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1. Consider the hemispherical closed surface in Fig. 1. The hemisphere is in a uniform magnetic

field that makes an angle θ with the vertical. Calculate the magnetic flux through (i) the flat

surface S1 and (ii) the hemispherical surface S2.

Solution (i) ΦB|flat = ~B · ~A = BπR2 cos(π − θ) = −BπR2 cos θ. (ii) The net flux out of the

closed surface is zero: ΦB|flat + ΦB|curved = 0, hence ΦB|curved = BπR2 cos θ.

2. A cube of edge length ` = 2.50 cm is positioned as shown in Fig. 2. A uniform magnetic

field given by ~B = (5ı̂+ 4̂+ 3̂k̂) T exists throughout the region. (i) Calculate the flux through the

shaded face. (ii) What is the total flux through the six faces?

Solution (i) ΦB =
∫
~B ·d ~A = ~B · ~A = (5ı̂+ 4̂+ 3k̂) T · (2.50×10−2 m)2ı̂ = 3.12×10−3 T ·m2 =

3.12 × 10−3 Wb = 3.12 mWb. (ii) Φtotal
B =

v
S
~B · d ~A = 0 for any closed surface (Gauss law for

magnetism).

3. A solenoid 2.50 cm in diameter and 30.0 cm long has 300 turns and carries 12.0 A. (i) Cal-

culate the flux through the surface of a disk of radius 5.00 cm that is positioned perpendicular to

and centered on the axis of the solenoid, as shown in Fig. 3 (a). (ii) Figure 3 (b) shows an enlarged

end view of the same solenoid. Calculate the flux through the blue area, which is defined by an

annulus that has an inner radius of 0.400 cm and outer radius of 0.800 cm.

Solution ΦB = ~B · ~A = BA, where A is the cross-sectional area of the solenoid, ΦB = µ0NI
L πr2 =

7.40 µWb. (ii) ΦB = ~B · ~A = BA = µ0NI
L π (r2

2 − r2
1) = 2.27 µWb.

4. The rectangular loop shown in Fig. 4 is coplanar with the long, straight wire carrying the

current I = 20 A. Determine the magnetic flux through the loop.

Solution The field due to the long wire is, ~B = µ0I
2πr φ̂. In the plane of the loop, φ̂ becomes −ı̂

and r becomes y, ~B = −µ0I
2πy ı̂. The flux through the loop is along −ı̂, and the magnitude of the flux

is Φ =
v
S
~B · d ~A = µ0I

2π

∫ 20 cm
5 cm

1
y (−ı̂) · (−ı̂) 30 cm dy = µ0I

2π 0.3
∫ 0.2

0.05
dy
y = 0.3µ0

2π · 20 · ln(0.2/0.05) =

1.66× 10−6 Wb.

5. Two parallel rails with negligible resistance are 10.0 cm apart and are connected by a 5.00-Ω

resistor. The circuit also contains two metal rods having resistances of 10.0 Ω and 15.0 Ω sliding

along the rails (Fig. 5). The rods are pulled away from the resistor at constant speeds of 4.00 m/s

and 2.00 m/s, respectively. A uniform magnetic field of magnitude 0.01 T is applied perpendicular

to the plane of the rails. Determine the current in the 5.00-Ω resistor.



Solution Name the currents as shown in Fig. 5: left loop, +Bdv2− I2R2− I1R1 = 0; right loop,

+Bdv3− I3R3 + I1R1 = 0; and at the junction, I2 = I1 + I3 Then, Bdv2− I1R2− I3R2− I1R1 = 0,

with I3 = Bdv3
R3

+ I1R1
R3

. Hence Bdv2 − I1(R1 + R2) − Bdv3R2
R3

− IiR1R2
R3

= 0, yielding I1 =

Bd v2R3−v3R2
R1R2+R1R3+R2R3

= 145 µA upward.

6. A helicopter has blades of length 3.00 m, rotating at 2.00 rev/s about a central hub as shown

in Fig. 6. If the vertical component of the Earths magnetic field is 50.0 µT, what is the emf induced

between the blade tip and the center hub? (ii) What is the emf induced between any two blade tips?

Solution The magnitude of the angular velocity is ω = 2 rev/s · 2π rev−1 = 4π s−1. A blade,

rotating with magnitude of angular velocity ω sweeps an angle dφ proportional to the time dt, i.e.

dφ = ωdt, which corresponds to an area of dA = 1
2R

2dφ = 1
2R

2ωdt. In a uniform magnetic field, the

magnetic flux swept by the blade is therefore dΦB = ~B ·d ~A = BdA cos θ = ±B⊥dA = ±1
2B⊥R

2ωdt,

where B⊥ is the vertical component of the magnetic field. Hence the electromotive force induced

in the blade is E = −dΦB
dt = ∓1

2B⊥R
2ω = ∓1

25.0× 10−5 T · 4π(3.0 m)2 = ∓2.8× 10−3 V. (ii) Zero

(This is like two batteries head to head).

7. A loop of area 0.1 m2 is rotating at 60 rev/s with the axis of rotation perpendicular to a 0.2 T

magnetic field; see Fig. 7. (i) If there are 1000 turns on the loop, what is the maximum voltage

induced in the loop? (ii) When the maximum induced voltage occurs, what is the orientation of

the loop with respect to the magnetic field?

Solution As the loop rotates, the angle between the direction of the magnetic field vector ~B and

the vector ~A, normal to the loop with magnitude equal to the area of the loop, is a linear function of

time. The magnetic flux Φ over the surface of the loop is therefore a time dependent function, and at

instant t its value is: Φ(t) =
∫

loop
~B ·d ~A = ~B · ~A = BA cosωt. The electromotive force in the loop de-

pends on the number of loops and the rate of change in the magnetic flux over the loop (or any other

surface bound to the loop): E(t) = −N dΦ
dt = −N d

dt [BA cos(ωt)] = NABω sin(ωt). The rest of the

problem involves an analysis of the above function. (i) There is no mention of polarity, therefore the

maximum voltage (electromotive force) occurs for the extreme values of the trigonometric function.

The absolute value of this voltage is: Vmax = NABω = 1000 · 0.1 m2 · 0.2 T · 2π · 60 s−1 = 7, 540 V.

(ii) To answer this part we must analyze and interpret for what values of the argument the func-

tion assumes the extreme values. It happens when the argument of the trigonometric function is

ωt = π
2 +nπ. Recall that ωt represents the angle between the magnetic field and the normal to the

loop. Therefore, the voltage assumes maximum values when the magnetic field is parallel to the

plane of the loop.

8. Two infinitely long solenoids (seen in cross section) pass through a circuit as shown in Fig. 8.

The magnitude of B inside each is the same and is increasing at the rate of 100 T/s. What is the

current in each resistor?

Solution In the loop on the left, the induced emf is |ε| = dΦB
dt = AdB

dt = π(0.10 m)2 100 T/s = π V

and it attempts to produce a counterclockwise current in this loop. In the loop on the right, the



induced emf is |ε| = dΦB
dt = AdB

dt = π(0.15 m)2 100 T/s = 2.25 π V and it attempts to produce a

clockwise current. Assume that I1 flows down through the 6.00 Ω resistor, I2 flows down through

the 5.00 Ω resistor, and that I3 flows up through the 3.00 Ω resistor. From Kirchhoffs junction

rule: I3 = I1 + I2. Using the loop rule on the left loop: 6.00I1 + 3.00I3 = π. Using the loop rule on

the right loop: 5.00I2 + 3.00I3 = 2.25π Solving these three equations simultaneously, I1 = 0.062 A,

I2 = 0.860 A, and I3 = 0.923 A.

9. The square loop shown in Fig. 9 is coplanar with a long, straight wire carrying a current

I(t) = 5 cos(2π × 104t) A. (i) Determine the emf induced across a small gap created in the loop.

(ii) Determine the direction and magnitude of the current that would flow through a 4 Ω resistor

connected across the gap. The loop has an internal resistance of 1 Ω.

Solution The magnetic field due to the wire is ~B = µ0I
2πr φ̂ = −µ0I

2πy ı̂ where in the plane of the

loop, φ̂ = −ı̂ and r = y. The flux passing through the loop is Φ =
∫
S
~B · d~s =

∫ 15 cm
5 cm

(
−µoI

2πy ı̂
)
·

(−10 cm ı̂) dy = µ0I×10−1 m
2π ln 15

5 = 4π×10−7 N·A−2×5 cos(2π×104t) A×10−1 m
2π ×1.1 = 1.1×10−7 cos(2π×

104t) Wb, and so Vemf = −dΦ
dt = 1.1×2π×104 sin(2π×104t)×10−7 V = 6.9×10−3 sin(2π×104t) V.

(ii) Iind = Vemf
Rtot

= 6.9×10−3

5 Ω sin(2π × 104t) V = 1.38 sin(2π × 104t) mA. At t = 0, ~B is a maximum,

it points in −x-direction, and since it varies as cos(2π× 104t), it is decreasing. Hence, the induced

current has to be counterclockwise when looking down on the loop, as shown in Fig. 9.

10. The loop shown in Fig. 10 moves away from a wire carrying a current I1 = 10 A at a con-

stant velocity u = 7.5 m/s. If R = 10 Ω and the direction of I2 is as defined in Fig. 10, find I2 as a

function of y0, the distance between the wire and the loop. Ignore the internal resistance of the loop.

Solution Assume that the wire carrying current I1 is in the same plane as the loop. The two

identical resistors are in series, so I2 = Vemf/2R, where the induced voltage is due to motion of the

loop and is given by Vemf =
∮
C(~u × ~B) · d~l. The magnetic field B is created by the wire carrying

I1. Choosing k̂ to coincide with the direction of I1, the external magnetic field due to the long

wire is ~B = µ0I1
2πr φ̂. For positive values of y0 in the y-z plane, ̂ = r̂, so ~u × ~B = |~u|̂ × ~B =

r̂|u| × φ̂µ0I12πr = µ0I1u
2πr k̂. Integrating around the four sides of the loop with d~l = dzk̂ and the

limits of integration chosen in accordance with the assumed direction of I2, and recognizing that

only the two sides without the resistors contribute to Vemf , we have Vemf =
∫ 0.2

0

(
k̂ µ0I1u2πr

)∣∣∣
r=y0/m

·

k̂ dz +
∫ 0

0.2

(
k̂ µ0I1u2πr

)∣∣∣
r=y0/m+0.1

· k̂ dz = 4π×10−7 N·A−2×10 A×7.5 m/s×0.2
2π

(
1

y0/m
− 1

y0/m+0.1

)
= 3 ×

10−6
(

1
y0/m

− 1
y0/m+0.1

)
V, and therefore I2 = Vemf

2R = 150
(

1
y0/m

− 1
y0/m+0.1

)
nA.



Problems 961

33. A single-turn square loop of wire, 2.00 cm on each edge,
carries a clockwise current of 0.200 A. The loop is inside a
solenoid, with the plane of the loop perpendicular to
the magnetic field of the solenoid. The solenoid has
30 turns/cm and carries a clockwise current of 15.0 A.
Find the force on each side of the loop and the torque
acting on the loop.

Section 30.5 Magnetic Flux
34. Consider the hemispherical closed surface in Figure

P30.34. The hemisphere is in a uniform magnetic field
that makes an angle ! with the vertical. Calculate the
magnetic flux through (a) the flat surface S1 and (b) the
hemispherical surface S2.

Figure P30.35

Figure P30.36

Figure P30.34
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A cube of edge length ! " 2.50 cm is positioned as shown
in Figure P30.35. A uniform magnetic field given
by B " (5 î # 4 ĵ # 3k̂)T exists throughout the region.
(a) Calculate the flux through the shaded face. (b) What is
the total flux through the six faces?

35.

36. A solenoid 2.50 cm in diameter and 30.0 cm long has
300 turns and carries 12.0 A. (a) Calculate the flux
through the surface of a disk of radius 5.00 cm that is
positioned perpendicular to and centered on the axis of

the solenoid, as shown in Figure P30.36a. (b) Figure
P30.36b shows an enlarged end view of the same solenoid.
Calculate the flux through the blue area, which is defined
by an annulus that has an inner radius of 0.400 cm and
outer radius of 0.800 cm.

Section 30.7 Displacement Current and the General
Form of Ampère’s Law

A 0.100-A current is charging a capacitor that has square
plates 5.00 cm on each side. The plate separation is
4.00 mm. Find (a) the time rate of change of electric flux
between the plates and (b) the displacement current
between the plates.

38. A 0.200-A current is charging a capacitor that has circular
plates 10.0 cm in radius. If the plate separation is
4.00 mm, (a) what is the time rate of increase of electric
field between the plates? (b) What is the magnetic field
between the plates 5.00 cm from the center?

Section 30.8 Magnetism in Matter
39. In Bohr’s 1913 model of the hydrogen atom, the electron is

in a circular orbit of radius 5.29 $ 10%11 m and its speed is
2.19 $ 106 m/s. (a) What is the magnitude of the magnetic
moment due to the electron’s motion? (b) If the electron
moves in a horizontal circle, counterclockwise as seen from
above, what is the direction of this magnetic moment vector?

40. A magnetic field of 1.30 T is to be set up in an iron-core
toroid. The toroid has a mean radius of 10.0 cm, and
magnetic permeability of 5 000 &0. What current is
required if the winding has 470 turns of wire? The
thickness of the iron ring is small compared to 10 cm, so
the field in the material is nearly uniform.

A toroid with a mean radius of 20.0 cm and 630 turns (see
Fig. 30.30) is filled with powdered steel whose magnetic

41.

37.Figure 1: Problem 1.
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carries a clockwise current of 0.200 A. The loop is inside a
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A cube of edge length ! " 2.50 cm is positioned as shown
in Figure P30.35. A uniform magnetic field given
by B " (5 î # 4 ĵ # 3k̂)T exists throughout the region.
(a) Calculate the flux through the shaded face. (b) What is
the total flux through the six faces?

35.

36. A solenoid 2.50 cm in diameter and 30.0 cm long has
300 turns and carries 12.0 A. (a) Calculate the flux
through the surface of a disk of radius 5.00 cm that is
positioned perpendicular to and centered on the axis of

the solenoid, as shown in Figure P30.36a. (b) Figure
P30.36b shows an enlarged end view of the same solenoid.
Calculate the flux through the blue area, which is defined
by an annulus that has an inner radius of 0.400 cm and
outer radius of 0.800 cm.

Section 30.7 Displacement Current and the General
Form of Ampère’s Law

A 0.100-A current is charging a capacitor that has square
plates 5.00 cm on each side. The plate separation is
4.00 mm. Find (a) the time rate of change of electric flux
between the plates and (b) the displacement current
between the plates.

38. A 0.200-A current is charging a capacitor that has circular
plates 10.0 cm in radius. If the plate separation is
4.00 mm, (a) what is the time rate of increase of electric
field between the plates? (b) What is the magnetic field
between the plates 5.00 cm from the center?

Section 30.8 Magnetism in Matter
39. In Bohr’s 1913 model of the hydrogen atom, the electron is

in a circular orbit of radius 5.29 $ 10%11 m and its speed is
2.19 $ 106 m/s. (a) What is the magnitude of the magnetic
moment due to the electron’s motion? (b) If the electron
moves in a horizontal circle, counterclockwise as seen from
above, what is the direction of this magnetic moment vector?

40. A magnetic field of 1.30 T is to be set up in an iron-core
toroid. The toroid has a mean radius of 10.0 cm, and
magnetic permeability of 5 000 &0. What current is
required if the winding has 470 turns of wire? The
thickness of the iron ring is small compared to 10 cm, so
the field in the material is nearly uniform.

A toroid with a mean radius of 20.0 cm and 630 turns (see
Fig. 30.30) is filled with powdered steel whose magnetic

41.

37.

Figure 2: Problem 2.
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33. A single-turn square loop of wire, 2.00 cm on each edge,
carries a clockwise current of 0.200 A. The loop is inside a
solenoid, with the plane of the loop perpendicular to
the magnetic field of the solenoid. The solenoid has
30 turns/cm and carries a clockwise current of 15.0 A.
Find the force on each side of the loop and the torque
acting on the loop.
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P30.34. The hemisphere is in a uniform magnetic field
that makes an angle ! with the vertical. Calculate the
magnetic flux through (a) the flat surface S1 and (b) the
hemispherical surface S2.

Figure P30.35

Figure P30.36

Figure P30.34

S1

R

θ

S2

B

!

B

y

x

z

!
!

(b)

1.25 cm

(a)

I

I

A cube of edge length ! " 2.50 cm is positioned as shown
in Figure P30.35. A uniform magnetic field given
by B " (5 î # 4 ĵ # 3k̂)T exists throughout the region.
(a) Calculate the flux through the shaded face. (b) What is
the total flux through the six faces?

35.

36. A solenoid 2.50 cm in diameter and 30.0 cm long has
300 turns and carries 12.0 A. (a) Calculate the flux
through the surface of a disk of radius 5.00 cm that is
positioned perpendicular to and centered on the axis of

the solenoid, as shown in Figure P30.36a. (b) Figure
P30.36b shows an enlarged end view of the same solenoid.
Calculate the flux through the blue area, which is defined
by an annulus that has an inner radius of 0.400 cm and
outer radius of 0.800 cm.

Section 30.7 Displacement Current and the General
Form of Ampère’s Law

A 0.100-A current is charging a capacitor that has square
plates 5.00 cm on each side. The plate separation is
4.00 mm. Find (a) the time rate of change of electric flux
between the plates and (b) the displacement current
between the plates.

38. A 0.200-A current is charging a capacitor that has circular
plates 10.0 cm in radius. If the plate separation is
4.00 mm, (a) what is the time rate of increase of electric
field between the plates? (b) What is the magnetic field
between the plates 5.00 cm from the center?

Section 30.8 Magnetism in Matter
39. In Bohr’s 1913 model of the hydrogen atom, the electron is

in a circular orbit of radius 5.29 $ 10%11 m and its speed is
2.19 $ 106 m/s. (a) What is the magnitude of the magnetic
moment due to the electron’s motion? (b) If the electron
moves in a horizontal circle, counterclockwise as seen from
above, what is the direction of this magnetic moment vector?

40. A magnetic field of 1.30 T is to be set up in an iron-core
toroid. The toroid has a mean radius of 10.0 cm, and
magnetic permeability of 5 000 &0. What current is
required if the winding has 470 turns of wire? The
thickness of the iron ring is small compared to 10 cm, so
the field in the material is nearly uniform.

A toroid with a mean radius of 20.0 cm and 630 turns (see
Fig. 30.30) is filled with powdered steel whose magnetic

41.

37.

Figure 3: Problem 3.



Problem 5.40 The rectangular loop shown in Fig. P5.40 is coplanar with the long,
straight wire carrying the current I = 20 A. Determine the magnetic flux through the
loop.

y

x

z

5 cm

20 A

20 cm

30 cm

Figure P5.40: Loop and wire arrangement for
Problem 5.40.

Solution: The field due to the long wire is, from Eq. (5.30),

B= φ̂φφ
µ0I
2πr

= −x̂ µ0I
2πr

= −x̂ µ0I
2πy

,

where in the plane of the loop, φ̂φφ becomes −x̂ and r becomes y.
The flux through the loop is along −x̂, and the magnitude of the flux is

Φ=
∫

S
B ·ds= µ0I

2π

∫ 20 cm

5 cm
− x̂
y

·−x̂(30 cm×dy)

=
µ0I
2π

×0.3
∫ 0.2

0.05

dy
y

=
0.3µ0
2π

×20× ln
(
0.2
0.05

)
= 1.66×10−6 (Wb).

Figure 4: Problem 4.

996 CHAPTE R  31 •  Faraday’s Law

is closed? (c) What is the direction of the induced current
in R when the current I in Figure P31.28c decreases
rapidly to zero? (d) A copper bar is moved to the right
while its axis is maintained in a direction perpendicular to
a magnetic field, as shown in Figure P31.28d. If the top of
the bar becomes positive relative to the bottom, what is the
direction of the magnetic field?

A rectangular coil with resistance R has N turns, each of
length ! and width w as shown in Figure P31.29. The coil
moves into a uniform magnetic field B with constant velocity
v. What are the magnitude and direction of the total
magnetic force on the coil (a) as it enters the magnetic field,
(b) as it moves within the field, and (c) as it leaves the field?

29.

31. Two parallel rails with negligible resistance are 10.0 cm apart
and are connected by a 5.00-! resistor. The circuit also
contains two metal rods having resistances of 10.0 ! and
15.0 ! sliding along the rails (Fig. P31.31). The rods are
pulled away from the resistor at constant speeds of 4.00 m/s
and 2.00 m/s, respectively. A uniform magnetic field of
magnitude 0.010 0 T is applied perpendicular to the plane
of the rails. Determine the current in the 5.00 -! resistor.

Section 31.4 Induced emf and Electric Fields
32. For the situation shown in Figure P31.32, the magnetic

field changes with time according to the expression
B " (2.00t 3 # 4.00t 2 $ 0.800)T, and r2 " 2R " 5.00 cm.
(a) Calculate the magnitude and direction of the force
exerted on an electron located at point P2 when t " 2.00 s.
(b) At what time is this force equal to zero?

A magnetic field directed into the page changes with time
according to B " (0.030 0t 2 $ 1.40)T, where t is in
seconds. The field has a circular cross section of radius
R " 2.50 cm (Fig. P31.32). What are the magnitude and
direction of the electric field at point P1 when t " 3.00 s
and r1 " 0.020 0 m ?

34. A long solenoid with 1 000 turns per meter and
radius 2.00 cm carries an oscillating current given by
I " (5.00 A) sin(100%t). What is the electric field induced
at a radius r " 1.00 cm from the axis of the solenoid?
What is the direction of this electric field when the current
is increasing counterclockwise in the coil?

Section 31.5 Generators and Motors

33.

A coil of area 0.100 m2 is rotating at 60.0 rev/s with
the axis of rotation perpendicular to a 0.200-T magnetic
field. (a) If the coil has 1 000 turns, what is the maximum
emf generated in it? (b) What is the orientation of the coil
with respect to the magnetic field when the maximum
induced voltage occurs?

36. In a 250-turn automobile alternator, the magnetic flux in
each turn is &B " (2.50 ' 10#4 Wb) cos((t), where ( is
the angular speed of the alternator. The alternator is
geared to rotate three times for each engine revolution.
When the engine is running at an angular speed of
1 000 rev/min, determine (a) the induced emf in the
alternator as a function of time and (b) the maximum emf
in the alternator.

37. A long solenoid, with its axis along the x axis, consists of
200 turns per meter of wire that carries a steady current of
15.0 A. A coil is formed by wrapping 30 turns of thin wire
around a circular frame that has a radius of 8.00 cm. The
coil is placed inside the solenoid and mounted on an
axis that is a diameter of the coil and coincides with the
y axis. The coil is then rotated with an angular speed
of 4.00% rad/s. (The plane of the coil is in the yz plane

35.
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Figure P31.32 Problems 32 and 33.

30. In Figure P31.30, the bar magnet is moved toward the
loop. Is Va # Vb positive, negative, or zero? Explain.

Problems 28 and 62 in Chapter 29 can be assigned with
this section.

224     Faraday’s Law

P31.29 (a) The force on the side of the coil entering the field
(consisting of N wires) is

F N ILB N IwB  a f a f .
The induced emf in the coil is

H    N
d
dt

N
d Bwx
dt

NBwvB) a f
.

so the current is I
R

NBwv
R

  
H

 counterclockwise.

The force on the leading side of the coil is then:

F N
NBwv
R

wB
N B w v

R
 FHG

I
KJ  

2 2 2

 to the left .

(b) Once the coil is entirely inside the field,
)B NBA  constant ,

so H  0 , I  0 , and F  0 . FIG. P31.29

(c) As the coil starts to leave the field, the flux decreases at the rate Bwv, so the magnitude of the
current is the same as in part (a), but now the current is clockwise. Thus, the force exerted on
the trailing side of the coil is:

F
N B w v

R
 

2 2 2

 to the left again .

P31.30 Look in the direction of ba. The bar magnet creates a field into the page, and the field increases. The
loop will create a field out of the page by carrying a counterclockwise current. Therefore, current
must flow from b to a through the resistor. Hence, V Va b�  will be negative .

P31.31 Name the currents as shown in the diagram:

Left loop: � � �  Bdv I R I R2 2 2 1 1 0

Right loop: � � �  Bdv I R I R3 3 3 1 1 0

At the junction: I I I2 1 3 �

Then, Bdv I R I R I R2 1 2 3 2 1 1 0� � �  

I
Bdv
R

I R
R3

3

3

1 1

3
 � . FIG. P31.31

So, Bdv I R R
Bdv R
R

I R R
R2 1 1 2

3 2

3

1 1 2

3
0� � � �  b g

I Bd
v R v R

R R R R R R1
2 3 3 2

1 2 1 3 2 3
 

�
� �

F
HG

I
KJ  upward

I1 0 010 0 0 100
4 00 15 0 2 00 10 0

5 00 10 0 5 00 15 0 10 0 15 0
145 

�

� �
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MM

O
Q
PP  . .

. . . .

. . . . . .
 T  m

 m s   m s  

      
 Ab ga f b ga f b ga f

a fa f a fa f a fa f
: :

: : : : : :
P  upward.

Figure 5: Problem 5.



 

Problem 31.27 
A helicopter has blades 3 m long, extending from the central hub and rotating at 
2 rev/s. If the vertical component of the earth magnetic field is 50 mT, what is the 
emf induced between the blade tip and the center hub? 

 
 
 
 
 
  
 
 
 
A blade, rotating with magnitude of angular velocity ω sweeps 
an angle dθ proportional to the time dt 
 dtd ω=α  
which corresponds to an area of  

 dtR
2
1RRd

2
1dA 2ω=⋅α⋅= . 

In a uniform magnetic field, the magnetic flux swept by the blade 
is therefore 

 dtRB
2
1dABd 2

vvB ω==⋅=Φ dAB  

Hence the electromotive force induced in the blade is 

  ( ) mV8.2
s
14m3T50

2
1RB

2
1

dt
d 22

v
B =π⋅⋅µ⋅=ω=Φ−=ε

 2

Figure 6: Problem 6.

 

Problem 31.35 
A loop of area 0.1 m2 is rotating at 60 rev/s with the axis of rotation perpendicular 
to a 0.2 T magnetic field.  (a) If there are 1000 turns on the loop, what is the 
maximum voltage induced in the loop?  (b) When the maximum induced voltage 
occurs, what is the orientation of the loop with respect to the magnetic field? 
 

   As the loop rotates, the angle 
between the direction of the 
magnetic field vector B and the 
vector A, normal to the loop with 
magnitude equal to the area of the 
loop, is a linear function of time. 
     The magnetic flux Φ over the 
surface of the loop is therefore a 
time dependent function, and at 
instant t its value is: 

B ω t 

ω 

A 

axis 
of 

rotation 

( )Φ t B
loop

= ⋅ = ⋅ =³B dA B A cosA tω  

The electromotive force in the loop depends on the number 
of loops and the rate of change in the magnetic flux over the 
loop (or any other surface bound to the loop): 

( ) ( )ε ωt N d
dt N d

dt BA t NAB t= − = − = ω ωΦ cos sin  

The rest of the problem involves an analysis of the above 
function 
 

 3

Figure 7: Problem 7.



before the top edge of the loop reaches the field, the loop
approaches a terminal speed vT. (a) Show that

(b) Why is vT proportional to R? (c) Why is it inversely propor-
tional to B2?

Section 31.7 Maxwell’s Equations
44. An electron moves through a uniform electric field

E ! (2.50 î " 5.00 ĵ) V/m and a uniform magnetic field
B ! (0.400k̂)T. Determine the acceleration of the
electron when it has a velocity v ! 10.0 î m/s.

A proton moves through a uniform electric field given by
E ! 50.0 ĵ V/m and a uniform magnetic field B !
(0.200 î " 0.300 ĵ " 0.400k̂)T. Determine the acceleration
of the proton when it has a velocity v ! 200 î m/s.

Additional Problems
46. A steel guitar string vibrates (Figure 31.6). The compo-

nent of magnetic field perpendicular to the area of a
pickup coil nearby is given by

B ! 50.0 mT " (3.20 mT) sin(2# 523 t/s)

The circular pickup coil has 30 turns and radius 2.70 mm.
Find the emf induced in the coil as a function of time.

47. Figure P31.47 is a graph of the induced emf versus time
for a coil of N turns rotating with angular speed $ in a uni-
form magnetic field directed perpendicular to the axis of
rotation of the coil. What If ? Copy this sketch (on a larger
scale), and on the same set of axes show the graph of emf
versus t (a) if the number of turns in the coil is doubled;
(b) if instead the angular speed is doubled; and (c) if the
angular speed is doubled while the number of turns in the
coil is halved.

45.

vT !
MgR
B2w2

48. A technician wearing a brass bracelet enclosing area
0.005 00 m2 places her hand in a solenoid whose magnetic
field is 5.00 T directed perpendicular to the plane of the
bracelet. The electrical resistance around the circumfer-
ence of the bracelet is 0.020 0 %. An unexpected power
failure causes the field to drop to 1.50 T in a time of
20.0 ms. Find (a) the current induced in the bracelet and
(b) the power delivered to the bracelet. Note: As this

problem implies, you should not wear any metal objects
when working in regions of strong magnetic fields.

49. Two infinitely long solenoids (seen in cross section) pass
through a circuit as shown in Figure P31.49. The magni-
tude of B inside each is the same and is increasing at the
rate of 100 T/s. What is the current in each resistor?

50. A conducting rod of length ! ! 35.0 cm is free to slide on
two parallel conducting bars as shown in Figure P31.50.
Two resistors R1 ! 2.00 % and R 2 ! 5.00 % are connected
across the ends of the bars to form a loop. A constant
magnetic field B ! 2.50 T is directed perpendicularly into
the page. An external agent pulls the rod to the left with a
constant speed of v ! 8.00 m/s. Find (a) the currents in
both resistors, (b) the total power delivered to the resis-
tance of the circuit, and (c) the magnitude of the applied
force that is needed to move the rod with this constant
velocity.

51. Suppose you wrap wire onto the core from a roll of cello-
phane tape to make a coil. Describe how you can use a bar
magnet to produce an induced voltage in the coil. What is
the order of magnitude of the emf you generate? State the
quantities you take as data and their values.

52. A bar of mass m, length d, and resistance R slides without
friction in a horizontal plane, moving on parallel rails as
shown in Figure P31.52. A battery that maintains a
constant emf & is connected between the rails, and a
constant magnetic field B is directed perpendicularly to
the plane of the page. Assuming the bar starts from rest,
show that at time t it moves with a speed

v !
&
Bd

 (1 ' e'B 2d 2t/mR)

998 CHAPTE R  31 •  Faraday’s Law

(mV)

1 2
t(ms)

ε

10

5

–5

–10

3

Figure P31.47
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Figure 8: Problem 8.

Problem 6.6 The square loop shown in Fig. P6.6 is coplanar with a long, straight
wire carrying a current

I(t) = 5cos(2π×104t) (A).

(a) Determine the emf induced across a small gap created in the loop.
(b) Determine the direction and magnitude of the current that would flow through

a 4-Ω resistor connected across the gap. The loop has an internal resistance of
1 Ω.

y

x

z

5 cm

I(t)

10 cm

10 cm

Figure P6.6: Loop coplanar with long wire (Problem 6.6).

Solution:
(a) The magnetic field due to the wire is

B= φ̂φφ
µ0I
2πr

= −x̂ µ0I
2πy

,

where in the plane of the loop, φ̂φφ= −x̂ and r = y. The flux passing through the loop
is

Φ=
∫

S
B ·ds=

∫ 15 cm

5 cm

(
−x̂ µ0I

2πy

)
· [−x̂10 (cm)] dy

=
µ0I×10−1

2π
ln
15
5

=
4π×10−7×5cos(2π×104t)×10−1

2π
×1.1

= 1.1×10−7 cos(2π×104t) (Wb).

Figure 9: Problem 9.



Problem 6.11 The loop shown in P6.11 moves away from a wire carrying a current
I1 = 10 A at a constant velocity u= ŷ7.5 (m/s). If R= 10 Ω and the direction of I2 is
as defined in the figure, find I2 as a function of y0, the distance between the wire and
the loop. Ignore the internal resistance of the loop.

u

u

I1 = 10 A

I220 cm

10 cm

R

z

R

y0

Figure P6.11: Moving loop of Problem 6.11.

Solution: Assume that the wire carrying current I1 is in the same plane as the loop.
The two identical resistors are in series, so I2 =Vemf/2R, where the induced voltage
is due to motion of the loop and is given by Eq. (6.26):

Vemf =Vmemf = ♥
∫

C
(u×B) ·dl.

The magnetic field B is created by the wire carrying I1. Choosing ẑ to coincide with
the direction of I1, Eq. (5.30) gives the external magnetic field of a long wire to be

B= φ̂φφ
µ0I1
2πr

.

For positive values of y0 in the y-z plane, ŷ= r̂, so

u×B= ŷ|u|×××B= r̂|u|××× φ̂φφ
µ0I1
2πr

= ẑ
µ0I1u
2πr

.

Integrating around the four sides of the loop with dl = ẑ dz and the limits of
integration chosen in accordance with the assumed direction of I2, and recognizing

Figure 10: Problem 10.


