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4.2 Time – Harmonic Fields 
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a) Introduction :

Time – harmonic Field varies sinusoidal with time.

mx x x

my y y

mz z z

E(x,y,z,t) E ( , , ) cos[ ( , , )]
                E ( , , ) cos[ ( , , )]

                E ( , , ) cos[ ( , , )]

ω ψ
ω ψ

ω ψ

= +
+ +

+ +

x y z t x y z
x y z t x y z
x y z t x y z

a
a

a

Time – harmonic Field : practical value.

If not, Fourier techniques can be used .
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b) The phasor:

The phasor is defined:  complex function  

Relation between the field and the phasor :  
jωtE(z)  E(z,t) Re{E(z) e }⇔ = ∗

mxE E ( )cos[ ( )]x xz t zω ψ= + aTime domain: 

j (z)
mx mxE E ( ).e E ( ) ( ).x xz z zψ ψ= = ∠a aPhasor domain: 

Property :  
E(z,t) jω E(z) 

t
∂

⇔ ∗
∂
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c) Maxwell’s equations in phasor form:

Erot H J tε
→→ →

∂
∂= +

Vdiv E ρ / ε
→

=

divH 0
→

=

Hrot E tµ
→→

∂
∂= − rot E jωµ H

• •
→ →

= −

Vdiv E ρ / ε
•
→

=

div H 0
•
→

=

rot H ( )Ejσ ωε
• •
→ →

= +

In material media : σ , ε , µ = const , Maxwell’s equations :

And constitutive relations : 

J E  ; D εE  ; B µH σ= = =
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Example1: Maxwell’s equations in phasor 

o Method 1: Solve directly in time domain (see 1.7) . 

o Method 2: Using phasors : E (z,t) jβz
yE 20.e a (V/m)−=

x y z
jβ z

x
jβ z

a a a
ro tE / x / y / z j20β .e a

0 2 0 .e 0

−

−

= ∂ ∂ ∂ ∂ ∂ ∂ =

jβ z
x

0 0

1 2 0βH ro tE .e a
jω µ ω µ

−= − = −
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Example1: Maxwell’s equations in phasor 

x y z 2
jβz

y
0jβz

0

a a a
j20βrotH / x / y / z .e a

20β.e 0 0
ωµ

ωµ

−

−

= ∂ ∂ ∂ ∂ ∂ ∂ =

−

jβ z
0 0 yro tH jωε E jω ε 2 0 .e a−= =Notice that 

8 8
0 0β ω 10 /3 .1 0 1 / 3µ ε= = =

1 jz /3
x2H .e aπ

−= −

1 8
x2H (z,t) . co s(1 0 t / 3)a (A /m )π= − − z
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