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13.11: Electromagnetic Induction (Answers)

Check Your Understanding
13.1. 1.1 T/s

13.2. To the observer shown, the current flows clockwise as the magnet approaches, decreases to zero when the magnet is
centered in the plane of the coil, and then flows counterclockwise as the magnet leaves the coil.

13.4. ¢ = Bl?w/2, with O at a higher potential than S
135.15V
13.6. a. yes;

b. Yes; however there is a lack of symmetry between the electric field and coil, making % E-dl amore complicated
relationship that can’t be simplified as shown in the example.

13.7.3.4 x10°V/m

13.8. P, P)2, P,

139.2.3.1 x 107°V;
b.2.0x107'V/m

Conceptual Questions

1. The emf depends on the rate of change of the magnetic field.

3. Both have the same induced electric fields; however, the copper ring has a much higher induced emf because it conducts
electricity better than the wooden ring.

5. a. no; b. yes

7. As long as the magnetic flux is changing from positive to negative or negative to positive, there could be an induced emf.
9. Position the loop so that the field lines run perpendicular to the area vector or parallel to the surface.

11. a. CW as viewed from the circuit; b. CCW as viewed from the circuit

13. As the loop enters, the induced emf creates a CCW current while as the loop leaves the induced emf creates a CW
current. While the loop is fully inside the magnetic field, there is no flux change and therefore no induced current.

15. a. CCW viewed from the magnet;
b. CW viewed from the magnet;
c. CW viewed from the magnet;
d. CCW viewed from the magnet;
e. CW viewed from the magnet;

f. no current
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17. Positive charges on the wings would be to the west, or to the left of the pilot while negative charges would be pulled east
or to the right of the pilot. Thus, the left hand tips of the wings would be positive and the right hand tips would be negative.

19. The work is greater than the kinetic energy because it takes energy to counteract the induced emf.

21. The conducting sheet is shielded from the changing magnetic fields by creating an induced emf. This induced emf creates
an induced magnetic field that opposes any changes in magnetic fields from the field underneath. Therefore, there is no net
magnetic field in the region above this sheet. If the field were due to a static magnetic field, no induced emf will be created
since you need a changing magnetic flux to induce an emf. Therefore, this static magnetic field will not be shielded.

23. a. zero induced current, zero force; b. clockwise induced current, force is to the left; c. zero induced current, zero force; d.
counterclockwise induced current, force is to the left; e. zero induced current, zero force.
Problems
25.a.3.8YV;
b.2.2V;
c. 0V
27. B=1.5t,0 <t <2.0ms,B=3.0mT,2.0ms <t <5.0ms,
B=-3.0t+18mT,5.0ms <t <6.0ms,

__dom _ d(BA) 4B
TTTar T T at . Ya

e = —m(0.100m)*(1.5T/s)
=—4TmV (0 <t <2.0ms),
e =m(0.100m)2(0) = 0(2.0ms < t < 5.0ms),
e = —7(0.100m)*(—3.0T/s) = 94mV (5.0ms < t < 6.0ms).

E(mV) 4
94 - —

47 4

T -
2P 4.0 6.0 t(ms)

29. Each answer is 20 times the previously given answers.
31.7 =k, d®,, = Cysin(wt)dzdy,
- Cab®sin(wt)
m — 2 >
Cab*wcos(wt)
5 .
33.a.7.8 x10*V;

b. CCW from the same view as the magnetic field
35. a. 150 A downward through the resistor;

b. 232 A upward through the resistor;
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c. 0.093 A downward through the resistor
37.0.0015V
39. ¢ = —Byldw cos(2t)1d + By sin(Qt)lv
41. ¢ = Blvcost
43.a.2 x 107197
b. 1.25 V/m;
c.0.3125V;
d. 16 m/s
45.0.018 A, CW as seen in the diagram

47.9.375 V/m

dI dI
o (inside). Outside, E(27r) :7rR2,uOnE, s0,

_ gnr
2

o o dI
49. Inside, Bz,uonI,}{Edl = (wrz)uona, so, B

_ pynR?
- dr

2T.E

(outside)
51. a. Einside = id—B, Eoutside = L dB ;
2 dt 2R dt

b. W =4.19 x 107 J;

c.0J;

d. Frag =4 x 107N, Fy.. =2.7x 102N
53.7.1uA
55. Three turns with an area of 1m?
57.a. w=1207rad/s, e = 850sin1207tV;

b. P =720sin?1207tW;

c. P =360sin?1207tW
59. a. B is proportional to Q;

b. If the coin turns easily, the magnetic field is perpendicular. If the coin is at an equilibrium position, it is parallel.
61.a.1.33 A;

b. 0.50 A;

c. 60 W;

d. 22.5W;

e.2.5W

Additional Problems
63.4.8 x10% Ass

65.2.83 x 10 % A, the direction as follows for increasing magnetic field:

ling s

67.0.375V
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69.a.0.94V;
b. 0.70 N;
c. 3.52 J/s;
d.3.52W

7. 4By A
dt ' 2mr

120V

2.04

o Es —&;

B Rf-i-Ra ’

c.g; =60V

73.a. Ry +R, = =600, so Ry =508;

b. I = =90V ;

Challenge Problems
75. N is a maximum number of turns allowed.
77.5.3V

I b
79.<I>:Mln(1+—),solz
2 T

oloabu . oloabv
2nRx(z +b)  2mx(x+b)

81.a.1.01 x107%V;

b. 1.37x 1077V;

c.0V
83.a.v= % ;

b. mgusing;

c. meAT;

d. current would reverse direction but bar would still slide at the same speed
85.a. B=puynl, ,, = BA=pynlA ,

£=9.9x107*V;

b.9.9 x1074V;

c. %E-dize,:Ezl.G x 1073V /m

d.9.9x107'V;
e. no, because there is no cylindrical symmetry
87.a.1.92 x 10°rad/s = 1.83 x 10 rpm ;
b. This angular velocity is unreasonably high, higher than can be obtained for any mechanical system.
c. The assumption that a voltage as great as 12.0 kV could be obtained is unreasonable.

2uoma’ Iynw
R
mRuv,

91. D2
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