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4.3 Uniform Plane Wave :
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a) Introduction to uniform plane wave : 

i. E and H lie in a plane 
perpendicular to the direction 
of propagation of wave.

ii. The field quantities have no 
components in the direction of 
propagation of wave. Called 
Transverse ElectroMagnetic 
wave (TEM wave).

iii. The field quantities have the 
same magnitude and direction 
in a plane containing it . uniform
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b) Uniform plane wave Equations :

Assume the medium to be linear, homogeneous , isotropic and 
source-free (ρv = 0 ) .

Wave propagating in the z direction. The fields are sinusoidal 
and not functions of x and y. 

x x xE E a E(z)cos[ t ( )]aE zω ψ= = +

y y yH H a H(z)cos[ t ( )]aH zω ψ= = +

The phasors : 
x xE E(z) ( )a E.aψ= ∠ =E z

y yH H(z) ( )a H.aψ= ∠ =H z
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b) Uniform plane wave Equations :

rot E jωµ H
• •
→ →

= −

rot H ( jωε)Eσ
• •
→ →

= +
E jωµ( jωε)E 0σ∆ − + =

xAnd  E E(z).a=
2

2

E jωµ( jωε)E 0σ∂
− + =

∂z

γ jωµ( jωε) α jβσ= + = +
(propagaton constant [m–1] )

γz γz
1 2E M e M e−= +

γz γz1 2M MH e e
η η

−= − jωµη | η |
jωε

τ
σ

= = ∠
+

(intrinsic impedance[Ω])
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c) Summary: u.p.w

i. u.p.wave = incident + reflected

γz γz
1 2E M e M e−= +

γz γz1 2M MH e e
η η

−= −
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ii. The phasors of incident wave :
None of the reflection :

γz γz
x 1 x 0E E.a M e .a E e− −= = =

γz γz1
y y 0

MH H.a e .a H e
η

− −= = =

M1 = m1∠ϕ1 = magnitude/phase of electric field at z = 0.

0 0E , H the phasors at z 0.= =
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iii. The propagation constant :

γ jωµ( jωε) α jβσ= + = +

γz αz
0 1 1 xE E e [m e ( βz)]aϕ− −= = ∠ −

2ω µε
β phase const 1 1   (rad/m)

ωε2
σ   = = + +    

2ω µε
α attenuation const 1 1   (Np/m)

ωε2
σ   = = + −    
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Ví duï moâ taû söï suy giaûm bñoä Tñieän :
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iv. The intrinsic impedance :

E jωµ jωµη | η | ( )
γ jωεH

τ
σ

⋅

⋅= = = = ∠ Ω
+

Laø tæ soá bieân ñoä phöùc tröôøng ñieän / tröôøng töø  .
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v. Relation between the electric and magnetic :

S
1H a E
η
 = ×   SE η H a = ×  

sa  propagating unit vector=
αz

1 1 x if  E [Exa m e (m βpl ae: z)]ϕ− −• = ∠

S zAnd  a a ;   η | η | τ= = ∠

1m αz
1 y|η|H(z,t) e cos( βz )aω ϕ τ−= − + −t

αz
1 1 xE(z,t) m e cos( βz )aω ϕ−= − +t

In time-domain:

-αz
1m e

1 y|η|H ( βz )aϕ τ= ∠ − −
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vi. Wave front :

1wavefront: ( βz )    ; t = constω ϕ− + =t const

z    const= Wave front perpendicular to Oz 

as

ϕ
Velocity of the wavefront is 

given by :

pv
β
ω

=

1the phase of wave = ( βz )ω ϕ− +t
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vii. Wavelength:

1 1( t z )ω β ϕ− +
2 1( t z )ω β ϕ− +

1 1 2 1( ) ( ) 2ω β ϕ ω β ϕ π− + − − + =t z t zDistance between so that

2 1
2λ ( )
β
π

= − =z z
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viii.The loss tangent: 

d tgθ the loss tangent σ
ωε

= = =

< 10-1 : lossy dielectric . 
> 101  : good conductor . 

Quy öôùc :

10-1 ÷101  : general medium  . 
tgθ =  
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ix. The complex permittivity :  
~

Assume that:   jωε σ ωε= + j
~

0 r 0ε (ε )j jε ε σ ω σ ωε= − = −

~
γ jω µε=

~
µη
ε

=
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Ñoä thaåm ñieän phöùc cuûa vaät lieäu : 

ε”= γ/ωε0

γ
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x. The skin depth : 

1δ
α

=

The distance δ : field attenuated by the factor e–1 = 0.368  . 

δ

At the distance of 5δ : field is vanished . 
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