
Practice Problems for Final Review
Nov 29, 2018

Type corrected!

In addition to this page, I will include the “purple equation sheet” from Griffiths.

No phones or other device that connects to the internet.

You may use a calculator, though I don’t think you’ll need it.

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.

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!



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:

~F =
qQ

4πε0 r 2
r̂∮

~E · d~a =
qenc
ε0

V (r) = −
∫ r

ref

~E · d~̀

Helpful Taylor series expansions (for
small ε):

eε ≈ 1 + ε+ . . .

ln(1 + ε) ≈ ε+ . . .

(1 + ε)n ≈ 1 + nε+ . . .

New Equations for the Final Exam:

E =
∮
~E · d~̀= −dΦB

dt∮
~B · d~̀= µ0Ienc + µ0ε0

∫ ∂ ~E

∂t
· d~a

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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E · da = 1
ϵ0

Qenc = 1
ϵ0

σ A,

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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Just as the electric field suffers a discontinuity at a surface charge, so the mag-
netic field is discontinuous at a surface current. Only this time it is the tangential
component that changes. For if we apply Eq. 5.50, in integral form,

!
B · d a = 0,

to a wafer-thin pillbox straddling the surface (Fig. 5.49), we get

B⊥
above = B⊥

below. (5.74)

As for the tangential components, an Amperian loop running perpendicular to the
current (Fig. 5.50) yields

!
B · d l =

"
B∥

above − B∥
below

#
l = µ0 Ienc = µ0 Kl,

or

B∥
above − B∥

below = µ0 K . (5.75)
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W =
ε0
2

∫
E2dτ

~F = Q~E +Q~v × ~B ~F =
∫
Id~̀× ~B

~B(~r) =
µ0I

4π

∫ d~̀× r̂
r 2

∮
~B · d~̀= µ0Ienc
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1. Use Ampere’s Law to find ~B a distance r from a long straight wire carrying current,
I.

2. A magnetic field is into the page everywhere in some region. An electron travels to the
right. What direction is the force on the electron (due to the magnetic field)?

3. An insulating ring has a charge +Q uniformly distributed over it. Is Gauss’s Law true
for the ring? Could you use Gauss’s Law to find the electric field at any point near the
ring? (Don’t do it, just explain why or why not.)

Scanned with CamScanner

4. An conducting ring has a current going around it in the counterclockwise direction
as you look down on the ring. Is Ampere’s Law true for the ring? Could you use
Ampere’s Law to find the electric field at any point near the ring? (Don’t do it, just
explain why or why not.)

Scanned with CamScanner

5. Two charges, +Q and −Q are at +d and −d on the z-axis as shown.

(a) What is the electric field at a distance of y along the y-axis?

(b) What is the potential at that point?

(c) If I brought a third charge of +2Q in from inifinity and placed it at y, what would
be the force on that third charge?

(d) How much energy would it have taken for me to do that last step?
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Scanned with CamScanner

6. Two long wires have currents I going into or out of the page, as shown. (Top one is
out, bottom one is in.)

(a) What is the magnetic field at a distance of y along the y-axis?

(b) If I placed a third long, straight wire carrying current of +2I and placed it at y,
so that its current was into the page, what would be the force per unit length on
that third wire due to the other two?

Scanned with CamScanner

7. (20 points) A very long straight wire lies in the plane of the paper, as shown. It carries
a current, I, toward the bottom of the page. A square wire loop lies in the plane of
the paper, a distance d from the long straight wire. The square has sides of length d.

(a) Find the flux through the square loop due to the long straight wire.

(b) If the current in the long straight wire goes as I = I0e
−λt where λ is some positive

constant, what current is induced in the square loop? (Assume the square loop is
made of wire with resistance, R.)
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8. A long, straight, fat wire of radius R carries a current, I that is uniformly distributed
throughout the wire.

(a) Find the magnetic field inside and outside the wire.

(b) If the current in the long straight wire goes as I = I0e
−λt where λ is some positive

constant, what electric field is induced inside and outside the wire?

Some Missing Things:

9. A straight up math problem from Ch1. Likely things are, show one of the fundamental
theorems for a particular line/surface/volume

10. An integration problem over a continuous charge distribution. I could ask you to find
V or ~E

11. Gauss’s Law problem

12. A capacitance problem

13. Biot-Savart Law problem


