
An exasperating human problem! 
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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! 

LJIT 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 
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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 

attains dimensions giving it a broad reso- 
nance effect which more than doubles the 
subjective intensity of sounds in the region 
2000 to 5500 Hz -the frequency range 
which we hear best. At the inner end of the 
ear canal is a tough, flexible membrane 
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'Original project appeared in Electronics Aus- 
tralia, June, 1983 Edition, and appears here by 
permission. 

FIG. 1- ILLUSTRATING the structure 
of the human ear. While part of a 

remarkable human sense, it is never- 
theless vulnerable to age, infection, 
and physical damage. 
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called the eardrum, which seals ott 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 
is nature's own microphone transducer, turning sonic infor- 
mation into nerve impulses. A tapered, convoluted, fluid - 
filled tube (Figs. I 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. 

FIG. 2 -FED with sonic impulses 
via the "stirrup', the cochlea 
is nature's counterpart of the micro- 
phone. transforming physical vibration 
into electro- chemical nerve impulses. 
Loss of aural acuity usually occurs 
first at the higher frequencies. 
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-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 automatic 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 

FLUID -FILLED CAVITY 

OVAL WINDOW 

STIRRUP L 
RIPPLE CAUSED BY 
PRESSURE WAVES 

BASILAR MEMBRANE 

ROUND _- 
WINDOW 

Fes- HIGH MIDDLE 

FREQUENCIES 

LOW 



32 

the auditory system may reject all sound, turning it into a 
sonic blur that does not disturb concentration -or something 
even more remote that does not disturb sleep. 

And there's the matter of audio -signal phase -the subject 
of much discussion and argument in recent years. Human 
hearing is amazingly sensitive to phase, runs the argument, 
and much of that indefinable satisfaction which is either 
apparent or not apparent in hi -fi sound reproducion is tracea- 
ble to phase discrepancies in the system. So we've had a spate 
of linear -phase loudspeakers and now, linear -phase phono 
cartridges. 

There Are Problems 
In truth, your ears may not perform as described above 

because the keen edge of your hearing has been perceptibly 
blunted -purely as a function of age. Also, if your ears have 
been subjected to protracted periods of very high -level sound. 
whether in the context of entertainment or employment, there 
is a strong chance that they will exhibit losses additional to 
those due to aging. 

In respect to aging, a broad rule of thumb suggests that, if a 
young child is credited with the ability to hear sounds up to 

TABLE 2 -NOISE LEVEL TABLE 

Injurious Range 
140 dB Jet engine at 25 yards 
130 dB Rivet gun-pain threshold 
120 dB Propeller airliner, 50 yards 
Danger Zone 
110 dB Pneumatic rock drill- non -OSHA 

approved 
100 dB Metalworking shop 
90 dB heavy transport truck 

Normal Range 
60 dB Ordinary conversation, 3 feet 
50 dB Low conversation, 3 feet 
40 dB Soft background music 
30 dB Whisper at 3 feet 
20 dB Quiet country dwelling 
10 dB Rustling leaf 
0 dB Threshold of hearing 
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FIG. 3 -WITH CLINICALLY -NORMAL HEARING of 20- year -old 
females referenced to 0 dB. those curves give some idea of 
the gradual loss of hearing acuity with advancing age, the 
loss being particularly apparent at high frequencies. 
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much as it would to a young person in his /her twenties, with 
the tone control turned to minimum treble. To a 70 -year old, 
the tone control may not appear to have much effect at all. 

Well then, does the compact disc, or any other improved 
audio system coming down the pike, represent a waste of time 
and money to the 50 -and -over group -the people who can 

best afford the equipment? 
Fortunately not, for reasons about 

which we still have to speculate. 
A difference in frequency response, 

as such, may not be all that apparent to 
the 50- and -overs. But the clean, hard 
transients can still be obvious by con- 
trast to what they have been accustomed 
to current audio systems. 

And the reduction in harmonic dis- 
tortion can certainly be evident as an 
uncanny clarity, which is missing in the 
audio program if the contact disc has 
been remastered from a tape. 

As for background noise, the dif- 
ference may not be as obvious as to a 

younger person but a difference there can be over the low and 
middle register, where rumble and acoustic feedback betray 
the mechanical nature of the conventional phono system. All 
is not lost, by any means! (Continued on page 94) 

TABLE 1 -AGE TAKES ITS TOLL! 

Age in Years Upper Limit of Hearing 
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20,000 Hz, the child will exhibit a loss of treble response at 
the rate of about 2000 Hz per decade. On that basis, one can 
draw up a table correlating age with the upper limit of 
hearing. The assumption is that the aural response will be 
rolling off through the nominated frequency with a fairly 
pronounced cutoff beyond it. (See Table I.) There is a dif- 
ference between the sexes. It is noted that females retained a 
generally better high -frequency response than males. 

Familiar Format 
Purely to present the information described in the previous 

paragraph in a more readily recognizable form. the usual 
frequency- response hearing format in Figs. 3 and 4 have been 
modified. The curves ignore the expectedly superior hearing 
of children and take, as reference, clinically normal 20 -year- 
old female ears. The derived curves involve a certain amount 
of free -hand extrapolation, but they still can be taken as being 
well in the ballpark for typical age /hearing loss relationship. 

Two points are obvious from the family of curves in Figs. 3 

and 4. One is a ready explanation of why aging grandparents 
may frequently find it necessary to beg your pardon. To 

them, speech is quite muffled. The other is that, beyond about 
age 50, your audio amplifier system is beginning to sound 
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FIG. 4 -TAKEN FROM BASF literature, the heavy curve 
shows the noise -energy distribution of a typically good 
quality compact cassette tape. High- frequency loss with 
advancing years renders the hiss level less obvious. 
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DUAL PEAK /CURRENT ANEMOMETER 
(Continued from page 44) 
without relabeling the face. Low -power CMOS chips can be 
substituted for some of the chips directly, but extensive re- 
design must be done to replace the 8 -bit shift register with 
two 4 -bit CMOS chips. LCD displays can also be substituted 
for lower -power consumption and portable battery operation. 
Three or more of each of the decade counters, comparators, 
registers, and displays can be wired together to increase the 
dynamic range of the digital peak detector, although the 
analog portion will not be improved. Similarly, range switch- 
es may be incorporated, if the timing components of the input 
U2 are also adjusted accordingly. The update time of the 
digital display is set at about 2/3 second with the present 
component selection and that matches the response time of 
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the anemometer head, but the different applications may 
require slight redesign. 

Conclusion 
The combination of both analog and peak reading digital 

readouts on the Dual Peak/Current Anemometer make it a 

most interesting and convenient instrument to use. It doesn't 
have to be watched continuously, nor is an expensive chart 
recorder necessary. Power consumption is less than an incan- 
descent night light, so no on -off switch is even included, and 
it is on for 24 hours every day. 

Once the anemometer is mounted, however, be prepared 
for friends to call up and ask, "Wow, the wind really blew 
hard tonight! What did your anemometer record ?" But, if 
they are really friends, they will wait until the next morning to 
call you up! 
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THE ANEMOMETER REMOTE SENSOR requires parts that are not usually associated with project construction; 
nevertheless, acquisition of those materials should not be difficult. The most important 

aspects of the sensor's construction is balance and symmetry -both of which go hand in hand. 
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HI -FI SOUNDS, BUT LO -FI EARS 
(Conmued 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- 



volume -control function," mentioned earlier, and reputed to 
protect our hearing against exposure to loud noise? The 
explanation, it would appear, is that the spontaneous tension- 
ing mechanism in the ear can cope with sound -level varia- 
tions within the safe range and perhaps somewhat beyond it; 
and it can cope with very loud sounds, provided they are 

infrequent and of short duration. However, when faced with 
very loud, sustained sound, the muscles gradually let go, 
allowing the high -level impulses to reach the cochlea. It is 

then that the damage occurs, with the hair -like nerve ends for 
the higher frequencies being particularly vulnerable. Once 
destroyed, they can never regenerate. 

In practical terms, males were at one time more at risk than 
females, because of their likely exposure to factory noise for 
much of their adult lives and their possible involvement in 
noisy activities at other times. 

Nowadays, we seem to have learned some lessons in those 
areas, with noise -abatement programs operating in factories 
and the more frequent wearing of earmuffs where high noise - 
level cannot be avoided. 

The trouble is that modern technology has now put power- 
ful amplifier systems into everything from rock -music re- 
views to theaters, cars, and homes. And, with them has come 
the cult belief that, for sound to turn you on, it has to be at 
deafening level. How else can it shut out every other stim- 
ulus? What's more, if you don't like it that way you must be a 

bit odd-or old! 
As if that's not enough, modern technology has provided 

us with personal cassette /radio players, and with miniature 
hi -fi stereo headphones which, if driven hard enough, can 
deliver sound -pressure levels of 120 dB or more-and that is 

also in the injurious range (see Table 2). 

So, if you really want to add further "decibels down" to 
the inevitable effects of aging, it is not necessary to take up 
the trade of a boilermaker or a riveter. Anyone can achieve the 
same result by spending a few hours a week at a disco, or 
playing super -loud music at home, or cultivating high -fre- 
quency deafness in comparitive isolation with the aid of a 

powerful headphone stereo system. 
What's more, the new deafen- yourself -with -music syn- 

drome is appropriately non -sexist; male and female have 

equal access to the method. In fact, they often tend to do it in 
mixed pairs! 

Is that all? No, not quite! 
According to our medical source, another effective way of 

turning down your biological tone control is to swim fre- 
quently and dive deeply in polluted water. Entering the body 
through the mouth and nose, bacteria from polluted water can 
travel up the eustachian tube and set up infection in the 
middle ear. Too many episodes like that can take their own 
special toll. 

And that brings us right back to where we started! 
If the blush of youth in your cheeks has given way to the 

mantle of maturity, you can still anticipate a pleasurable 
listening experience from quality audio systems -provided 
you've taken reasonable care of the two bits of audio equip- 
ment for which no replacements are available -your ears! 
But, if you're fortunate enough to be still young, and look 
forward to the day when even the compact audio disc will be 

primitive and obsolete, spare a thought for those tiny nerve 
ends in your ear which dislike loud sound so much that rather 
than listen, they lie down quietly and die! 

DESIGNING POWER SUPPLIES 
(Continued from page 93) 

The inductor, in that case the inductance of the trans- 
former's primary winding, need not have a large value to 
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FIG. 28-OLD TIMERS will recall the circuit in A that is 
similar to the vibrator power supplies common to automobile 
radios that used vacuum tubes for many years. The LAS3800 
chip B provides the same function by driving two switching 
transistors in an almost identical switching circuit. 

generate a high voltage, because the current pulse rate of 
change (AI /At). 

Sometimes, designers place an RC snubber network 
across the primary winding from collector -to- collector (Ql to 

Q2). Typically, such a snubber consists of a series combina- 
tion of 0.001 -µF capacitor (at 1000 -volts or more) and 100- 

ELECTRONIC COIN TOSS 
(Continued from page 53) 

If all components in the circuit could be exactly matched, 
the chances of either transistor being on at the instant S2 is 

released would be exactly even -a 50:50 chance. However, 
the adjustable trimmer potentiometer, R7, is included so that 
you can compensate for variances in the components' values. 

If you have access to a oscilloscope, check the waveform at 

either collector while S2 is held closed. Adjust the trimmer 
for equal on and off periods. 

Putting It Together 
The circuit layout is shown in the photo and in Fig. 2. Most 

of the components are on a small piece of printed- circuit 
board (half of a 300 PC Experimenters board from Global 
Specialties Corp. or Radio Shack Experimenters PC board 
No. 276 -174). The switches and LED's are mounted on a 2 x 
41/2-inch piece of blank PC board. The LED anodes, and all 
+ 9 -volt DC connections, are soldered to the copper toil. 

Run off 100 tosses and record the fall of the coin. The count 
should be no further than 52:48 from a 50:50 expectation. If 
the gap is larger, reset SI slightly, and do it again. After all, 
give the suckers a break! 
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