Homework 4

Problem 1

Try to find the electric potential function V' (r) of a sphere shell with a uniform charge distribution. The
radius of sphere is R and the total charge is Q.

Explain in terms of symmetry why the function V(r) is only dependent on |7|.
Perform the following integral
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to find V(r) for both » > R and r < R. 7' is located on the sphere shell, and dQ' is the solid angle
element of 7.

Use the Gauss’s law to check the above result.

Problem 2

Concentric spherical shells of radius a and b, with b > a, carry charge Q and —Q, respectively, each
charge uniformly distributed. Find the energy stored in the electric field of this system.

Problem 3

The uniqueness theorem states that there is a unique solution of the electric field distribution once the
boundary condition are fixed. In class, we have proved the case of the 1st type boundary condition, i.e.,
the electric potential distributions on boundaries are fixed. Now we consider a different type of boundary
condition.

Suppose that the system contains conductors C;,7 = 1,2,..., N. Each of them is charged with Q; ,
respectively. Please prove that the electric field distribution is unique. The outer boundary is either a
conductor with total charge Q, or, is just set up to infinite.

(Hint: Although the charge distribution of the conductor is not given, the electric potential is a constant for
each conductor. )

Problem 4

Suppose there exists a grounded conducting ball with the radius R. Place an electric charge g at a
distance of a > R from the center of the sphere.

Use the method of images and find the position and the value of the image charge. (Hint: You need
to design suitably the image charge such that the electric potential on the sphere satisfies the
boundary condition. )

Find the electric potential outside the ball.

Please calculate the force acting on the conducting ball and compare it with the force on the point
charge gq.



