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Learning Objective 5.1: I can apply Coulomb’s Law to use direct integration to calculate the electric field due
to charge density in various geometries, including rectangular, cylindrical, and spherical coordinate systems.

Show your work. Take ε = ε0 and 1/4πε0 = 8.988 ˆ 109 N¨m2/C2. Write a Documentation line at the end (None if you did not

collaborate).

1. Superposition. In free space, q1 = 4 nC sits at the origin, q2 = ´2 nC at (3, 0, 0)m, and q3 = 1 nC at (0, 4, 0)
m.

(a) Find the force on q3.

~F3 =

(b) Remove q3. Find the electric field at (0, 4, 0)m.

~E =

(c) Find the point on the x axis, other than at infinity, where

the field of q1 and q2 is zero. Explain why it cannot lie

between the charges.
x =
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2. A dipole on its axis. Charge+q sits at (0, 0, d/2) and ´q at (0, 0,´d/2).

(a) Starting from the field of a point charge, derive the field at a point (0, 0, z) on the axis with z ą d/2.

(b) Show that for z " d the field becomes ẑ 2p/4πεz3, with p = qd. Compare it with the field at the

same distance on the bisector, from the lesson.

(c) With q = 1 nC and d = 1 cm, find the field at z = 10 cm
from the exact result and from the approximation.

exact =

approx. =
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3. A line charge seen from one end. A uniform line charge ρ` lies on the z axis from z = 0 to z = L. The field
point is (ρ, φ, 0), a distance ρ from the axis in the plane of the line’s lower end.

(a) Derive both components of ~E. Explain why the z component no longer vanishes.

(b) With ρ` = 2 nC/m, L = 1m, and ρ = 0.5m, evaluateEρ

andEz.

Eρ =

Ez =

(c) The lesson’s centered line of length L has field

ρ`L/4περ
a

ρ2 + L2/4. How long must it be, as a multi-

ple of ρ, for its field to be within 1% of the infinite line’s,

ρ`/2περ? L =

Documentation:


