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Cover pages for Exam 2

This is exam is open book, open note, open google. Pretty much open everything except
talking to another human.

You may not consult with other people in any way–no texts, emails, or posts to any forums
or sites like Chegg. If you do use a site other than your textbook or materials from our class,
please cite the source briefly.

I will email you the exam at the start of class time. You will probably write your answers
on your own paper. You should either scan your answers, or more likely, take pictures and
run them through an app like cam scanner or genius scanner to turn them in to me. You
should put them all together in one .pdf file (both those apps will easily do that for you),
and submit it either by email, or in the private Slack channel (to just me.)

I will make the exam shorter than usual to allow time for the taking the pics/scanning/uploading.

You may use a calculator for any problem you like. I will try to avoid problems with tough
integrals, but if it happens, I will say in that problem that you may use Wolfram Alpha
and/or web resource of your choice. If you do, please cite it briefly. And if at all possible,
take a screenshot.

I will be in zoom during class time. You do not have to be, but I would encourage you to
be there just in case I spot a typo or something like that. You are welcome to join with
cameras/mics off, just to be there in case. If you do have a question, let’s go to a breakout
room so we don’t bother everyone by talking.

Present clear and complete answers:

Explain your answers clearly but briefly. You want to aim for a level of solution that someone
taking this class would be able to understand. A diagram and a few words may help.

Start calculations with first principles: things like definitions ( ~E ≡ ~F
Q

) or empirical laws (like

Coulomb’s Law or Newton’s Laws) or conservation laws.
In addition to this page, I will include the “inside-back-cover equation sheets” from Griffiths.

Check time:

The point values for each problem are shown next to the question number. Time yourself
accordingly. The total value of the exam is 100 points. Good luck!
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Some definitions:

8 Chapter 1 Vector Analysis

(ii) Vector triple product: A × (B × C). The vector triple product can be
simplified by the so-called BAC-CAB rule:

A × (B × C) = B(A · C) − C(A · B). (1.17)

Notice that

(A × B) × C = −C × (A × B) = −A(B · C) + B(A · C)

is an entirely different vector (cross-products are not associative). All higher vec-
tor products can be similarly reduced, often by repeated application of Eq. 1.17,
so it is never necessary for an expression to contain more than one cross product
in any term. For instance,

(A × B) · (C × D) = (A · C)(B · D) − (A · D)(B · C);
A × [B × (C × D)] = B[A · (C × D)] − (A · B)(C × D). (1.18)

Problem 1.5 Prove the BAC-CAB rule by writing out both sides in component
form.

Problem 1.6 Prove that

[A × (B × C)] + [B × (C × A)] + [C × (A × B)] = 0.

Under what conditions does A × (B × C) = (A × B) × C?

1.1.4 Position, Displacement, and Separation Vectors

The location of a point in three dimensions can be described by listing its
Cartesian coordinates (x, y, z). The vector to that point from the origin (O)
is called the position vector (Fig. 1.13):

r ≡ x x̂+ y ŷ+ z ẑ. (1.19)
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Some more math:

r 2 = r2 + r′2 − 2rr′ cosα

Vs =
4

3
πR3

Helpful Equations:
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~E · d~a =
qenc
ε0
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Helpful Taylor series expansions (for
small ε):

eε ≈ 1 + ε+ . . .

ln(1 + ε) ≈ ε+ . . .

(1 + ε)n ≈ 1 + nε+ . . .

88 Chapter 2 Electrostatics

Problem 2.28 Use Eq. 2.29 to calculate the potential inside a uniformly charged
solid sphere of radius R and total charge q. Compare your answer to Prob. 2.21.

Problem 2.29 Check that Eq. 2.29 satisfies Poisson’s equation, by applying the
Laplacian and using Eq. 1.102.

2.3.5 Boundary Conditions

In the typical electrostatic problem you are given a source charge distribution
ρ, and you want to find the electric field E it produces. Unless the symmetry
of the problem allows a solution by Gauss’s law, it is generally to your advan-
tage to calculate the potential first, as an intermediate step. These are the three
fundamental quantities of electrostatics: ρ, E, and V . We have, in the course
of our discussion, derived all six formulas interrelating them. These equations
are neatly summarized in Fig. 2.35. We began with just two experimental obser-
vations: (1) the principle of superposition—a broad general rule applying to all
electromagnetic forces, and (2) Coulomb’s law—the fundamental law of electro-
statics. From these, all else followed.

You may have noticed, in studying Exs. 2.5 and 2.6, or working problems such
as 2.7, 2.11, and 2.16, that the electric field always undergoes a discontinuity
when you cross a surface charge σ . In fact, it is a simple matter to find the amount
by which E changes at such a boundary. Suppose we draw a wafer-thin Gaussian
pillbox, extending just barely over the edge in each direction (Fig. 2.36). Gauss’s
law says that
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where A is the area of the pillbox lid. (If σ varies from point to point or the surface
is curved, we must pick A to be extremely small.) Now, the sides of the pillbox
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