WAVEGUIDES AND SYSTEMS

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

Null lines A, = 2mlk, = L [cos;, Ko = 0\HE,
K, =Kk sin 6,
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TE,; WAVEGUIDE MODE

Add Sidewalls to TE, Parallel Plate Waveguide = TE;:

Surface charge o, a
o, =0-cE \
Power flow Q

Surface current Js

- _ X
Antennas canbe | (U (77X
coupled through TN
holes or slots; slots at " H Sidewall slots that
angles can radiate b Y don’t block current
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MODE PATTERNS - TE
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Modes and Dimensions:

TE,, modes: a=ma/2

Emo =Y -E,2jsink,x e
2

C a

-jk,z

2 2 2
TE,,, modes: k, = mmn/a, ky =nn/b = k, = \/kﬁ ~k2-KkZ = \/&_(M) —(n_“)

Cutoff Frequencies: fmc,:% ; of%
Want b <a/2 so that

_ _ 4-  Evanescence \ \
fop 2 fp=cla  (fo, = c/2b) m _->" Propagation
S CTETM™ i
Single propagating mode D oo a0 20
(ifa> 2b) [TE,] \1_\\,\ i
(Two modes would interfere, L™
producing nulls in frequency) / 32¢/2a = f,y=> a = Ayq

a=»A 2 < clza=1, \c/2b = fy,
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CAVITY RESONATOR DESIGN

Z
Derivation of

resonant frequencies f

mnp

a
y d>asb

TE, , waveguide modes:
7\‘ 2 2 2
a=mix p-nlr @:wﬁg—@—kin“u{m“)—Gﬂ)

2 2

Shortest,S}d Longest side
/ esonator modes: a =ma,/2, b=ni/2, d=pi,/2
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CAVITY RESONATOR PERTURBATION

Work = force e distance = Aw
F. [N/m?] = p.E/2 (attractive)

= eE?/2; <F > = ¢ E?/4 = <W_>[J/m3]
F.. [N/m2] = J_ x Hp,/2(repulsive)

= uH2/2; <F > = p H2/4 = <W_>[J/m3]

Cross-section

At resonance <w_ > = <w,_> = W/2 _

< f_ >
wy = n hf, so Aw; = nhAf m > D

Af [Hz] = Aw;/nh = f (Awq)/w; < <.;
Af [Hz] = f o(Aw,, — AW, )/wW;

Thus pushing in the wall where W,
dominates does work and raises < f > <W > <W_>
funps Where W, dominates f,,, drops

mnp;
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WAVEGUIDE SYSTEMS

Physics of Matching:

Choose waveguide that propagates only one mode at f.

Structural discontinuities cause reflections; tuning cancels them.

Given some reflecting obstacle:

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

Cancel reflection with offset
am [magnitude and phase (A)]

Example:
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Matches coupler

Waveguide coupler
Horqg transitio

T
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Matches transition

=~
Horn aperture
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WAVEGUIDES AND SYSTEMS

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

A, = 2mlk, = L [cos;, Ko = 0\HE,
K, =Kk sin 6,
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