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Maxwell’s Equations in Differential 
Form
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Maxwell’s Equations in Differential 
Form: No Magnetic Sources
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Maxwell’s Equations Field Variables
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Electric Field, V/m

Electric Displacement, Q/m2

Magnetic Field, A/m

Magnetic Flux Density, T



Maxwell’s Equations Source Variables

Conductive Current Density, A/m2

Magnetic Charge Density Wb/m3

Electric Charge Density, Q/m3
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Impressed Current Density, A/m2

Magnetic Current Density, V/m2



CONSTITUTIVE RELATIONS
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ε=
ε=εr εo=permittivity (F/m)
εo=8.854 x 10-12 (F/m)



CONSTITUTIVE RELATIONS
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µ=

µ=µoµr 
µo=permeability of 
free space (H/m)
µo=4π x 10-7 (H/m)



CONSTITUTIVE RELATIONS
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Boundary Conditions
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Example Problem
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Example Problem
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TIME HARMONIC EM FIELDS
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Time varying Maxwell’s equations work for fields 
with any time dependency.  However, in 
engineering we often restrict the time 

dependency to sinusoidally varying signals.  
Why?



TIME HARMONIC EM FIELDS

)),,(cos(),,(),,,( zyxtzyxEtzyxE o φω +=
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Time varying Maxwell’s equations work for fields 
with any time dependency.  However, in 
engineering we often restrict the time 

dependency to sinusoidally varying signals.  
Why?

Assume all sources have a sinusoidal time dependence 
and all materials properties are linear.  Since Maxwell’s 
equations are also linear WE ARE GUARENTEED that all 
electric and magnetic fields must also have the same 
sinusoidal time dependence.  Only true for sinusoids!



TIME HARMONIC EM FIELDS
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For sinusoidal (or time harmonic) sources we can mathematically 
write them the following way:
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TIME HARMONIC EM FIELDS
For sinusoidal (or time harmonic) sources we can mathematically 
write them the following way:

),,(~ zyxE is a complex function of space (phasor) 
called the time-harmonic electric field. All field values 
and sources can be represented by their time-harmonic 
form.  
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TIME HARMONIC EM FIELDS
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TIME HARMONIC EM FIELDS

Lets see if you understand what a phasor represents
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At some point in space you are given that the phasor for 
the electric field is given by:

You are also told that you are fields are varying at 1.0 GHz

What does the electric field look like in time?
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the electric field is given by:
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What does the electric field look like in time?
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At some point in space you are given that the phasor for 
the electric field is given by:

You are also told that you are fields are varying at 1.0 GHz

What does the electric field look like in time?

z

y

x

at

at

attE

ˆ))
0
7(tan102cos(7

ˆ))
4
0(tan102cos(4

ˆ))
1
1(tan102cos(11),1,1,0(

192

192

1922

−

−

−

+⋅+

+⋅+

−
+⋅+=−

π

π

π




PROPERTIES OF TIME HARMONIC FIELDS
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Time integration:



TIME HARMONIC MAXWELL’S EQUATIONS
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TIME HARMONIC MAXWELL’S EQUATIONS
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Employing the derivative property results in the following set of equations:
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TIME HARMONIC EM FIELDS
BOUNDARY CONDITIONS AND CONSTITUTIVE PROPERTIES

The constitutive properties and boundary conditions are very similar
for the time harmonic form:
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POWER and ENERGY (continued)
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POWER and ENERGY (continued)
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POWER and ENERGY (continued)
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POWER and ENERGY (continued)
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Ps = power exiting the volume through radiation
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POWER and ENERGY (continued)
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POWER and ENERGY: TIME HARMONIC
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CONTINUITY OF CURRENT LAW
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SUMMARY
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