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Lab 3: Gauss’s Law

When you calculate the electric field of a charge
distribution by using superposition (with a sum-
mation or integration), it takes quite a bit of
work. Fortunately, there exists a powerful tool
that allows you to calculate electric fields much
faster, if they are sufficiently symmetric: Gauss’s
Law. It relates the electric flux through a closed
(imaginary) surface to the charge enclosed by the
surface. The math is already “built in”, and you
just have to apply it properly to the given phys-
ical situation, by making use of the symmetry.
From a more fundamental point of view, Gauss’s
law states that when there is an electric field in
space, there must be a source for it – and when
there is a charge, there will be an electric field in
space, generated by that charge.

Carl Friedrich Gauss (1777-1855)
Before the introduction of the Euro as currency,

Gauss’s image – and even some of his work – was
shown on the 10 DM (Deutsche Mark) bill.

Goals:
To study various symmetries of charge configurations and fields. To understand Gauss’s law, and the
conditions under which it is useful for applications.

Preparation:
Halliday, Resnick, and Walker, “Fundamentals of Physics” 10th edition, Wiley: 23.1 – 23.6. Complete the
pre-lab assignment before coming to the lab.

Equipment:
No equipment for online offering (W2021). In-person offering: Gauss’s law shapes (sphere, cylinder, and
block) with pegs.
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Pre-Lab Assignment

In this pre-lab assignment, you will answer some preliminary questions related to the preparatory textbook
reading (sections 23.1–23.6). There is no at-home experiment to do and no equipment needed to complete
it. Part of the pre-lab assignment involves watching the introductory video posted to D2L before attending
your lab section, but you should be able to answer the following questions without having first watched the
video. This video will be available on D2L by the latest on the afternoon of Friday January 29.

At its core, Gauss’s law is a relationship between the electric field lines passing through a closed surface and
the electric charges that are contained within that surface. To quantify what is meant by this, we need to
introduce the idea of the electric flux, which is given by the integral

Φe =

¨
~E · d ~A (1)

This integral is taken over the entire area of the surface; the dot product means that the directions of ~E and
of the infinitesimal area element d ~A at every place along the surface both matter. The direction associated
with d ~A is always perpendicular to the surface: for a closed surface (like a sphere) the direction is always
chosen to point outward, while for an open surface (like a disk) there is no notion of “inside” and “outside”
so the direction can point either way.

Question 1: The figures below show a constant electric field in three dimensions. For the figure on the left,
draw an open surface that maximizes the flux; for the middle figure, draw the same open surface that results
in zero flux; and for the figure on the right, draw the same open surface that yields a flux between these two
extremes. For each, indicate the direction of the area vector ~A.

Question 2: Now draw a closed surface submersed in the
field. Is the flux through the surface positive, negative, or zero?
Justify your answer.
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Question 3: Is the flux through a closed surface always zero? If yes, explain why. If no, sketch a coun-
terexample.

Question 4: The figure below shows a point charge Q and a surface of size A. Is the electric flux through
this surface given by Φe =

˜
~E · d ~A = Q

ε0
? Why, or why not?

Question 5: A square and a circle are in the same uniform field. The diameter of the circle is equal to the
length of the edges of the square. Is the flux through the circle larger than, smaller than, or the same as
that through the square? Explain your answer.
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Question 6: This figure shows a positive point charge Q surrounded by a spherical surface which is sur-
rounded by a cube. Is the flux through the surface of the cube smaller, larger, or the same as the flux
through the surface of the sphere? Explain.

Question 7: Two surfaces, a disk (1) and a hemisphere (2), are located in a uniform electric field. Is the
magnitude of the flux through the hemisphere larger than, smaller than, or the same as the flux through the
disk? Explain your answer.

End of Pre-Lab Assignment

Submit your pre-lab assignment to the appropriate dropbox for your lab section on D2L by 5:00 PM the
day before your scheduled lab section. Please see the instructions posted to D2L about submitting
pre-lab assignments.
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1 Using Gauss’s Law to calculate the electric field

Question 8: Use Gauss’s Law to calculate the electric field E(r) of a positive point charge Q, using a sphere
as the Gaussian surface. Explain every step in the calculation as if you were teaching this to a fellow student
who missed class.

Question 9: Instead of using a sphere as the Gaussian surface, your friend suggests using a cube to calculate
the electric field of a point charge. Will this be a suitable Gaussian surface to use? Explain why or why not,
including a sketch.
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Question 10: For each of the surfaces below, state whether you could use it as a Gaussian surface to
calculate the electric field close to a very long charged wire. If you think you can use a surface, draw the
wire into the figure. If you think you cannot, explain why not.

\

[wi

dt

\

[wi

dt

\
\

Question 11: Can you calculate the electric field of a dipole using Gauss’s Law? If yes, sketch the Gaussian
surface you would use. If no, explain why not, including a sketch.

B:

A:

CHECKPOINT 1: Before moving on to the next part, discuss your results as a
group, then have your TA evaluate your answers.
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2 Using Gauss’s Law to calculate the electric field of a spherical
object

Question 12: a) What is the volume charge density ρ = Q
V for a uniformly charged solid insulating sphere

of radius R and with total charge Q? Sketch a graph of ρ as a function of radius, r; note the radius R is
marked in the graph.

b) For some radius r < R inside the uniformly charged solid sphere, how much charge is contained within a
sphere of radius r?

c) For some radius r > R outside the uniformly charged solid sphere, how much charge is contained within
a sphere of radius r?
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Gauss’s Law states
‚

~E · d ~A = Qenc

ε0
, where Qenc is the charge contained within the Gaussian surface.

Question 13: Use your results from parts (b) and (c) to calculate the electric field E(r) inside and outside
the uniformly charged sphere.

Question 14: Sketch your result for the electric field inside and outside the solid sphere belows a function
of radius, r; mark the radius R in your graph.

B:

A:

Last Checkpoint! Before being dismissed from the lab, discuss your results as a
group, then have your TA evaluate your answers.
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