An exasperating human problem!

It is ironic that, at the very time when we are most excited
about a new era of high-quality sound in the home, we are put-
ting at risk the very organs we need to hear that sound. So
look after your ears; they're the only ones you'll ever have!
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(it HAS TAKEN ABOUT 100 YEARS OF THE ART OF AUDIO
reproduction to progress from the primitive phonograph of
Thomas Alva Edison to the cause of all the present excite-
ment—the laser-read compact disc. But for all of that time—
and longer—we have been working on the gradual destruc-
tion of our ears. Years ago. we blasted them with noisy
machinery. pneumatic drills, and rivet guns. Now we have
more fashionable methods . *

As if it isn’t enough to have ears grow old and sluggish
with age. we hasten the process with rock bands and hi-fi
headphones—both capable of creating a sound-pressure
level, where it matters, of 120 dB or more.

And, if ears have grown old and sluggish, whether natu-
rally or prematurely, of what possible interest are those tiny
whisps of sound, now exposed by the elimination of record-
ing noise? Both may lie below the threshold of our hearing!

And what of the rich overtones on the strings and the oboe?
Overtones”? What overtones?

No Instant Cures

What makes the loss of hearing seem worse is that ears are
not like eyes. One can suffer with hypermetropia (long sight),
myopia (short sight). presbyopia (loss of lens flexibility), or
astigmatism (misshapen lens); and yet retain virtually normal
vision with the aid of contact lenses or spectacles.

But that very common effect—progressive loss of aural

sensitivity—whether natural or aggravated, general or con-
centrated at the higher frequencies, is normally incurable and
irreversible. Nor, can all or partial loss of hearing be compen-
sated by artificial aids, at least not to high-fidelity listening
standards.

The inherent limitations of diminished hearing and of
practical electronic aids make it impossible to recover the
frequency response, dynamic range, distortion levels, and
directional perception of normal hearing. Artificial aids may
restore communication, but that's about all. If and when
implants are devised to bypass the faulty functions, the posi-
tion may be more hopeful; but, in the meantime, guard the
hearing you have as long as you can!

Inside the Ear

Figure 1 illustrates the physical structure of a human ear. It
comprises three distinct sections; the outer ear, the middle
ear and the inner ear.

The outer ear comprises three main components, of which
the most obvious is the outer appendage, known as the
auricle or pinna. Apart from its usefulness in supporting
spectacles, the auricle or pinna modifies sound wavefronts
entering the second component of the outer ear, the ear
canal. The brain can ultimately interpret the modified sound
wavefronts as supplementary clues to the source of individual
sounds. (Some engineering types would refer to the auricle as
a sound wave phase-shifter!)

The ear canal is a fleshy tube which
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By Neville Williams

called the eardrum, which seals off the outer ear from the
middle ear. The eardrum vibrates in sympathy with the
incident sound pressure waves and transfers the vibrations to
the smallest bones in the body. The three bones. the hammer
anvil and stirrup, pass the vibrations on to the inner ear. an
organ which has to do with both hearing and our sense of
body balance

As the ultimate destination of the sonic energy. the cochlea
1s nature s own microphone transducer, turning sonic infor-
mation 1nto nerve impulses. A tapered. convoluted, fluid
filled tube (Figs. 1 and 2). it is divided along its length into
two compartments by the basilar membrane.

Sonic impulses are transferred from the stirrup (or stapes)
to a small, bony. oval-shaped piston at the large end of the
cochlea—the oval window. The impulses travel through the
liquid in one compartment to the small end of the cochlea.
then pass through a small aperture and back along the second
compartment to the larger end. Here they encounter the so-
called round window, which reflects the sonic energy back
the way it came, much as an object will reflect wave energy in
water or a radar waveguide.

Electrical Sensors

The interaction of the initial and reflected sonic wavefronts
sets up standing-wave effects in the cochlea liquid, causing
physical ripples in the central basilar membrane. Those
ripples trigger responses from an array of something like
24,000 nerve ends distributed along and within the cochlea.
In its own mysterious way, the human brain is able to translate
the resulting electrical nerve signals—digital rather than ana-
log in character—into separately identifiable signals, each
with its own pitch, intensity, and phase.

It is, in fact, easy to become quite carried away when
extolling the virtues of human ears in prime condition by
stating that:

—Our ears are so discriminating that we need thousands of
dollars worth of audio equipment to provide the same listen-
ing satisfaction as when hearing the real thing.
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is nature’s counterpart of the micro-
phone, transforming physical vibration
into electro-chemical nerve impuises.
Loss of aural acuity usually occurs
first at the higher frequencies.

—The human hearing apparatus—the ear. auditory nerves,
and hearing centers in the brain—make up one of the most
discriminating mechanisms in the world of nature.

—Many people can detect changes in pitch of only one
part in 1000, and even an untrained ear can tell the difference
when the same note on the musical scale is played on two
different kinds of instrument.

—We can hear a mosquito buzzing outside the window
screen and the next instant listen to a jet aircraft roar over-
head. The difference in intensity of those two sounds is a ratio
of about 1 to 10.000.000.000. (Try that span of voltage on
your multimeter.)

—The human ear is capable of hearing sounds within a
frequency range of about 20 Hz to 20.000 Hz... and so on.

Our ear possesses an awtomatic volume control mecha-
nism. A sudden loud bang causes a reflex action in two tiny
muscles located in the inner ear. One—the tensor tympani—
contracts and stiffens the eardrum. so that it cannot vibrate as
freely as it would otherwise. The other—the stapedius mus-
cle—immobilizes the stirrup-shaped stapes. preventing it
from delivering excessive input to the inner ear.

Much has been written, too, about the ability of the human
auditory system to concentrate on one particular sound
source in a noisy environment, on one speaker in a restau-
rant, one instrument in a group. Indeed. there are occasions
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HI-FI SOUNDS, BUT LO-FI EARS
(Contnued from page 32)
Hearing Problems

But—and it is a very significant but—the foregoing figures
and remarks apply to people with what has been described as
clinically normal hearing. While that term has to be very
broad in its interpretation, there can be little doubt that a
significant number of people suffer from clinically sub-nor-
mal hearing.

In some cases, the problem is congenital. in others tracea-

ble to trauma of one kind and another. Such problems should
logically be referred to a specialist for whatever treatment
may be available.

Of more concern, in the context of the present article, is the
kind of hearing loss brought about by avoidable situations, of
which by far the most important is exposure to prolonged and
excessive sound-pressure levels.

The Noise Hazard
The accompanying noise-level figures in Table 2 may
prompt the question, *What happened to the automatic-








