Homework No. 06 (2014 Fall)

PHYS 320: Electricity and Magnetism 1
Due date: Friday, 2014 Oct 10, 4:00 PM

1. (30 points.) The relation between charge density and current density,

%p(r,t) +V.jr,t)y=0, (1)

is the general statement of the conservation of charge.

(a) Derive the statement of conservation of charge in Eq. (1) from the Maxwell equations.
Hint: Take time derivative of Gauss’s law and divergence of Ampere’s law.

(b) For an arbitrarily moving point particle with charge, the charge and current densities
are

p(r,t) = g6 (r — 14(t)) (2)
and
i(r,t) = gva(t) 6@ (r — ra(2)), (3)

where r,(t) is the position vector and

valt) = o2 @)

is the velocity of the charged particle. Verify the statement of the conservation of
charge in Eq. (1) for a point particle.

2. (20 points.) (Ref. Schwinger et al., problem 4.1.)
Consider the charge density
p(r) = —d - V6O (r). ()

(a) Find the total charge of the charge density by evaluating
/ dr p(r). (6)

Hint: Integrate by parts.
(b) Find the dipole moment of the charge density by evaluating

/ d®r ¥ p(r). (7)
Hint: Integrate by parts, and use Vr = 1.
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