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MAXWELL’S EQUATIONS
by
R. Young

1. Introduction

Before beginning this Unit, the following is a collection of equations
from previous Units.

(a) Gauss’ Law;

V- D(7,t) = p(7,t) (1)
where . .
B(F,t) = eB(7 1) @)
(b) Ampere’s Law:
V x H(7 t) = J(7,t) (3)
where . .
B(r,t) = pH(7,t) (4)
(¢) Faraday’s Law:
S a OB(7, 1)
E(Ft) = —
¥ x B = -0 )

(d) Divergenceless Magnetic Induction Vector:

<l

-B(ft)=0 (6)

(e) Conservation of Charge or Equation of Continuity:

LG (R (7)

(f) Force on a charge ¢ moving with velocity ¢ in an electric and magnetic
field:

—

F(7t) = q(E(F,t) + ¥ x B(7,t)) (8)

Eq. (7) is sometimes called the Lorentz force equation. Also, an ex-
plicit time dependence is allowed in each of the physical quantities.
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As indicated in the last Unit, some of these equations are inconsistent.

That is, egs. (1), (3), and (7) imply that

dp oD

— =0, and — =0 9

ot ot ©)
These results are obviously too restrictive since time-varying charge den-
sities and displacement vectors are real possibilities. One way out of this
situation is if one of the equations is incomplete. A candidate would be
Ampere’s Law. Let us assume that Ampere’s Law reads

VxH=J+a (10)
Then, L oL
V- (VxH)=V-J+V-a
SO L .
V- J=-V-a (11)
But, the equation of continuity implies that
dp =
Fr_v.a 12
5 = V@ (12)
and Gauss’ Law finally yields
- (oD .
)V =v.a 13
\Y ( Y ) V-a (13)
Thus, if we choose
dD
— 14
5 =@ (14)

consistency among the three equations in question without the restrictions
of eq. (9) can be obtained. Thus, Ampere’s Law in complete form is

. - - aD

VxH=J+—

ot

The term &D /8t has the dimension of a current density so that it is some-
times called a displacement current density. The displacement current has
real experimental implications which have been shown to be valid.

The following set of equations is usually referred to as Maxwell’s
equations. o L
V-D=p, V-B=0 (15)
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. . 9D - - - OB
H——: E _— =
V x 5 J, VxE+ 5 0

Sometimes the term Maxwell’s equations also includes the following set,

—

D=¢E, B=puH (16)

9p = - . . .
a—§+v-,]:o, F=qgE+7xB)

These eight equations give a complete description of dynamic as well as
static electromagnetic phenomena. I will refer to these eight equations

(15) and (16) as Maxwell’s equations.

2. Procedures
1. Read Ch. 16, Sec.16 - 1 to 16 - 6.

2. Write down and memorize the eight Maxwell’s equations given in
egs. (15) and (16) of the Introduction. Be able to identify the equations
by the names indicated in Output Skill K2.

3. Write down and memorize the derivations called for in Output Skill
K3.

4. Write down and memorize the explanations of the terms in eq. (16-20)
The explanations are given in the text.

5. Solve these problems:

Problem Type

16 -1 Displacement current

16 - 10, 16 - 12 | Solutions to Maxwell’s equations under
various conditions

16 - 4 Poynting vector

Note: When the electromagnetic fields are complex, the energy den-
sity and Poynting vector S should be replaced by,

—_

w==(D"-E+B-H*

(\}

and, oL
S=FExH*
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The observable electromagnetic fields, energy density, and Poynting vec-
tor are then obtained by taking the real part (or imaginary part) of the
appropriate quantity. Thus,

(§)observed = Re(g) = Re(E X ﬁ*)

The asterisk denotes complex configuration.
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