
Electric Field Produced by a Point Charge Moving with Constant Velocity

Figure 1: Electric field lines for β = 0.7 (left) and β = 0.95 (right) [1].

Figure 2: |E| at constant distance, R, from the moving charge, shown as
function of angle to direction of motion, θ, for different values of β [1].
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and therefore

B = 1
c
(r̂× E) = 1

c2
(v × E). (10.76)

Lines of B circle around the charge, as shown in Fig. 10.11.
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FIGURE 10.11

The fields of a point charge moving at constant velocity (Eqs. 10.75 and 10.76)
were first obtained by Oliver Heaviside in 1888.20 When v2 ≪ c2 they reduce to

E(r, t) ≈ 1
4πϵ0

q
R2

R̂; B(r, t) ≈ µ0

4π

q
R2

(v × R̂). (10.77)

The first is essentially Coulomb’s law, and the second is the “Biot-Savart law for
a point charge” I warned you about in Chapter 5 (Eq. 5.43).

Problem 10.19 Derive Eq. 10.70. First show that
∂tr
∂t

= rc
r · u

. (10.78)

Problem 10.20 Suppose a point charge q is constrained to move along the x axis.
Show that the fields at points on the axis to the right of the charge are given by

E = q
4πϵ0

1
r2

(
c + v

c −v

)
x̂, B = 0.

(Do not assume v is constant!) What are the fields on the axis to the left of the
charge?

Problem 10.21 For a point charge moving at constant velocity, calculate the flux
integral

∮
E · da (using Eq. 10.75), over the surface of a sphere centered at the

present location of the charge.21

20For history and references, see O. J. Jefimenko, Am. J. Phys. 62, 79 (1994).
21Feynman was fond of saying you should never begin a calculation before you know the answer. It
doesn’t always work, but this is a good problem to try it on.

Figure 3: Lines of B relative to direction of motion. [2].
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