Prof. Anchordoqui

Problems set # 9‘ Physics 167 Solutions

1. Consider the hemispherical closed surface in Fig. 1. The hemisphere is in a uniform magnetic
field that makes an angle # with the vertical. Calculate the magnetic flux through (i) the flat
surface S and (4i) the hemispherical surface Ss.

Solution (i) ®glg, = B-A = BrR2cos(m — 0) = —BwR2cosf. (i) The net flux out of the

closed surface is zero: ®plg.. + PB| =0, hence ®p| = BrR?cosf.

curved curved

2. A cube of edge length ¢ = 2.50 cm is positioned as shown in Fig. 2. A uniform magnetic
field given by B = (5i+4j+ 3k) T exists throughout the region. (i) Calculate the flux through the
shaded face. (%) What is the total flux through the six faces?

Solution (i) ®p = Y. B-AA = B-A = (5i+4j+3k) T-(2.50x 1072 m)% = 3.12x 103 T - m? =
3.12 x 1073 Wb = 3.12 mWhb. (ii) &%l = Y cea B - AA =0 for any closed surface (Gauss’ law

surface

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). (i) 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 ¢ = ZE CAA = BA,, where A; is the cross-sectional area of the solenoid, &5 =
oI 7p2 = 7,40 pWh. (ii) @ = Y B - AA = BA, = 1 7 (13 —r3) = 2.27 yWh.

4. Two parallel rails with negligible resistance are 10.0 cm apart and are connected by a 5.00-2
resistor. The circuit also contains two metal rods having resistances of 10.0 €2 and 15.0 Q sliding
along the rails (Fig. 4). 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-€) resistor.

Solution Name the currents as shown in Fig. 4: left loop, +Bdve — Is Ry — I1 Ry = 0; right loop,
+Bdvs — I3R3+ 11 R1 = 0; and at the junction, Is = I1 + I3, where d is the length of the bar. Then,
Bdva—I1Ry—IsRy— 11 Ry = 0, with I3 = B2 + I Hence Bdvy— 11 (Ry + Rp) — P4tz — Lt —

R3 R3
0, yielding Iy = Bd g2l — 145 pA upward.

5. Two infinitely long solenoids (seen in cross section) pass through a circuit as shown in Fig. 5.
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?
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Figure 1: Problem 1.
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Figure 2: Problem 2.

Solution In the loop on the left, the induced emf is || = AftB = AAA—? = 7(0.10 m)2100 T/s =
m V and it attempts to produce a counterclockwise current in this loop. In the loop on the right,
the induced emf is |e] = % = A58 = 7(0.15 m)? 100 T/s = 2.25 7 V and it attempts to produce
a clockwise current. Assume that I; flows down through the 6.00 €2 resistor, Is flows down through
the 5.00 €2 resistor, and that I3 flows up through the 3.00  resistor. From Kirchhoff’s junction
rule: I3 = I1 + Is. Using the loop rule on the left loop: 6.00/; + 3.00/35 = . Using the loop rule on
the right loop: 5.0015 + 3.0015 = 2.257 Solving these three equations simultaneously, I; = 0.062 A,

I, =0.860 A, and I3 = 0.923 A.
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Figure 3: Problem 3.
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Figure 4: Problem 4.
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Figure 5: Problem 5.



