Physics 322 Solution to Homework Set #6 Spring 2008

1. Problem 7.1 in your textbook. Note, part c should read b >> a.
(a) Let ¢ be the charge on the inner shell of radius a. Then in the space between the shells, E = q/(4meor?)?,

and
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where we used Gauss’s law. Therefore, substituting for g,
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(¢) Forb>>a, 1/b<<1/a => R=1/(4wo.a). The resistance is dominated by the region near the inner
shell: spherical shells further out have a larger surface area (and hence lower current density) and contribute
less and less to R as you move further out. For two submerged spheres, each has a resistance, R ~ 1/(4wo.a)
to a point a distance >> a from either sphere and therefore a resistance Ry = 2R = 2/(4wo.a) between the
two spheres. By measuring the current, I, between the submerged spheres when a voltage, V', is maintained
between them, one determines Ry from Ohm’s law and hence the conductivity, o,.

2.  Problem 7.7 in your textbook.

(a) We find the current from Ohm’s law, V' = IR where the voltage is the induced EMF in the loop formed
by the resistor, rails, and sliding metal bar. Let « be the distance of the metal bar from the resistor:
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The flux into the page is increasing so the current flows counter-clockwise to produce a field that points
out of the page (¥ x B points parallel to the metal bar in the upward direction, forcing current to flow
counter-clockwise.)

(b) Recall that the force that a magnetic field exerts on a current segment is given by:

B2%y
7 &

F = I/dfxé = IB/dl(—gE) = —IBl & =
where the direction of the force is opposite to .

()

F = ma=m

dv B?%y S dv B?[? S ) _ B2,
— = = = — = — v = v = vYpe mE
dt R dt 0



(d) The energy is dissipated in the resistor as heat. The power dissipated is P = I?R. Therefore,
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3. Problem 7.8 in your textbook.
(a) The field from the long wire is B = oI /(27r)¢. Therefore,
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The field points out of the page and the flux decreases as the loop is pulled. Therefore, the current flows
counter-clockwise to increase the flux pointing out of the page ( ¥ x B points to the right on the segment
closest to the wire where the field is largest, pushing the current counter-clockwise).

(¢) The flux does not change if the loop is pulled parallel to the wire so £ = 0.

4. Problem 7.10 in your textbook. The flux through the loop is ® = B.a = Ba? cos 6, where 0 is the
angle between @ and B (acos@ is the projection of the loop perpendicular to B as seen from above). At
constant angular speed, § = wt, giving us:
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5. Problem 7.11 in your textbook. Asin problem 7.7, & = Blv = IR => I = Blv/R. The magnetic field
produces an upward magnetic force on the current, Fy,.g = I1B = B?[?v/R which opposes the gravitational
force, Fyrqy = mg. Therefore,
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Fr = Fyrav — Frnag = mg — 7 = mE => i g— v where 3 = R

At terminal velocity, dv/dt =0 => g— vy =0
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We find the speed as a function of time (assuming the loop starts at rest) from:
dv B

g—pv
Att=0,v=0 => A =g. Therefore,
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dt => —Bln(g—ﬁv) = t+const => g—fv = Ae P

o= gl-c) => W) = G- ) = u(i-e)

At 90% of terminal velocity, v/v; =0.9=1—e Pt => e P =0.1

=> —ft = In(0.1) => pt = In(10) => t = %111(10) = %111(10)

Putting in numbers, for A = the cross sectional area of the conducting loop, I = its side length, and
n = 2700kg/m? = the density of aluminum, we have m = 4nAl.

R =4l/(c.A) = 4lp. /A where p. = 2.8 x 10~80hm — m is the resistivity of aluminum. With B = 1T, we

have:
4dnAlgdlp. 16gnp. (16)(9.8)(2700)(2.8 x 107%)
vy = B - B - . = 12cm/s

The time to reach 90% of termonal velocity is:

1.2 % 102
t = %80111(10) = 2.8 ms

If the loop were cut, it would fall freely with an acceleration of g.



