





TKHZ frequency and form sum-and-
difference frequencies, such as the sum
of the two (7060Hz) and the difference
between the two (6940Hz). Other sum-
and-difference frequencies will also
appear involving the harmonics of both
frequencies. Figure 4b shows what some
of these will be on the frequency spec-
trum. For the purpose of practical mea-
surement, only the distortion compo-
nents around TKHZ are significantly
large and these are the ones measured as

distortion. Figure 5 shows how IM dis-
tortion of the test signals might appear
on an oscilloscope display. Again using
the piano to illustrate. an idea of the
kind of sound involved here can be
gained by sounding middle A again,
and then sounding middle A along with
the white keys on either side of it (G
and B). These two notes are between
50Hz and 60Hz different from A, and
when played together with A, demon-
strate the kind of dissonance resulting
from intermodulation distortion.

Depending upon the particular con-
ditions of the test, such as the charac-
teristics of the equipment being tested,
the frequencies used may be changed
and the 4:1 amplitude ratio between
frequencies may vary. Generally the
4:1 ratio of 60 Hz and 7KHZ is used
because it provides a realistic example
of the musical situations for which an
audio amplifier is designed. IM tests
should be run at a wide range of output
power levels to reveal problems that
may show up only at particular levels.
As an example which will be discussed
in more detail later on, IM testing shows
excellent sensitivity to low power cross-
over notch distortion, which is a tra-
ditional sore spot of some solid state
amplifier designs.

Now that we have briefly discussed
both methods. you might naturally ask
how they are related. but this is not a
simple nor brief proposition. A great
deal of discussion has been published’
with impressive mathematical support
to describe this elusive relationship,
but the results do not apply to most
equipment. Several common (and some-
times desirable) characteristics of elec-
tronic equipment can each or all re-
move any predictable relationship be-
tween IM and harmonic distortion. At
a given peak power level, and within
the normal operating range of high fi-
delity amplifiers, IM distortion typi-
cally runs from two to six limes as high
as harmonic distortion. In any indi-
vidual case, however, it is necessary to
run both tests if both harmonic and IM
figures are needed. This lack of a simple
means by which to compare IM and
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Fig. 7—IM evidence of crossover notch at low power.

harmonic ratings suggests that the cus-
tomer would prosper if one method
were consistently used. in which case
he could make meaningful comparisons.
For a number of reasons, IM testing is
the logical choice.

To begin. there are significant weak-
nesses in the harmonic testing proce-
dure. First, the harmonics detected as
distortion are not always offensive to
the listener. The piano experiment sug-
gested above should illustrate this, along
with the fact that musical sounds are
frequently made up of harmonic com-
binations. Second. the single-frequency
test signal does not resemble typical
program material and the results do not
indicate the kind of complex interactions
that occur between different frequen-
cies. This can result in ignorance of
serious deficiencies in the equipment,
Third, the usual THD figure groups all
harmonic components together, which
can mask the fact that most of the po-
tentially offensive distortion comes
from high order (higher frequency)
harmonics’. An amplifier generating
mostly high order distortion products
may then sound worse than another
with the same THD rating which pro-
duces lower order distortion. Fourth,
THD measurements group noise along
with harmonic components and thus
may produce a mischaracterization of
a product. Fifth, harmonic distortion
testing instruments may have residual
distortion levels above the distortion
levels of the amplifiers under test. It
is difficult to inexpensively produce
and analyze a test signal with distortion
lower than state-of-the-art audio am-
plifiers. Sixth, the test procedure is un-
wieldy. In the usual process, some fine

tuning is involved to completely remove
the test signal before the harmonics are
measured, a procedure which needs to
be repeated at different frequencies,
and then at different power levels for
each frequency. This results in a sen-
sitive operation being performed many
times for a single piece of equipment.
Many of the aforementioned weaknesses
could be lessened by the use of a wave
analyzer, but this would not help the
problems of expense and time involved.

In contrast, IM testing offers clear
advantages over harmonic testing. First,
the sum-and-difference frequencies de-
tected as distortion by IM testing are
not harmonically related to the original
signals and therefore constitute a much
more audibly obnoxious type of dis-
tortion (as suggested by the piano ex-
periment). Second. the use of a two-
frequency test signal provides a simple
but more realistic approximation of
musical material, and the test results
indicate the interactions between fre-
quencies that can be expected in actual
use. Third, the use of the 4:1 SMPTE
amplitude ratio gives an inherent promi-
nence to more audible- high-order dis-
tortion products, which in turn brings
about better agreement of IM test re-
sults with listening tests’. Fourth,
SMPTE IM measurements concentrate
on a relatively narrow band of frequen-
cies around the upper test frequency. a
situation which serves to keep hum and
other noise out of the final test results.
Fifth, it is possible to obtain reasonably-
priced IM distortion measuring equip-
ment with residual distortion levels be-
low those of state-of-the art audio am-
plifiers. Sixth, since there is no tuning
needed to filter out the test frequencies
and since two frequencies in combi-
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