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Last week

» The vector basis functions

» Circular cylindric waveguides
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Outline

» Power transport in waveguides
> Losses
» Determination of R, L, G and C'
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The vector basis functions

TM-waves: H, =0, E.(r) = v(p)e*=?
TE-waves: E, =0, H,(r) = w(p)e*=*
Eigenvalue problems give eigenfunctions v, (p) and k.,
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The vector basis functions

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

v=TM

Eij(r) ={Erw(p) +v.(p)2} pEikenz
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The vector basis functions

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

{ B2 (r) = Eppy(p)etn?

i v=TE
Hr:‘z:u(r) = {:l:HTm,(p) + wn(p)»?:'} e:tlkznz
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The vector basis functions

The transverse components E7 and Hp
ékaTvn(p), v=TM
—#-popz x Vrwn(p), v=TE

HTm/(p) = erylé X ETTLI/(p)

ETnV(p) =
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The vector basis functions

The mode impedances:

Fzn , v=TM
weQe
Ly = (1)
whop
=TE
kzn ’
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The vector basis functions

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

kon = /K2 — ki ~k =
Ho .
Zny = NN = | — = wave impedance =
€Q€

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

TE-modes
COosSm
Ez = 0, Hz = Aanm(ktmnp) <Sin mi)
ktmn - nT;LTnv Jq{n(’r’mn) == O, n = 17 2
cut-off frequency, k, =0 = k = ki, = fo = cgﬂ
Ta

1.841
Ta

Fundamental mode TE1; f.=c¢
a =15 mm gives f. = 5.9 GHz

Anders Karlsson, Electrical and information technology



Circular waveguide

TM-modes

Hz - 07 Ez - anJm(ktmnp) <COS m¢>

sinmao
ktmn - 6”;7‘7”, Jm({mn) — 0, n = 1, 2 .

bmn

cut-off frequency: f.=c
2ma

2.405
2ma

Lowest cut-off frequency TMg; f. = ¢
a =15 mm gives f. = 7.65 GHz
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Transverse electric field Er.

TMo;.
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Transverse electric field Er.

TEo:.
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Transverse electric field E 7.

Fundamental mode TE;q;.
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Transverse electric field E 7.

TMy;.
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Transverse electric field E 7.

TE2;.
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Transverse electric field E 7.

TEs;.
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