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Time-Varying Fields: 
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Time-Varying Fields, simple media, & stationary circuits: 
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Sinusoidal Steady-State Time-Varying Fields: 
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Sinusoidal Steady-State Time-Varying Fields & Simple Media: 
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Other important relationships: 
                                              Integral Form                                 Differential Form

Eqn of Continuity /
                         

Conservation of Charge
v

v
V

dd s dV
dt t

J J
ρρ ∂⋅ =− ∇⋅ =−
∂∫

0 0

Lorentz Force Eqn.              (
Constitutive Relations                 ( )
Ohm's Law                          
                                                    

s

c

q u )F E B

D E E P B H H M

J E

ε ε µ µ
σ

= + ×
= = + = = +
=

∫

1 2 n12 2 1 n12 2 1

n12 2 1 1 2

                      Electric                                             Magnetic

ˆ ˆ or  ( ) 0 ( )Tangential-
Boundary Conditions 

ˆ ( )  or  Normal-
t t s

s n n

a a
a

E E E E H H J
D D B Bρ

 = × − = × − = ⋅ − = = n12 2 1

n12 1 1

2 2

ˆ ( )
ˆwhere surface normal  points from region 1 into region 2, and   &  point away from boundry 

while  &  point toward from boundry
n n

n n

a
a

B B

B D

B D

⋅ − = 0

 



               

Poynting Vector                
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