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1. A semicircular conductor of radius R = 0.250 m is rotated about the axis AC at a constant

rate of 120 rev/min (Fig. 1). A uniform magnetic field in all of the lower half of the figure is

directed out of the plane of rotation and has a magnitude of 1.30 T. (i) Calculate the maximum

value of the emf induced in the conductor. (ii) What is the value of the average induced emf for

each complete rotation? (iii) How would the answers to (i) and (ii) change if B were allowed to

extend a distance R above the axis of rotation? Sketch the emf versus time (iv) when the field is

as drawn in Fig. 1 and (v) when the field is extended as described in (iii).

2. An AC power supply produces a maximum voltage of V0 = 100 V. This power supply is

connected to a 24.0 − Ω resistor, and the current and resistor voltage are measured with an ideal

AC ammeter and an ideal AC voltmeter, as shown in Fig. 2 What does each meter read? Recall

that an ideal ammeter has zero resistance and an ideal voltmeter has infinite resistance.

3. (i) For the series RLC connection of Fig. 3, draw a phasor diagram for the voltages assuming

XL > XC and Xc > XL. The amplitudes of the voltage drop across all the circuit elements

involved should be represented with phasors. (ii) An RLC circuit consists of a 150-Ω resistor, a

21-µF capacitor and a 460-mH inductor, connected in series with a 120-V, 60-Hz power supply.

What is the phase angle between the current and the applied voltage? (iii) Which reaches its

maximum earlier, the current or the voltage?

4. Figure 4 shows a parallel RLC circuit. The instantaneous voltage (and rms voltage) across

each of the three circuit elements is the same, and each is in phase with the current through

the resistor. The currents in the capacitor and the inductor lead or lag behind the current in the

resistor. (i) Show that the rms current delivered by the source is Irms = Vrms

[
1
R2 +

(
ωC − 1

ωL

)2]1/2
.

(ii) Show that the phase angle between the voltage and the current is tanϕ = −R
(

1
XC

− 1
XL

)
.

(iii) Draw a phasor diagram for the currents. The amplitudes of the currents across all the circuit

elements involved should be represented with phasors.

5. Draw to scale a phasor diagram showing Z, XL, XC , and ϕ for an AC series circuit for which

R = 300 Ω, C = 11 µF, L = 0.2 H, and f = 500/π Hz.

6. Draw to scale a phasor diagram showing the relationship between the current (common for

all elements) and the voltages in an AC series circuit for which R = 300 Ω, C = 11 µF, L = 0.2 H,

f = 500/π Hz, and I0 = 20 mA.

7. A coil of inductance 0.12 H and resistance 3 kΩ is connected in parallel with a 0.02 µF

capacitor and is supplied at 40 V at a frequency of 5 kHz. Determine (i) the current in the coil,

and (ii) the current in the capacitor. (iii) Draw to scale the phasor diagram and measure the

supply current and its phase angle; check the answer by calculation. Determine (iv) the circuit

impedance and (v) the power consumed.

8. A transmission line that has a resistance per unit length of 4.5 × 10−4 Ω/m is to be used to

transmit 5 MW over 400 miles (6.44 × 105 m); see Fig. 8. The output voltage of the generator is

4.5 kV. (i) What is the line loss if a transformer is used to step up the voltage to 500 kV? (ii) What

fraction of the input power is lost to the line under these circumstances? (iii) What difficulties
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at t ! 0.) Determine the emf generated in the coil as a
function of time.

38. A bar magnet is spun at constant angular speed " around
an axis as shown in Figure P31.38. A stationary flat rectan-
gular conducting loop surrounds the magnet, and at
t ! 0, the magnet is oriented as shown. Make a qualitative
graph of the induced current in the loop as a function of
time, plotting counterclockwise currents as positive and
clockwise currents as negative.

39. A motor in normal operation carries a direct current of
0.850 A when connected to a 120-V power supply. The
resistance of the motor windings is 11.8 #. While in
normal operation, (a) what is the back emf generated by
the motor? (b) At what rate is internal energy produced in
the windings? (c) What If? Suppose that a malfunction
stops the motor shaft from rotating. At what rate will inter-
nal energy be produced in the windings in this case? (Most
motors have a thermal switch that will turn off the motor
to prevent overheating when this occurs.)

40. A semicircular conductor of radius R ! 0.250 m is rotated
about the axis AC at a constant rate of 120 rev/min (Fig.
P31.40). A uniform magnetic field in all of the lower half
of the figure is directed out of the plane of rotation and
has a magnitude of 1.30 T. (a) Calculate the maximum
value of the emf induced in the conductor. (b) What is the
value of the average induced emf for each complete rota-
tion? (c) What If? How would the answers to (a) and (b)
change if B were allowed to extend a distance R above the
axis of rotation? Sketch the emf versus time (d) when the
field is as drawn in Figure P31.40 and (e) when the field is
extended as described in (c).

41. The rotating loop in an AC generator is a square 10.0 cm
on a side. It is rotated at 60.0 Hz in a uniform field of
0.800 T. Calculate (a) the flux through the loop as a
function of time, (b) the emf induced in the loop, (c) the

current induced in the loop for a loop resistance of
1.00 #, (d) the power delivered to the loop, and (e) the
torque that must be exerted to rotate the loop.

Section 31.6 Eddy Currents
42. Figure P31.42 represents an electromagnetic brake that

uses eddy currents. An electromagnet hangs from a
railroad car near one rail. To stop the car, a large current
is sent through the coils of the electromagnet. The moving
electromagnet induces eddy currents in the rails, whose
fields oppose the change in the field of the electromagnet.
The magnetic fields of the eddy currents exert force on
the current in the electromagnet, thereby slowing the car.
The direction of the car’s motion and the direction of the
current in the electromagnet are shown correctly in the
picture. Determine which of the eddy currents shown on
the rails is correct. Explain your answer.

A conducting rectangular loop of mass M, resistance
R, and dimensions w by ! falls from rest into a magnetic
field B as shown in Figure P31.43. During the time interval
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Figure 1: Problem 1.
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Section 33.1 AC Sources

Section 33.2 Resistors in an AC Circuit

1. The rms output voltage of an AC source is 200 V and the
operating frequency is 100 Hz. Write the equation giving
the output voltage as a function of time.

2. (a) What is the resistance of a lightbulb that uses an
average power of 75.0 W when connected to a 60.0-Hz
power source having a maximum voltage of 170 V?
(b) What If? What is the resistance of a 100-W bulb?

3. An AC power supply produces a maximum voltage
!Vmax " 100 V. This power supply is connected to a 24.0-#
resistor, and the current and resistor voltage are measured
with an ideal AC ammeter and voltmeter, as shown in
Figure P33.3. What does each meter read? Note that an
ideal ammeter has zero resistance and that an ideal
voltmeter has infinite resistance.

7. An audio amplifier, represented by the AC source and
resistor in Figure P33.7, delivers to the speaker alternating
voltage at audio frequencies. If the source voltage has
an amplitude of 15.0 V, R " 8.20 #, and the speaker is
equivalent to a resistance of 10.4 #, what is the time-
averaged power transferred to it?

1, 2, 3 = straightforward, intermediate, challenging = full solution available in the Student Solutions Manual and Study Guide

= coached solution with hints available at http://www.pse6.com = computer useful in solving problem

= paired numerical and symbolic problems

P R O B L E M S

Note: Assume all AC voltages and currents are sinusoidal,
unless stated otherwise.
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4. In the simple AC circuit shown in Figure 33.2, R " 70.0 #
and !v " !Vmax sin $t. (a) If !vR " 0.250 !Vmax for the
first time at t " 0.010 0 s, what is the angular frequency of
the source? (b) What is the next value of t for which
!vR " 0.250 !Vmax?

The current in the circuit shown in Figure 33.2 equals
60.0% of the peak current at t " 7.00 ms. What is the
smallest frequency of the source that gives this current?

6. Figure P33.6 shows three lamps connected to a 120-V AC
(rms) household supply voltage. Lamps 1 and 2 have
150-W bulbs; lamp 3 has a 100-W bulb. Find the rms
current and resistance of each bulb.

5.

Section 33.3 Inductors in an AC Circuit

8. An inductor is connected to a 20.0-Hz power supply that
produces a 50.0-V rms voltage. What inductance is needed
to keep the instantaneous current in the circuit below
80.0 mA?

In a purely inductive AC circuit, as shown in Figure 33.6,
!Vmax " 100 V. (a) The maximum current is 7.50 A at
50.0 Hz. Calculate the inductance L. (b) What If? At what
angular frequency $ is the maximum current 2.50 A?

10. An inductor has a 54.0-# reactance at 60.0 Hz. What is
the maximum current if this inductor is connected to a
50.0-Hz source that produces a 100-V rms voltage?

For the circuit shown in Figure 33.6, !Vmax " 80.0 V,
$ " 65.0% rad/s, and L " 70.0 mH. Calculate the current
in the inductor at t " 15.5 ms.

12. A 20.0-mH inductor is connected to a standard electrical
outlet (!V rms " 120 V; f " 60.0 Hz). Determine the
energy stored in the inductor at t " (1/180) s, assuming
that this energy is zero at t " 0.

13. Review problem. Determine the maximum magnetic flux
through an inductor connected to a standard electrical
outlet (!V rms " 120 V, f " 60.0 Hz).

11.

9.

Figure 2: Problem 2.

would be encountered in attempting to transmit the 5 MW at the generator voltage of 4.5 kV.



  
 
Figure 12.2.6 (a) Time dependence of ( )CI t  and across the capacitor. (b) Phasor 
diagram for the capacitive circuit. 

( )CV t

 
Notice that at , the voltage across the capacitor is zero while the current in the circuit 
is at a maximum. In fact, 

0t  
( )CI t  reaches its maximum before  by one quarter of a 

cycle (
( )CV t

/ 2I S ). Thus, we say that   
 

 

The current leads the voltage by S/2 in a capacitive circuit 
 

 
 
12.3 The RLC Series Circuit 
 
Consider now the driven series RLC circuit shown in Figure 12.3.1. 
 

 
 

Figure 12.3.1 Driven series RLC Circuit 
 
Applying Kirchhoff’s loop rule, we obtain  
 

 ( ) ( ) ( ) ( ) ( ) 0R L C
dI QV t V t V t V t V t IR L
dt C

� � �  � � �   (12.3.1) 

 
which leads to the following differential equation: 
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Figure 3: Problem 3.
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Thus, we see that the ratio of the output voltage to the input voltage is determined by the 

turn ratio . If , then , which means that the output voltage in the 

second coil is greater than the input voltage in the primary coil. A transformer with 

 is called a step-up transformer. On the other hand, if 

2 /N N 2N N! 2V V!

2N N! 2N N� , then , and 

the output voltage is smaller than the input. A transformer with 

2V V� 1

12N N�  is called a step-
down transformer. 
 
  
12.6 Parallel RLC Circuit 
 
Consider the parallel RLC circuit illustrated in Figure 12.6.1. The AC voltage source is 

0( ) sinV t V tZ . 

 

 
 

Figure 12.6.1 Parallel RLC circuit. 
 
Unlike the series RLC circuit, the instantaneous voltages across all three circuit elements 
R, L, and C are the same, and each voltage is in phase with the current through the 
resistor. However, the currents through each element will be different.  
 
In analyzing this circuit, we make use of the results discussed in Sections 12.2 – 12.4. 
The current in the resistor is  
 

 0
0

( )
( ) sin sinR

VV t
RI t t I

R R
tZ Z    (12.6.1) 

 

where 0 0 /RI V R . The voltage across the inductor is  

 

 0( ) ( ) sin L
L

dIV t V t V t L
dt

Z    (12.6.2) 

which gives 
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Figure 4: Problem 4.

 

 Problem 33.49 
 
The resistor in the Figure P33.49 represents the midrange speaker in a 
three-speaker system. Assume its resistance to be constant at 8 Ω. The source 
represent an audio amplifier producing signals of uniform amplitude 
∆Vin = 10V al all frequencies. The inductor and capacitor are to function as a 
bandpass filter with  ∆Vout /∆Vin = ½ at 200 Hz and 4,000 Hz. (a) Determine 
the required values of L and C. (b) Find the maximum value of the ratio 
∆Vout/∆Vin. (c) Find the frequency f0 at which the ratio has its maximum 
value. (d) Find the phase shift between ∆Vin and ∆Vout at 200 Hz, at f0, and at 
4000 Hz. (e) Find the average power transferred to the speaker at 200 Hz, at 
f0, and at 4000 Hz. (f) Treating the filter as a resonant circuit, find its quality 
factor. 
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Complex current in the series RLC circuit is determined by the 
input complex voltage and the complex impedance of the circuit 
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Complex voltage across the speaker is related to the complex 
current through the speaker. 
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Figure 5: Problem 7.



 

Problem 33.23 
 
A person is working mear the secondary coil of a transformer as shown in Figure 
33.25. The primary voltage is 120 V at 60 Hz. The capacitance Cs, which is the 
stray capacitance between the hand and the secondary winding, is 20 pF. Assuming 
the person has a body resistance to ground Rb = 50 kΩ, determine the rms voltage 
across the body.   
 

5,000 V

 
 
 
 
 
 
 
 
 
The secondary circuit consists of a “capacitor” with 
capacitance Cs=20µF, a “resistor” with resistance Rb=50kΩ 
and a source of electromotive force (the secondary coil of the 
transformer). The source produces sinusoidal potential 
difference with rms value of 5000 V and frequency of 60 Hz. At 
this frequency the impedance of the “capacitor” is 
 

s
C Cf2

1Z
⋅π

=  

 and the impedance of the “resistor” is equal to its resistance 
 . bR RZ =
Since the “elements” are connected in series, the equivalent 
resistance of the system (of the two elements) is 

 
s

2
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1RZ
⋅π

+=  
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Figure 6: Problem 8.

 

Problem 33.33 

diode 

R 

R 

2R 

R 

V 

diode 
 
A diode is a device that allows current to 
pass in only one direction (indicated by the 
arrowhead). Find, in terms of Vrms and R, 
the average power dissipated in the diode 
circuit shown in Figure P33.35. 
 

 
 
 
When the left side of the 
generator has a higher 
potential, the top diode 
conducts (forward bias), and 
the bottom diode does not 
(reverse bias). The remaining 
circuit of three resistors acts 
like a single resistor. The 
resistors R are connected in 
series and the pair is connected 
in parallel to the resistor 2R. Therefore the equivalent resistance 
of the system is 
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 Knowing the rms value of the voltage we could find the 
power in this circuit if the diode was not present. However, the 
presence of the diode reduces the power to half its value 
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Figure 7: Problem 9.

 

 Problem 33.43 
 
A transmission line that has a resistance per unit length of 4.5⋅10-4 Ω/m is to 
be used to transmit 5 MW over 400 miles (6.44⋅105 m). The output voltage of 
the generator is 4.5 kV. (a) What is the line loss if a transformer is used to step 
up the voltage to 500 kV? (b) What fraction of the input power is lost to the 
line under these circumstances? (c) What difficulties would be encountered in 
attempting to transmit the 5 MW at the generator voltage of 4.5 kV 
 
 
 
 
 

 

5 MW 

500 kV 
or 

4.5 kV 

L = 6.44⋅105 m

λ = 4.5⋅10-4 Ω/m 

 
 
a) In order to send out power of P = 5MW at 500 kV potential 
difference, the current in the grid (transmission lines) must be 

 A10
V

PI
a,rms

a,rms ==  

The resistance of the two wires of the transmission lines 
(connected is series) is 
 Ω=λ⋅⋅= 580L2R   
Hence the loss of power in the lines (dissipated in the lines) is 
  ( ) kW58580A10RIP 22

rmsa =Ω=⋅=

b) Relative small fraction is lost in the lines 
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Figure 8: Problem 10.


