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WAVEGUIDES AND SYSTEMS

Plane wave interference satisfies boundary conditions
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Parallel-plate waveguide: TE case
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θi

x̂

ko

koθi

kz

ŷ
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TE10 WAVEGUIDE MODE
Add Sidewalls to TE1 Parallel Plate Waveguide ⇒ TE10:

Surface charge σs
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MODE PATTERNS - TE
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RECTANGULAR WAVEGUIDE MODES
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Modes and Dimensions:

Cutoff Frequencies:

TEm0 modes: a = mλx/2
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Propagation
Evanescence

a = λ10/2  ⇐ c/2a = f10

2c/2a = f20 ⇒ a = λ10
c/2b = f01

Want b    a/2  so that 
f01 ≥ f20 = c/a     (f01 = c/2b)

Single propagating mode
(if a ≥ 2b) [TE10]

(Two modes would interfere, 
producing nulls in frequency)
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RECTANGULAR WAVEGUIDE DESIGN

a x

bE

TEmn modes: kx = mπ/a, ky = nπ/b ⇒ ( ) ( )ω π π= − − = − −
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TEmn waveguide modes:
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CAVITY RESONATOR DESIGN

a

b

d ≥ a ≥ b

x
y

z

TEmnp resonator modes:  a = mλx/2,   b = nλy/2,   d = pλz/2  
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CAVITY RESONATOR PERTURBATION
Work = force • distance = Δw

Fe [N/m2] = ρsE/2 (attractive)

= εE2/2; <Fe> = εοE2/4 = <We>[J/m3]

Fm [N/m2] =⎯Js ×⎯Hμo/2(repulsive)

= μH2/2; <Fm> = μoH2/4 = <Wm>[J/m3]

At resonance <we> = <wm> = wT/2

wT = n hf, so ΔwT = nhΔf

Δf [Hz] = ΔwT/nh = f (ΔwT)/wT

Δf [Hz] = f •(Δwm – Δwe)/wT

Thus pushing in the wall where Wm
dominates does work and raises
fmnp; where We dominates fmnp drops

⎯E

⎯H

<⎯fe >

<We>, <Wm><⎯fe >

<⎯fm >

Cross-section
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Example: Matches coupler
Waveguide coupler

Horn transition

Horn apertureMatches transition

Physics of Matching:
Choose waveguide that propagates only one mode at f.
Structural discontinuities cause reflections; tuning cancels them.

WAVEGUIDE SYSTEMS

Given some reflecting obstacle:

Cancel reactance       with
[= f(freq.)] near obstacle

Cancel reflection with offset
[magnitude and phase (Δ)]

Δ



L16-9

WAVEGUIDES AND SYSTEMS

Plane wave interference satisfies boundary conditions
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