
Electricity and Magnetism: PHY-204 Fall Semester 2015

Collaborative ASSIGNMENT

Assignment 2: Electric Potential and Electric Current

1. As shown in the accompanying figure, three large thin, uniformly charged plates are

arranged so that there are two adjacent regions of uniform electric field. The origin

is at the center of the central plate. Location A is (−0.4, 0, 0) m, and location B is

(0.2, 0, 0) m. The electric field |E⃗1| has then value (725) V/m and |E⃗2| is (425) V/m.

The directions of these fields are shown.
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(a) Consider a path from A to B. Along this path, what is the change in electric

potential?

(b) What is the change in electric potential along a path directed from B to A?

(c) There is a tiny hole in the central plate, so a moving particle can pass through

the hole. If an electron moved from A to B along the path shown, what would

be the change in its kinetic energy?

(d) What is the minimum kinetic energy the electron must have at location A in

order to ensure that it reaches location B?

2. In the Van de Graaff generator shown in the corresponding figure, a rubber belt carries

electrons up through a small hole in a large hollow spherical metal shell. The electrons

come off the upper part of the belt and drift through a wire to the outer surface of the

metal shell, so that the metal shell acquires a sizeable negative charge, approximately

uniformly distributed over the sphere. At a time when the sphere has acquired a

sizable charge −Q, approximately how much work must be done by the by the motor

to move one more electron from the base (a distance h below the sphere) to the upper

pulley (located a distance R/2 from the center of the hollow sphere)? Explain your

work, and state explicitly what approximations you had to make.
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3. Consider a submarine coaxial cable in which a supposed insulator is inserted in between

two coaxial conductors. The arrangement is shown in the diagram. The insulator is

shown by the hashed region.

Cross section of 

submarine cablea

b

An inner copper conductor of radius a is surrounded by a copper shell of inner radius

b. The conductors are connected to a voltage source V0 which maintains the inner

conductor at a higher potential V0 with respect to the outer conductor. Current leaks

through the resistor which has resistivity ρ Ωm.

(a) Find the current leakage per unit length of the cable. (Hint: Find the resistance

per unit length.)

(b) Suppose a = 0.5 cm, b = 1 cm, ρ = 1010 Ωm, V0 = 200 V. What is the leakage

current per kilometer of cable?

4. Find the potential at P due to a uniformly charged triangular sheet of charge density

σ with dimensions shown. Not only set up the integral, but solve it as well.
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5. (a) Suppose we have a metallic, solid sphere of radius R. It carries a charge Q.

What is the potential energy of this sphere? Remember, as in class, we like to

“assemble” this charged body. Try bringing in tiny amounts of charge from far

away. Remember it’s a metal.

(b) Now consider two metallic spheres of radii R1 and R2, far far apart—sufficiently

far away that they don’t electrically interact. We have a total amount of charge Q

that needs to be distributed on these spheres. Suppose fQ goes onto one sphere

and (1 − f)Q goes onto the other. For what fraction f , is the total potential

energy minimized? Let’s call this the electrostatic ground state.

(c) What is the potential difference between the spheres in the electrostatic ground

state?

(d) What is the electric field along the axis joining the centres of the spheres?

(e) If the first sphere carries all the charge Q, and is then connected to the second

far away sphere by a metallic wire, will the charge redistribute? If yes, how?

6. Suppose the nonconducting sphere has a spherical cavity of radius r1 centered at the

spheres center (Fig. 2). Assuming the density of charge between r1 and r0 of the

hollow sphere varies as ρE = ρ0r1/r. Determine the electric field as a function of r for

(a) 0 < r < r1, (b) r1 < r < r0, (c) r > r0.

(d) Plot E versus r from r = 0 to r = 2r0.
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