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Chapter 6: Waveguide
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6.1 Introduction :

Transmision line: f < fcut

Two conductors

TEM wave

Waveguide: 
Only one hollow conductors

TE and TM waves

f > fcut

a) Parallel-plate waveguide b) Rectangular waveguide c) Circular waveguide 
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Microstrip line :

conductorconductor

dielectricdielectric

cross cross 
sectionsectiondielectricdielectricconductorsconductors
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Rectangular Waveguide:

cross cross 
sectionsection

rectangular rectangular 
waveguideswaveguides
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Optical Fibre:
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6.2: Parallel-plate waveguide:

a
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a) The Principle:

x = a

x = 0

x

z

walls (σ = ∞)

Wave Ai

θr

Wave Af

(σ = 0, ε, µ)
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b) The Guide Modes:

x = a

x = 0

x

z

Wave Ai

Wave Af

y y

x x z z

E E a

H H a H a

=

= +

TE wave

E

H

x x z z

y y

E E a E a

H H a

= +

=

TM wave

E

H
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c) The TM Guidewave Modes :

Assume sinusoidal field. 
In phasor form :

γz γz
x x z z

γz
y y

E E (x).   ;  E E (x).  

H H (x).

e e
e

− −

−

= =

=

Maxwell’s equations :

x y z

y

a a a
rot H / x 0 / z j E

0 H 0
ωε

⋅ ⋅
→ →

= ∂ ∂ ∂ ∂ =
y xγH j 1E ( )ωε=

yH
zx (2j E )ωε∂

∂ =

x y z

x z

a a a
rotE / x 0 / z j H

E 0 E
ωµ= ∂ ∂ ∂ ∂ = − zE

x yxE j H (3)γ ωµ
⋅⋅ ⋅

∂
∂− − =−
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x y
γE H

jωε
=

2
z

y
E ( j )H 0
x j

γ ωµ
ωε

⋅∂
+ − =

∂

The component Ez :

2
2 2z

z2

E (γ )E 0
x

ω µε∂
+ + =

∂
(γ )Zjβ=

2
2z

z2

E E 0cKx
∂

+ =
∂

2 2 2 2 2( γ )C ZK ω µε ω µε β= + = −
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The other components :

2
z

x
E (γ )E

γx
ω µε ⋅∂

− = +
∂

z
x 2

EγE
CK x

⋅ ∂
=−

∂

x y
γE H

jωε
= x

y
TM

EH
η

= Z
TM( )βη

ωε
=
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z
x 2

EγE
CK x

⋅ ∂
=−

∂
x

y
TM

EH
η

=

The TMm wave  :

C

2
2K m

a
π = 

 

γZ
ZE Csin .em x

a
π⋅

− =  
 

m = 0, 1, 2, 3 …
( mode index)
(Note: m = 0 : TEM wave)

Z
TM( )βη

ωε
=

2 2

Z
m

v a
ω πβ    = −   
   

Zγ jβ=

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


EM - Ch6-1&2 13

d) The TEm wave :

2
2z

z2

H H 0cKx
∂

+ =
∂

z
x 2

HγH
CK x

⋅ ∂
=−

∂

γZ
ZH Ccos .em x

a
π⋅

− =  
 

y TE xE .Hη=−

TE
Z

( )ωµη
β

=

m = 1, 2, 3 …
( mode index)
(Note: m = 0 : Hx & Ey = 0)
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e) Summary :

i. Cutoff-frequency:
cf . f

2
v m
a

> = c
2

f
v a
m

λ λ= < =

ii. Phase constant:
2 2

2
Cβ 1 (f /f)Z

m
v a
ω πβ    = − = −   
   

If f < fC :  2 2 2γ ( / ) 0m aπ ω µε= − >

2 2

Z
m
a v
π ωα    = −   

   
Attenuation !!!
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m 2
Z C

vv v
f1
f

ω
β

= = ≥
 −  
 

Nhaän xeùt:
a) Vaän toác pha trong ods luoân lôùn hôn vaän toác truyeàn soùng 

trong khoâng gian töï do .
b) Khi truyeàn tín hieäu , TÑT bieán thieân seõ bò ñieàu cheá ñeå mang 

theo thoâng tin. Luùc naøy , vaän toác cuûa nhoùm soùng (vaän toác 
cuûa caùc maët phaúng vuoâng goùc truïc z) laø caàn thieát :

waveguide

vmn

wavefront

v

vg(mn)

z2
g(mn) mnv .v v=

Vaø ngöôøi ta chöùng minh ñöôïc :

iii. Velocity :
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iv. Wavelength:
m 2

C

2
1 (f / f)Z

π λλ
β

= =
−

v. Wave impedance: TE 2
C1 (f / f)
ηη =

−

2
TM C1 (f / f)η η= −
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