Physics 611 Homework #1 Spring ‘22
Dr. Drake

1. Review the notes in the file Reviewl.pdf through page 9. This file is in the
Files directory on Canvas. This reviews the material on electrostatics covered
in Physics 610. The material in these notes on basis functions in cylindrical

coordinates will be covered during the first two weeks of Physics 611.

2. Consider a hollow conducting box with lengths L in the x and y directions,
which has a closed bottom at z = 0 and which extends to oo in the positive z
direction. The box is grounded. A charge ¢ is placed at x = y = L/2 a distance
d from the bottom.

(a) Sketch the electric field lines in the x — z plane at y = L/2 for d < L and
d> L.

(b) What is the direction of the force on the charge ¢7 Estimate this force
when d < L. When d > L will the force be greater or less than that
which you would find if the charge were a distance d from an infinite plane
conductor? Why?

(c) Calculate the potential ¢ inside of the box.

(d) Calculate the force acting on the charge ¢q. Evaluate this force approxi-
mately in the limit when d > L. Is your answer in this limit consistent
with your answer to the question in part (a)?

Hint: Remember that the charge can not accelerate itself.

3. Consider a spherical conductor of radius R that is cut at § = 7/2. The top of
the conductor is maintained at a potential V' and the bottom at potential —V .

All of the following questions relate to the region r > R.

(a) Sketch the electric field lines produced by the structure. What is the
scaling of the electric field for » > R? Estimate the electric field around

the axis of symmetry just above the conducting surface.
(b) Calculate the potential ¢ in the region r > R.

(c¢) Evaluate E at the symmetry axis just outside the conducting surface and

compare with your answer in (a).



