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Last week

I The vector basis functions

I Circular cylindric waveguides
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Outline

I Power transport in waveguides

I Losses

I Determination of R, L, G and C
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The vector basis functions

TM-waves: Hz = 0, Ez(r) = v(ρ)eikzz

TE-waves: Ez = 0, Hz(r) = w(ρ)eikzz

Eigenvalue problems give eigenfunctions vn(ρ) and kzn
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The vector basis functions

The total electromagnetic fields for the TM-waves can be written
as {

E±nν(r) = {ETnν(ρ)± vn(ρ)ẑ} e±ikznz

H±nν(r) = ±HTnν(ρ)e±ikznz
ν = TM
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The vector basis functions

The total electromagnetic fields for the TE-waves can be written as{
E±nν(r) = ETnν(ρ)e±ikznz

H±nν(r) = {±HTnν(ρ) + wn(ρ)ẑ} e±ikznz
ν = TE
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The vector basis functions

The transverse components ET and HT
ETnν(ρ) =


i
k2

tn
kzn∇T vn(ρ), ν = TM

− iω
k2

tn
µ0µẑ ×∇Twn(ρ), ν = TE

HTnν(ρ) = Z−1
nν ẑ ×ETnν(ρ)
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The vector basis functions

The mode impedances:

Znν =


kzn
ωε0ε

, ν = TM

ωµ0µ

kzn
, ν = TE

(1)
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The vector basis functions

Notice that at frequencies much higher than the cut-off frequency

kzn =
√
k2 − k2

tn ≈ k ⇒

Znν ≈ η0η =
√
µ0

ε0ε
= wave impedance ⇒

The waveguide mode is almost a plane wave propagating in the
positive z−direction
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Circular waveguide

TE-modes

Ez = 0, Hz = AmnJm(ktmnρ)
(

cosmφ
sinmφ

)
ktmn =

ηmn
a

, J ′m(ηmn) = 0, n = 1, 2 . . .

cut-off frequency, kz = 0 ⇒ k = ktmn ⇒ fc = c
ηmn
2πa

Fundamental mode TE11 fc = c
1.841
2πa

a = 15 mm gives fc = 5.9 GHz
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Circular waveguide

TM-modes

Hz = 0, Ez = BmnJm(ktmnρ)
(

cosmφ
sinmφ

)
ktmn =

ξmn
a

, Jm(ξmn) = 0, n = 1, 2 . . .

cut-off frequency: fc = c
ξmn
2πa

Lowest cut-off frequency TM01 fc = c
2.405
2πa

a = 15 mm gives fc = 7.65 GHz
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Transverse electric field ET .

TM01.
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Transverse electric field ET .

TE01.
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Transverse electric field ET .

Fundamental mode TE11.
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Transverse electric field ET .

TM11.

Anders Karlsson, Electrical and information technology



Transverse electric field ET .

TE21.
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Transverse electric field ET .

TE31.
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