
Arizona State University, Physics 311
EXAM 1, 2014-02-17

Instructions: The exam is closed book and timed (50 minutes). Show all steps of calculations. Be
careful to pace yourself. Circle alternate problems you wish to be graded. [75 pts maximum]

[15 pts] 1. Given the function G(r) = 1/4πr, where r2 = x2 + y2 + z2:
a) Calculate the gradient ∇G(r).
b) Calculate the curl of the gradient ∇×∇G(r).
c) Calculate the divergence of the gradient ∇ ·∇G(r).
d) How do G(r), ∇G(r), and ∇ ·∇G(r) relate to electrostatics?
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[20 pts] 2. Calculate the electric field at the point (0, 0, z) on the z-axis due to a flat parallelogram
distribution of charge with corners O = (0, 0, 0), a = (1, 0, 1), b = (0, 1, 1) and a + b = (1, 1, 2)
and constant surface charge density σ. You may leave your answer in terms of double integrals
containing only constant scalars and parameters of integration.

Alternate problem [10 pts]: Calculate the electric field E(0, 0, z) due to a ring of linear charge
density λ and radius a, in the xy-plane, centered about the origin.
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[20 pts] 2. Derive the Helmholtz theorem from the vector identity ∇2F = ∇∇·F −∇×∇×F , and
use it to derive Coulomb’s law E(r) =

∫
V ′ ρ(r′)dτ ′ r̂ /4πε0 r2, given only the divergence∇·E = ρ/ε0

and curl ∇×E = 0 of the electric field E.

Alternate problem [12 pts]: Prove that ∇ ×E = 0 ensures that one can well-define [independent
of path of integration] a potential V (r) = −

∫ r
r0

E · dl. Show that the electric field is the nega-

tive gradient of this potential, E = −∇V . Derive the formula V (r) =
∫
V ′ ρ(r′)dτ ′/4πε0 r from

Coulomb’s law.
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[20 pts] 4. Essay question (paragraph form): explain in detail the geometry of electrostatics. You
may refer to illustrations, but the problem will be graded on the content and organization of the
written response.

Examples to get started: describe the geometric representations flux ΦE =
∫
E · da and flow

EE =
∫
E · dl of the electric field E(r), and the relationship between each of them. How do they

relate to charge, field lines, and equipotentials? Explain the integral and differential field equations
in terms of these geometric concepts. What about projections? Why use fields at all? Why would
one expect a 1/r2 force law?
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