Hope College Phys/Engr 342
Microwave Lab
10 Homework points

1. The Rectangular Waveguide Resonator

You will test a rectangular cavity resonator anchpare your results to the
solution to Problem 9.38 in Griffiths. The copjex measured x ax b=1.49" x 1.49”
x 4.0” and has two input ports. You will measure tesonant frequencies and identify
the modes.

The modes of a rectangular waveguide cavity aseggdated by Tk,, and TMmn.
As was shown in problem 9.38, these modesiegenerate. That is, they have the same
resonant frequencies. For examplepignd TMi3 have the same resonant frequencies.
Because d=a for this particular resonator, it$® a&tue that Tk,, and Ty are
degenerate. For example, 1b& TEz13 TMi23 and Thiz all have the same resonant
frequency.

The radio frequency (RF) signal is generatedswept frequency synthesizer,
conducted to the cavity resonator by coaxial cadod, enters the cavity through one of
the input ports. If the cavity resonates, thenRRewill exit at the other port and
continue by coaxial cable to a network analyzerciiglots the transmitted power in
frequency domain.

Using the given dimensions of the cavity (conwtemeters) calculate all
resonant frequencies for this cavity that occuowed GHz. You can conveniently fill in
the table below. Remember, because the cros®osestsquare, you do not need to
repeat the calculation for degenerate modes. i$hahce you have calculated the
resonant frequency for the Jizmode, you don’t need to calculate it for the;diEEnode.
Before starting, can you predict which mode wilV@ahe lowest frequency?

Hint: n corresponds th, which is the longest dimension of the cavity.
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Now, measure the resonant frequencies using thptsignal synthesizer and the
network analyzer. Identify the mode using theJElesignation.

f (GHz) Mode f (GHZz) Mode

2. The Half-Wave Coaxial Resonator

Just like a vibrating string or an organ pipe,etahrod suspended in air will
resonate when exposed to an electromagnetic wagsenliavelength is commensurate
with the rod length. When the rod sees a waveeats will be induced in the rod. Of
course, there can be no current at the ends @bthesince it would have nowhere to go.
So, oscillating current does not easily exist i ithd unless the current has nulls at the
ends of the rod. If the current has nulls at esawdh then there is a current maximum in
the center. A graph of current along the lengtthefrod will resemble half a sine wave,
and the length of the rod is half the wavelengtthefexciting electromagnetic wave.

If a metal rod is suspended in thin air and | wiarknow the resonant frequency,
| would measure the length of the rod, L, and dateuthe frequency,fthat has
wavelength, 2L. The rod will also resonant at 3f, and so on.

If the rod were hanging around by itself in frpace, a
cross section of its E and B fields, with the roghing out of the
page, is straight forward to sketch:

The problem with attempting to realize this is ttit system is
perfectly leaky. That is, fields fill all of spacand | don’t have a
way to get energy into it. Because the electgldf terminate at
infinity, and the magnetic fields decay as 1/r wuinfinity, it
would take an infinite amount of input energy teigx this resonance. (The magnetic
field energy of a wire iso. Try it using Equation 7.34.) So, a more pradti@alf wave
resonator is realized in the coaxial configuration:
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Now, the electric fields
terminate on the outer cavity
wall, and the magnetic fields
don’t go to infinity. The
electric field is maximum at
the two ends of the rod, and
the magnetic field is
maximum right in the center,
where the current is also a
maximum. A mode that has
this field pattern is called
transver se electromagnetic,

or TEM.

outer
cavity

Here is an exercise.
1. Measure the length of the rod and calculatlwsst resonant frequency.

2. Inspect the coupling antennas. Will they mdfieiently couple to the electric or to
the magnetic fields? Position the rod inside #aty to get efficient coupling.

3. Measure the first two resonant frequencies em#gtwork analyzer. Brainstorm the
reasonsvhy there is a discrepancy between calculationraedsurement.

4. Are the resonance peak widths infinitesimal? $dea the Q (=£Xf) of the first
resonance.

The Q of the half-wave coaxial resonator is reldtethe surface resistance, For rather,
the real part of the surface impedance) of the enpp

1 R (Llj
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where a=inner radius, b=outer radius &=,/ 7f1/, 0 . Using the measured Q,
calculate the resistivity, of copper and compare to its book value of 1.68xQm.



