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of Pyschophysics, that attempted
to establish a specific relationship
between the outer objective world
and the inner subjective one in all
areas of sensation . Fechner's law
states, for example, that each time
the intensity of a sound is dou­
bled, one step is added to the sen­
sation of loudness . In Fechner's
view, sensation increased as the
logarithm of the stimulus.

The decibel, which measures
sound energy in logarithmic units,
would seem to fit nicely into
Fechner's law. But it soon became
apparent to anyone who listened
carefully, that a noise level of, say,
50 dB, was not half as loud as 100
dB . (Fifty dB is the background
noise in a library reading room;
the perceived loudness of100 dB­
equivalent to a jet plane heard
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lacks a one-to-one correspon­
dence with the objective world.

There are good evolutionary
reasons why that is so. In respect
to volume, for example, the noise
created by a jet plane at take-off is
about ten-thousand-billion times
as powerful as the quietest sound
that we can hear. If, on a linear
scale, a quiet whisper was assign­
ed one intensity unit, a jet engine
would have an intensity of ten-tri­
llion units!

The ability to compress that
enormous dynamic range into
something that can be handled
and evaluated by the human earl
brain was originally investigated
by a 19th-century physicist and
philosopher, Gustave Theodor
Fechner. ' In 1860, he published a
ground-breaking work, Elements

Calibrating loudness
In the past several decades, I've

learned something about the way
that the human ear/brain responds
to sound levels . Psychoacousti­
cians make a clear and necessary
distinction between loudness and
sound intensity. Loudness is the
ear/brain's subjective auditory re­
action to objective sound-pres­
sure-level stimuli. It's necessary to
distinguish between the subjec­
tive and the objective simply be­
cause our perception of loudness
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hou.r or so sampling different
discs, we found that we generally
agreed-within several decibels or
so-on the volume setting that
sounded best. I don 't mean to sug­
gest that the sound was perfect at
any level, only that there was a
specific volume level at which, for
obscure reasons, the reproduced
music seemed more realistic.
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about 1,000 feet overhead-is
about 30 times greater than 50 dB.)
After much research effort, start­
ing in the 1930's at the Psycho­
acoustic Laboratory at Harvard
University,'Fechner's logarithmic
approach to auditory perception
was ultimately replaced by a true
scale of loudness: the sone. The
sone scale has a rather straightfor­
ward rule: Each intensity increase
of 10 decibels doubles the sensa­
tion of loudness. Today, it's gener­
ally accepted that sound levels
have to be raised by 10 dB before
they sound twice as loud.

Loudness contours
The names Fletcher and Mun­

son are commonly invoked when
" -amp li f ie r- Io ud ness-controls are- ­

discussed. In 1933, they were
among the first researchers to
demonstrate the very non-linear
relationships among the objective
sound-pressure level of a sound,
its frequency, and its subjective
loudness. Aside from the fact that
the research had conceptual and
practical flaws, it also-at least in
the audio-equipment area-was
misunderstood and misapplied.
Let's see where things went
wrong.

In the original experiment, lis­
teners in an anechoic chamber
were asked to match test tones of
different frequencies and inten­
sities with calibrated, 1,000-Hz test
tones produced at a variety of spe­
cific levels. The general results are
familiar to most of us; it was found
that the ear looses sensitivity to
low frequencies as the sound level
is reduced. Later work, by Robin­
son and Dadson in the mid-1950's,
used superior instrumentation
and produced a somewhat modi­
fied set of loudness contours (Fig.
1).Their results were subsequently
adopted by the International Stan­
dards Organization and are now
known officially as the ISO equal­
loudness contour curves. Despite
the international acceptance of the
R-D curves, keep in mind that the
techniques used to derive them
(pure tones in an anechoic cham­
ber) do not correspond exactly to
music listened to in a living room.

Achieving reality
Anyone who has been following

my columns with any regularity

should, by now, be convinced that
realistic reproduction of music is
no easy task. The basic problem is
the need to present to the lis­
tener's ears a three-dimensional
acoustic simulation of the live mu­
sical event. It has become obvious
that the problem can't be solved
by conventional , two-channel
stereo, and digital "dimension
synthesizers" are now becoming
commonplace. Although adding
the extra channels is a necessary
step, it's not a sufficient one; the
original playback level at the lis­
tener's ears still has to be accu­
rately reproduced.

Why should that be so? Al­
though the question may seem
dauntingly complex and laden
with-philosophical booby-traps, .
some simple-if incomplete-an­
swers are available. Setting aside
the question of the absolute ac­
curacy of the loudness curves dis­
cussed earlier, we do know that
the ear's frequency response
changes in accord with the level of
the impinging signal. For example,
suppose that you were to make a
good recording of a live dance
band playing at an average level of
70 dB. If you were to subsequently
play back the recording at a 50-dB
level, the bass frequencies would
automatically suffer a 13-dB loss
relative to the mid frequencies , as
per Fig. 1. Obviously, not only
would the bass line be attenuated,
but the entire sound of the or­
chestra would be thinned out.

Other problems
The ear has other loudness-de­

pendent peculiarities. As a trans­
ducer, it is both asymmetrical and
non-linear and, therefore, reg­
ularly creates (and hears) frequen­
cies that are not in the original
material. Known as aural harmon­
ics and combination tones, they
correspond to harmonic- and in­
terrnodulation-distortion prod­
ucts in non-biological audio
equipment. Since the amounts of
those acoustic artifacts generated
by the ear depend on signal level,
any level differences between the
recording and playback are going
to cause different reactions in the
listener's ears.

To complicate matters further,
low-frequency sounds appear to

continued on page 11
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ting the circuit working is only half
the battle-you also have to cali ­
brate it. In a st raightfo rward linear
am p that isn't mu ch of a problem,
but lo g amps make it a bit more
d ifficult. You can use the brute­
fo rce approach of pu tting kn own
sig nals at the input and then pad­
ding the output, but regardless of
the method you use, you have to
take into account the offset intro­
duced by the op-amp. That 's the
purpose of the potentiometer
across the offset adjustment pins
of the op-amp.

Since the log of one is zero, you
should feed the amp with one unit
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continued from page 9

decrease in pitch when intensity is
raised , while highs subjectively in­
crease in pitch. Psychoacousti­
cians know enough about that
effect to chart it on what they call
the mel scale.

Those , and other, reasons help

of positive signal and tweak the
potentiometer to get zero out of
the op-amp. The amount of ac­
curacy you get depends on the
gain, the temperature, and the
level of the input.

If you really wantto get into this,
you 'll find that there's a lot of math
involved in calculating the circuit
parameters and there's just not
enough room here to go through
all the gory details . It's safe to say,
therefore, that the success you're
going to have with log amps in
general is directly proportional to
the number of hours you spend
doing research. Good luck. R-E

explain why music sounds correct
only when played at the level (the
original level, that is) that properly
relates to the ear's peculiar inter­
nal processing. I doubt that it's
possible to design a loudness con­
trol that really works. So for the
present at least, we will just have to
do the best that we possibly can,
loudness-wise-neighbors and
spouses permitting. R-E
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