
HOMEWORK#11  SOLUTION 
[Chap29] 
 
*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
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V
V
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Solve for : maxV'

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

  
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 to express ICVQ =0 max 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
,     Because 332211 CLCLCL ==   three theof sfrequencie resonance  the

 

 
(b) 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  

Substitute to obtain: 
 

CVI ω=max  

or, for ω and V constant, 
CI ∝max  

.greatest 
  thehas   th circuit wi The

max

3

I
CC =

 

 



*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

+=
+=

 

From our results in (a): 

( )

t
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t
R

t
X

t
R
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L
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εε

ε

ε

sincos

90cos

cos
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A useful trigonometric identity is: 

( )δω

ωω

−+=

+

tBA

tBtA

cos

sincos
22

 

where 

A
B1tan−=δ  

 



Apply this identity to obtain: 
 ( )δωεε
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Simplify equation (1) and rewrite 
equation (2) to obtain: ( )
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where 

LX
R

=δtan and 222
111

LXRZ
+=  

 
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

X C ω
1

=  

 
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

−
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⎞
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Express the current in the capacitor 
at ω = ω0: 
 

( )( )
( )[ ]

( ) ( )[ ]t
t

IC

1

13

s100sinA25.0

90rad/s100cos
s100FV105.2

−

−−

−=

°+×
⋅×=

 

 
 
*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 , evaluate 

V

2
0

2
0 VV =−

rms: 
 

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
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1

Vt
T

Vdt
T

VV TT
=

∆
=

∆
= ∆∆

∫  

 

Substitute to obtain: V49.8
2
V12

2
02

02
1

rms ====
VVV  

 
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

 

(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  

 
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 
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 021 =−+ IRεε  



obtain: 
 
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: 

( ) ( ) ( ( ) )

( ) ( )
ms56.5

0

1
1-

2

1ms56.5

0

2
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2
1

s2262sin
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s11312cos1
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⎥
⎦

⎤
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⎡
+=

+=
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−∫
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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 
satisfied if the current is to be a 
minimum: 
 

( ) 1s1131sin 1 =− t  

and 
mA2.45min −=I  

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

( ) 1s1131sin 1 −=− t  

and 

David Mills
Needs checking … the 4e gets 0.636 A



maximum: 
 

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  

 
 


