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Last lecture
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Waveguide modes.
TE-and TM-modes.

Rectangular waveguide.
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Cut-off frequency.

Short introduction to Comsol.
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Hollow waveguides

Two type of waves:

» TE-waves= E, =0, H, = w(p)elF=?

» TM-waves= H, =0, E, = v(p)elF=?
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Hollow waveguides

TE-waves: E, =0
E = (E,, E,,0)and H = (H,.H,, H.).
Find H,! Then:

WO L
Er(r) = —1$z x Vo H,(r)
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H, = w(p)eikzz

Eigenvalue problem

V2w (p) + kfw(p) =0, p € Q
n-Vw(p)=0,pel

Eigenvalues k2, and eigenfunctions w,(p)
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Hollow waveguides

TM-waves: H, =0
E=(E, E,,E.)and H = (H,;.Hy,,0).

Find E.! Then:
K
Er(r) = I?VTEz(T)
weo (2)
HT(T’) = 1722 X VTEZ(T)

ki
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E. = U(p)eikzz

Eigenvalue problem

V2u(p) + kfv(p) =0, p € Q
v(p)=0,peT

Eigenvalues k2, and eigenfunctions v,,(p)
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Rectangular waveguide TE-modes

TE-waves = H, = w(p)e'F+?
Eigenvalue problem

Viw(p) + kfw(p) =0, p € Q

n - Vw(p) = 0, on all four sides
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Rectangular waveguide TE-modes

Y
b
x
—
2 2
Eigenvalues: k2, = (E) + (n_bﬂ>
a

Eigenfunctions: w.,(p) = Amn cos
m=01,2...,n=012...
but (m,n) # (0,0)
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Rectangular waveguide

The fundamental mode is TE;g.

The electric field in the plane z = 0 from Comsol:

Eq. (15) = E(r) = Eysin <@) elk=2gy
a
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Rectangular waveguide

The fundamental mode TEjq is a superposition of two linearly
polarized plane waves:
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Rectangular waveguide

The TEyy mode

2 )
Eq. (15) = E(r) = Eysin (ﬂ) eik=2 g
a
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Rectangular waveguide

The TEp; mode

Eq. (15) = E(r) = Epsin (%y) etk 3
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Rectangular waveguide

The TEs; mode
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Cut-off frequencies

eikzz

Ny
1. k > kiymn = k. real = propagating mode
2. k = ktmn = k., = 0 = standing wave, cut-off frequency f,
3. k < ktmn = k. imaginary = non-propagating mode
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Cut-off frequencies: example

Rectangular waveguide a = 5 cm, b = 2cm.

TEyo: fo =3 GHz

TEQ()Z fc =6 GHz

TE()li fC = 7.5 GHz

f < 3 GHz No waves can propagate

3 GHz< f < 6 GHz Only TEjg can propagate

6 GHz< f < 7.5 GHz TEyg and TEyy can propagate
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Phase- and group speed

e

k .
Group speed=v,; = fc: speed that power travels with.
Notice: vy < c
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Phase- and group speed

k .
Phase speed=v,, = k_C: speed that pattern travels with.
4
Notice v, > ¢ since k, < k
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Outline for today

» Circular cylindrical waveguides
» Bessel functions

» The fundamental mode

» Comsol example
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