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Search for simple modes:
Transverse electric and magnetic (TEM) waves cannot exists, since:
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E =0and B, =0 = = const and B = const
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TE and TM Modes

Fourier expansion of the z-dependence: E(x, y,Z,t) = J-Ekzw (x,y)e" Z_"a"‘a,’kzda)
=2 2 =2 2 2

VE=L0)E _  VIE =) -kIE.

VB=2%9/B ViB.=—(#)" -k 1B.

Eigenvalue equation with
boundary conditions:

—

VxB=20E

V XB. +ik é xB, = -+
V. ><B +ik e XB. =—i+ E =d,B. =0
Solutlons for E or B only exist for a dlscrete set of eigenvalues: ( )
(2) - =k<B>2
c Z n

Due to different boundary conditions, E, and B, cannot simultaneously be nonzero.

_ 1.(E)?
=k!

TE modes have E_ =0 TM modes have B, =0
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Dispersion relation

k) =cy A’ +k

>
Phase velocityy , =@/ k_=c4/1+ (A” ) >C
p 2 k, w

2 1.4}

Group velocity v, = dw/dk, =c/1+ (‘2 ) <c,.l
1.

For each excitation frequency ® one 0.8}
obtains a propagation in the wave guide of e
0.4af

eikZZ : kz :\/(%)2 _AnZ 0.z}

o
Transport for @ above the cutoff frequency @ > @, =cA,
Damping for @ below the cutoff frequency @ <@, = CA"
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