
Express the phase angle δ and the 
power factor cosδ  for the circuit: 

⎟
⎠
⎞

⎜
⎝
⎛ −

= −

R
XX CL1tanδ                (1) 

and 
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Z
R

=δcos                                 (2) 

 
(a) Evaluate XL, XC, and Z at  
f = 900 Hz: ( )( ) ,5.56mH10s9002

2
1 Ω==

=
−π

πfLX L  

( )( )
,4.88

F2s9002
1

2
1

1

Ω=

== − µππfC
X C  

and 

( )
( ) ( )

Ω=

Ω−Ω+Ω=

−+=

3.32
4.885.565 22

22
CL XXRZ

 

 
Substitute in equations (1) and (2) to 
obtain: 
 

°−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

Ω−Ω
= − 1.81

5
4.885.56tan 1δ  

and 

155.0
3.32

5cos =
Ω

Ω
=δ  

 
(b) Evaluate XL, XC, and Z at  
f = 1.1 kHz: ( )( ) ,1.69mH10s11002

2
1 Ω==

=
−π

πfLX L  

( )( )
,3.72

F2s11002
1

2
1

1

Ω=

== − µππfC
XC  

and 

( )
( ) ( )

Ω=

Ω−Ω+Ω=

−+=

94.5
3.721.695 22

22
CL XXRZ

 

 
Substitute in equations (1) and (2) to 
obtain: 
 

°−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

Ω−Ω
= − 6.32

5
3.721.69tan 1δ  

and 

842.0
94.5
5cos =

Ω
Ω

=δ  

 



Alternating-Current Circuits 
 

 

759

(c) Evaluate XL, XC, and Z at  
f = 1.3 kHz: ( )( ) ,7.81mH10s13002

2
1 Ω==

=
−π

πfLX L  

( )( )
,2.61

F2s13002
1

2
1

1

Ω=

== − µππfC
XC  

and 

( )
( ) ( )

Ω=

Ω−Ω+Ω=

−+=

1.21
2.617.815 22

22
CL XXRZ

 

 
Substitute in equations (1) and (2) to 
obtain: 
 

°=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

Ω−Ω
= − 3.76

5
2.617.81tan 1δ  

and 

237.0
1.21

5cos =
Ω

Ω
=δ  

 
73 ••  
Picture the Problem The Q factor of the circuit is given by RLQ 0ω= , the resonance 
width by QQff πω 200 ==∆ , and the power factor by ZR=δcos . Because Z is 

frequency dependent, we’ll need to find XC and XL at ω = 8000 rad/s in order to evaluate 
cosδ. 
 
Using their definitions, express the 
Q factor and the resonance width of 
the circuit: 
 

R
LQ 0ω=                       (1) 

and 

QQ
ff

π
ω

2
00 ==∆             (2)                        

 
(a) Express and evaluate the 
resonance frequency for the circuit: ( )( )

rad/s1007.7

F2mH10
11

3

0

×=

==
µ

ω
LC  

 
Substitute numerical values in 
equation (1) and evaluate Q: 

( )( ) 1.14
5

mH10rad/s1007.7 3

=
Ω

×
=Q  

 
(b) Substitute numerical values in 
equation (2) and evaluate ∆f: ( ) Hz8.79

1.142
rad/s1007.7 3

=
×

=∆
π

f  
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(c) Express the power factor of the 
circuit: Z

R
=δcos  

Evaluate XL, XC, and Z at  
ω = 8000 rad/s: ( )( ) ,0.80mH10s8000 1 Ω==

=
−

LX L ω
 

( )( )
,5.62

F2s8000
11
1

Ω=

== − µωC
X C  

and 

( )
( ) ( )

Ω=

Ω−Ω+Ω=

−+=

2.18
5.62805 22

22
CL XXRZ

 

 
Substitute numerical values and 
evaluate cosδ: 

275.0
2.18

5cos =
Ω

Ω
=δ  

 
*74 ••  
Picture the Problem We can use its definition, ffQ ∆= 0  to find the Q factor for the 

circuit. 
 
Express the Q factor for the circuit: 

f
fQ
∆

= 0  

 
Substitute numerical values and evaluate 
Q: 

2002
MHz05.0
MHz1.100

==Q  

 
75 ••  
Picture the Problem We can use ZI maxε= to find the current in the coil and the 

definition of the phase angle to evaluate δ.  We can equate XL and XC to find the 
capacitance required so that the current and the voltage are in phase. Finally, we can find 
the voltage measured across the capacitor by using CC IXV = . 

 
(a) Express the current in the coil in 
terms of the potential difference 
across it and its impedance: 
 

Z
I maxε
=  

Substitute numerical values and 
evaluate I: 

A0.10
10

V100
=

Ω
=I  
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(b) Express and evaluate the phase 
angle δ: 

°=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω

=

==

−

−−

1.53
10
8sin

sincos

1

11

Z
X

Z
Rδ

 

 
(c) Express the condition on the 
reactances that must be satisfied if the 
current and voltage are to be in 
phase: 
 

CL XX =  or 
C

X L ω
1

=  

Solve for C to obtain: 
 LL fXX

C
πω 2

11
==  

 
Substitute numerical values and 
evaluate C: 
 

( )( ) F332
8s602

1
1 µ

π
=

Ω
= −C  

(d) Express the potential difference 
across the capacitor: 
 

CC IXV =  

Relate the current I in the circuit to 
the impedance of the circuit when XL 
= XC: 
 

R
VI =  

Substitute to obtain: 
fCR
V

R
VXV C

C π2
==  

 
Relate the impedance of the circuit to 
the resistance of the coil: 
 

22 XRZ +=  

Solve for and evaluate the resistance 
of the coil: 
 

( ) ( )
Ω=

Ω−Ω=−=

6
810 2222 XZR  

Substitute numerical values and 
evaluate VC: ( )( )( ) V133

6F332s602
V100

1 =
Ω

= − µπCV

 
 
76 ••  
Picture the Problem We can find C using CC XIV rms= and Irms from the potential 

difference across the inductor. In the absence of resistance in the circuit, the measured 
rms voltage across both the capacitor and inductor is CL VVV −= . 
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(a) Relate the capacitance C to the 
potential difference across the 
capacitor: 

fC
IXIV CC π2

rms
rms ==  

 
 

Solve for C to obtain: 
 CfV

IC
π2

rms=  

 
Use the potential difference across 
the inductor to express the rms 
current in the circuit: 
 

fL
V

X
VI L

L

L

π2rms ==  

Substitute to obtain: 
 ( ) C

L

LVf
VC 22π

=  

 
Substitute numerical values and 
evaluate C: 
 

( )[ ] ( )( )
F8.18

V75H25.0s602
V50

21

µ

π

=

=
−

C
 

 
(b) Express the measured rms 
voltage  V across both the capacitor 
and the inductor when R = 0: 
 

CL VVV −=  

Substitute numerical values and evaluate V: V0.25V75V50 =−=V  

 
77 ••  
Picture the Problem We can rewrite Equation 29-51 in terms of ω, L, and C and factor L 
from the resulting expression to obtain the given equation. In (b) and (c) we can use the 
expansions for cot−1x and tan−1x to approximate δ at very low and very high frequencies. 
 
(a) From Equation 29-51: 

( ) ( )
R

L
R

LCL
R

CL
R

CL

ω
ωω

ω
ω

ω
ωωωδ

2
0

22

2

1

11tan

−
=

−
=

−
=

−
=

 

 
(b) Rewrite tanδ as: 
 RCR

L
ω

ωδ 1tan −=                  (1) 

 
For ω  << 1: 

RCω
δ 1tan −≈  
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and 
RCωδ −=cot  or ( )RCωδ −= −1cot  

 
Use the expansion for cot−1x to 
obtain: 
 

xx −±=−

2
cot 1 π

 

 
Recall that, for negative values of 
the argument, the angle approaches 
−π/2*, to obtain: 
 

RCωδπ
−=−−

2
 

or 

RCωπδ +−=
2

 

 
(c) For ω >> 1, equation (1) 
becomes: 
 

R
Lωδ ≈tan or 

R
Lωδ 1tan−≈  

 
Use the expansion for tan−1x to 
obtain: 
 

x
x 1

2
tan 1 −=− π

 or 
L

R
ω

πδ −=
2

 

 
*You can easily confirm this using your graphing calculator. 
  
78 ••  
Picture the Problem We can use the definition of the power factor to express cosδ in the 
absence of an inductor and simplify the resulting equation to obtain the equation given 
above. 
 
(a) Express the power factor 
for a series RLC circuit: 
 

( )22
cos

CL XXR

R
Z
R

−+
==δ  

With no inductance in the 
circuit,  
XL = 0 and: 

( )22
cos

CXR

R
Z
R

−+
==δ  

 
Substitute for XC and simplify 
to obtain: 

( ) ( )

( )2

22
2

1

111
cos

RC

RC

RC
R

R

C
R

R

ω

ω

ωω

δ

+
=

+
=

+
=

 

 
(b)A spreadsheet program to generate the data for a graph of cosδ  versus ωRC is shown 
below. The formulas used to calculate the quantities in the columns are as follows: 
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C
e
l
l 

F
o
r
m
u
l
a
/
C
o
n
t
e
n
t 

A
l
g
e
b
r
a
i
c
 
F
o
r
m 

A
2 

0
.
0 

ω
R
C 

A
3 

A
2
 
+
 
0
.
5 

ω
R
C
 
+
 
0
.
5 

B
2 

A
2
/
(
1
 
+
A
2
^
2
)
^
(
0
.
5
) 

( )21 RC

RC

ω

ω

+
 

 
 

 A B C 
1 R= 1 ohm 
2 C= 1 F 
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3    
4 omega cos(delta)  
5 0.0 0.000  
6 0.5 0.447  
7 1.0 0.707  
    

13 4.0 0.970  
14 4.5 0.976  
15 5.0 0.981   

 
The following graph of cos δ as a function of ω was plotted using the data in the above 
table. Note that both R and C were set equal to 1. 

0.0

0.2

0.4

0.6

0.8

1.0

0 1 2 3 4 5

omega

co
si

ne
(d

el
ta

)

 
 
*79 ••  
Picture the Problem We can find the rms current in the circuit and then use it to find the 
potential differences across each of the circuit elements. We can use phasor diagrams and 
our knowledge the phase shifts between the voltages across the three circuit elements to 
find the voltage differences across their combinations. 
 
(a) Express the potential difference 
between points A and B in terms of 
Irms and XL: 

LAB XIV rms=                           (1) 

 
 
 

Express Irms in terms of ε and Z: 

( )22rms

CL XXRZ
I

−+
==

εε
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Evaluate XL and XC to obtain: 
 

( )( )
Ω=
== −

6.51
mH137s6022 1ππfLX L  

and 

( )( )
Ω=

== −

1.106
F25s602

1
2

1
1 µππfC

XC  

 
Substitute numerical values and 
evaluate Irms: 
 

( ) ( )
A55.1

1.1066.5150

V115
22rms

=

Ω−Ω+Ω
=I

 

 
Substitute numerical values in 
equation (1) and evaluate VAB: 
 

( )( ) V0.806.51A55.1 =Ω=ABV  

(b) Express the potential difference 
between points B and C in terms of 
Irms and R: 

( )( )
V5.77

50A55.1rms

=

Ω== RIVBC
                  

 
(c) Express the potential difference 
between points C and D in terms of 
Irms and XC: 

( )( )
V164

1.106A55.1rms

=

Ω== CCD XIV
               

 
(d) The voltage across the inductor 
lags the voltage across the resistor 
as shown in the phasor diagram to 
the right: 
 

 
Use the Pythagorean theorem to find 
VAC: 

( ) ( ) V111V5.77V0.80 22

22

=+=

+= BCABAC VVV
 

 
(e) The voltage across the inductor 
lags the voltage across the resistor 
as shown in the phasor diagram to 
the right: 
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Use the Pythagorean theorem to find 
VBD: 

( ) ( ) V181V5.77V164 22

22

=+=

+= BCCDBD VVV
 

 
80 ••  
Picture the Problem We can use δε cosrmsrmsav IP =  to find the power supplied to the 

circuit and RIP 2
rmsav =  to find the resistance. In (c) we can relate the capacitive reactance 

to the impedance, inductive reactance, and resistance of the circuit and solve for the 
capacitance C. We can use the condition on XL and XC at resonance to find the 
capacitance or inductance you would need to add to the circuit to make the power factor 
equal to 1. 
 
(a) Express the power supplied to 
the circuit in terms of εrms, Irms, and 
the power factor cosδ: 
 

δε cosrmsrmsav IP =  

Substitute numerical values and 
evaluate Pav: 
 

( )( ) W93345cosA11V120av =°=P  

(b) Relate the power dissipated in 
the circuit to the resistance of the 
resistor: 
 

RIP 2
rmsav =  or 2

rms

av

I
PR =  

Substitute numerical values and 
evaluate R: 
 

( )
Ω== 71.7

A11
W933

2R  

(c) Express the capacitance of the 
capacitor in terms of its reactance: 
 

CC fXX
C

πω 2
11

==                    (1) 

Relate the capacitive reactance to 
the impedance, inductive reactance, 
and resistance of the circuit: 
 

( )222
CL XXRZ −+=  

Express the impedance of the circuit 
in terms of the rms emf ε and the 
rms current Irms: 
 

2
rms

2
2

I
Z ε

=  

Substitute to obtain: 
 

( )22
2
rms

2

CL XXR
I

−+=
ε
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Solve for CL XX − : 
2

2
rms

2

R
I

XX CL −=−
ε

 

 
Note that because I leads ε, the 
circuit is capacitive and XC > XL. 
Hence: 

( )CLCL XXXX −−=−  

and 

2
2
rms

2

2
2
rms

2

2 R
I

fL

R
I

XX LC

−+=

−+=

ε

ε

π

 

 
Substitute numerical values and 
evaluate XC: 

( )( )
( )
( )

( )

Ω=

Ω−+

= −

6.26

71.7
A11
V120

H05.0s602

2
2

2

1πCX

 

 
Substitute in equation (1) and 
evaluate C: 
 

( )( ) F7.99
6.26s602

1
1 µ

π
=

Ω
= −C  

(d) Express the relationship between 
XL and XC when cosδ = 1: 
 

CL XX =   

Because XL = 18.1 Ω, we could 
make CL XX = by adding 7.75 Ω of 

inductive reactance to the circuit. 
Find the series inductance 
equivalent to 7.75 Ω of inductive 
reactance: 
 

( ) mH6.20
s602

75.7
2 1 =

Ω
== −ππf

XL L  

Alternatively, we could make 
CL XX = by reducing the capacitive 

reactance by 7.75 Ω. Find the 
capacitive reactance that you have 
to added in parallel to the existing 
capacitive reactance to reduce the 
equivalent capacitive reactance by 
7.75 Ω: 
 

CX
1

6.26
1

1.18
1

+
Ω

=
Ω

 

and 
Ω= 6.56CX  
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Find the capacitance corresponding 
to a capacitive reactance of 56.6 Ω: ( )( )

F9.46

6.56s602
1

2
1

1

µ

ππ

=

Ω
== −

CfX
C

 

 
81 ••  
Picture the Problem We can find XC using the equation relating XC, XL, R, and tanδ and 
then solve the defining equation for XC for C.  
 
Express the capacitance of the 
circuit in terms of its capacitive 
reactance: 
 

CC fXX
C

πω 2
11

==  

Express the phase angle δ in terms 
of XL, XC, and R: 
 

R
XX CL −=δtan  

Solve for XC to obtain: 
 

δπ tan2 RfLX C −=  

Substitute numerical values and 
evaluate XC: 

( )( ) ( )
Ω=

°Ω−= −

341
75tan35H15.0s5002 1πCX

 

 
Substitute numerical values and 
evaluate C: ( )( ) F933.0

341s5002
1

1 µ
π

=
Ω

= −C  

 
82 ••  
Picture the Problem We can use the condition on XL and XC at resonance to find f0. By 
expressing the phase angle δ in terms of XL, XC, and R we can obtain a quadratic equation 
in ω that we can solve for the frequencies corresponding to the given phase angles. We 
can then use these frequencies to express the ratios of f to f0 for the given phase angles. 
 
(a) Relate XC and XL at resonance: 
 

CL XX =  

or 

Cf
Lf

0
0 2

12
π

π =  

 
Solve for f0: 

LC
f 1

2
1

0 π
=  

Substitute numerical values and 
evaluate f0: ( )( ) Hz120

F5H35.0
1

2
1

0 ==
µπ

f  
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(b) Express the phase angle δ in 
terms of XL, XC, and R: 
 

R
XX CL −=δtan  

or 

C
LR

ω
ωδ 1tan −=  

 
Rewrite this equation explicitly as a 
quadratic equation to obtain: 
 

( ) 01tan2 =−− ωδω RCLC  

Substitute numerical values and 
simplify to obtain: 
 

( )
( )[ ] 01tanH102

HF1075.1
3

26

=−⋅Ω×−

⋅×
−

−

ωδ

ω
 

or 
( ) ( )[ ]

01071.5
tanH1014.1HF1

5

32

=×−

⋅Ω×−⋅ ωδω
 

 
For δ = 60°: ( ) ( )

01071.5
H1097.1HF1
5

32

=×−

⋅Ω×−⋅ ωω
 

 
Solve for the positive value of ω: 13 s1023.2 −×=ω  

and 

Hz355
2

s1023.2
2

13

=
×

==
−

ππ
ωf  

 
Calculate the ratio f/f0: 96.2

Hz120
Hz355

0

==
f
f

 

 
For δ = −60°: ( ) ( )

01071.5
H1097.1HF1
5

32

=×−

⋅Ω×+⋅ ωω
 

 
Solve for the positive value of ω and 
then for f: 

1s256 −=ω  

and 

Hz7.40
2

s256
2

1

===
−

ππ
ωf  

 
Calculate the ratio f/f0: 339.0

Hz120
Hz7.40

0

==
f
f

 

Remarks: Note that these ratios are reciprocals of each other. 
 
83 ••                    
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Picture the Problem The impedance for the three circuits as functions of the angular 
frequency is shown in the three figures below. Also shown in each figure (dashed line) is 
the asymptotic approach for large angular frequencies. 
 
(a) 

 

(b) 

 

(c) 

 
 
*84 ••  
Picture the Problem We can substitute for XL and XC in Equation 29-48 and simplify the 
resulting equation to obtain the given equation for Imax. 
 
Equation 29-48 is: 

( )22

max
max

CL XXR
I

−+
=

ε
 

 
Substitute for XL and XC to obtain: 
 2

2

max
max

1
⎟
⎠
⎞

⎜
⎝
⎛ −+

=

C
LR

I

ω
ω

ε
 

 
Simplify algebraically to obtain: 
 

( )

( ) ( )22
0

2222

max

22
0

2222

max

22
0

2
2

2
2

max
2

2

2
0222

max
2

2
222

max
max

1

1
11

ωωω

ω

ωωω
ω

ωω
ωω

ωωω
ω

εε

εεε

−+
=

−+
=

−+

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+

=

⎟
⎠
⎞

⎜
⎝
⎛ −+

=

LRLR

LRLRLC
LR

I

 

 
85 ••  
Picture the Problem We can use the constraints on L and C at resonance and the given 
values for XL and XC to obtain simultaneous equations that we can solve for L and C. In 
(b) we can find Q from its definition and in (c) we can calculate Imax from εmax and Z. 
 
(a) Relate XL and XC at resonance: 
 CL XX =  or 

C
L

0
0

1
ω

ω =  
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Solve for the product of L and C: 
( )

28
242

0

s10
rad/s10
11 −===

ω
LC        (1) 

 
Express XC and XL: Ω== 161

C
X C ω

 

and 
Ω== 4LX L ω  

 
Eliminate ω between these 
equations to obtain: 
 

264Ω=
C
L

                                         (2) 

Solve equations (1) and (2) 
simultaneously to obtain: 
 

mH800.0=L and F5.12 µ=C  

(b) Express Q in terms of R, L, and 
ω0: R

LQ 0ω=  

 
Substitute numerical values and 
evaluate Q: 
 

( )( ) 60.1
5

mH800.0rad/s104

=
Ω

=Q  

(c) Relate the maximum current in 
the circuit to εmax and Z: ( )22

maxmax
max

CL XXRZ
I

−+
==

εε
 

 
Substitute numerical values and 
evaluate Imax: ( ) ( )

A00.2

1645

V26
22max

=

Ω−Ω+Ω
=I

 

 
86 ••  
Picture the Problem We can find the maximum current in the circuit from the maximum 
voltage across the capacitor and the reactance of the capacitor. To find the range of 
inductance that is safe to use we can express Z2 for the circuit in terms of 2

maxε and 
2
maxI and solve the resulting quadratic equation for L. 

 
(a) Express the maximum current in 
terms of the maximum potential 
difference across the capacitor and 
its reactance: 
 

max,
max,

max C
C

C CV
X

V
I ω==  
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Substitute numerical values and 
evaluate Imax: 

( )( )( )
A00.3

V150F8rad/s2500max

=

= µI
 

 
(b) Relate the maximum current in 
the circuit to the emf of the source 
and the impedance of the circuit: 
 

Z
I max

max
ε

= or 2
max

2
max2

I
Z ε

=  

Express Z2 in terms of R, XL, and XC: 
 

( )222
CL XXRZ −+=  

 
Substitute to obtain: ( )22

2
max

2
max

CL XXR
I

−+=
ε

 

 
Evaluate XC: 
 ( )( ) Ω=== 50

F8rad/s2500
11

µωC
XC  

 
Substitute numerical values to 
obtain: 

( )
( )

( )

( )( )2

2
2

2

50rad/s2500

60
A3

V200

Ω−+

Ω=

L

 

or 

( )[ ] 212 50s2500844 Ω−=Ω − L  

 
Solve for L to obtain: 

1

2

s2500
84450

−

Ω±Ω
=L  

 
Denoting the solutions as L+ and L−, 
find the values for the inductance: 
 

mH6.31=+L and mH38.8=−L  

Express the ranges for L: mH38.8mH00.8 << L  

and 
mH0.40mH6.31 << L  

 
87 ••  
Picture the Problem We can find the impedance of the circuit from the applied emf and 
the current drawn by the device. In (b) we can use RIP 2

rmsav = to find R and the 

definition of the impedance of a series RLC circuit to find X = XL − XC.  
(a) Express the impedance of the 
device in terms of the current it I

Z ε
=  
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draws and the emf provided by the 
power line: 
 
Substitute numerical values to 
obtain: 
 

Ω== 0.12
A10
V120Z  

 
(b) Use the relationship between the 
average power supplied to the 
device and the rms current it draws 
to find R: 
 

RIP 2
rmsav =  

and 

( )
Ω=== 20.7

A10
W720

22
av

rmsI
P

R  

 
Express the impedance of a series 
RLC circuit: 
 

( )22
CL XXRZ −+=  

or 
( )222

CL XXRZ −+=  

 
Solve for CL XX − : 22 RZXXX CL −=−=  

 
Substitute numerical values and 
evaluate X: 
 

( ) ( ) Ω=Ω−Ω= 60.92.712 22X  

(c) .capacitive is reactance  theemf,  theleadscurrent   theIf  

 
*88 ••  
Picture the Problem We can use the fact that when the current is a maximum,  
XL = XC, to find the inductance of the circuit.  In (b), we can find Imax from εmax and the 
impedance of the circuit at resonance. 
 
(a) Relate XL and XC at resonance: 
 CL XX =  or 

C
L

0
0

1
ω

ω =  

 
Solve for L to obtain: 

C
L 2

0

1
ω

=  

 
Substitute numerical values and evaluate L: 
 ( ) ( )

mH00.4
F10s5000

1
21

==
− µ

L  

(b) Noting that, at resonance,  
X = 0, express Imax in terms of the 
applied emf and the impedance of 
the circuit at resonance: 

A100.0
100

V10max
max =

Ω
==

Z
I ε
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89 ••  
Picture the Problem We can use Ohm’s law to express the current through the resistor 
as a function of time. Because the resistor and capacitor are in parallel they have the same 
potential difference across them … the emf of the source.  We can relate the charge on 
the capacitor as a function of time to its capacitance and the potential difference across it 
and differentiate this expression with respect to time to express IC(t). We can then apply 
Kirchhoff’s junction rule to express the total current drawn from the source. Using the 
results of (a) and (b) we can show that I = IR + IC = Imax cos (ωt + δ), where tan δ = R/XC 
and Imax = εmax/Z  with Z−2 = R−2 + XC

−2. 
 
(a) Apply Ohm’s law to obtain: ( ) ( )

t
R

R
t

R
tVtIR

ω

ω

ε

ε

cos

cos

max

max

=

==
 

 
(b) Express the potential difference 
across the capacitor in terms of the 
instantaneous charge on the 
capacitor: 
 

( ) ( )
C
tqtVC = or ( ) ( )tCVtq C=  

Differentiate q(t) to express the 
current to the capacitor: 
 

( ) ( ) ( )( )

( )

tC

t
dt
dC

tV
dt
dC

dt
tdqtI CC

ωω

ω

ε
ε

sin

cos

max

max

−=

=

==

 

 
Use the definition of XC and the 
trigonometric identity 

( ) αα sin90cos −=°+ to obtain: 

 

( ) ( )°+= 90cosmax t
X

tI
C

C ωε
 

(c) Apply Kirchhoff’s junction rule 
to obtain: 
 ( )

t
X

t
R

t
X

t
R

III

C

C

CR

ωω

ωω

εε

εε

sincos

90coscos

maxmax

maxmax

−=

°++=

+=

 

 
We know that the current is also 
expressible in the form: 
 

( )δω += tII cosmax  
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Expand this expression, using the 
formula for the cosine of the sum of 
two angles, to obtain: 
 

δωδω sinsincoscos maxmax tItII −=  

Equate these expressions and 
rewrite the resulting equation to 
obtain: 
 0sin

coscos

max
max

max
max

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−

⎟
⎠
⎞

⎜
⎝
⎛ −

δ

ωδ

ε

ε

I
X

tI
R

C

 

 
Express the conditions that must be 
satisfied if this equation is to be true 
for all values of t: 

0cosmax
max =− δε I
R

                  

and 

0sinmax
max =− δε I

X C

                   

 
Rewrite these equations as: 
 CX

I max
max sin εδ =                  (1) 

and 

R
I max

max cos εδ =                  (2) 

 
Divide equation (1) by equation (2) 
and simplify to obtain: 
 

CX
R

=δtan  

Square equations (1) and (2) and 
add to obtain: 
 

( )

2

2
max

22
2
max

2
max

2

max2
max

222
max

22
max

22
max

11

cossin

cossin

ZRX

RX
I

I

II

C

C

εε

εε
δδ

δδ

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

⎟
⎠
⎞

⎜
⎝
⎛+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
==

+=

+

 

or 

Z
I max

max
ε

=  

where 222 −−− += RXZ C  

 
*90 ••  
Picture the Problem Because we’ll need to use it repeatedly in solving this problem, 
we’ll begin by using complex numbers to derive an expression for the impedance Zp of 



Alternating-Current Circuits 
 

 

777

the parallel combination of C with L and RL in series. The total impedance of the circuit is 
then Z = R + Zp. We can apply Kirchhoff’s loop rule to obtain expressions for the 
voltages across the load resistor with S either open or closed. 
 
Use complex numbers to relate Zp to 
RL, XL, and XC: 

( )
CLLC

CLL

LLC

XiRXX
XXiR

iXRiXZ

−
−+

=

+
+

−
=

111

p  

or 

( )CLL

CLLC

XXiR
XiRXXZ

−+
−

=p                   

 
Multiple the numerator and 
denominator of this fraction by the 
complex conjugate of  
RL + i( XL − XC): 
 

( )
( )
( )CLL

CLL

CLL

CLLC

XXiR
XXiR

XXiR
XiRXXZ

−−
−−

−+
−

=p  

 

Simplify to obtain: 
( )

( )[ ]
( )22

2

22

2

p

CLL

CLLLC

CLL

CL

XXR
XXXRXi

XXR
XRZ

−+
−+

−

−+
=

     (1) 

 
(a) S is closed. Because L is 
shorted: 
 

0=LX  

 
 

Evaluate XC: 
( )( )

Ω=

== −

k99.1
F8s102

1
2

1
1 µππfC

XC  

 
Substitute numerical values in 
equation (1) and evaluate Zp, Z, Z , 

and δ: 
 

( )Ω−Ω= 452.030p iZ , 

( )Ω−Ω= 452.040 iZ , 

and 

( ) ( ) Ω=Ω+Ω= 0.40452.040 22Z  

 
In Problem 29-77 we showed that 
for a parallel combination of a 
resistor and capacitor, the phase 
angle δ is given by: 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= −

CX
R1tanδ  
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Substitute numerical values and 
evaluate δ: 
 

°−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω−

Ω
= − 4.89

452.0
40tan 1δ  

 No phasor diagram is shown because it is 
impossible to represent it to scale. 
 

(b) S is open; i.e., the inductor is 
in the circuit. Find XL: 

( )( )
Ω=

=== −

42.9
H15.0s1022 1ππω fLLX L  

 
Substitute numerical values in 
equation (1) and evaluate Zp, Z, Z , 

and δ: 
 

( )Ω+Ω= 01.93.30p iZ , 

( )Ω+Ω= 01.93.40 iZ , 

( ) ( ) Ω=Ω+Ω= 3.4101.93.40 22Z  

and 

°=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω

=⎟
⎠
⎞

⎜
⎝
⎛= −−

6.12

3.40
01.9tantan 11

R
Xδ

 

 
The phasor diagram for this case is 
shown to the right. 

 
 

(c) S is closed. Apply Kirchhoff’s 
loop rule to a loop including the 
source, R, and RL: 
 

0=−−
LRVIRε  

Solve for 
LRV : IRV

LR −= ε  

 
Express the current I in the circuit: 
 Z

I ε
=  

 
Substitute and simplify to obtain: 
  ( )δωεεε −⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=−= t

Z
R

Z
RV

LR cos1 max

 
 

From (a) we have: 
 

( )Ω−Ω= 452.030p iZ , 

( )Ω−Ω= 452.040 iZ , 
Ω= 0.40Z , and 



Alternating-Current Circuits 
 

 

779

°≈°−=⎟
⎠
⎞

⎜
⎝
⎛ −= − 0647.0

40
452.0tan 1δ  

 
Substitute numerical values to 
obtain: ( ) ( )[ ]

( ) ( )[ ]t

tV
LR

π

π

1

1

s20cosV75

s20cosV100
40
101

−

−

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω

−=
 

 
S is open. Apply Kirchhoff’s loop 
rule to a loop including the source, 
R, L, and RL  when S is open: 
 

0=−−−
LRL VIXIRε  

Solve for 
LRV : ( )LLR XRIIXIRV

L
+−=−−= εε  

 
Express the current I in the circuit: 
 Z

I ε
=  

  
Substitute to obtain: 
 ( )δωε −⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ +
−= t

Z
XRV L

RL
cos1 max  

 
Substitute numerical values and 
evaluate Zp and Z: 

( )Ω+Ω= 01.93.30p iZ , 

( )Ω+Ω= 01.93.40 iZ , 
Ω= 3.41Z , 

and 

°=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

= −−

2.13
3.40

42.9tantan 11

L

L

RR
Xδ

 

 
Substitute numerical values and evaluate 

LRV : 

( ) ( )[ ]
( ) ( )[ ]°−=

°−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

Ω+Ω
−=

−

−×
2.13s20cosV0.53

2.13s20cosV100

3.41
42.9101

1

1

t

t

V
LR

π

π  

 
(d) Find XL and XC when  
f = 1000 Hz: 

( )( ) Ω== − 942H15.0s10002 1πLX  

and 

( )( ) Ω== − 9.19
F8s10002

1
1 µπCX  
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S is closed. XL = 0, and Zp simplifies 
to: 22

2

22

2

p
CL

CL

CL

CL

XR
XRi

XR
XRZ

+
−

+
=  

 
Substitute numerical values in 
equation (1) and evaluate Zp, Z, Z , 

and δ: 
 

( )Ω−Ω= 8.1317.9p iZ , 

( )Ω−Ω= 8.1317.19 iZ , 

( ) ( ) Ω=Ω+Ω= 6.238.1317.19 22Z

and 

°−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω−

= − 7.35
17.19

8.13tan 1δ  

 
A phasor diagram for this circuit is 
shown to the right, 
 

 
S is open. Substitute numerical 
values in equation (1) and evaluate 
Zp, Z, Z , and δ: 

 

( )Ω−Ω= 3.200140.0p iZ , 

( )Ω−Ω= 3.200.10 iZ , 

( ) ( ) Ω=Ω+Ω= 6.223.200.10 22Z  

and 
 

Find the total impedance, its 
magnitude, and phase angle for the 
circuit: 
 

( )Ω−Ω= 4.200.10 iZ , 

( ) ( ) Ω=Ω+Ω= 7.224.200.10 22Z  

and 

°−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω−

= − 9.63
10

4.20tan 1δ  

The phasor diagram is shown to the 
right. 

 
(e)

filter. pass-low afor t arrangemenbetter   theisopen  S Therefore,
tly.significan  voltageloadfrequency  low  thereducenot  does S opening while

open, S with attenuated moremuch  isfrequency higher  at the  voltageload The
 

 
91 ••  
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Picture the Problem We can find the resonant frequency of any parallel ac circuit by 
setting the imaginary part of the reciprocal of the impedance equal to zero. In (b) we can 
use complex numbers to find the impedance of each branch of the circuit and then relate 
the common potential difference across each branch to its impedance and the current in 
the resistors. 
 
(a) Express the reciprocal of the 
impedance of the circuit: LC iXRiXRZ +

+
−

=
21

111
 

 
Rewrite this expression with a 
common denominator and simplify 
to obtain: 
 

( ) ( )
( ) ( )CLLC

CL

XRXRiXXRR
XXiRR

Z 2121

211
−++

−++
=  

Multiply this expression by 1 in the form of the complex conjugate of the denominator 
divided by itself and simplify (separate the real part of the expression from the imaginary 
part) to obtain: 
 

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

( )( ) ( )( )
( ) ( )221

2
21

212121

2
21

2
21

2121211

CLLC

CLLCCL

CLLC

CLCLLC

XRXRXXRR
XRXRRRXXRRXXi

XRXRXXRR
XRXRXXXXRRRR

Z

−++
−+−+−

+

−++
−−+++

=

 

 
Set the imaginary part of 1/Z equal to zero to obtain: 
 

( )( ) ( )( ) 0212121 =−+−+− CLLCCL XRXRRRXXRRXX  

 
Substitute numerical values for R1 
and R2 (suppress the units to save 
space and make the resulting 
equation more readable) to obtain: 
 

0426

81

0
0

0
0

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−

⎟
⎠
⎞

⎜
⎝
⎛ +⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

C
L

C
L

C
L

ω
ω

ω
ω

 

 
Simplify this equation by clearing 
the fractions and combining like 
terms to obtain: 

( ) CLLCCLLC 16128 2
0

222 −=−+ ω  

Solve for ω0: 
2220 128

16
LCCLLC

CL
−+

−
=ω  

 
Substitute numerical values for L 
and C and evaluate ω0: rad/s1064.1

1028.4
1015.1 3

9

2

0 ×=
×
×

= −

−

ω  
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(b) Express the currents in each 
branch at resonance: 
 

C
C Z

I ε
= and 

L
L Z

I ε
=  

Evaluate ZC,res and res,CZ : 

 ( )( )
( ),3.202

F1030s1064.1
12 613res,

Ω−Ω=
××

−Ω= −−

i

iZC

 

( ) ( ) Ω=Ω+Ω= 4.203.202 22
res,CZ , 

 
Substitute to obtain: 
 ( )

A39.1
4.202

V40
rms, =

Ω
=CI  

and 

°−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω−

= − 4.84
2

3.20tan 1
Cδ  

 
Evaluate ZL,res and res,LZ : 

 

( )( )
( ),7.194

H1012s1064.14 313
res,

Ω+Ω=

××+Ω= −−

i
iZL

 

( ) ( ) Ω=Ω+Ω= 1.207.194 22
res,LZ , 

 
Substitute to obtain: 
 ( )

A41.1
1.202

V40
rms, =

Ω
=LI  

and 

°=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω

= − 5.78
4

7.19tan 1
Lδ  

 
Express and evaluate the rms 
current supplied by the source: ( )

( ) ( )
A417.0

4.84cosA39.1
5.78cosA41.1

coscos rms,rms,rms

=

°−+
°=

+= CCLL III δδ

 

 
92 ••  
Picture the Problem We can use its definition to express Q in terms of ω0 and ∆ω. By 
expressing the current drawn from the source we can obtain an expression for the energy 
stored in the system each cycle and then use this result to establish the relationship 
between ω, R, L, and C when the energy stored per cycle is at half-maximum. Finally, we 
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can solve the resulting equation for the values of ω that will allow us to determine ∆ω.  
 
The definition of Q is: 
 ω

ω
∆

= 0Q                                  

where ∆ω is the width of the resonance at 
half maximum. 
 

Express the resonance frequency of 
the circuit: 
 

LC
1

0 =ω  

Substitute to obtain: 
 ω∆

=
LC

Q 1
                      (1) 

 
Express the current to the capacitor: 
 

CV
X
VI

C
C ω==  

with IC leading V by 90°. 
 

Express the current in the inductor: 
 L

V
X
VI

L
L ω

==  

with IL lagging V by 90°. 
 

Express the current in the resistor:  
R
VIR =  

with IR in phase with V. 
 

Express the total current drawn from 
the source: 
 

2
2

22

11

11

⎟
⎠
⎞

⎜
⎝
⎛ −+=

⎟
⎠
⎞

⎜
⎝
⎛ −+⎟

⎠
⎞

⎜
⎝
⎛==

C
L

R
R
V

C
LR

V
Z
VI

ω
ω

ω
ω

 

 
At resonance, the reactive term is 
zero and the total current is the 
current in the resistor: 
 

R
VI =0  

Substitute to obtain: 
 

2
2

0
11 ⎟

⎠
⎞

⎜
⎝
⎛ −+= C

L
RII ω

ω
 

 
Express the total energy stored in 
the circuit per cycle: C

QU
2

2
0

tot =  
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 where Q0 is the maximum charge on the 
capacitor. 
 

Relate the maximum value of the 
current to the maximum value of the 
charge: 
 

0max QI ω=  

Substitute to obtain: 
 

2
2

2
0

2

2

2

22

2
max

tot

11
2

1
2

1
2

⎟
⎠
⎞

⎜
⎝
⎛ −+

=

==

C
L

R

I
C

R
V

CC
IU

ω
ω

ω

ωω
 

 
At resonance we have: 
 C

IU 2

2
0

restot, 2ω
=  

 
At half Utot,res: 

2
2

2
0

2

2

2
0

restot,

11
2

1
42

1

⎟
⎠
⎞

⎜
⎝
⎛ −+

=

=

C
L

R

I
C

C
IU

ω
ω

ω

ω
 

or 

2
2 11

1
2
1

⎟
⎠
⎞

⎜
⎝
⎛ −+

=

C
L

R ω
ω

 

 

Solve for ⎟
⎠
⎞

⎜
⎝
⎛ −

L
CR

ω
ω 1

to obtain: 11
±=⎟

⎠
⎞

⎜
⎝
⎛ −

L
CR

ω
ω                   (2) 

 
Rewrite equation (2) explicitly as a 
quadratic equation: 
 

02 =−± RLRLC ωω  
 

Letting + denote the roots with a 
positive coefficient of ω and − the 
roots with a negative coefficient, 
solve this equation for ω+ and ω−: 
  

LCRCRC
1

2
1

2
1 2

+⎟
⎠
⎞

⎜
⎝
⎛±=+ω  

and 

LCRCRC
1

2
1

2
1 2

+⎟
⎠
⎞

⎜
⎝
⎛±−=−ω  
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Express ∆ω: 
RC
1

=−=∆ −+ ωωω  

 
Substitute in equation (1) to obtain: 

L
CR

LC
RCQ ==  

 
93 ••  
Picture the Problem We can use the expression for the resonance frequency derived by 
equating the capacitive and inductive reactances at resonance to express ω0 in terms of L 
and C. In (b) we can use the result derived in Problem 92 to find R from Q, L, and C. 
 
(a) Express the resonance frequency 
ω0 in terms of L and C: 
 

LC
1

0 =ω  

 
Solve for C to obtain: 
 LfL

C 222
0 4

11
πω

==  

 
Substitute numerical values and 
evaluate C: 
 

( ) ( )
F396.0

mH4s1044
1

2132

µ

π

=

×
=

−
C

 

 
(b) From Problem 92 we have: 

L
CRQ =  

 
Solve for R to obtain: 
 C

LQR =  

 
Substitute numerical values and 
evaluate R: Ω== 804

F396.0
mH48
µ

R  
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94 ••  
Picture the Problem We can use the expression for the resonance frequency derived by 
equating the capacitive and inductive reactances at resonance to express ω0 in terms of L 
and C. We can use the result derived in Problem 92 to find the Q-value resulting from 
halving the capacitance and to find the resistance necessary to give Q = 8. 
 
Express the resonance frequency ω0 
in terms of L and C: LC

1
0 =ω  or 

LC
f

π2
1

0 =  

 
Substitute numerical values and 
evaluate f0: ( )( )

kHz66.5

F396.0mH42
1

2
10

=

=
µπ

f
 

 
From Problem 92 we have: 

L
CRQ =                                 (1) 

 
Letting C′represent the halved 
capacitance, express Q′: L

C'RQ' =  

 
Divide Q′ by Q and simplify to 
obtain: 

C
C'

L
CR

L
C'R

Q
Q'

==  

 
Because CC 2

1'= : 66.5
2

8
2

===
QQ'  

 
Solve equation (1) for R to obtain: 
 C

LQR =  

 
Substitute numerical values and 
evaluate R: ( ) Ω== k14.1

F396.0
mH48

2
1 µ

R  

 
95 ••  
Picture the Problem We can use its definition to find the resonance frequency of this 
series RLC circuit and the fact that, at resonance, Z = R, to find the resonance current. 
Because, at resonance VL = VC, we can find the voltage across either element from the 
product of the current and its reactance. In (c) we can use the definition of the Q factor to 
find the angular frequency corresponding to fff ∆+= 2

1
0 and then use this result to 
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find XL, XC, and Z at this frequency.  Finally, we can use these values for XL, XC, and Z to 
find the rms current and the rms voltages across the inductor and capacitor. 
 
(a) Express the resonance frequency 
f0 in terms of L and C: LC

f
π2

1
0 =  

 
Substitute numerical values and 
evaluate f0: ( )( )

kHz26.13
nF4mH362

1
0 ==

π
f  

 
(b) At resonance, Z = R and: mA200

100
V20

=
Ω

==
R

I
ε

 

 
Express and evaluate the equal (at 
resonance) rms voltages across the 
capacitor and the inductor: 

( )( )( )
V600

mH36A2.0kHz26.132
2 00

=

=
====

π
πω ILfILIXVV LLC

 

 
(c) Express the rms current in the 
circuit and the rms voltages across 
the inductor and capacitor: 
 

Z
I ε
= , LL IXV = , and CC IXV =  

 

Express the Q factor for an RLC 
circuit: f

f
R

LQ
∆

=
∆

≈= 000

ω
ωω

 

 
Solve for ∆f: 
 0

0

f
L

Rf
ω

=∆  

 
Express f: 
 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=+=

L
Rff

L
Rff

0
00

0
0 2

1
2 ωω

 

 
Substitute numerical values and 
evaluate f and ω: 
 

( )

( )( )
kHz48.13

mH36kHz26.134
1001

kHz26.13

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ Ω
+×

=

π

f

 

and 
( ) krad/s7.84kHz48.1322 === ππω f  

 
Calculate XL and XC at  
84.7 krad/s: 

( )( )
Ω=

==
k05.3

mH36krad/s7.84LX L ω
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and 

( )( )
Ω=

==

k95.2
nF4krad/s7.84

11
C

XC ω  

 
Now we can find Z: 
 

( )
( ) ( )
Ω=

ΩΩ+Ω=

−+=

141
k95.2-k05.3100 22

22
CL XXRZ

 

 
Substitute numerical values and 
evaluate I, VL, and VC: 

mA142
141

V20
=

Ω
=I , 

( )( ) V433k05.3mA142 =Ω=LV , 

and 
( )( ) V419k95.2mA142 =Ω=CV  

 
96 •••  
Picture the Problem We can use complex numbers to find the impedance in the 
branches of the given circuit. We can then use Kirchhoff’s loop rule to find the currents 
in the branches and a current phasor diagram to find the total current and its phase 
relative to the applied voltage. 
 
(a) Use complex numbers to find 
ZL, LZ , and δL: 

( )Ω+Ω=+= 30402 iiXRZ LL , 

( ) ( ) Ω=Ω+Ω=

+=

0.503040 22

22
2 LL XRZ

 

and 

°=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω

=⎟
⎠
⎞

⎜
⎝
⎛= −− 9.36

40
30tantan 11

R
X L

Lδ  

 
Use complex numbers to find ZC, 

CZ , and δC: 
( )Ω−Ω=+= 10101 iiXRZ CC , 

( ) ( ) Ω=Ω+Ω=

+=

1.141010 22

22
1 CC XRZ

 

and 

°−=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω−

=⎟
⎠
⎞

⎜
⎝
⎛= −−

0.45

10
10tantan 11

R
X C

Cδ
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(b) Apply Kirchhoff’s loop rule to 
the source and the inductive branch 
to obtain: 

0=− LL XIV  

or 

°=

Ω
==

36.9by   voltage thelaggingA 20.2

50
V110

L
L Z

VI
 

 
Apply Kirchhoff’s loop rule to the 
source and the capacitive branch to 
obtain: 

0=− CC XIV  

or 

°=

Ω
==

45.0by   voltage theleadingA 80.7

1.41
V110

C
C Z

VI
 

 
(c) The current phasor diagram is 
shown to the right. 

 
Express the total current in terms 
of its horizontal and vertical 
components: 
 

2
vert

2
hor III +=  

and 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= −

hor

vert1tan
I
I

δ  

 
Find the horizontal component Ihor 
of the total current: 
 

( ) ( )
A27.7

9.36cosA20.245cosA80.7
coscoshor

=
°+°=

+= LLCC III δδ
 

 
Find the vertical component Ivert of 
the total current: 
 

( ) ( )
A19.4

9.36sinA20.245sinA80.7
sinsinvert

=
°−°=

−= LLCC III δδ
 

 
Substitute numerical values and 
evaluate I and δ: 

( ) ( ) A39.8A27.7A19.4 22 =+=I  

and 

°=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= − 0.30

A27.7
A19.4tan 1δ  
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Remarks: The total current leads the applied voltage by 30.0°. 
 
*97 •••   
Picture the Problem We can manipulate Equation 29-47 into a form that has the ratio of 
L to R in it and then use the definition of Q to eliminate L and R. In (b) we can 
approximate 2

0
2 ωω − , near resonance, as ωω ∆02  and substitute in the result from (a) to 

obtain the desired result. 
 
(a) From Equation 29-47: 

( ) ( )
R

L
R

LCL
R

CL
R

CL

ω
ωω

ω
ω

ω
ωωωδ

2
0

22

2

1

11tan

−
=

−
=

−
=

−
=

 

 
Express Q in terms of ω0, L and R: 

R
LQ 0ω=  

 
Solve for L/R to obtain: 
 0ω

Q
R
L
=  

 
Substitute to obtain: 
 

( )
0

2
0

2

tan
ωω

ωωδ −
=

Q
                    (1) 

 
(b) Near resonance: ( )( )

ωω
ωωωωωω

∆≈
−+=−

0

00
2
0

2

2
 

 
Substitute in equation (1) to obtain: ( ) ( )

ω
ωω

ωω
ωωδ 0

0

0 22tan −
=

∆
=

QQ
 

 
(c) A following graph of δ as a function of x = ω/ω0 was plotted using a spreadsheet 
program. The solid curve is for a high-Q circuit and the dashed curve is for a low-Q 
circuit. 
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-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

0.0 0.5 1.0 1.5 2.0

x

de
lta

Q=10
Q=2

 
 
98 •••  
Picture the Problem We can rewrite Equation 29-45 in terms of the current and then 
differentiate Equation 29-46. Substituting for I, dI/dt, XL, and XC will allow us to use the 
trigonometric identities for the sine and cosine of the sum of two angles to rewrite the 
equation in such a form that we can equate the coefficients of sinωt and cosωt to obtain 
Equation 29-47 and an equation that is satisfied provided Z is given by Equation 29-49. 
 
Rewrite Equation 29-45 in terms of 
the current: 

tIdt
C

RI
dt
dIL ωε cos1

max=++ ∫  

 
Equation 29-46 is: 
 

( )δω −= tII cosmax  

 
Differentiate Equation 29-50 with 
respect to time to obtain: 
 

( )δωω −−= tI
dt
dI sinmax  

Evaluate ∫ Idt : ( )

( )δω
ω

δω

−=

−= ∫∫
tI

dttIIdt

sin

cos

max

max

 

 
Substitute to obtain: ( )( )

( )

( ) ttI
C

tRI
tIL

ωδω
ω

δω
δωω

ε cossin1
cos

sin

max
max

max

max

=⎟
⎠
⎞

⎜
⎝
⎛ −+

−+
−−
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Divide through by Imax to obtain: 
 

( )( )
( )

( ) t
I

t
C

tR
tL

ωδω
ω

δω
δωω

ε cossin11
cos

sin

max

max=⎟
⎠
⎞

⎜
⎝
⎛ −+

−+
−−

 

 
Use the definitions of XL,  XC, and Z 
to obtain: 
 

( ) ( )
( ) tZtX

tRtX

C

L

ωδω
δωδω

cossin
cossin
=−+

−+−−
 

Use the trigonometric identities for ( )βα +sin and ( )βα +cos to obtain: 

 
( ) ( )

( ) tZttX
ttRttX

C

L

ωδωδω
δωδωδωδω

cossincoscossin
sinsincoscossincoscossin

=−+
++−−

 

 
Collect the terms in sinωt and cosωt: 
 

( )
( ) tZtXXR

tXRX

LC

CL

ωωδδδ
ωδδδ

coscossinsincos
sincossincos

=+−+
++−

 

 
Equate the coefficients of sinωt and 
cosωt to obtain: 
 

0cossincos =++− δδδ CL XRX  

and 
ZXXR LC =+− δδδ sinsincos  

 
Solve the first of these equations for 
tanδ: R

XX CL −=δtan   Equation 29-47 

 
Rewrite the second equation as: 

δ
δδ

cos
tantan ZXXR LC =+−  

or 

( )
δ

δ
cos

tan ZRXX CL =+−  

 
Simplify this equation to obtain Equation 
29-49: 

( )22
CL XXRZ −+=  

 
99 •••  
Picture the Problem In (a) we can apply Kirchhoff’s loop rule to obtain the 2nd order 
differential equation relating the charge on the capacitor to the time. In (b) we’ll assume a 
solution of the form tQQ ωcosmax= , differentiate it twice, and substitute for d2Q/dt2 

and Q to show that the assumed solution satisfies the DE provided 



Alternating-Current Circuits 
 

 

793

( )2
0

2
max

max ωω
ε
−

−=
L

Q . In (c) we’ll use our results from (a) and (b) to establish the for 

Imax given in the problem statement. 
 
(a) Apply Kirchhoff’s loop rule to 
obtain: 
 

0=−−
dt
dIL

C
Qε  

Substitute for ε and rearrange the 
differential equation to obtain: 
 

t
C
Q

dt
dIL ωε cosmax=+  

 
Because dtdQI = : 

t
C
Q

dt
QdL ωε cosmax2

2

=+  

 
(b) Assume that the solution is: tQQ ωcosmax=  

 
Differentiate the assumed solution 
twice to obtain: 
 

tQ
dt
dQ ωω sinmax−=  

and 

tQ
dt

Qd ωω cosmax
2

2

2

−=  

 
Substitute in the differential 
equation to obtain: 
 t

t
C

QtLQ

ω

ωωω

ε cos

coscos

max

max
max

2

=

+−
 

 
Factor cosωt from the left-hand side 
of the equation: 
 t

t
C

QLQ

ω

ωω

ε cos

cos

max

max
max

2

=

⎟
⎠
⎞

⎜
⎝
⎛ +−

 

If this equation is to hold for all 
values of t it must be true that: 
 

max
max

max
2 εω =+−

C
QLQ  

or 

C
L

Q 12

max
max

+−
=

ω

ε
 

 
Factor L from the denominator and 
substitute for 1/LC to obtain: 

( )2
0

2
max

2

max
max 1

ωω

ω

ε

ε

−
=

⎟
⎠
⎞

⎜
⎝
⎛ +−

=

−
L

LC
L

Q
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(c) From (a) and (b) we have:  

( )
tI

t
L

tQ
dt
dQI

ω

ω
ωω

ω

ωω

ε

sin

sin

sin

max

2
0

2
max

max

=
−

=

−==

 

where 

CL XX
C

L

LL
I

−
=

−
=

−
=

−
=

maxmax

2
0

2

max
2
0

2
max

max

1
εε

εε

ω
ω

ωω
ω

ωω
ω

 

 
If ω > ω0, XL > XC and the current 
lags the voltage by 90°. Therefore: 

( )°−== 90cossin maxmax tItII ωω  

 
If ω < ω0, XL < XC and the current 
leads the voltage by 90°. Therefore: 

( )°+=−= 90cossin maxmax tItII ωω  

 
100 •••  
Picture the Problem We can use the condition determining the half-power points to 
obtain a quadratic equation that we can solve for the frequencies corresponding to the 
half-power points. Expanding these solutions binomially will lead us to the result that ∆ω 
= ω2 −ω1 ≈ R/L. We can then use the definition of Q to complete the proof that Q ≈ ω0 

/∆ω. 
 
Equation 29-58 is: 

( ) 2222
0

22

22
rms

av
RL

RP
ωωω

ωε
+−

=  

The half-power points will occur 
when the denominator is twice the 
value near resonance, that is, when:  
 

L2(ω2 −ω0 
2)2 = ω2R2 ≈ ω0

2R2 
or 

( ) 2
0

22
0

2
2

ωωω =−⎟
⎠
⎞

⎜
⎝
⎛

R
L

 

 
Let ω1 and ω2 be the solutions of 
this equation. Then: 
 

( ) 2
0

22
0

2
1

2

ωωω =−⎟
⎠
⎞

⎜
⎝
⎛

R
L

 

and 

( ) 2
0

22
0

2
2

2

ωωω =−⎟
⎠
⎞

⎜
⎝
⎛

R
L
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Solve these equations for ω1 and ω2 
to obtain: 
 

21

0
01 1 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=

L
R

ω
ωω  

and 
21

0
02 1 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=

L
R

ω
ωω  

 
Expand these solutions binomially 
to obtain: 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−= sorder termhigher 

2
1

0
01 L

R
ω

ωω  

and 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++= sorder termhigher 

2
1

0
02 L

R
ω

ωω  

 
For R << XL (a condition that holds 
for a sharply peaked resonance): ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−≈

L
R

0
01 2

1
ω

ωω , 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+≈

L
R

0
02 2

1
ω

ωω , 

and 

L
R

≈−=∆ 12 ωωω . 

 
From the definition of Q: 
 QL

R 0ω=  

 
Substitute to obtain: 

Q
0ωω ≈∆  

 
Solve for Q: 

ω
ω
∆

≈ 0Q  

  
101 •••  
Picture the Problem We’ll differentiate teQQ LRt 'cos2

0 ω−= twice and substitute this 

function and both its derivatives in the differential equation of the circuit. Rewriting the 
resulting equation in the form Acosω′t + Bsinω′t = 0 will reveal that B vanishes. 

Requiring that Acosω′t = 0 hold for all values of t will lead to ( ) ( )221' LRLC −=ω . 

 
Equation 29-47b is: 

02

2

=++
dt
dQR

C
Q

dt
QdL  
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Assume a solution of the form: 
 

teQQ LRt 'cos2
0 ω−=  

Differentiate Q(t) twice to obtain: 
 

[ ⎥⎦
⎤+−= − 't

L
R't'eQ

dt
dQ LRt ωωω cos

2
sin2

0  

and 

⎥⎦
⎤+⎢

⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−= − 't

L
'R't'

L
ReQ

dt
Qd LRt ωωωω sincos

4
2

2

2
2

02

2

 

 
Substitute these derivatives in the differential equation and simplify to obtain: 

[ 0cos
2

sin

cossincos
4

2
0

202
2

2
2

0

=⎥⎦
⎤+−

+⎥⎦
⎤+⎢

⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−

−−

't
L

R't'eRQ

'te
C
Q't

L
'R't'

L
ReLQ

LRt

LRtLRt

ωωω

ωωωωω
 

or 

[ 0cos
2

sincos1sincos
4

2
2

2

=⎥⎦
⎤+−+⎥⎦

⎤+⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
− 't

L
R't'R't

C
't

L
'R't'

L
RL ωωωωωωωω  

 
Rewrite this equation in the form Acosω′t + Bsinω′t = 0: 
 

( ) 0cos
2

1
4

sin
2

2
2

2

=⎥
⎦

⎤
⎢
⎣

⎡
−+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−+− 't

L
R

C
'

L
RL't'R'R ωωωωω  

or 

0cos
2

1
4

2
2

2

=⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+− 't

L
R

C
'L

L
R ωω  

 
If this equation is to hold for all 
values of t, its coefficient must 
vanish: 
 

0
2

1
4

2
2

2

=−+−
L

R
C

'L
L

R ω  

Solve for ω′: 2

2
1

⎟
⎠
⎞

⎜
⎝
⎛−=

L
R

LC
'ω ,  

the condition that must be satisfied if  
'teQQ LRt ωcos2

0
−= is the solution to 

Equation 29-47b. 
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*102 •••  
Picture the Problem We can use lAnL 2

0µ= to determine the inductance of the empty 

solenoid and the resonance condition to find the capacitance of the sample-free circuit 
when the resonance frequency of the circuit is 6.0000 MHz. By expressing L as a 
function of f0 and then evaluating df0/dL and approximating the derivative with ∆f0/∆L , 
we can evaluate χ from its definition. 
 
(a) Express the inductance of an air-core 
solenoid: 
 

lAnL 2
0µ=  

 

Substitute numerical values and evaluate L: 
 

( ) ( ) ( ) H35.5m04.0m003.0
4m04.0

400N/A104 2
2

27 µππ =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×= −L  

 
(b) Express the condition for 
resonance in the LC circuit: 
 

CL XX =  

or 

Cf
Lf

0
0 2

12
π

π =                         (1) 

 
Solve for C to obtain: 
 Lf

C 2
0

24
1

π
=  

 
Substitute numerical values and 
evaluate C: 
 

( )( ) F119
H5.35MHz64

1
2 µ

µπ
==C  

(c) Express the sample’s 
susceptibility in terms of L and ∆L: 
 

L
L∆

=χ                                    (2) 

Solve equation (1) for f0: 
LC

f
π2

1
0 =  

 
Differentiate f0 with respect to L: 

L
f

LCL

L
C

L
dL
d

CdL
df

24
1

4
1

2
1

0

23210

−=−=

−== −−

π

ππ  

 
Approximate df0/dL by ∆f0/∆L: 

L
f

L
f

2
00 −=

∆
∆

 or 
L
L

f
f

20

0 ∆
−=

∆
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Substitute in equation (2) to obtain: 

0

02
f
f∆

−=χ  

 
Substitute numerical values and 
evaluate χ: 

4

0

1067.3

MHz6.0000
MHz6.0000-MHz9989.52

−×=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=χ

 

 
103 •••  
Picture the Problem We can find the angular frequency ω  for the circuit in Problem 91 
such that the magnitudes of the reactances of the two parallel branches are equal by 
equating the reactances in the two branches. We can use ( ) ( )222

2
1 RZRIP ε== , 

where Z is, in turn, ZL and ZC, to find the power dissipated in each resistor. 
 
(a) When the reactances of the 
parallel branches are equal: 
  

CL XX = and 
LC
1

=ω  

 
Substitute numerical values to 
obtain: 
 

( )( )
krad/s67.1

F30mH12
1

==
µ

ω  

 
(b) Express the power dissipation in 
a resistor in an ac circuit: 
 

R
Z

RIP
2

2
12

2
1 ⎟

⎠
⎞

⎜
⎝
⎛==
ε

 

Find ZL and LZ  at 1.67 krad/s: 
( )( )
( )Ω+Ω=

+Ω=
+=

0.204
mH12krad/s67.14

2

i
i

LiRZL ω
 

and 

( ) ( ) Ω=Ω+Ω= 4.20204 22
LZ  

 
Find ZC and CZ  at 1.67 krad/s: 

( )( )
( )Ω−Ω=

−Ω=

−=

0.202
F30krad/s67.1

12

1
1

i

i

C
iRZC

µ

ω

 

and 

( ) ( ) Ω=Ω+Ω= 1.200.202 22
CZ  
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Evaluate the power dissipated in R1 
and R2: ( )

W96.3

2
1.20
V40

2
1

2
1

2

1

2

1

=

Ω⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= R

Z
P

C

ε
 

and 

( )

W69.7

4
4.20
V40

2
1

2
1

2

2

2

2

=

Ω⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= R

Z
P

L

ε
 

 
104 •••  
Picture the Problem We can equate the power dissipated in the two resistors to obtain a 
relationship between the currents in and the resistances of the two branches. Expressing 
the currents in terms of the impedances of the two branches and the common potential 
difference across them will lead us to an equation that is quadratic in ω2 that we can solve 
for ω. In (b) we can use complex numbers to find the reactances of each of the two 
parallel branches and then use these results to draw the phasor diagram of (c). We can use 
the results of (b) to find the impedance of the circuit in (d). 
 
(a) Express the condition under 
which the power dissipation in the 
two resistors is the same: 

2
2
21

2
1 RIRI = or 

1

2
2
2

2
1

R
R

I
I

=  

 
 

Express the ratio of the squares of 
the currents in the two resistors: 

2

2

2

2
1

2
1

C

L

L

C

Z
Z

Z

Z
I
I

=

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

= ε

ε
 

 
Equate these expressions to obtain: 
 22

1

22
2

2

2

1

2

C

L

C

L

XR
XR

Z
Z

R
R

+
+

==  

or 

( ) 22
2

22
1

1

2
LC XRXR

R
R

+=+  

 
Substitute for XL, XC, and the ratio of 
R2 to R1 to obtain: 
 

222
22

2 16142 L
C

ω
ω

+Ω=⎟
⎠
⎞

⎜
⎝
⎛ +Ω  

or 
222

22
2 1628 L

C
ω

ω
+Ω=+Ω  
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Combine like terms and clear 
fractions to obtain: 
 

( ) 028 222422 =−Ω+ ωω CCL  

Substitute numerical values to 
obtain: 
 

( )
( ) 02s1020.7

s1030.1
229

4413

=−×+

×
−

−

ω

ω
 

 
Use the ″solver″ capability of your 
calculator to solve for ω2: 
 

( )262 rad/s1089.3 ×=ω  

and 
rad/s1097.1 3×=ω  

 
(b) Express and evaluate ZC, CZ , 

and δC: 

( )( )
( )Ω−Ω=

×
−Ω=

−=

9.162
F30rad/s1097.1

12

1

3

1

i

i

C
iRZC

µ

ω

 

( ) ( ) Ω=Ω+Ω= 0.179.162 22
CZ  

and 

°−=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω−

=⎟
⎠
⎞

⎜
⎝
⎛= −−

3.83

2
9.16tantan 11

R
X C

Cδ
 

 
Express and evaluate ZL, LZ , and 

δL: ( )( )
( )Ω+Ω=

×+Ω=

+=

6.234
mH12rad/s1097.14 3

2

i
i

LiRZL ω

 

( ) ( ) Ω=Ω+Ω= 9.236.234 22
LZ  

and 

°=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω

=⎟
⎠
⎞

⎜
⎝
⎛= −−

5.80

4
9.23tantan 11

R
X L

Lδ
 

 
(c) The applied voltage and the 
currents in the two branches are 
shown on the phasor diagram to the 
right. 

 



Alternating-Current Circuits 
 

 

801

(d) Express the impedance of the 
circuit and simplify to obtain: 

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

( )
( )Ω+Ω

Ω−Ω
=

Ω−Ω+Ω+Ω
Ω−ΩΩ+Ω

=

+
=

70.66
4.20407

9.1626.234
9.1626.234

22

i
i

ii
ii

ZZ
ZZZ

CL

CL

 

 
Multiply Z by 1 in the form of the 
complex conjugate of  
6 Ω + i(6.70Ω) divided by itself and 
simplify to obtain: 

( )
( )
( )
( )

( )

( )Ω−Ω=
Ω

Ω×−Ω×
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω−Ω
Ω−Ω

×

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω+Ω
Ω−Ω

=

2.359.31
9.80

1085.21058.2

70.66
70.66

70.66
4.20407

2

3333

22

i

i

i
i

i
iZ

  

 
Find the magnitude of the circuit’s 
impedance and the phase angle for 
the circuit: 
 

( ) ( ) Ω=Ω+Ω= 5.472.359.31 22Z  

and 

°−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω
Ω−

=

=

−

−

8.47
9.31
2.35tan

tan

1

1

R
XCδ

 

 
The Transformer 
 
*105 •  
Picture the Problem Let the subscript 1 denote the primary and the subscript 2 the 
secondary. We can use 2112 NVNV = and 2211 ININ = to find the turn ratio and the 

primary current when the transformer connections are reversed. 
 
(a) Relate the number of primary 
and secondary turns to the primary 
and secondary voltages:  

2112 NVNV =                         (1) 

 
 
 

Solve for and evaluate the ratio 
N2/N1: 5

1
V120
V24

1

2

1

2 ===
V
V

N
N

 

 
(b)  Relate the current in the primary 
to the current in the secondary and 2

1

2
1 I

N
NI =  
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to the turns ratio: 
 
Express the current in the primary 
winding in terms of the voltage 
across it and its impedance: 
 

2

2
2 Z

VI =                               

Substitute to obtain: 
 2

2

1

2
1 Z

V
N
NI =                                   

Substitute numerical values and 
evaluate I1: 

A0.50
12

V120
1
5

1 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Ω

⎟
⎠
⎞

⎜
⎝
⎛=I  

 
106 •  
Picture the Problem Let the subscript 1 denote the primary and the subscript 2 the 
secondary. We can decide whether the transformer is a step-up or step-down transformer 
by examining the ratio of the number of turns in the secondary to the number of terms in 
the primary. We can relate the open-circuit voltage in the secondary to the primary 
voltage and the turns ratio. 
 

(a) 
former.down trans-step a isit 

primary  in thethan secondary  in the sfewer turn are  thereBecause
 

 
(b) Relate the open-circuit voltage 
V2 in the secondary to the voltage V1 
in the primary: 

1
1

2
2 V

N
NV =  

Substitute numerical values and 
evaluate V2: 

( ) V40.2V120
400
8

2 ==V  

 
(c) Because there are no losses: 2211 IVIV =  

 
Solve for and evaluate I2: ( ) A00.5A1.0

V2.40
V120

1
2

1
2 === I

V
VI  

 
107 •  
Picture the Problem Let the subscript 1 denote the primary and the subscript 2 the 
secondary. We can use 2211 VIVI = to find the current in the primary and 2112 NVNV = to 

find the number of turns in the secondary.  
 
(a) Because we have 100 percent 
efficiency: 
 

2211 VIVI =  
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Solve for and evaluate I1: ( ) A50.1
V120

V9A20
1

2
21 ===

V
VII  

 
(b) Relate the number of primary 
and secondary turns to the primary 
and secondary voltages:  

2112 NVNV =                          

 
 
 

Solve for the ratio N2/N1: 
1

1

2
2 N

V
VN =  

 
Substitute numerical values and 
evaluate N2/N1: 

( ) 198.18250
V120

V9
2 ≈==N  

 
108 •  
Picture the Problem We can relate the input and output voltages to the number of turns 
in the primary and secondary using 2112 NVNV = . 

 
Relate the output voltages V2 to the 
input voltage V1 and the number of 
turns in the primary N1 and 
secondary N2: 
 

1
1

2
2 V

N
NV =  

Solve for N2: 

1

2
12 V

V
NN =  

Evaluate N2 for V2 = 2.5 V: ( ) 4.10
V120
V5.25002 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=N  

 
Evaluate N2 for V2 = 7.5 V: ( ) 3.31

V120
V5.75002 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=N  

 
Evaluate N2 for V2 = 9 V: ( ) 5.37

V120
V95002 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=N  

 
109 •  
Picture the Problem We can relate the input and output voltages to the number of turns 
in the primary and secondary using 2112 NVNV = . 

 
Relate the output voltages V2 to the 
input voltage V1 and the number of 1

1

2
2 V

N
NV =  
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turns in the primary N1 and 
secondary N2: 
 
Solve for N1: 

2

1
21 V

VNN =  

 
Substitute numerical values and 
evaluate N1: 

( ) 3333
V240
V20004001 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=N  

 
*110 ••  
Picture the Problem Note: In a simple circuit maximum power transfer from source to 
load requires that the load resistance equals the internal resistance of the source. We can 
use Ohm’s law and the relationship between the primary and secondary currents and the 
primary and secondary voltages and the turns ratio of the transformer to derive an 
expression for the turns ratio as a function of the effective resistance of the circuit and the 
resistance of the speaker(s). 
 
Express the effective loudspeaker 
resistance at the primary of the 
transformer: 
 

1

1
eff I

VR =  

Relate V1 to V2, N1, and N2: 

2

1
21 N

NVV =  

 
Express I1 in terms of  I2, N1, and N2: 

1

2
21 N

NII =  

 
Substitute to obtain: 

2

2

1

2

2

1

2
2

2

1
2

eff ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
==

N
N

I
V

N
NI

N
NV

R  

 
Solve for N1/N2: 

2

eff

2

eff2

2

1

R
R

V
RI

N
N

==             (1) 

 
Evaluate N1/N2 for Reff = Rint: 
 8.15

8
2000

2

1 =
Ω
Ω

=
N
N

          

 
Express the power delivered to the 
two speakers connected in parallel: 

eff
2

1sp RIP =                                 (2) 
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Find the equivalent resistance Rsp of 
the two 8-Ω speakers in parallel: 
 

Ω
=

Ω
=

Ω
+

Ω
=

4
1

8
2

8
1

8
11

spR
 

and  
Ω= 4spR  

 
Solve equation (1) for Reff to obtain: 
 

2

2

1
2eff ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

N
NRR  

 
Substitute numerical values and 
evaluate Reff: 
 

( )( ) Ω=Ω= 9998.154 2
effR  

Find the current drawn from the 
source: 

mA00.4
9992000

V12

tot
1 =

Ω+Ω
==

R
VI  

 
Substitute numerical values in 
equation (2) and evaluate the power 
delivered to the parallel speakers: 

( ) ( ) mW0.16999mA4 2
sp =Ω=P  

 
111 ••  
Picture the Problem We can substitute I2 = V2/Z in Equation 29-62 to show that I1 = 
ε/[(N1/N2)2Z] and then use this result in Zeff = ε/I1 to show that Zeff = (N1/N2)2Z. 
 
From Equation 29-62 we have: 
 2

1

2
1 I

N
NI =  

or, because I2 = V2/Z, 

Z
V

N
NI 2

1

2
1 =  

 
From Equation 29-61 we have: ε

1

2
1

1

2
2 N

NV
N
NV ==  

 
Substitute to obtain: 
 

( ) ZNN

ZN
N

Z
N
N

N
NI

2
21

2

1

21

2

1

2
1

ε

εε

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
==

 

 
Express the effective impedance Zeff of the 
speaker in terms of ε and I1: 1

eff I
Z ε

=  
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Substitute for I1 to obtain: 

( )

( ) ZNN

ZNN

Z 2
21

2
21

eff == ε
ε

 

 
General Problems 
 
112 •  
Picture the Problem We can use rmsrmsav IP ε= to find the rms current and 

rmsmax 2II = to find the maximum current drawn by the dryer. 

 
(a) Express the average power 
delivered by the source in terms of 
εrms and Irms: 
 

rmsrmsav IP ε=  

Solve for and evaluate Irms: 
 

A8.20
V240

kW5

rms

av
rms === ε

PI  

 
(b) Relate the maximum current Imax 
to the rms current Irms: 
 

( ) A5.29A8.2022 rmsmax === II  

(c) Proceed as in (a) and (b) to 
obtain: 

A6.41rms =I  and A0.59max =I  

 
113 •  
Picture the Problem We can use its definition to find the reactance of the capacitor at 
the given frequencies. 
 
Express the reactance of a capacitor: 
 fCC

X C πω 2
11

==  

 
(a) Evaluate XC at f = 60 Hz: 
 ( )( ) Ω== 265

F10Hz602
1

µπCX  

 
(b) Evaluate XC at f = 6 kHz: 
 ( )( ) Ω== 65.2

F10kHz62
1

µπCX  

 
(a) Evaluate XC at f = 6 MHz: 
 ( )( ) Ω== m65.2

F10MHz62
1

µπCX  
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114 ••  

Picture the Problem We can use its definition, ( )av
2

rms II =  to relate the rms current 

to the current carried by the resistor and find ( )av
2I by integrating I2. 

 
(a) Express the rms current in terms of 
the ( )av

2I : 

 

( )av
2

rms II =  

Evaluate I2: 
 

( ) ( ) ][
( ) ( ) ( ) tttt

ttI
ππππ

ππ

240sinA49240sin120sinA70120sinA25
240sinA7120sinA5

22222

22

++=

+=
 

 
Find ( )av

2I by integrating I2 from t = 0 to t = T = 2π/ω and dividing by T: 

 

( ) ( ){ ( )
( ) }dtt

tttI

π

πππ
π
ω ωπ

240sinA49

240sin120sinA70120sinA25
2

22

22

0

22
av

2

+

+= ∫  

 
Use the trigonometric identity 

( )xx 2cos1sin 2
12 −=  to simplify 

and evaluate the 1st and 3rd integrals 
and recognize that the middle term is 
of the form sinxsin2x to obtain: 
 

( ) 222
av

2 A0.37A5.240A5.12 =++=I  

Substitute to obtain: A08.6A0.37 2
rms ==I  

 
(b) Relate the power dissipated in the 
resistor to its resistance and the rms 
current in it: 
 

RIP 2
rms=  

Substitute numerical values and 
evaluate P: 
 

( ) ( ) W44412A08.6 2 =Ω=P  

(c) Express the rms voltage across the 
resistor in terms of R and Irms: 
 

RIV rmsrms =  

Substitute numerical values and 
evaluate Vrms: 

( )( ) V0.7312A08.6rms =Ω=V  

 



Chapter 29 
 

 

808 

*115 ••  
Picture the Problem The average of any quantity over a time interval ∆T is the integral 
of the quantity over the interval divided by ∆T. We can use this definition to find both the 
average of the voltage squared, ( )av

2V  and then use the definition of the rms voltage. 

 
(a) From the definition of Vrms we 
have: 
 

( )av
2

0rms VV =  

Noting that 2
0

2
0 VV =− , evaluate 

Vrms: 
 

V0.120
2

0rms === VVV  

(b) Noting that the voltage during 
the second half of each cycle is now 
zero, express the voltage during the 
first half cycle of the time interval 

T∆2
1 :  

 

0VV =  

Express the square of the voltage 
during this half cycle: 

2
0

2 VV =  

Calculate ( )av
2V by integrating V2 

from t = 0 to t = T∆2
1  and dividing 

by ∆T: 
 

( ) [ ] 2
02

1
0

2
0

0

2
0

av
2 2

12
1

Vt
T

Vdt
T

VV TT
=

∆
=

∆
= ∆∆

∫  

 

Substitute to obtain: V49.8
2
V12

2
02

02
1

rms ====
VVV  

 
116 ••  
Picture the Problem We can use the definitions of Irms and Vrms to find the rms value of 
the waveform and the average power delivered by the pulse generator. 
 
(a) From the definition of Irms we 
have: 
 

( )av
2

rms II =  

Evaluate ( )av
2I over 1 s: ( ) ( ) ( )( )

( ) ( )( )
2

2
2

2

av
2

A5.22

A151.0
s1
s1.0

s1
0s9.0s1.0

=

==

+
=

I

II
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Substitute to obtain: 
 

A74.4A5.22 2
rms ==I  

(b) Express the average power 
delivered by the pulse generator in 
terms of Irms and Vrms: 
 

rmsrmsav VIP =  

From the definition of Vrms we have: 
 

( )av
2

rms VV =  

 
Evaluate ( )av

2V over 1 s: ( ) ( ) ( )( )

( ) ( )( )
2

2
2

2

av
2

V1000

V1001.0
s1
s1.0

s1
0s9.0s1.0

=

==

+
=

V

VV

 

 
Evaluate Vrms: V6.31V1000 2

rms ==V  

 
Substitute numerical values and 
evaluate Pav: 

( )( ) W150V6.31A74.4av ==P  

 
117 ••  
Picture the Problem We can use the definition of capacitance to find the charge on each 
capacitor and the definition of current to find the steady-state current in the circuit.  We 
can find the maximum and minimum energy stored in the capacitors using ,VCU 2

eq2
1=  

where V is either the maximum or the minimum potential difference across the 
capacitors. 
 
(a) Use the definition of capacitance 
to express the charge on each 
capacitor: 
 

111 VCQ =  and 222 VCQ =  

or, because the capacitors are in parallel, 
VCQ 11 =  and VCQ 22 =  

where V24+= εV  

 
Substitute to obtain: 
 

( )
( ) ( ) ( )[ ]
( ) ( ) F72120cosF60

V24120cosV20F3
V2411

µπµ

πµ
ε

+=

+=
+=

t

t
CQ

 

and 
( )

( ) ( ) ( )[ ]
( ) ( ) F36120cosF30

V24120cosV20F5.1
V2422

µπµ

πµ
ε

+=

+=
+=

t

t
CQ
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(b) Express the steady-state current 
as the rate at which charge is being 
delivered to the capacitors: 
 

( )21 QQ
dt
d

dt
dQI +==  

Substitute for Q1 and Q2 and 
evaluate I: 

( ) ( )[
( ) ( ) ]

( ) ( )
( ) ( )

( ) ( )t
t
t

t

t
dt
dI

π

πµπ
πµπ

µπµ

µπµ

120sinmA9.33

120sinF30120
120sinF60120

F36120cosF30

F72120cosF60

−=

−
−=

++

+=

 

 
(c) Express Umax in terms of the 
maximum potential difference 
across the capacitors: 
 

2
maxeq2

1
max VCU =  

Because Vmax = 44 V and  
Ceq = C1 + C2 = 3 µF + 1.5 µF  
= 4.5 µF:  
 

( )( ) mJ36.4V44F5.4 2
2
1

max == µU  

(d) Express Umin in terms of the 
minimum potential difference across 
the capacitors: 
 

2
mineq2

1
min VCU =  

The minimum energy stored in the 
capacitors occurs when  
Vmin = 24 V − εmax = 4 V: 

( )( ) J0.36V4F5.4 2
2
1

min µµ ==U  

 
118 ••  
Picture the Problem The average of any quantity over a time interval ∆T is the integral 
of the quantity over the interval divided by ∆T. We can use this definition to find both the 
average current Iav, and the average of the current squared,  ( )av

2I  

 
From the definition of Iav and Irms we 
have: 
 

∫
∆

∆
=

T
Idt

T
I

0av
1

 and ( )av
2

rms II =  

(a) Express the current during the 
first half cycle of time interval ∆T:  

t
T

I
∆

=
4

 

where I is in A when t and T are in 
seconds. 
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Evaluate Iav: 
( )

( )
A00.2

2
4

441

0

2

2

020av

=⎥
⎦

⎤
⎢
⎣

⎡

∆
=

∆
=

∆∆
=

∆

∆∆

∫∫
T

TT

t
T

tdt
T

tdt
TT

I

 

 
Express the square of the current 
during this half cycle: 
 

( )
2

2
2 16 t

T
I

∆
=  

Noting that the average value of the 
squared current is the same for each 
time interval ∆T, calculate ( )av

2I by 

integrating I2 from t = 0 to t = ∆T 
and dividing by ∆T: 
 

( )
( )

( ) 3
16

3
16

161

0

3

3

0

2
2av

2

=⎥
⎦

⎤
⎢
⎣

⎡
∆

=

∆∆
=

∆

∆

∫
T

T

t
T

dtt
TT

I

 

 

Substitute in the expression for Irms 
to obtain: A31.2A

3
16 2

rms ==I  

 
(b) Noting that the current during the 
second half of each cycle is zero, 
express the current during the first 
half cycle of the time interval T∆2

1 :  

 

A4=I  

Evaluate Iav: [ ] A00.2A4A4
2
12

1

00av =
∆

=
∆

= ∆∆

∫ TT
t

T
dt

T
I

 
 

Express the square of the current 
during this half cycle: 
 

22 A16=I  

Calculate ( )av
2I by integrating I2 

from t = 0 to t = T∆2
1  and dividing 

by ∆T: 
 

( )

[ ] 2
0

2

0

2

av
2

A8A16

A16

2
1

2
1

=
∆

=

∆
=

∆

∆

∫
T

T

t
T

dt
T

I
 

 
Substitute in the expression for Irms 
to obtain: 

A83.2A8 2
rms ==I  

 
119 ••  
Picture the Problem We can apply Kirchhoff’s loop rule to express the current in the 
circuit in terms of the emfs of the sources and the resistance of the resistor. We can then 
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find Imax and Imin by considering the conditions under which the time-dependent factor in I 
will be a maximum or a minimum. The average of any quantity over a time interval ∆T is 
the integral of the quantity over the interval divided by ∆T. We can use this definition to 
find average of the current squared,  ( )av

2I and then Irms. 

 
Apply Kirchhoff’s loop rule to 
obtain: 
 

021 =−+ IRεε  

Solve for I: 
 R

I 21 εε +
=  

 
Substitute numerical values to 
obtain: 

( ) ( )( )

( ) ( )t

tI

1

1

s1131cosA0.556A5.0
36

V18s1802cosV20

−

−

+=

Ω
+

=
π

 

 
Express the condition that must be 
satisfied if the current is to be a 
maximum: 
 

( ) 1s1131cos 1 =− t  

Evaluate Imax: A06.1A0.556A5.0max =+=I  

 
Express the condition that must be 
satisfied if the current is to be a 
minimum: 
 

( ) 1s1131cos 1 −=− t  

Evaluate Imin: A0560.0A0.556A5.0min −=−=I  

 
Because the average value of cosωt 
= 0: 

A500.0av =I  

 
Express and evaluate the average 
current delivered by the source 
whose emf is ε2: 
 

A5.0
36

V182
2 =

Ω
==

R
I ε

 

Because ( ) ( )tI 1
1 s1131cosA0.556 −= : 

 

( ) ( ) ( )tdtI 12ms56.5

0

2
av

2
1 s1131cosA0.556

ms56.5
1 −∫=  

 
Use the trigonometric identity ( )xx 2cos1cos 2

12 +=  to obtain: 
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( ) ( ) ( ( ) )

( ) ( )
ms56.5

0

1
1-

2

1ms56.5

0

2

av
2
1

s2262sin
s2262

1s/A8.27

s11312cos1
ms56.52
A309.0

⎥
⎦

⎤
⎢
⎣

⎡
+=

+=

−

−∫

tt

dttI

 

 
Evaluate ( )av

2
1I : 

 

( ) ( ) ( )( ) 21-
1

2
av

2
1 A1543.0ms56.5s2262sin

s2262
1ms56.5s/A8.27 =⎥

⎦

⎤
⎢
⎣

⎡
+= −I  

 
Express ( )av

2I : ( ) ( ) ( )
( )

2

22

av
2
2av

2
1av

2

A4043.0
A5.0A1543.0

=

+=

+= III

 

 
Evaluate Irms: ( )

A636.0

A4043.0 2
av

2
rms

=

== II
 

 
*120 ••  
Picture the Problem We can apply Kirchhoff’s loop rule to obtain an expression for 
charge on the capacitor as a function of time. Differentiating this expression with respect 
to time will give us the current in the circuit. We can then find Imax and Imin by 
considering the conditions under which the time-dependent factor in I will be a maximum 
or a minimum. We can use the maximum value of the current to find Irms. 
 
Apply Kirchhoff’s loop rule to 
obtain: 

( ) 021 =−+
C
tqεε  

 
Substitute numerical values and 
solve for q(t): 
 

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

( ) ( ) C36s1131cosC40
V18F2

s1131cosV20F2

1

1

µµ

µ
µ

+=

+
=

−

−

t

ttq
 

 
Differentiate this expression with 
respect to t to obtain the current as a 
function of time: 
 

( ) ( )[
]

( ) ( )t

t
dt
d

dt
dqI

1

1

s1131sinmA2.45

C36

s1131cosC40

−

−

−=

+

==

µ

µ

 

 
Express the condition that must be ( ) 1s1131sin 1 =− t  
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satisfied if the current is to be a 
minimum: 
 

and 
mA2.45min −=I  

Express the condition that must be 
satisfied if the current is to be a 
maximum: 
 

( ) 1s1131sin 1 −=− t  

and 
mA2.45max =I  

Because the dc source sees the 
capacitor as an open circuit and the 
average value of the sine function 
over a period is zero: 
 

0av =I  

Because the peak current is  
45.2 mA: 

mA0.32
2
mA2.45

2
max

rms ===
II  

 
21 ••  
Picture the Problem The inductance acts as a short circuit to the constant voltage 
source. The current is infinite at all times. Consequently, Imax  = Irms = ∞; there is no 
minimum current. 
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