30 Guide impedance and TL analogies
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The above relations between the transverse components of TE and TM

mode fields imply that
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The guide impedances defined above can be used to set up transmission
line models for waveguide circuits in which the parameters nrgp and nras
for each mode play the same role as the characteristic impedance Z, in TL
theory.

e For example, two waveguides in cascade with different values of nrp can
be quarter-wave matched by inserting a quarter-wave section having a
guide impedance equal to the geometric means of the two guides.

e For dielectric-field guides replace n, by the appropriate n, and also in
calculating the length of the quarter-wave section use A\, = ,%—: appro-
priate for that section (see HW).

Note that, using the cutoff wavelength, we have
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Example 2: Consider an air-filled rectangular waveguide with ¢ = 3 cm and b = 1
cm. Determine the TE g mode fields for the guide from the results of Example

1 of Lect 29 assuming that at the operation frequency the free-space wavelength
is A =3 cm.

Solution: By setting k, = 0, k, = 2% = 2% and k. = k/1 — (/\A)2 = 27 in the results
of Example 1 (in Lect 29) we find for TE,,p mode
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With ¢ = 3 cm and b = 1 cm, the cutoff wavelength for TE;y mode is

Thus, with A =3 cm
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Then, for TE;y mode we have
H(z,y,2) = H,[ijV3 sin(gx) + ,73cos(%x)]e‘jm/\/§

and

E(z,y,2) = —Hyjn,j2 sin(gx)e_jm/\/?_’.

The real part of these phasors would yield the field vectors inside the waveguide

at time t = 0, as depicted below.
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® In the 3D plots shown above we depict E(x,y, z,0) vectors from Example 2 on the
left, and H(z,y, z,0) on the right; the horizontal axis is z, vertical is 2z, and y axis
is into the page (all labelled in cm units) —note that

— there is no field variation in y-direction because this is the TE;y mode,

— E x H is predominantly in 2 direction.

4




Example 3: Repeat Example 2 for the case of TEyy mode and A = 2 cm.

Solution: For the TE,,; mode we have
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With a =3 cm and b = 1 c¢m, the cutoff wavelength for TE9y mode is
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Thus, with A = 2 cm
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Then, for TE;y mode we have
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The real part of these phasors would yield the field vectors inside the waveguide

at time ¢t = 0, as depicted below.




e In the 3D plots shown above we depict E(z,y, z,0) vectors from Ex-
ample 3 on the left, and H(x,y, z,0) on the right; the horizontal axis
is x, vertical is z, and y axis is into the page (all labelled in cm units).

e Imagine the vector patterns depicted above sliding upwards in the z-
o
passing by a stationary observer who experiences a monochromatic os-

axis direction at the speed v,, = with each feature of the pattern

cillation.

— that would be the proper way of visualizing the propagation of an
unmodulated TEy, mode.



Example 4: For the TE,,; mode we have the wave fields
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Solution: We start with the time-averaged Poynting vector
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since the integral of

sin%i—tx) = %(1 — COS(Q:LL;me)) = %(1 — cos(2mma/a))

yields 1/2. It can be shown that in the case of TE,,, modes with non-zero n, the
above result for P is still valid provided ab/2 is replaced by ab/4 (see HW).




Example 5: A rectangular waveguide with ¢ = 2 cm and b = 1 cm is air filled for
z < 0, but is is filled with a dielectric in z > 0 region with a refractive index
n = 15and pu, = 1. For f = 12.5 GHz and TE;y mode operation design a A\/4
transformer to match the two sections of the waveguide. Use transmission-line
analogy to solve this problem (as in Lecture 24).

Solution: To solve this problem using a transmission-line analogy we first need the
impedances nrg for the two sections of the guide. Since
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we need to find f. and n in the two sections of the guide.
The cutoff frequency is

me 3 x 10" em/s

.= = 7.5GHz in air,
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Since Nrg air 7 NrE.diel, We will certainly have reflections at the interface at z = 0
unless a matching section is inserted.




Consider a A/4 long section of a waveguide with identical dimensions as above but
filled with some dielectric having a refractive index n,. Then, transmission-line
analogy would indicate that an impedance match can be achieved if

2
NTE,airITE,diel = NTE z

where nrg,is the impedance of the matching segment. In view of the above
relations, this can be written as
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To determine the actual length of the A/4 long section we need to find out A, which
is really the guide wavelength A, for the TE;y mode, i.e.,
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- = 2.28 cm.

v/ (12.5n,)% — 7.52
Thus, the matching section has a physical length of

A
d= Zg — 0.572 cm.
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