Communications

ixing Frequencies:
A New Look

Photos help explain complex linear mixing to amateur
radio operators and others

By John Wannamaker

ne of the easiest ways to
grasp a complex linear mix-
ing situation is through a

good illustration. Ink drawings that
are particularly well presented help
explain simpler results, but anything
that involves manually summing
many cycles of several frequencies
has simply been too tedious a task to
render by hand. Now we have photo-
graphs that offer more insight than
can be explained with the proverbial
10,000 words. Some of these appear
in print here for the first time, and all
are accompanied by an explanation
and comments to appeal to readers
of various technical backgrounds.

If you currently have or have ever
had difficulty understanding AM ra-
dio and sidebands, the material pre-
sented here may be just what you
need to clear up any confusion in this
area. Even experienced single-side-
band operators may discover some-
thing new or clear up some point.

To create these photos, summing
(linear mixing) was done with an op-
erational amplifier. A special device
was used to generate up to four sine
waves simultaneously, each with in-
dependently adjustable frequency,
amplitude and phase shift. Frequen-
cies of the four oscillators I used
were in the low audio range, but they
can be reasonably projected upward
to represent what happens at radio
frequencies.
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Fig. 1. Three sinusoidal wavefornes (bottom) sum into a resultant waveform
(top) of identical frequency.

Sine Waves Only

Figure 1 illustrates something that
can be done only with sine waves.
Here three sinusoidal waves of the
same frequency (bottom trace), dif-
fering in amplitude and phase rela-
tionship, are summed to produce a
sine wave (top trace) of the identical
frequency. The only time the output
could be otherwise is when the inputs
sum to zero by precisely canceling
each other out.

Summing of sine waves with dif-
ferent frequencies results in a com-
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plex waveform. Figure 2 shows how
a fundamental frequency and its
third, fifth and seventh harmonics
combine (top trace) to begin forma-
tion of a square wave. In theory, the
perfect square wave contains an infi-
nite number of odd harmonics.
(Apologies to readers who notice
here that the fifth harmonic’s ampli-
tude is too low. Final press time was
reached before it could be corrected
for publication.) The slight variation
in lateral symmetry of the resultant is
due to a bit of distortion of the fun-
damental frequency.

Say You Saw It In Modern Electronics

















