
Electricity and Magnetism: PHY-204 Fall Semester 2015

Individual ASSIGNMENT

Assignment 6: Select Circuit Elements

This homework must be solved individually.

1. A variable air capacitor used in a radio tuning circuit is made of N semicircular

plates each of radius R and positioned a distance d from its neighbors, to which it is

electrically connected. As shown in Fig. 1, a second identical set of plates is enmeshed

with the first set. Each plate in the second set is halfway between two plates of the

first set. The second set can rotate as a unit. Determine the capacitance as a function

of the angle of rotation θ, where θ = 0 corresponds to the maximum capacitance.

Fig. (1)

2. The circuit in Fig.(2) consists of two identical, parallel metal plates connected by

identical metal springs to a 100-V battery. With the switch open, the plates are

uncharged, are separated by a distance d = 8.00 mm, and have a capacitance C =

2.00 µF. When the switch is closed, the distance between the plates decreases by a

factor of 0.500.

(a) How much charge collects on each plate?

(b) What is the spring constant for each spring?

HINT : Derive the relation for force exerted on each plate using F = dU
dx

and capacitance

C = Aε0
x
, where x is the arbitrary plate separation.
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Fig. (2)

3. A parallel-plate capacitor consists of a fixed plate and a movable plate that is allowed

to slide in the direction parallel to the paltes. Let x be the distance of overlap, as

shown in Fig. (3). The separation between the plates is fixed.

x
(Fixed)

(Movable)

Fig. (3)

(a) Assume that the plates are electrically isolated, so that their charges ±Q are

constant. In terms of Q and the (variable) capacitance C, derive an expression

for the leftward force on the movable plate. HINT : Consider how the energy of

the system changes with x.

(b) Now assume that the plates are connected to a battery, so that the potential

difference ϕ is held constant. In terms of ϕ and the capacitance C, derive an

expression for the force.

(c) If the movable plate is held in place by an opposing force, then either of the above

two setups could be the relevant one, because nothing is moving. So the forces

in (a) and (b) should be equal. Verify that this is the case.

4. A conducting sphere of radius R initially has a uniform surface-charge density σ0.

Beginning at t = 0, this charge is drained off over a period t0 such that σ = σ0

(
1− t

t0

)
.
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R
σ

Ic

(a) Find the magnitude of the displacement current Id just outside the surface of the

sphere.

(b) Calculate the current Ic carried off by the wire. Compare the displacement current

Id to Ic.

5. The induced emf in an inductor of inductance L varies with time according to εind(t) =

−2At, where A is a positive constant.

(a) If there is no current through the inductor at t = 0, calculate the current as a

function of time for t > 0.

(b) Is the current increasing or decreasing when t > 0?

(c) Discuss how your answer to part b is consistent with the sign of εind and what

you know about the behavior of inductors?

6. The toroid in the figure below has 200 rectangular windings, and the toroid redii

are Rin = 160 mm and Rout = 240 mm. The height of each winding is h = 20

mm, such that the rectangular cross section of each winding is (Rout − Rin) × h =

(80 mm)× (20 mm). What is the inductance of the toroid?

h

Rout

Rin
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