Homework No. 08 (2022 Spring)

PHYS 520B: ELECTROMAGNETIC THEORY

Department of Physics, Southern Illinois University—Carbondale
Due date: Thursday, 2022 Apr 7, 12.30pm

1. (20 points.) A charged particle with charge ¢ moves on the z-axis with constant speed
v, B =wv/c. The electric and magnetic field generated by this charged particle is given by

E(r.t) = (1 q 21+ yj+ (2 — vtk (1a)
| 1m0 (@2 1 y?)(1 - 7) + (2 = ot)?]F
B(r,t) = B(1 — 52 —yit ) (1b)
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Evaluate the electromagnetic momentum density for this configuration by evaluating

G(r,t) = eoE(r, 1) x B(r, ). (2)

2. (20 points.) The electric and magnetic field generated by a particle with charge ¢ moving
along the z axis with speed v, § = v/c, can be expressed in the form

5 B — vk 2 2)(1 — 32
B(r.f) = [w1+y.12+(22 vt)k] @+y)0=F) g
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cB(r,t) = B x E(r,1). (3b)
(a) Consider the distribution
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Show that
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Further, show that
/ ded(z) = 1. (6)

(b) Thus, verify that the electric and magnetic field of a charge approaching the speed
of light can be expressed in the form
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where p = zi+yj and p=\r2+y? ¢ = —yi+zj, and p and ¢ are the associated
unit vectors. These fields are confined on the z = ¢t plane moving with speed c.

[lustrate this configuration of fields using a diagram.

(¢) To confirm that the above confined fields are indeed solutions to the Maxwell equa-

tions, verify the following:

1
V-E = —q0¥(p)i(z — ct),
0

V-B=0,
0B
V xE+ pr 0,
V xB-— C—lzaa—]? = 110qcz6@ (p)d(z — ct).
This is facilitated by writing
V=V,+ i%,

and accomplished by using the following identities:
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