
SOUND is vibration, and this . is true 
whether it be hi-fi, low-fi, or medium 

well done. fi. The physicist would add that 
the vibration takes place in an elastic me­
dium, which means that sound can travel 
through metal, wood or water, for example. 
But for hi-fi purposes we are primarily 
concerned with sound that travels through 
the air. 

Sound can also be defined as the sensa­
tion produced in the brain by these vibra­
tions. When we hear live sound, several 
things are happening. First, some object is 
vibrating and causing rapid changes in the 
atmospheric pressure surrounding us. The 
ear drums detect these vibrations, and · 

through a rather complex process pass a 
message along to the brain. 

In the case of hi-fi, we are adding other 
elements into the middle of this chain of 
events. As we noted in Chapter 1, the sound 
originally produced is converted to an elec­
trical signal, and then converted once 
again into still another form for transmis­
sion or storage. Then in reproduction it is 

· converted back to electricity, and then 
finally back to sound, which is transmitted 
through the air from the loudspeaker sys-
tem to our ears. 

· 

This then is the complete hi-fi system, 
from the original production of sound all 
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the way through to the auditory sensation 
in the brain of the listener. As a high fi­
delity . enthusiast, you should know some­
thing about the hearing apparatus which 
enables you to enjoy high quality sound 
reproduction. 

The ear is regarded as having three 
parts, known as the outer ear, middle ear, 
and the inner ear. The outer ear is the part 
normally visible at either side of the head, 
along with the canal which directs the 
sound inside. Stretched across the inner 
end of this canal is the membrane known as 
the ear drum, which marks the beginning 
of the middle ear. 

When the ear drum is set in motion by 
sound in air, it transmits this vibration to 
a mechanical lever system of three bones 
in the middle ear known as the hammer, 
anvil and stirrup. At the end of the stirrup 
is a second and much smaller membrane, 
known as the oval window, which is the 
entrance to the inner ear. 

Because of the lever action of the bones 
in the middle ear, and the relative sizes of 
the two membranes, the pressure exerted 
upon the . inner ear is 30 to 60 times as 
great as that of the outer air striking the 
ear drum. The inner ear is a snail-shaped 
cavity in the skull, which is filled with a 
liquid. The vibrations set up in the inner 
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Above, Bruno Waiter conductlnq Beethoven's 9th 
Symphony with full orchestra and chorus. This 
work is one of the most demandinq; only the best 
equipment Is recommended for Its reproduction. 

Riqht. Slinplified drawlnq of the human ear shows 
the Intricate deslqn that makes hearinq possible. 
Sound waves striklnq eardrum are maqnlfied 60 
times by small bone levers before reachlnq brain. 

ear are transmitted through this .liquid to 
the brain over a network of tiny nerve 
fibers. 

There have been many theories con­
cerning the precise way in which the ner­
vous system converts sound waves in air 
into an auditory sensation in the brain. 
But nobody knows for certain even yet just 
how it happens. The important thing to us 
is that this rather wonderful thing does 
happen, and that it is an integral part of 
the overall hi-fi process. 

There are many sounds in the air right 
now which you are unable to hear. The 
footsteps of a fly, for example, have been 
picked up and amplified by sensitive mi-

Columhi a  Rf'rorda 

INNER EAR 

crophones and sound equipment, but no 
human ear has ever. heard them without 
the aid of these artificial devices. 

Sounds such as these, which are not loud 
enough to be heard, are said to be below 
the threshold of audibility. Above this 
threshold, the ear responds to a wide range 
of sound intensities, but they can ulti­
mately become loud enough to cause pain. 
The point at which this happens is called 
the threshold of feeling. 

There are essentially three classes of 
sound; known as noise, speech and music. 
The rumble of a subway train, the clatter 
of horses' hoofs, the clap of thunder, the 
crash of breaking glass: all of these are 
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Below, soprano Eileen Farrell and conductor Max 
Rudolph. The human voice is just another musical 
instrument cmd has snnilar overtones. vibrations. 

Columbia Rerords 

. Fine strinq instruments, such as the violin Zlno 
Francescatti plays, reach a freciuency of 1 8.000 
cps. Bass viols qo down to about 40 cycles. 

Columbia Records 

Today's modem reco.rdinq techniques capture every audible note In the sound spectrum. The records 
t;dlove, Das Rhelnqo]d, London; Queen's Birthday Salute. Vanquard; Beethoven's Ninth. Decca; and Orqan 
Concertos of Handel. Columbia, are especially fine examples of the record maker's art in hiqh-fidelity sound. 

sounds which have no definite pitch. We 
can tell whether they are high or low, but 
cannot asign them a comparable note 
which might be struck on the pi�no. 

Any such unpitched sound is called 
noise. Noises are actually mixtures of 
great numbers of tones, with no single one 
predominant enough to establish a definite 
pitch. Many noises therefore encompass 
practically the entire audible range. For 
this reason, various types of noises are 
often used to test the response of hi-fi sys­
tems. 

Speech sounds are those produced by the 
human vocal organs. The pitch of speech 
is more or less definite, with the average 
female voice being about an octave above 
that of the average male. 

The vowel sounds, which are the most 
powerful in speech, are produced by em -
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ploying the lungs as a bellows to produce 
an air stream, which in turn is set into vi­
bration by the vocal cords. The unvoiced 
sounds, such as f, k, p, eh, sh and th, don't 
involve the vocal cords at all, but are pro­
duced by directing the air stream through 
small openings or over sharp edges of the 
teeth, lips and tongue. The voiced conso­
nants, such as h, w and y, are really only 
special ways of beginning the vowel 
sounds, and are produced by a combination 
of the vowel and consonant processes. 

Musical sounds are those in . which the 
rate of vibration is uniform. Thus they 
have a definite pitch. Because the instru­
ments of the orchestra have a greater over­
all tonal range than does human speech, 
and because speech is still intelligible over 
a low-fi telephone circuit, it is often 
thought that music alone provides the acid 
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test of hi-fi system performance. This is 
not true, however, for speech and noise 
make equally stringent demands on the 
system. 

When we speak of pitch, we refer to 
the relative position of a tone on the·  musi­
cal scale. In hi-fi work we often use a 
closely related term called frequency. This 
is the rate of the vibrations of which all 
sound is comprised. 

Sound vibrations in air are actually 
variations in air pressure, both above and 
below normal atmospheric pressure. Each 
fun · movement of the pressure, from nor­
mal to the highest peak and back to normal, 
and then from normal to the lowest peak 
and back again, is called a cycle. 

The number of cycles a sound wave goes 
through in a given period of time is known 
as the frequency. Since one second is 

Left. Drawinq of one cycle as shown on oscillo­
scope. Number of cycles per second qives fre­
quency. Below. filustration of theory that the louder 
a sound the wider the ranqe of frequencies audible 
to the human ear. At low volume only a small 
area between 2.000 and 4.000 cps is clearly dis­
cemible .. At loud volume, broader band is covered. 

PEAK SENS IT I V I T Y  
OF H U M A N  EAR 

1 0,0 0 0  
8 0 0  1 ,00 0  5,0 0 0  

C YC � E S  PER S E C O N  0 18 ,0 0 0  

usually the period of time used, frequency 
is normally measured in terms of cycles 
per second, abbreviated cps. It is important 
to remember that, whenever you hear an 
audiophile speak of cycles, it's almost cer­
tain that he really means cycles per second. 

The higher the musical pitch, then, the 
greater will be its number of vibrations 
in cycles per second. Middle A, for ex­
ample, is 440 cps, while the low E string 
on the bass viol is pitched at about 41 cps, 
and the highest C on the piano is tuned 
to 4186 cps. 

The differences in pitch between musical 
tones is known as an interval. While mu­
sicans often speak of intervals of thirds, 
fifths, ninths and such, a fairly important 
relationship to remember for hi-fi purposes 
is the octave. 

This is the two-to-one ratio between 
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( TO N ES I N  T H E  S C A L E  O F  EQ U A L  TEM P E R A M ENT ) 
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As shown above, although middle A, for Instance, has frequency of 440 cps, the harmonics go three 
times as high and three times as low. See text for fuller explanation how this affects hi-li equipment. 

tones. Thus with middle A pitched at 440 
cps, going up the scale to just twice the 
frequency, 880 cps, we find another A, this 
one said to be an octave above the first. 
Similarly, going down the scale to 220, we 
find another A below middle A. Each note 
on the scale, in fact, is separated from those 
9f the same name adjacent to it by exactly 
twice the frequency, or one octave. 

The lowest tone produced by any musi­
cal instrument is about 16 cps, while the 
highest is in th� neighborhood of 5,000 cps. 
This is a span 'of about eight octaves. It 
would seem at first glance that a system 
capable of reproducing all of this eight­
octave range should be quite adequate for 
sound reproduction. But the fact is that 
such a system would not be very high 
fidelity at all, as w� shall see. 

We ' all know that there is considerable 
difference in the sounds produced by the 
various instruments in an orchestra, even 

· if all of them are playing the same note. 
If this were not so, there would be no point 
in having all those different voices. 

But if G below middle C, for example, 
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is always 196 cps, then there must be still 
another factor determining the differences 
in the sound timbre or tone quality. The 
reason for this is that no instrument pro­
duces an absolutely pure tone. That is, 
when G is struck on the piano, there are 
several frequencies produced in addition 
to 196 cps, the fundamental frequency. 

These extra vibrations are known as 
overtones or harmonics, and their fre­
quencies are normally multiples of the 
fundamental. In other words, the impor­
tant harmonics are two, three and more 
times the fundamental. 

Now the main difference in the timbres 
of the instruments of the orchestra iies in 
the harmonics these instruments produce, 
and the relative strengths of each as com­
pared to the fundamental. These charac­
teristics will also often vary with even 
the same instrument. When the G string 
of the violin is bowed, for example, all of 
its harmonics up to the thirteenth are 
stronger than the 196-cps fundamental. 
The E string, on the other hand, has third, 
fifth and eighth harmonics about equal to 
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Frequency range of various instruments, human 
speech. etc. At right is drawing of piano scale. 

the fundamental, while the others are less. 
These facts, are very important to us in 

hi-fi. listening, for it is by these harmonics 
that we distinguislf the characteristics of 
the various instruments. It has been shown 
experimentally, in fact, that �e human ear 
must be able to hear at least up to the third 
harmonic of a tone to be able to identify 
the instrument producing it. 

If we heat: an instrument playing a 
middle A at 440 cps, for example, we will 
be unable to tell what instrument it is un­
less we can hear all the way to the third 
harmonic, or 1,320 cps. And this fact gives 
us a major clue to one of the important 
benchmarks of hi-fi. system performance. We have already noted that the highest 
fundamental frequency of any present 
musical instrument is about 5,000 cps. 
Then in order to hear the third harmonic 
of this torie, we require a system which is 
able to pass three times that figure, or up 
to around 15,000 cps. 

So there we have it. A good hi-fi sys­
tem must be able to pass the lowest musical 
note, about 16 cps, and the third har-
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These vertical patterns .are 
:made by ' sourid on the 
acree11 ot an osclllosc;;ope, 
Harmonic 

.. 
coiJIPollellts of a 

tone ·· qive · the quality of 
the individ1,1al instfl,lment. 

S o �,j n \i  Is • . c a u s e d  by 
chcmqJ>s . in • • air 

.
. PZ'&Bs\lre. 

One ear .• in drawinq is 
shown in . c o m p � e s s i o n  
ar11a. and one .e ar in the 
air's rarefaction reqion. 
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l>'!Odem iazz, · t�c;nl).pones, 
. 

trumpets, . ·• dfJ,lms, �le., 
demtinds a full-t:al).qe system for tt\le fidelity. 

nionic of .· the highest musical note, or 
around 15,000 cps. And it also must be 
able 

,
to pass everytl'lii1g in between as well. 

Tfl.� actual frequ�ncy range e11compassed 
by the hi-fi system is known as its fre­
qu.ency response .. 

)Vh�n th� .
. 
f�·equency respons� of a }+i-fi 

· sy�tem is spoken of as fiat, thi� mea� tl'lat 
it does not alter the relative loudness of 
allY .

. 
of the tones within its range. If it 

d9�s so, it, of cowse, .changes the. qelicate 
relationship benyeen harmonics and fun­
damentals of the instruments, and thus 
di .. storts their .quality. 

. . 

'fh.
.
e loudness. of a sound is its

. 
�elatively 

high intensity as perceived by the human 
ear. Loudness is expressed ih deC;ib�ls, 
ami is essentially a .ratio of two. acpus.i;i.c 
�o'fers. Thus we might say th�t th.tl tt1aJ!:;­
imum loudness of a bass 

. 
saxophone ·• is 

about 8 decibels ( abbreviated db) above 
that of a clarinet. Sim.ilarly, we might say 

motion of . .. . ·· • . .  · • ·  loudspeaker dcaph�agm ��pres$101\ ___.....n·•··lllll'•�..,.. 
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FIG. 2 

.TIME AND DISTANCE �----� 
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that turning up the volume control on our 
hi-fi system has increased the output by, 
say, 5 db. 

There is good reason for expressing 
loudness ·as a ratio rather than an abso­
lute value. Suppose, for example, that by 
turning up the gain on a given amplifier 
we increase the output from 2 to 5 watts. 
This 3-watt increase is in a ratio of 2.5 to 1, 
or 4 db. 

But if another . amplifier is increased 
from 10 to 13 watts, the same 3-watt in­
crease is in a ratio of 1.3 to 1, or barely 
over 1 db. The 4-db increase would be 
quite significant to the ear, while 1 db 
would probably be entirely unnoticed. It 
is therefore essential that we know our 
starting point before we can analyze in­
telligently any change in sound level. 

The frequency range from 16 to 15,000 
cps, which we established as minimum for 
hi-fi requirements, is also just about the 

This graph shows how each ear responds if a 
sound of constant intensity is moved "from front 
to back · around the right side of listener's head. 

FIG. 3 o· 

·� 

range 'of the average human ear. But oddly 
enough, the ear is nowhere nearly flat in 
its response. It is markedly more sensi­
tive in the region around 3,500 cps, and 
much less so in the extreme bass and 
treble regions. 

Furthermore, this response varies with 
the loudness of the sound. When the 
sound is extremely loud, for example, the 
midrange peak and the droops at either · 
end are much less pronounced. This is 
shown in Fig. 1. Since the ear itself dis­
torts in this fashion, it is sometimes difficult · · .  
to understand the necessity for a perfectly 
"flat" hi-fi system. 

The reason is that the system must do 
nothing to alter the relationship between 
the original sound and its effect on the·· 
ear. The fact that human hearing is not 
"flat" is of no serious consequence, so long 
as the sound reaching the ear is identical 
to that originally produced. . 

We don't actually have such perfection 
in hi-fi yet, as we observed in the previous 
chapter, but at least we have identified the 
target. From our knowledge of human 
hearing, we can conclude that the perfect 
hi-fi system would exhibit the four follow­
ing basic characteristics :  
1 .  The full frequency range of the human 

ear 
2. The full loudness (dynamic) range· of 

a symphony orchestra 
3. Absolute freedom from distortion of 

any sort 
4. Absolute freedom from extraneous 

noise 
Point 1 is quite adequately fulfilled by 

today's systems. For the most part, this 
is also true of point 2. foint 3 still has a 
few percentage points to go yet before 
distortion reaches zero, while the noise 
condition, point 4, is reasonably good. 
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Photo b�low shows meuiliers of the_ Budapest 
Stripq Quartet < tecordhtq with. quest . . a�t 
Waiter . Tram�ler. Inset; :·A lexant:ler �ei· 
der; Boril! Xroyt, and Joseph Rol&man. listen 
to a playback of the tape. Pel'formers are 
often amonq the most c;ritlcql llstene�. : 

The Stereo Story 
Up to here in this ehaptefwe hli,ve been 

referring to the hunian "ear," in the sing­
ular. Althou�h this might be taken in the. 
literary sense to mean the human hearing 
system collectively, in this case it would 
be better to take the term literally. 

For .the human he�rin�t system . lic�ually 
comprises two ears, and the · combination 
gives us still another characteristic known 
as directivity; Because we have two ears, 
we can tell the direction .• ftoni. which 'a 
sound is coming. This can be understood 
rather readily by reference to Fig. 2. 

Now let's see what happens to .you when 
you're within earshot of that speaker. The 
varying air pressures set up by the vibra,. 
tion of the speaker cone will push .and pull 
against each of your ear drums. These' 
vibrations in turn set in motion the com:oo 

>-pllcat� }:lr�e� pt ·llel:lrip.�i,W;l)i�ll- end5 
with your brain rec�iving the sensation of 
sound. Since.your ear drums are separated 
by the width,- of yo":ll' head, th,e sound must, . 
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travel different paths between the source and each ear. _ . -. _ . __ . .  _ 
· _ 

· 

Iri Fig. 2 you see thatyour right elilf is 
closer to the speaker. Thus the sound will 
get to, it b.efor� it reac)}es the left ear. This 
is so beea:ilse your head is turned at an 
angle relative to_ the speaker. · 

Now remembering that distance traveled 
equals (rate x tiine) ,  �et's see how that 
applies to the sound from the . single 
speaker striking your ears. The rate-:-in 
this . case , -�e - velocity ()f soun,d-will • be 
constant. · The distances . will be different. 
Therefore the times will not be the sanie. 
Ill. fact, we ca:q generalize and say that, 
except for those _cii·cumstances when. the 
sound is directly in front of or directly be­
hind you, the arrival times of the soun,ds 
at the ears. will t�:�;i>Ver be tile sa�e .. 

This time differential -i s  in turn respcm­
sible for a differenc� in phase of the sounds 
-J,"e�j!hing .�ch - e.Ql'; : • .N otic.� iJi the. drawing 
that whilEi the right ear is in a• high pres­
sure area, the left ear is in a low pressure 
tro:ugh. $ince sound is a wave motion 

(; 
_j 
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Sound Waves and Electrons 

Baritone Leonard Wcuren is another exactinq 
listener, one of the many artisis who have hi­
li equipment. Stereo is his choice because it best 
captures the full ranqe of voice and orchestra. 

moving constantly outward from the 
source, in another instant the compression 
part of that wave will have moved on to 
your left ear, while your right ear will ' be 
in a rarefied area. 

These differences in time and phase be­
tween sounds striking each ear will give 
your hearing system the clues it needs to 
estimate both the distance and direction of 
the sound source. You can get some idea 
of the ability of your ears to sense direc­
tion by referring to Fig. 3. This shows how 
each of your ears would respond if a sound 
of constant intensity :yvere moved from 
front to back around the right side of your 
head. 

The ear on the same side as the source­
in this case the right--of course hears 
more. But the loudness of the sound does 
seem to vary as the sound moves around. 
The response of the ear is almost heart­
shaped, with greatest sensitivity to sounds 
arriving from a little ahead of abeam, or 
a bout 75 degrees. 

The opposite ear, naturally, hears most 

Unlverstt.y T.oudsoeakers. Ine. 

when the sound is closest to it, which 
would be directly forward or behind. 

These differences in directional re­
sponses of the ears are evidently due to 
the physical construction of the external 
parts of the ear and of the head. When 
combined with the differences in time and 
phase of sounds arriving at each ear, there 
is sufficient information for the brain to 
discern distance and direction. 

This is strictly true, however, only at the 
higher frequencies. As we have already 
noted, the differences in time and phase 
becomes scarcely noticeable at the longer 
wavelengths around 300 cps and lower. 
Just what this fact means in terms of a 
hi-fi stereo system is still a matter of some 
controversy. One school of thought argues 
that two wide-range channels are not 
necessary, that the bass can all come from 
one loudspeaker since it is basically non­
directional in character. Oth�rs say that 
it's a nice theory which doesn't prove 
out in practice. We'll examine both 
sides of this argument in Chapter 9. • 
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