
In-class problems, Wed Feb 28, 2018

24.5 applications of Gauss’s law

1. (a) Give an example of a uniform electric field.
Sketch it. Write an equation for it ( ~E = . . .).
(b) Give an example of a non-uniform electric field.
Sketch it. Write an equation ( ~E = . . .).

2. Consider the following proposed ~

E for a uniformly
charged sphere. For each, explain why it isn’t the
correct ~

E.

3. Consider the infinite plane of charge, with surface
charge density ⌘. Determine E for the plane using
Gauss’s law. The cylinder is a suggested Gaussian
surface.

(a) Calculate �E =
H
~

E · d~a for the Gaussian sur-
face. Write this integral as the sum of 3 sepa-
rate integrals: �

top

, �
bottom

, �
side

(b) Consider each integral. Identify any that are
zero.

(c) Evaluate any remaining non-zero integrals. In
these terms, let ~

E · d~a = E cos ✓da. Determine
any values for cos ✓. If E is the same for all
da, move it out of the integral.

(d) Now calculate q

enc

/✏

0

. Write q

enc

in terms of
the surface charge density.

(e) Apply Gauss’s law. That is, let your results
from (c) equal your results from (d). Solve
this equation for E.

(f) According to Gauss’s law, any closed surface
will have the same electric flux as long as q

enc

is the same. If so, why can’t we use a sphere
centered on the infinite plane to find ~

E

4. Show that the electric field of a point charge
leads directly from applying Gauss’s law to a point
charge.

(a) Draw a point charge and its ~

E.

(b) Draw a useful Gaussian surface. Choose one
that’s easy to calculate the electric field for.

(c) Calculate �E from
H
E

~

d~a.

(d) Determine q

enc

/✏

0

. Don’t think too hard
about this.

(e) Apply Gauss’s law. Solve this equation for E.

Due Fri Mar 2, 2018, beginning of class

recall the following

1. A rectangular slab has a length `, width w, and
thickness t. The material its made of has a density
of ⇢.

(a) Draw this, and label the dimensions.
(b) What’s the surface area of this rectangular slab?
(c) What’s its mass in terms of the given parame-
ters?

2. A solid sphere has a radius R

(a) What’s its surface area?
(b) What’s its volume?

Spherical shell has a hollow center. It has an inner
radius r

in

and outer radius r

out

. The material its
made of has a density of ⇢.

(c) Draw this, label the dimensions.
(d) What’s its mass?

3. A solid cylinder has a length ` and radius R.

(a) Draw this, and label the dimensions.
(b) What’s its surface area?
(c) What’s its volume?

A cylindrical shell has its core cut out. It has a
length `, inner radius r

in

, and outer radius r

out

.
The material its made of has a density of ⇢.

(d) Draw this, and label the dimensions.
(e) What’s its mass?


