defining the decibel

Why bother? Because
in electronics — as in
any science — definitions
do make a difference.

The unit of the decibel, or dB, is used quite wide-
ly in electronics to express everything from amplifier
gains to bandwidth ratios (is that 10 log or 20 log for
bandwidths?). Often the question, "Is that dB-voltage
or dB-power?” is heard. The answer to that question
is an unequivocal “yes.” The short article that follows
reiterates the apparently long-forgotten history of the
decibel and discusses both its proper application and
a few of its common misapplications as well.

The decibel is, roughly, the smallest change in
acoustic power that the ear can detect.! It's one tenth
of a bel, a unit named for Alexander Graham Bell,
whose original research revealed the logarithmic am-
plitude response of the human ear;* not surprisingly,
the concept of the bel was originally used in the field
of telephony. But the unit was found to be too large
for practical application, and the decibel was soon
found to be more convenient.

In the original acoustic terms, the decibel was de-
fined as 10 log to the base of 10 of the ratio of two
acoustic intensities (powers). (A similar but much less
frequently used unit is the Meper — from Napier —
which is given as 1 log to the base e of a voftage ratio.2
Yes, the multiplier is 1, not 10.) In modern electronics,
however, the decibel is defined as 10 log of a power
ratio in which the two powers ratioed are measured
at a particular point in a system — at the output of
an amplifier, for example. This /s the only definition.
Other descriptions of the decibel, such as 20 log of
a voltage ratio, are derivations of this definition, often
with some critical information omitted.

The decibel is really just a type of mathematical
shorthand. It is more convenient, for example, to ex-
press the power gain of an amplifier as 80 dB than as
100,000,000 watts/watt. One variation to this basic
definition has been a generalization to allow the two
powers ratioed to be at different points in a system
that have equal impedances — for example, the power
gain of an amplifier in a constant 50-chm system ex-
pressed in dB as 10 log of the ratio of the output power
to the input power. Such a generalization, however,
is still consistent with the original definition. Consider
a 50-obm amplifier in a 50-ohm system. Its input and
output impedances must both be 50 shms to be con-
sistent with the 50-ohm system. Therefore, the source
driving the amplifier will deliver the same power to a
50-ohm termination as it delivers to the amplifier in-
put. Let us choose the 50-chm input to a power meter
as the point of measurement of the original definition
above. First apply the source directly to the power
meter input and record the source power. Then, re-
move the source from the measurement node (power
meter input), apply it to the amplifier input, and apply
the amplifier output to the power meter. Measure the
new power at the point of measurement. The amplifier
gain in dB is then 10 log of the ratio of the second
measurement, the output power, to the first measure-
ment, the power applied to the input. This measure-
ment technique is a direct application of the defini-
tion of the decibel.

~ Alternately, we could, by some means, measure the
input and output powers of the amplifier with it at-
tached to the source and 50-ohm load (computed from
measured input and output potentials perhaps) and
compute the gain in a similar manner as above. There
is a subtle difference between this second measure-
ment technigue and the first. In the first, a single point
of measurement, the input to the power meter, was
used to measure the two powers for the ratio; in the
second, two different points in the system were ob-
served — the input and output ports of the amplifier.
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