Chapter 31 Homework Problems

m Analuminum ring ofradius 1'1 = 5.00 cm and rcsistance 13. A square, single-turn wire 100p ¢ = 1.00 cm on a side 1s
3.00 X 10~* () is placed around one end of a long air-core placed inside a solenoid that has a circular cross section
solenoid with 1 000 turns per meter and radius r, = 3.00 cm of radius r = 3.00 cm as shown in the end view of Figure
as shown in Figure P31.9. Assume the axial component of P31.13. The solenoid is 20.0 cm long and wound with 100
the field produced by the solenoid is one-half as strong over turns of wire. (a) If the current in the solenoid is 3.00 A,
the area of the end of the solenoid as at the center of the what is the magnetic flux through the square loop? (b) If
solenoid. Also assume the solenoid produces negligible the current in th.e solenoid is reducec.i to zero in ?f.OO s,
field outside its cross-sectional area. The current in the what is the Inagmtude of the average induced emf in the
solenoid is increasing at a rate of 270 A/s. (a) What is the square loop?
induced current in the ring? At the center of the ring, what
are (b) the magnitude and (c) the direction of the magnetic /
field produced by the induced current in the ring? .
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MAAAAALY —TE (M PN long solenoid has n» = 400 turns per meter and car-

MZZ}/ T ries a current given by I = 30.0(1 — ¢ '%%) where [ is in
S amperes and ¢is in seconds. Inside the solenoid and coaxial
with it i1s a coil that has a radius of R = 6.00 cm and consists

11. A loop of wire in the shape of a rectangle of width w and of a total of N = 250 turns of fine wire (Fig. P31.14). What
length L and a long, straight wire carrying a current [ lie emf is induced in the coil by the changing current?
on a tabletop as shown in Figure P31.11. (a) Determine e /m 1
the magnetic flux through the loop due to the current I _ Nooeten:
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(b) Suppose the current is changing with time according
to I = a + bt, where a and b are constants. Determine the
emf thatis induced in the loop if 5= 10.0A/s, h = 1.00 cm,
w = 10.0 cm, and L = 1.00 m. (c) What is the direction of

the induced current in the rectangle?

Nturns

Iy A coil formed by wrapping 50 turns of wire in the shape

of a square is positioned in a magnetic field so that the
normal to the plane of the coil makes an angle of 30.0°
with the direction of the field. When the magnetic field is
increased uniformly from 200 pT to 600 yT in 0.400 s, an
emf of magnitude 80.0 mV is induced in the coil. What is
i L | the total length of the wire in the coil?
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A piece of insulated wire is shaped into a figure eight as
shown in Figure P31.18. For simplicity, model the two
halves of the figure eight as circles. The radius of the upper
circle is 5.00 cm and that of the lower circle is 9.00 cm. The
wire has a uniform resistance per unit length of 3.00 {}/m.
A uniform magnetic field is applied perpendicular to the
plane of the two circles, in the direction shown. The mag-
netic field is increasing at a constant rate of 2.00 T/s. Find
(a) the magnitude and (b) the direction of the induced
current in the wire.
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A 2.00-m length of wire is held in an east-west direc-
tion and moves horizontally to the north with a speed of
0.500 m/s. The Earth’s magnetic field in this region is of
magnitude 50.0 yT and is directed northward and 53.0°
below the horizontal. (a) Calculate the magnitude of the
induced emf between the ends of the wire and (b) deter-
mine which end is positive.

@ I Figure P31.23 shows a top view of a bar that can slide

on two frictionless rails. The resistor is R = 6.00 (), and
a 2.50-T magnetic field is directed perpendicularly down-
ward, into the paper. Let € = 1.20 m. (a) Calculate the
applied force required to move the bar to the right at a
constant speed of 2.00 m/s. (b) At what rate is energy deliv-
ered to the resistor?
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Review. Figure P31.25 shows a bar of mass m = 0.200 kg
that can slide without friction on a pair of rails separated
by a distance € = 1.20 m and located on an inclined plane
that makes an angle 6 = 25.0° with respect to the ground.
The resistance of the resistor is R = 1.00 () and a uniform
magnetic field of magnitude B = 0.500 T is directed down-
ward, perpendicular to the ground, over the entire region
through which the bar moves. With what constant speed v
does the bar slide along the rails?

IE] A rectangular coil with resistance R has N turns, each

of length € and width w as shown in Figure P31.30. 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 mag-
netic field, (b) as it moves within the field, and (c) as it
leaves the field?
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. The circuit in Figure P31.53 is located in a magnetic

field whose magnitude varies with time according to the
expression B = 1.00 X 10~* ¢, where Bis in teslas and ¢ is
in seconds. Assume the resistance per length of the wire is

0.100 2/m. Find the current in section PQ of length a =

65.0 cm. P
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