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6.3 Rectangular Waveguide :
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6.3.1 Model :

σwall = ∞

σdielectric = 0

The lossless rectangular waveguide

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

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


EM - Ch6-3 3

6.3.2 The equations for              z zE &H :
⋅ ⋅

Assume sinusoidal field. The phasors: z
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rotH j Eωε=

zH
y xy γH j E (1)ωε∂

∂ + =
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x yxH j E (2)γ ωε

⋅⋅ ⋅
∂
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⋅ ⋅ ⋅
∂ ∂
∂ ∂− =

rot E j Hωµ
⋅ ⋅
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⋅ ⋅ ⋅
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zE
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⋅⋅ ⋅
∂
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⋅ ⋅ ⋅
∂ ∂
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6.3.2 The equations for              z zE &H :
⋅ ⋅
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Khöû  Hy töø (1) vaø (5) , ta tìm ñöôïc Ex :

z z
2
c

E H1
x x yK

E ( j )γ ωµ
⋅ ⋅⋅

∂ ∂
∂ ∂= − −

Khöû  Hx töø (2) vaø (4) , ta tìm ñöôïc Ey :

z z
2
c

E H1
y y xK

E ( j )γ ωµ
⋅ ⋅⋅

∂ ∂
∂ ∂= − +

6.3.2 The equations for              z zE &H :
⋅ ⋅
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Khöû  Ey töø (2) vaø (4) , ta tìm ñöôïc Hx :

z z
2
c

H E1
x x yK

H ( j )γ ωε
⋅ ⋅⋅

∂ ∂
∂ ∂= − +

Khöû  Ex töø (1) vaø (5) , ta tìm ñöôïc Hy :

z z
2
c

H E1
y y xK

H ( j )γ ωε
⋅ ⋅⋅

∂ ∂
∂ ∂= − −

6.3.2 The equations for z zE &H :
⋅ ⋅
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2 2
z z 2

z2 2

E E K E 0
x y c

⋅ ⋅
⋅∂ ∂

+ + =
∂ ∂

Finally, we have:

2 2
z z 2

z2 2

H H K H 0
x y c

⋅ ⋅
⋅∂ ∂

+ + =
∂ ∂

2
2 2 2 2
c 2K

vz
ωγ ω µε β= + =− +

Nhö vaäy , soùng ñieän töø trong ods c.nhaät  toång quaùt laø toång cuûa :

a) Soùng ñieän ngang TE (Transverse Electric) : Ez = 0 , Hz ≠ 0 .

b) Soùng töø ngang TM (Transverse Magnetic ) : Ez ≠ 0 , Hz = 0 .

6.3.2 The equations for              z zE &H :
⋅ ⋅
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6.3.3 The TM Guided Modes (H 0) & (E 0)z z= ≠

z
zE X(x).Y(y)e γ

⋅
−=Duøng p.phaùp phaân ly bieán soá , giaû söû :

Theá vaøo phöông trình :
2 2

z z
2 2

2E E
zcx y

K E 0
⋅ ⋅ ⋅

∂ ∂
∂ ∂

+ + =

2 2

2 2
1 1 2X Y

cX Yx y
K 0d d

d d
+ + = 2 2 2

c- M  -  N  K 0+ =

X A sin(Mx )ϕ= +
Y Bsin(Ny )ψ= +

Ta giaûi ra :
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Duøng ñieàu kieän bieân :

zE (x a) 0= =

zE (x 0) 0= =

z
z

m nE C.sin( x).sin( y).
a b

e γπ π⋅
−=Ta giaûi ra :

sin( ) 0ϕ =

sin(Ma ) 0ϕ+ =

0ϕ =
mM
a
π

=

zE (y b) 0= =

zE (y 0) 0= = sin( ) 0ψ =

sin(Nb ) 0ψ+ =

0ψ =
nN
b
π

=

Vaø duøng: z
2
c

E1
x xK

E ( )γ
⋅⋅

∂
∂= −

z
2
c

E1
y yK

E ( )γ
⋅⋅

∂
∂= −

z
2
c

E1
x yK

H (j )ωε
⋅⋅

∂
∂=

z
2
c

E1
y xK

H ( j )ωε
⋅⋅

∂
∂= −
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Coù boä nghieäm cuûa soùng töø ngang TM :

Nhaän xeùt :
Voâ soá kieåu  TMmn lan truyeàn trong ods: TM11, TM12, TM32 ….
khoâng toàn taïi kieåu soùng TMmn öùng vôùi m = 0 hay n = 0 .

2 2 2

Z
m n

v a b
ω π πβ      = − −     

     
Z

TM
βη
ωε

= Zγ jβ=

2 2
2
C

m nK
a b
π π   = +   

   

2
c

C zm m n
x a a bK

E cos( x)sin( y)eγ γπ π π
⋅

−= −

2
c

C zn m n
y b a bK

E sin( x)cos( y)eγ γπ π π
⋅

−= −

zm n
z a bE Csin( x)sin( y)e γπ π

⋅
−=

TM

1
x yH Eη

⋅ ⋅

=−

TM

1
y xH Eη

⋅ ⋅

=
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z
zH X(x).Y(y)e γ

⋅
−=Duøng p.phaùp phaân ly bieán soá , giaû söû :

Theá vaøo phöông trình :
2 2

z z 2
zc2 2

H H K H 0
x y

⋅ ⋅
⋅∂ ∂

+ + =
∂ ∂

2 2

2 2
1 1 2X Y

cX Yx y
K 0d d

d d
+ + = 2 2 2

c- M  -  N  K 0+ =

X A sin(Mx )ϕ= +
Y Bsin(Ny )ψ= +

Ta giaûi ra :

z
2 2
c c

j j zH
x yK K

E X(x).B.N.cos(Ny )eωµ ωµ γψ
⋅⋅

− − −∂
∂= = +

z
2 2
c c

j j zH
y xK K

E Y(y).A.M.cos(Mx )eωµ ωµ γϕ
⋅⋅

−∂
∂= = +

Maët khaùc:

6.3.4 The TE Guided Modes (E 0) & (H 0)z z= ≠
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Duøng ñieàu kieän bieân :

yE (x a) 0= =

yE (x 0) 0= =

z
z

m nH C.cos( x).cos( y).
a b

e γπ π⋅
−=Ta giaûi ra :

cos( ) 0ϕ =

cos(Ma ) 0ϕ+ =

/ 2ϕ π=
mM
a
π

=

xE (y b) 0= =

xE (y 0) 0= = cos( ) 0ψ =

cos(Nb ) 0ψ+ =

/ 2ψ π=
nN
b
π

=

Vaø duøng: z
2
c

H1
x xK

H ( γ )
⋅⋅

∂
∂= −

z
2
c

H1
y yK

H ( γ )
⋅⋅

∂
∂= −

z
2
c

H1
x yK

E (-j )ωµ
⋅⋅

∂
∂=

z
2
c

H1
y xK

E (j )ωµ
⋅⋅

∂
∂=
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Boä nghieäm cuûa soùng ñieän ngang TE :

Nhaän xeùt :
Voâ soá kieåu  TEmn lan truyeàn trong ods: TE10, TE11, TE02 ….
khoâng toàn taïi kieåu soùng TEmn öùng vôùi caû m = 0 vaø n = 0 .

2 2 2

Z
m n

v a b
ω π πβ      = − −     

     
TE

Z

ωµη
β

= Zγ jβ=

2 2
2
C

m nK
a b
π π   = +   

   

2
c

Cγ γzm m n
x a a bK

H sin( x)cos( y)eπ π π
⋅

−=

2
c

Cγ γzn m n
y b a bK

H cos( x)sin( y)eπ π π
⋅

−=

γzm n
z a bH Ccos( x)cos( y)eπ π

⋅
−=

x yTEE Hη
⋅ ⋅

=

y xTEE Hη
⋅ ⋅

=−
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6.3.5 Tính chaát cuûa ods hình chöõ nhaät :
1. Taàn soá tôùi haïn:

Ñeå soùng lan truyeàn khoâng toån hao thì  γ =  jβZ : thuaàn aûo.

2 2
C

C
v m nf f

2 2 a b
ω
π

   > = = +   
   

2 2 2

Z
m n

v a b
ω π πβ      = − −     

     
∈

Vaø neáu f < fC :
2 2 2

Z
m n
a b v
π π ωα      = + −     

     
∈

Soùng truyeàn theo truïc z seõ suy hao : αZ (Np/m)
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2. Caùc kieåu truyeàn soùng :
Taïi taàn soá f > fC , trong ods coù theå coù caùc kieåu truyeàn soùng 

TEmn hoaëc TMmn thoûa maõn caùc giaù trò coù theå cuûa m vaø n .

Kieåu soùng cô baûn laø kieåu 
soùng coù fC beù nhaát.
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3. The time-average power propagated :

Coâng suaát trung bình truyeàn qua tieát dieän ngang ods :

P  = ∫Sng<Pz>.dSz =      ∫Sng dSz
1
2 z

*Re    E × H 

= η[|Hx|2 + |Hy|2] 

=      [|Ex|2 + |Ey|2] 1
η

*= Re    Ex.Hy – Ey.Hx
**

Re    E × H zo Coù: 
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3. The time-average power propagated :

Tính theo tröôøng ñieän : 

η: 
ηTM

ηTE
P   =        ∫ ∫ [ |Ex|2 + |Ey|2 ].dx.dy

1

2η 0 0

a b

η: 
ηTM

ηTE
P   =        ∫ ∫ [ |Hx|2 + |Hy|2 ].dx.dy

η

2 0 0

a b

Tính theo tröôøng töø : 

Nhaän xeùt: Töông töï tính coâng suaát soùng phaúng trong ñmoâi lyù 
töôûng. 
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4. Phaân boá ñöôøng söùc TÑT trong ods :

Ñöôøng söùc ñieän & ñöôøng söùc töø laäp laïi nhöng ñaûo chieàu : 

sau 1 khoaûng a/m doïc theo truïc x .

sau 1 khoaûng b/n doïc theo truïc y .

sau 1 khoaûng λmn/2 doïc theo truïc z .
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a) Soùng TEm,0 :
Vôùi m = soá nöûa 

soùng theo truïc x.

Sau moät 
khoaûng a/m doïc 
theo truïc x, 
ñöôøng söùc ñieän 
vaø töø laëp laïi 
nhöng ñaûo chieàu.

Sau moät 
khoaûng λm,0 /2 
doïc theo truïc z, 
ñöôøng söùc ñieän 
vaø töø laëp laïi 
nhöng ñaûo chieàu.
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b) Soùng TEm,n :

Vôùi n = soá nöûa 
soùng theo truïc y.

Sau moät 
khoaûng a/m doïc 
theo truïc x, 
ñöôøng söùc ñieän 
vaø töø laëp laïi 
nhöng ñaûo chieàu.

Sau moät 
khoaûng λm,0 /2 
doïc theo truïc z, 
ñöôøng söùc ñieän 
vaø töø laëp laïi 
nhöng ñaûo chieàu.

Vôùi m = soá nöûa 
soùng theo truïc x.
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c) Soùng TMm,n :

Vôùi n = soá nöûa 
soùng theo truïc y.

Sau moät 
khoaûng a/m doïc 
theo truïc x, 
ñöôøng söùc ñieän 
vaø töø laëp laïi 
nhöng ñaûo chieàu.

Sau moät 
khoaûng λm,0 /2 
doïc theo truïc z, 
ñöôøng söùc ñieän 
vaø töø laëp laïi 
nhöng ñaûo chieàu.

Vôùi m = soá nöûa 
soùng theo truïc x.
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5. Applications: 
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6. Waveguides and Coax cable adapters: 
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