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Static Maxwell’s Equations: 
Integral Form

Faraday’s Law:
(“Kirchhoff’s Law”)

Gauss’s Law:
(E Field)

Gauss’s Law:
(B Field)

Ampere’s Law:

I
~E · d~s = Qencl

✏
o

I
~B · d~s = 0

I
~E · d~l = 0

I
~B · d~l = µ

o

i
c



Static Maxwell’s Equations: 
Differential “Point” Form

r · B = 0

r · E =
⇢

✏
o

Faraday’s Law:

Gauss’s Law:
(E Field)

Gauss’s Law:
(B Field)

Ampere’s Law: r⇥B = µ
o

J

r⇥E = 0
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Figure 1-17 Nonzero contributions to the flux of a vector are only obtained across
those surfaces that bound the outside of a volume. (a) Within the volume the flux
leaving one incremental volume just enters the adjacent volume where (b) the out-
going normals to the common surface separating the volumes are in opposite direc-
tions.

each incremental volume add. By adding all contributions
from each differential volume, we obtain the divergence
theorem:

QO=cIAdS= lim (V*A)AV.=f VAdV (12)
A V.-.O

where the volume V may be of macroscopic size and is
enclosed by the outer surface S. This powerful theorem con-
verts a surface integral into an equivalent volume integral and
will be used many times in our development of electromag-
netic field theory.

EXAMPLE 1-6 THE DIVERGENCE THEOREM

Verify the divergence theorem for the vector
A = xi. +yi, +zi, = ri,

by evaluating both sides of (12) for the rectangular volume
shown in Figure 1-18.

SOLUTION

The volume integral is easier to evaluate as the divergence
of A is a constant

V A = A.+ aA, A=
ax ay az
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[Markus Zahn, Electromagnetic Field Theory, p. 27]
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SOLUTION

The volume integral is easier to evaluate as the divergence
of A is a constant

V A = A.+ aA, A=
ax ay az

Accounting for contributions of each infinitesimal 
volume within the closed surface:

Hence the familiar “divergence theorem”:
Z

V
(r · A)dv =

I

S
A · ds

[Markus Zahn, Electromagnetic Field Theory, p. 27]



Summary

The Divergence Theorem allows us to translate 
between integral and differential forms of 
Gauss’s Laws.

Hopefully you are reading Chapter 2...


