Thoughts on the 1/4 Wavelength Transmission Line
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Every once in a while you run across
something in electronics that borders on
pure magic. At least that'sthe way I've
alwayslooked at the 1/4 wave transmission
line since my introductiontoitina UHF-
Microwave course in tech school many,
many years ago.

What is a 1/4 wave transmission line?
Well, to satisfy the definition of
transmission line we are referring to any
form of cable or medium for transferring
radio frequency energy from one place to
another. We defineit further by restricting
our cable to a length that corresponds to
a certain frequency since wavelength is
related to frequency.

Ok, what's so magical about a coax
cable that just happens to be a 1/4
wavelength at a particular frequency?
Well basically nothing as long as the load
it's supplying power to (an antenna,
dummy load, or another piece of
equipment) is the same impedance as the
characteristic impedance of the cable and
the output impedance of the source. That
impedance for the most of us hamswould
be 50 ohms since that isthe standard output
impedance of our radios and the coax we
use so much. The magic starts happening
when any of these impedances begins to
have values other than this expected 50
ohms.

Lets take the most drastic of situations
by considering the case when our 1/4 wave
transmission line is connected to a short
circuit. Abbra-kadab-ra, the short circuit
that is present at the end of the cable is
transformed at the other end into an open
circuit. Thesamekind of reversal would
also occur if our 1/4 wavelength cable
were connected to an open circuit. It
would in turn, transform the open into a
short circuit at the other end.  Just
remember, this holds true only for the
frequency for which the cable length
happens to be a 1/4 wavelength and at odd
multiples of 1/4 wavelength.

Another key word to remember here
was the word “transform” for that is
exactly what happens when the loads
happen to be impedances other than shorts
and opens. Perhapsyou have seen articles

wherea 1/4 wave transmission lineisused
asamatching device. Thisisapopular
technique for stacking antennas and
maintaining a 50 ohm load impedance.
In the photo of the stacked 2 meter loop
antennas, two 1/4 wavelength sections of
RG-59 (750hm) (see figure 1) coax are
used to maintain a 50 ohm match at the
“teg” feed point. When used as matching
devicesthe 1/4 wave transmission lineis
sometimes forced to become a non-
standard impedance and may have to be
custom built.

Thisis necessitated by the fact that the
required characteristic impedance for the
1/4 wave transmission line to match
impedance “A” to impedance “B” isthe
geometric mean of the two (square-root
of AtimesB). Keepinmind that custom
made 1/4 wave transmission lines would
typically be used for frequencies above
100 MHz due to fabrication and size
constraints.  An example of two of these
devicesis shown in the other photo (see
figure 2). These are homemade power
splittersfor 70cm and 2 meters made from
1” square tubing and a silver plated brass
center conductor producing a 35 ohm
characteristic impedance. These devices

alow driving two loads and still presenting
a 50 ohm impedance to the source.

So what can you do with this feature of
converting an open circuit into a short
circuit and vice-versa. Takefor example
an amplifier which is supposed amplify
a144 MHz signa and suppress the second
and third harmonics to a sufficient level
to be pleasing to the scrutiny of the FCC.

The second harmonic frequency of the
amplifier is 288 MHz and the third
harmonicis432 MHz. If two short pieces
of coax are cut to the electrical 1/4
wavelengths of these two frequencies and
attached to the output of the amplifier
with their outputs un-terminated (there's
that open circuit again) then there would
effectively appear at the output of the
amplifier ashort circuit to ground for the
two bothersome frequencies we were
trying to suppress and the good frequency
of 144 MHz would go right on to the
antenna unaffected. You probably noticed
| said “electrical” 1/4 wavelength. That's
right, we still have to consider the
correction for the actual length of the cable
due to its velocity factor. This can be
generally on the order of .66 to .78
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FIGURE 1 - In this photo of the stacked 2 meter loop antennas, two 1/4
wavelength sections of RG-59 (750hm)| (see figure 1) coax are used to
maintain a 50 ohm match at the “tee” feed point.
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depending on the type of coax being used.

So far we've only talked about the _
wave transmission line, how about the 1/4
waveengthtransmissonline.  Theunique
feature of this line length is that for the
frequency of which it is a 1/4 wave the
exact impedance seen at the end of the
cableis also replicated at the other end
regardless of the impedance of the line.

This unfortunately has been the source
for much confusion over the years. For
example, where you are advised to use
exactly a 1/4 wavelength or multiple
thereof to feed an antenna and that you
will have a perfect SWR by doing so. In
either case the antenna impedance may
be reflected at the other end but the line
will still have SWR due to any mis-match

between the cable impedance and the . .
antennaimpedance. FIGURE 2 - This is an example of homemade power splitters for 70cm and

2 meters made from 17 square tubing and a silver plated brass center
conductor producing a 35 ohm characteristic impedance.
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