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1 \About Sound 

Air is seldom still. Masses of air in motion 
form winds. Even if the air appears to be 
still , it is usually conveying sounds which 
are the results of variations in pressure 
imparted to air by vibrating objects .  
Voices, machines ,  music and natural 
phenomena all produce sound in the same 
way-by setting up vibrations which in turn 
make sound waves,  radiating in all direc
tions. 

Silence would reign if there was no air or 
other medium to convey waves. But our 
world is a noisy one, and nearly everywhere 
the air particles are jostled to and fro as 

So und waves radiate fro m a vibrating source, 
forming a pattern of pressure variations in the air. 

sounds pass .  The jostling does not displace 
the particle s along the wave : instead they 
are pushed this way and that ,  finally 
settling in their original positions when the 
sound energy has died away. In fact the 
wave is like the series of  ripples caused 
when you drop a stone into water. These 
are most clearly marked where the stone is 
dropped but become less distinct as 
distance increases. 

All materials carry sound waves, and 
each conveys them at a different speed. As 
if that did not promise enough complica
tion, each material will transmit sound at a 
speed which depends on the temperature. 
The speed of  sound in air is about 343 
metres per second at 20° C. It is slower when 
the air is colder ; faster when hotter ; faster 
s till in hot, steamy conditions. Solids 
convey sound energy even more quickly. 
The velocity is approximately 1425  metres 
per second in water ; 3400 metres per 
second in wood ;  510 0 metres per second in 
iron ; 5 3 0 0  metres per second in glass .  In all 
cases the particles in the sound wave 
dissipate their energy in heat due to 
friction encountered in their movement. 

Air particles in a sound wave are agitated 
at a certain rate and to a degree of 
complexity that depends on the nature of 
the sound. Some sounds are best described 
as pure tones, the kind of  tone generated 
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Ano ther view of sound, represented as a 
longitudinal wave. A simple tone, or the 
corresponding signal in ele ctrical form, can be 
drawn as a sine wave (b elow) , and the wavelength 
as the distance b etween two comparable points on 
the wave. 

by the measuring instrument used by the 
radio technician on his test-bench. The 
signal he generates in this way can be  
depicted a s  a 'sine' wave-a regular 
waveform. A tone carried in the air can be  
depicted in  exactly the same way. The rate 
of repetition of  the wave is known as the 
'frequency' which, expressed as cycles of 
the wave per second, tells us the pitch of 
the tone. 

In written form, particularly, it is now 
conventional to express the frequency in 
Hertz (Hz) , named after the physicist 
Heinrich Hertz. A complete cycle of  wave 
or tone (1Hz) is illustrated, and the 
distance between two comparable points 
on the waveform is termed the 'wave
length ' .  Knowing the speed (velocity) of 
sound we can calculate wavelength,  simply 
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by dividing velocity by frequency. So if a 
sound has a frequency of  3 0Hz (a  very low 
note) its wavelength is roughly 11.4 metres. 
A high-pitched sound of 14,0 00Hz has a 
wavelength of roughly 2 . 5  centimetres. 
Obviously, if we know the wavelength we 
can find the frequency. by the same 
procedure. 

Musical sounds and common nOises 
occupy a frequency range of  about 
20-20 ,00 0Hz. A typical range of  hearing 
for an adult is 2 5-15 ,000Hz; the range 
narrows with increased age . Young children 
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have the best hearing range, which may be  
a t  least 20- 1 8,000Hz. Sounds of extremely 
low frequency-subsonic energy-are not 
really heard at all , but rather are felt with 
parts of the body provided the energy in 
the wave is strong. Pressure waves above 
the limit of  hearing are termed 'ultrasonic' 
and have uses in industry. High-energy 
ultrasonics can be used for cleaning 
purposes,  to detect flaws in metals ,  for a 
form of soldering, and in medical investiga
tions. 

Sound energy lacking regularity in its 
patterns is mostly categorized as noise
random energy with which modern life is 
only too well endowed. More acceptable,  
harmonious sounds strike equally complex 
patterns in the air but show a semblance of 
order when analysed. For instance, the 
note sounded by a musical instrument 
comprises a pure tone known as the 
' fundamental ' together with a number of 
'harmonics ' ,  or overtones. The fundamental 
is the basic wave and determines pitch, and 
the harmonics modify the shape of the 
wave and impart to the note its charac
teristic quality ,  known as ' timbre' .  So 
harmonics added to a fundamental produce 
a complex sound. 

For example, a note with a fundamental 
of  50Hz could have second, third and 
fourth harmonics and their frequencies 
would be 1 00Hz, 1 50Hz and 200Hz 
respectively. Higher orders of harmonics 
might also be present. A s imple musical 
note is that from a flute sounding the note 
C=256Hz. Predominant in its waveform 
{illustrated) are the fundamental and 
another tone an octave higher. The absence 
of  odd-numbered harmonics accounts for 

the mellow sound of  the flute. Other 
instruments yield quite different patterns, 
and on our identification of  these depends 
our ability to name the instrument we are 
hearing. It enables us to distinguish 
between a flute and an oboe,  a piano and a 
clavicord-or two voices. 

In everyday life we experience an 
enormous range of  sound intensities. A 
speaking voice hal f  a metre from your head 
i s  two thousand times louder than a 
whisper from the other side of the room. 
An orchestra yields an intensity range of  
more than a million times the level of  a 
whisper. If you have a taste for pop 
concerts and discotheques you may be 
subjected to even higher sound pressure 
levels . Sound raised in level to the ultimate, 
unbearable limit is felt as pain. You would 
reach this limit close to a jet aircraft 
accelerating to take-off. 

FLUTE 

CLARINET 

Musical sounds consist of a fundamental tone and 
harmonics, together pro ducing a complex wave· 
form. Simple examples are the flute and clarinet 
notes shown here. 

7 



Of course one is not allowed as close as 
that to a j et aircraft , but generally the wise 
person will guard against prolonged 
exposure to high-intensity sound. It is now 
beyond dispute that permanent damage to 
hearing can result. 

Since we are concerned in this book with 
the organization and exploitation of  sounds 
it is as well to realize that although sound 
pressure level is something definite we can 
measure (with a microphone and electronic 
equipment ) ,  our experience of  sound 
depends on how close the source happens 
to be, and on our own sensitivity to sonic 

Decibel  level of so unds. Backgro und noise is 
surprisingly great in situations we normally accept 
as quiet.  
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energy at various frequencies. A hugely 
powerful source of pressure waves will not 
be a hazard to our hearing if we are far 
enough away from it .  Our ears and brain 
also insist that a sound at one frequency is 
not judged to be of the same loudness as 
one at another frequency. In fact we are 
very sensitive at mid- frequencies, so that a 
3 000Hz tone and a 1OOHz tone give us very 
different impressions. Indeed, as listeners 
we are more concerned with our ideas of 
' loud' and 'quiet '  than with the physicist ' s  
measurements of intensity. 

In most situations sounds reach us both 
directly and as a result of reflections from 
nearby surfaces. For  instance, if a car 
passes you in the road you are likely to 
hear a lot of sound that reaches you in a 
direct route from the car to your ears as 



well as so me that is reflected from the road 
and p erhaps from the walls of nearby 
b uildings. Sound bounces fro m  surfaces to 
an extent that depends on the nature of 
those surfaces. Many noises p ass through 
solid materials, of course, so that you will 
hear a passing car if you are m a room 
facing the road. 

With this we reach the aspect of  sound 
summed up in the word 'acoustics'.  It is of 
importance to us in our enj oyment o f  
music and i n  o u r  assessment of sound 
recording. Although one may listen to 
music in the open air, where most sound 
reaches the ears directly (without reflec
tions) , it is more usual to listen in an 
enclosed space. We listen to a concert in an 
auditorium, and the proportions of direct 
and reflected sounds give us our impression 
of the 'acoustics' .  

In this connection 'reverb eration' 
becomes significant. It is the time taken for 
a sound to die away to a millionth of its 
original intensity. Clearly, the size and 
other characteristics of the space will 
influence _this. An auditorium may have a 
reverb eration time of, for example, 1.6 
seconds at the mid- frequencies, while the 
figure for a domestic roo m  may be 0.4 
second. Figures differ for high notes and in 
the deep bass, and in practice the 
characteristic reverb eration affects our 
impression of the way the music sounds. 

WHAT THE WORDS MEAN 
Signal In sound recording, and indeed 
throughout communications, the concept 
of the 'signal' is of great importance. This 
term may be used to identify any recorded 
sound, or electrical voltage representing a 

sound, and generally it distinguishes infor
mation that is being manipulated. For 
example, a signal representing a musical 
note passes fro m a microphone through 
ele ctrical circuits, there to be amplified and 
recorded. Sub sequently the signal is repro
duced at home and radiated by loud
speakers. The aim is to preserve the signal 
against adverse influences, so that it 
maintains its original characteristics. 
Noise The term 'no ise' describ es not only 
a non-musical sound

' 
but also any quantity 

that is hostile to a wanted signal. Noise 
may arise anywhere in sound recording and 
reproduction, and it is not possible to 
transmit information without generating 
some noise. Disc records, magnetic tapes, 
circuits and devices-all contrib ute some 
noise. Therefore the extent to which 
wanted information overrides noise must 
always be of  consuming interest. In this 
subj ect the expression 'signal-to-noise ratio ' 
is frequently encountered and is a major 
factor in assessing the quality o f  system 
p erformance. 
Decibels The huge ranges of sound 
intensities encountered in music, and the 
correspondingly wide range of signals 
involved in recording, lead to the use of  
inconveniently large figures, as  we have 
seen. By a mathematical trick the figures 
can be fitted into a compact scale of 
decib els (abbreviation dB ) ,  equally useful 
for sounds, no ises and electrical signals. 
Although the decib el has no meaning as an 
absolute unit it is useful when we compare 
one sound intensity with another. For 
example, the greatest intensity to which we 
could be exposed is in the region of 130dB 
( this is p ainful, damaging to the hearing, 
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In sound reproduction the practical dynamic range 
is limited by system noise on the one hand and 
power handling cap ab ility on the other. In t his 
example the limits are about 3 0dB and 9 0 d B ,  and 
the effective range is therefore 60dB. 

and therefore to be avoided } , and further 
down the scale a quiet conversation yields 
3 0dB.  

Expression o f  the apparent loudness of  
sounds i s  not  quite the  same : a different 
scale of 'phons ' ,  taking the peculiar 
characteristics of hearing into account, has 
b een devised. 
Frequency response Human hearing 
covers a certain frequency range, and 
musical sounds also embrace a range which, 
not surprisingly, is near to human capabili
ties. We impose more discipline on our 
arguments and measurements by specifying 
frequency 'response ' .  This enables us to 
show how much the sensitivity of  hearing, 
or the performance of  a sound system,  
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fluctuates through a range of frequencies. 
The expression of  response in the form 
3 0- 1 6,000Hz ± 2dB is precise and useful 
because it states that variations do not 
exceed 2dB one way or the other 
throughout the specified range. 
System In many areas of engineering and 
industry a number of elements or units, 
each having a specific role , come together 
to form a working whole which we label 
'system' .  One of  the most complex of 
systems is a computer, which incorporates 
electronic, mechanical and electro-magnetic 
parts ,  and the complete system performs 
complicated tasks. A sound recording 
system incorporates microphones, electrical 
circuits,  amplifiers and a tape-recording 
machine.  A hi-fi system includes a unit for 
replay of discs or tapes,  an amplifier and 
loudspeakers .  
Dynamic range This term refers to the 
range of  sound from the loudest to the 
quietest. A symphony orchestra at a 
normal listening distance would be found 
to have a dynamic range of about 80dB. 
Dynamic range in sound recording and 
reproduction is important to both designers 
and listeners ; although it is difficult to  
encompass accurately the  entire range o f  a 
large orchestra or an organ, a wide range is 
essent ial for realism and impact. Whether 
or not the quietest parts can be heard 
clearly via a sound system depends on the 
amount of  noise that intrudes. Hence 
signal-to-noise ratio is firmly linked with 
dynamic range. 
Distortion The aim in engineering sound 
systems and recordings is to minimize 
distortion and to preserve, rather than 
mutilate,  the waveforms that represent the 



music. Taking just one aspect, it is possible 
(indeed, likely) that an inferior sound 
system would add harmonics of  its own to 
the musical notes. As we have seen, 
recognition of  harmonic patterns is of  
prime importance in music and obviously 
we must preserve their integrity. The 
production of spurious harmonics is bound 
to affect the timbre of the musical sounds. 
In a b ad case the identification of  details in 
the music becomes difficult , and serious 
amounts of  harmonic distortion will 
inevitably prove fatiguing to the discerning 
listener. 
Technical abbreviations Frequency is 
expressed in Hz (Hertz ) ,  and the abbrevi
ation is placed after the number. Example : 
1OOHz. A quantity of  a thousand is 

dB 

10 

5 

0 

-5 

-10 

Hz 30 100 

Frequency response can be stated in figures but a 
graph is more explicit. This graph supports the 
statement that the response is 30-18,000Hz±2dB. 
This means that departures from linearity (a 

denoted by  k (kilo ) :  hence 2000Hz is 
commonly abbreviated to 2kHz. A million 
is rendered as mega, or M, so that 2 
Megahertz becomes 2MHz. The unit of  
resistance, the ohm, is similarly treated, so 
that we find 4 7 kilohms or 4 7kohms for 
47,0 00 ohms. 

An electrical volt is represented as V. 
Small voltages are common in sound 
systems ; hence the use of  m (milli) to 
represent a thousandth in 2m V, and J.1 
(micro ) for a millionth in 2JJ.V. An 
electrical watt has the symbol W. 

The metric system is widely applied to 
recording, and small velocities encountered 
in records and devices are expressed in 
centimetres per second, abbreviated 
cmfsec. 

I 
T 

v 

1000 10k 15k 20k 

straight line) do not exceed 2dB in either 
direction. Such a response is typical of a hi-fi 
pickup cartridge. 
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2 Hi-Fi and Stereo 

If you are at all interested in recorded 
music you will know that hi-fi has to do 
with realism in sound reproduction. You 
may also know that the neat little 'hi- fi ' tag 
stands for high fidelity. The pursuit of 
realistic results with the aid of high fidelity 
equipment, and of  course with the best 
available recordings, has grown in popu
larity during recent years until, now, it is a 
major part of  the multi-million pound 
electronics and communications industries .  

How high should the hi- fi be ,  you may 
ask. The truthful answer is : the perfor
mance can be  as advanced as the 
technology currently permits. Obviously, 
since new developments arrive very 
frequently , we can always look forward to 
better sound quality .  Equally obviously, 
not everyone can afford to pursue matters 
to  the limit, for hi-fi at its finest is very 
expensive. On the other hand, an impres
sive degree of refinement is within the 
scope of very many music-lovers. 

If the most advanced performance is 
difficult to define in simple terms, the less 
exalted level of quality within the grasp of 
every enthusiastic amateur is easier to 
explain in concrete, technical language. In 
fact there are some useful standardized 
methods of testing and describing the 
performance of equipment ; many have 
been proposed by the German DIN 
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standards body and others have been put 
forward in the United States and Great 
Britain. Not all the technical standards are 
accepted by all concerned with the design 
and use of equipment , but clearly it is 
better to secure some measure of standardi
zation than none at all. 

The final judgment of sound systems and 
recordings must be made by listening. Our 
ears and senses will tell us what is good and 
what to reject ,  and we shall succeed in this 
evaluation according to our experience of 
listening and our ability to criticize. With a 
little experience we can quickly detect that 
hi- fi starts where outmoded methods are 
found unrealistic. For example, no one 
who has come to accept even a modest 
standard of hi-fi sound quality can possibly 
return to the restricted,  boxy or muffled 
quality of  the average radiogram or small 
record player. 

However, we cannot design and develop 
sound systems just on the basis of trying an 
idea, listening to the result and trying 
again. That would be a good  way to get 
into a muddle. Hi-fi depends on the 
elimination or control of  factors that 
degrade the quality of sound recording and 
reproduction, and therefore a lot of  
science,  a s  well a s  some art , must feature in 
the work of  development. In the simplest 
of  terms : what we feed in at one end of  a 
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How we listen. Distances fro m the ears to a so urce 
of sound are the same when the sounds come fro m 
straight ahead. So unds from other directions take 

With stereo we hear many sound sources between 
the two loudspeakers, depending o n  the signals 
conveyed by the two channels fro m  o ne mo ment 
to ano ther. Two such 'imaginary' sources are 

slightly different, indirect routes to each ear. The 
b rain interprets such information and decides on 
the po sition of the sound source. 

shown, lightly shaded. In music reproduction the 
brain perceives a wealth of detail in the area 
b etween the loudspeakers. 

------------------------- ����2� ����T 
--- • SIGNAL 
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system must emerge at the other end as 
little altered as possible.  

Outstanding requirements . include the 
reduction of distortion ( mutilated wave
forms are hostile to good music reproduc
tion );  the provision of the optimum 
frequency response (we require the sound 
to b e  smoothly presented throughout the 
audible range );  and tight control of 
unwanted noise ( any electronic or mechani
cal process will introduce some noise , but it 
must be minimiz ed) . 

Highlights of hi-fi 
No soo ner had Thomas Alva Edison 
invented records and a gramophone to 
reproduce them, than others took up the 
theme and played their own variations. For 
instance, in 18 77 Edison gave a public 
demonstration of his phonograph, using 
cylinder records; a decade later Emil 
B erliner introduced disc records, played on 
a different type of gramophone. Other 
enthusiasts, seeking to disperse the sound 
more widely, fitted multiple horns to their 
gramophones. This was soon followed b y  
Valdemar Poulsen's Telegraphon, the fore
runner of the present-day tape recorder. 

The invention of methods of  storing 
sound did of course constitute a major 
breakthrough in science and engineering, 
and since those days there have been 
unceasing efforts to improve the sound 
quality. What we now know as 'stereo' ,  or 
stereophonic sound, was devised by 1930 
in Britain; and the German development of 
tap e  recording, accelerated b y  the demands 
of the Second World War, proved to b e  the 
b asis of the sound recording industry which 
has grown in such a spectacular way in the 

14 

last few decades, during which pop music 
and complicated styles of entertainment 
have b ecome part of everyday life. Without 
tape and stereo we would not be able 
seriously to aim at hi- fi performance. 

If we can agree that high fidelity is 
synonymous with realism and that some 
comparison b etween 'live' and reproduced 
sound is implied, then it is fair to say that 
the challenge was accepted at least forty 
years ago-long before the technology was 
widely available to match the ambitions of 
keen listeners. The well known film 
Fantasia was exhibited with a form of 
stereophonic sound at a time when people 
were using ordinary mono {monophonic) 
gramophones, playets and radio sets. 

However, it was in the period following 
the Second World War, which saw the rapid 
growth of the electronics and engineering 
industries, that we find the true starting 
point of hi-fi and the complex sound 
re cording techniques that have b ecome so 
familiar. There was a much wider public 
interest in music and entertainment than 
ever b efore, and consequently a growing 
demand for records and radio and the 
means to reproduce sound in the home. 

Many practically inclined enthusiasts, 
aided by knowledge gained in the armed 
services during wartime, constructed their 
own equipment and created a do-it-yourself 
market that has since become a familiar 
feature of audio and radio . 

The availability of tape recorders in the 
p ostwar years and the subsequent introduc
tion of long-playing records were, for hi- fi 
enthusiasts, highlights o f  the greatest 
importance. These were followed in 1958 
b y  the introduction of stereo on LPs. Then 



there were the rapid development of  
lightweight pickups for records, the 
improvement of loudsp eakers , and the 
hectic pace o f  development in electronics, 
during which transistors ousted valves in 
practically every kind of sound and radio 
system. All these events are in a general 
way familiar to students o f  the subject. 

Stereophonic sound 
It has been amply demonstrated in recent 
years that hi-fi and stereo go together to 
promote the b est sound reproduction. High 
fidelity is concerne d with a quest for 
quality, and stereophony is a technique 
that help s us record a wealth of musical 
detail. As we have seen, b etter recorded 
sound has always b een the aim of 
discerning people; this was so long b efore 
stereo was available. But the intro duction 
of  stereo was vital in stimulating develop
ment of  b oth sound systems and record
ings. Without this there might well have 
b een a p erio d of stagnation. 

We have not reached the end of the road, 
and new kinds o f  recording system are 
emerging to take us beyond any limitations 
on realism imposed by stereo. The nature 
of these innovations will be describ ed later; 
for the moment it is more important to 
understand stereo , which is generally 
available on records and tapes. 

First let us consider what we require of 
sound systems. If we are interested in 
music, opera, drama and entertainments of 
various kinds we must certainly welcome 
something b etter that a mere reminder of 
the tunes and rhythms and words.  It is 
more enjoyable to hear plenty of detail and 
to have an impression of  atmosphere. 

Do we expect to transport the musical 
p erformance directly to the living-roo m ,  so 
that the performers seem life-size? A little 
thought must bring us to the conclusion 
that this is possible only for a solo musical 
instrument-and even the n there may be 
restrictions on loudness.  To set  up the 
original image of  a pop group or string 
quartet in the room is out of the question; 
and the idea of cramming in a symphony 
o rchestra o f  a hundre d musicians IS 

laughable. 
How, then, are we to pro duce realistic 

effects? It b egins to look as if we shall have 
to exercise rather a lot of imagination to 
enjoy our recorded reminder of  the original 
music-making. To be sure, a little imagina
tion always help s,  but fortunately the 
illusion of realism can still be ours provided 
we accept that the key to our enjoyment is 
to be transported to the place of  the 
performance by virtue of a few te chnical 
tricks. If we can listen to the complex 
detail in the music and grasp the size o f  the 
p erformance, then our pleasure can be 
great. Indeed, a good test of  serious sound 
reproduction is to judge the extent to 
which concert-hall or studio acoustics are 
c onveyed along with the music, enabling us 
to disregard the limitations of the room. 

This impression o f  a well- filled sonic 
image, endowed with information about 
the acoustics of the place where the sound 
was recorded (the overall effect is often 
c alled 'ambience' ) ,  is inseparable fro m 
s tereo. Of course, the sound we can cope 
with at home is scaled down to suit 
individual conditions of  listening, but the 
crucial test still lies in the revealing quality 
of the sound, rich in detail and accurate in 
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tonal quality. In other words the sense of 
'being there' can b e  very convincing. 

Without stereo our chances of enj oying 
such an illusion would have b een very slim. 
Formerly, despite attempts to improve the 
quality of audio equipment, all sound 
systems remained resolutely mono ( mono
phonic). This is the single-channel record
ing or transmission of sound employing 
only one circuit or route fro m studio to 
listener. 

With mono,  all the details of the music 
and the 'ambience' are funnelled into one 
channel; there is no separation of  any of 
these elements at any stage through the 
many links in the chain ( tape tracks, 
electronic circuits, disc grooves, loud
speakers). This, in brief, was the principle 
applied in recording in earlier days and still 
employed quite widely in broadcasting. ( A  
small radio o r  record player may b e  mono 
even now.) 

Stereo requires two channels, as a 
minimum, at all stages in recording and 
reproduction, and it is the skilful use of  
these two sep arate yet  associated routes for 
the signals that enables many realistic 
effects to b e  achieved. The numb ers of  
loudspeakers or  microphones in a system 
do not hold the key to stereophony. It is 
the twin-channel principle that determines 
what can be done. 

For instance, a mono recording of  opera 
will present the singers as if they are 
moving to ward or away fro m you in a 
tunnel extending behind the loudspeaker. 
In stereo the stage is spread out b etween 
two loudspeakers and the singers are heard 
to move laterally according to the action of  
the op era. 
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Stereo's outstanding advantage can b e  
summ ed u p  as follows. Quite simply, stereo 
permits ears and brain to work as they were 
intended, sorting out muddle and sifting 
details. By comparison, mono deprives us 
of the opportunity to work on the 
problem. The single-channel information is 
a confused mass fro m the start , and we 
cannot gain fro m it any aural clues to aid 
appreciation of essential details. Indeed, 
mono recording can be achieved in a studio 
(or by any tape recording hobb yist) with a 
single microphone functioning like a single 
ear and passing on a welter of information 
that defies analysis. 

Although a stereo recording and repro
duction system cannot match human 
hearing in ability to detect, analyse and 
compare, it can certainly assist awareness 
of direction, p resent information about 
acoustic characteristics and convey impres
sions of distance. To an encouraging extent 
we are able, with stereo , to pick o ut one 
strand of sound from another, appreciate 
movement of sound sources where this is 
appropriate,  and gain a sense o f  
perspective. 

Given the finest sound reproduction it is 
possible to feel that one is 'listening 
through' the complex recording chain to 
the musical p er formance; awareness of the 
intervening processes is much reduced. All 
b ecause our hearing is given a chance to 
function in much the same way as it would 
in everyday activities ! 

When the earliest investigators con
ducted their experiments they had only the 
simplest of  b asic requirements in mind. In 
particular they wanted to add an extra 
dimension to sound reproduction : this was 



envisaged as a horizontally spread-out stage 
on which the elements of the sound-source 
could be located in their correct relative 
positions. This feature has since b ecome 
important : it is possible to present a 
symphony orchestra according to a 
concert-hall layout with violins mainly 
towards the left ,  basses and cellos towards 
the right, wo odwind and brass and 
percussion disposed in b e tween the 
extremes with an illusion of distance to aid 
realism by placing sections of the orchestra 
in depth. 

An early experiment involved the relay 
of opera and other stage perfo rmances by 
wires to telephone subscrib ers. A Parisian 
engineer, Clement Ader, was in 188 1 
granted a patent describing this twin
channel service. Listeners were required to 
use headphones in order to follow the 
movements of  the performers. In 1925 a 
German engineer proposed a method o f  
broadcasting fro m the Berlin Opera and 
suggested that the two stereo channels 
sho uld be conveyed by separate radio 
transmitters. 

In 1930 experiments in the United 
States with microphones inserted in a 
dummy head led to a style of reproduction 
b est heard on headphones. Then there was 
a celebrated relay of a concert in 
Philadelphia to a hall in Washington via 
telephone lines. Meanwhile in Britain, A. D. 
Blumlein of the Columbia Co. ( it became 
p art of  EMI) devised a stereo recording and 
replay system and showed how twin
channel disc records could be made. 
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3 Studio to Listening-Room 

Sounds o f  music we hear from our record 
player or hi-fi system have passed through 
many stages and taken several forms before 
we enjoy them at home. They were 
generated at another time and in very 
different surroundings from those in which 
we listen ;  and they have been passed on 
from link to link in a complicated chain. 
First they were electrical s ignals : then they 
became magnetic patterns on tape,  only to 
be converted into a mechanical counterpart 
on the LP disc. Translation into an 
electrical form and finally into reproduced 
sound were the final stages .  

Is it not surprising that a reproduction 
worthy of  comparison with live music can 
be  attained? Yet we can aim at such 
comparisons when sound reproduction is at 
its most refined. In fact in these days of  
advanced hi- fi the true test  is the credib ility 
of  ' canned music ' .  If the idea of  a 
comparison between live sound and its 
recorded version can be taken seriously, 
and not dismissed as silly, then high fidelity 
is making progress. 

At the one extreme, represented by the 
juke-box ,  credib ility hardly enters into the 
matter. At the o ther it most certainly 
does-provided we observe precision, care 
and attention to detail. A great deal o f  
science, and not a little art , must go  into 
the finest sound recording and reproduc
tion. This is true of  professional tape 
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recording, for example, and of the 
subsequent transfer to the master disc 
which is the starting point for record 
manufacture. Again it  is true of the 
mechanical and electronic components that 
can reproduce records with such realistic 
results .  

At the scene of the music-making, in the 
concert-hall or studio, we may have to 
revise our view to some extent.  It is not 
that care over details is  any less at the 
artistic end of the chain, but it is  certainly 
true that the organization of large-scale 
recording often depends on facilities that 
are less predictable and controlled than the 
processes used once the music has been 
captured on tape. 

There is a general shortage of  halls 
suitable for recording the most massive 
musical forces-opera and symphonies, for 
instance-and those that find favour for 
acoustical reasons may well be incon
venient from other points of view. Also ,  it 
is  not unknown for a large orchestra to 
rehearse in one hall and record the music in 
another, and impressions of  the sound 
produced are l ikely to vary from one place 
to the other. 

Recordings of classical music are made in 
concert-halls ,  churches and cathedrals ,  
stately homes, the assembly halls of  local 
authorities ,and universities and other insti
tutions of education possessing spacious 
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From studio to listener. Signals from microphones 
pass through the mixer and associated amplifiers 
and are recorded on tape. A master disc is cut and 
further processing leads to record manufacture. In 
replay, signals from the pickup are amplified and 
then reproduced by the speakers. S indicates that 
small, mainly low-voltage signals are passing. More 
powerful signals are shown by P. Mechanical 
operations occur at M. 

accommodation. One of the most familiar 
places where recordings take place is the 
Kingsway Hall , London, fro m which has 
emerged during the p ast twenty-five years 
or more a long series of highly successful 
classical recordings, some of them involving 
large choral forces in addition to full 
symphony orchestra. At first sight this 
Methodist meeting-hall seems unpromising, 
yet musicians, recording engineers and 
critics agree on the quality of the sound 
yielded by recordings made there. 

Although a few recording companies 
have invested in small and medium-sized 
studios suitable for a wide repertoire , not 
many can boast p urpose-built studios big 
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enough to guarantee elbow room for the 
hundred or so performers of a symphony 
orchestra. Probably the b est known 
example in the United Kingdom is EMI's 
Number One studio at Abbey Road , in 
north-west Lo ndon. This is the biggest of 
several studios hiding b ehind the undis
tinguished but certainly famous facade 
which fronts administrati on o ffices and a 
m aintenance workshop. One of the studios 
was the home-musically sp eaking-o f  the 
Beatles when they came to London. In fact 
the surrounding district has long been 
noted for its musical and artistic residents. 

Of course, the facilities of a large studio 
complex are gauged to meet everyday 
needs. Next to the studio, separated from it 
by a window, is the control room housing 
an array of tap e  machines, signal mixers, 
amplifiers and loudspeakers, the latter 
allowing the recording to be monitored 
while it is being made. Co ntact between 
orchestral conductor and recording pro
ducer is maintained by intercom during the 
sessions. 
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By comparison the occasional use of  an 
acoustically favourable hall may be  most 
inconvenient. Some part of the recording 
equipment may be  left as a fixture if the 
hall is used often, but otherwise mobile 
equipment is necessary and makeshift 
control room arrangements are devised. 
Closed-circuit television may be  used to 
link a remote control room with the hall. 
Incidentally ,  recording organizations are 
not the only concerns with large purpose
built studio s :  the BBC's orchestral studio at 
Maida Vale ,  London, is the size of a 
concert-hall and elaborately equipped. 

Generally,  in recording large-scale 
musical performances the aim is to exploit 
the basic sound of  the hall-its acoustical 
characteristics .  The recording, if it is a good 
one, will yield the many qualit ies of the 
orchestra and these will be accompanied in 
stereo by the ' ambience' of  the environ-

ment. Experienced listeners can tell if a 
recording was made in, say, the Kingsway 
Hall, for it will display a certain warmth of 
effect (that is , not too clinically revealing ) 
without undue sacrifice of details .  

They will also detect the difference 
between a recording made there and 
another made in the Concertgebouw, 
Amsterdam, or the Sofiensaal in Vienna. 
Some halls give splendid clarity yet do not 
permit the impact and weight of sound that 
would be  heard at a concert ;  others err in 
the other direction, the degree of 
reverberation masking the essential details. 
So a feature of large-scale recording, 
especially of  symphonic music, is the 
natural background of acoustics-the 
general resonance of the place-framing the 

Island Studio 's mobile installation includ es a 3M 
24-track tap e re corder. 



musical actiVIty. You hear the acoustics 
just as surely as you hear the sound directly 
emitted by every musician in the orchestra. 
The art and science of the studio lies in 
balancing these components to best effect. 

Another feature, and a very important 
one, is the very advanced musical kno w
ledge of recording staff-studio engineers as 
well as producers-working on classical 
sessions. The contrast with the world o f  
pop could hardly be more marked, for 
there the b usiness of the recording 
companies has been to foster the talents of 
young musicians who often canno t write or 
read musical notation. Times change, of 
course, and trained musicians are active in 
pop and light music; but many groups work 
with experts who are alive to market trends 
and who can help to interpret the 
requirements. 

This mode of working has led to 
interesting technical features, particularly 
multi-track recording. Pop music would 
probably not exist without it, in fact.  
Again, the studios for pop groups and 
much light music differ from those for even 
the smallest classical music sessions. Pop 
musicians do not sit in a huddle in front of 
a conductor. A small , acoustically-dead 
studio is used, and the aim is a very tight 
sound which conveys no impression of the 
place in which the music was performed. 
Any 'acoustics' in the finished pro duct will 
be attributable to electronic wizardry, 
under the control of the producer. 

This union of music and technology is 
relatively new, having taken place in little 
more than fifteen years. Early in its 
development the producers fo und that 
acoustical and physical separation of  

musicians was the key to successful pop. 
Performers are shielded by acoustic screens 
(or even shut away in bo xes) and each has a 
very closely located microphone the signals 
fro m which are directed to specific tracks 
on the tapes. In this way there is no 
interference between, say, tl).e lead guitar 
and the drummer, or between the elec
tronic organ and the vo cals. 

Isolated like this the performers have to 
wear headphones-communication being 
o therwise impossible. The system that links 
them all and records their 'many 'takes' 
during the session is of a highly technical 
and co mplex kind. Not surprisingly, studio 
staff have to gain a great wealth of 
technical knowledge-and musical 
expertise. Recent inquiry revealed that 
A-levels in appropriate scientific subjects 
were welco me, and indeed fairly common, 
in recording studios. 

A comparison between the reproduction 
and the live original may become difficult 
to visualize. In the case of studio
engineered pop, at variance with any 
p resentations of popular gro ups at public 
events, it is impossible to judge exactly 
what is the original. If the music arrived at 
the studio not on paper but in the form of 
ideas, there to be developed, tried out and 
engineered into a viable form by means of 
available technology, the question of a 
comparison hardly arises, for there are no 
stable reference points. 

If that view of pop is not very easy for 
the beginner to grasp, a more general point 
abo ut recording is comparatively simple. 
What all kinds of recording have in 
common is an in-b uilt message concerning 
the producer's ideas. He has strong feelings 
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Recording in an enclosed space.  S o me sound 
reaches the microphone directly but the rest 
arrives after reflection fro m adjacent surfaces. 
Similarly a listener would hear a mixture o f  direct 
and reflected sounds. 

about the characteristic sound-the trade
mark of the production , we may say. Once 
the decision has been made to give this 
effect or that ,  the results are unalterably 
there on disc or cassette. The sound may 
seem forward or loud or full of  explicit 
details ; it may be more distant and spacious 
or essentially alike. Whatever the quality 
may be, it cannot be modified to any great 
extent when the record is played at home. 
In short , the key to the quality of sound 
recording is always in the programme. 
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Reproduction in stereo yields a sound
stage between the loudspeakers ,  and this 
horizontally spread image may be full of 
fine detail or  seemingly more recessed, with 
a spacious sound corresponding to the 
nature of  the hall in which the recording 
s tarted its life. The better the equipment 
used for reproduction, the more truthfully 
such characteristics will be passed on to the 
listener. Particular features include accurate 
tracing of the record groove by the pickup , 
accurate translation of signals into sound 
waves by  the loudspeakers , and low 
distortion in the system as a whole. The 
listening room also will affect the way in 
which the details in the recording are 
revealed to the listener. 



MAGNETIC TAPE RECORDING 
Magnetic tape's  popularity as a store for 
audio information is evident to every 
reader. The tape cassette recorder is as 
familiar as the transistor portable radio , 
and many enthusiasts use larger tape 
machines of  open-spool design. A most 
s ignificant factor is that the sound 
recording industry depends on the develop
ment of  magnetic tape, for all recordings 
start as patterns in the tape's  magnetic 
coating. 

Two methods of applying coating dope (b inder 
and oxide) to the plastics base in tape 
manufacture . In the rotogravure pro cess (left ) the 
printing roller P dips into a trough (T) of dope,  
which may then b e  transferred to a second roller 
PR. Scraper S removes surplus. Dope is held in fine 
depressions in the roller, fro m which it is 
transferred to the tape. Magnets, M, disperse the 
magnetic particles evenly. In the casting pro cess, 
rollers move the tape along while dope reaches it 
fro m a tank. The magnets have the same function 
as b efore. 

s 

Development of  tape depended in turn 
on an ab ility to make plastics films to carry 
the magnetic coating. Even before that 
stage was reached the value of continuous 
recording was recognized, and early record
ing machines employed steel wire or 
r ibbon. The first ,  comparatively crude tape 
appeared forty years ago but it was not 
until a few years after the Second World 
War that tape for domestic use was 
introduced by BAS F, the German manu
facturer. Rapid development and refine
ment followed : tapes became thinner, so 
that longer playing times could be  obtained 
from a given size of  spool, and improved 
coatings were devised. 

New plastics film materials were per
fected. To the early acetate and PVC base 
materials were added polyester and other 
synthetics offering the advantage of  greater 
mechanical strength and consistency. 
During little more than twenty-five years of 
fiercely competitive activity, involving 
industrial organizations in Europe, Japan 
and the United States ,  many special-

R 
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purpose tapes have emerged.  Some are 
especially favoured by studio engineers , for 
example, and othere have been introduced 
to Improve the results obtained from 
cassettes .  

Nowadays the properties of  coated tapes 
are so advanced that specialized types can 
be tailor-made for recording television 
signals .  Indeed, video recording is a major 
innovation and one that we shall hear much 
more about-in education, commerce and 
industry-during the next few years. For 

Coated magnetic tap e  e merging fro m the drying 
tunnel at BAS F's factory in G ermany. After 
slitt ing to the required width, the tape is spooled 
and checked. 

sound recording, ' low-noise'  tapes are 
particularly important, since the coa-ting-s 
are prepared in such a way that the noise 
content of  recordings ( the characteristic 
background 'his s ' )  is reduced. Signal-to
noise ratio is as important in tape recording 
as it is elsewhere in audio systems. A new 
tape coating incorporates chromium 
dioxide (Cr02) particles to improve perfor
mance. Before long we may see a return to 
pure ferrous materials , this time in the 
form of specially shaped iron particles 
which, it is claimed, will surpass more 
exotic materials where the basics of 
performance are concerned. No doubt 
rigorous control of manufacturing pro
cesses will be  a prominent feature of 
development, since finely divided particles 



of this kind could otherwise cause a risk of 
explosion-. Tape coatings in layer form, 
involving two or more substances, are also 
being developed. The aim here is to exploit 
the properties o f  available materials such as 
chro mium dioxide and ferric oxide in the 
most effective way. 

Briefly, the recording medium for sound 
signals is a mass of particles mixed with a 
binder and applied very thinly to the 
flexible plastics tape. The precise nature of 
these particles is not significant,  though 
they are, in fact,  needle-shaped. It is 
essential to try to visualize that recording 
depends on the orientation of the particles 
in response to a varying magnetic field 
applied to them. The particles adopt 
patterns corresponding to the amplified 
audio signals passing through the tape 
recorder. 

Of course, the particles are micro
scopically small and cannot be seen 
(although there are devices which can 
magnify and highlight the patterns) . 
Students experimenting will probably be 
glad to take all this on trust, however, for 
they are well aware that, given a bar 
magnet and an ounce of  iron filings, they 
can produce a variety of patterns-all of 
them related to the magnetic fields 
extending around the magnet. Orientation 
of the particles on tape depends on similar 
principles, though in this case the patterns 
correspond to constantly changing signals 
-all the frequencies and wavelengths o f  
mUSIC. 

Once the particles take up their positions 
they remain ' frozen',  provided they are not 
exposed to any strong magnetic influence 
that could disturb them . Your carefully 

recorded tape could be ruined by bringing a 
strong bar magnet near it. The magnetic 
field wo uld disrupt the series of patterns, 
blurring or destroying the recording. 

Most recording tape for do mestic use is 
6 .25mm ( !A-inch) wide and made from a 
much wider sheet o f  coated film.  Once a 
tape has passed its initial quality checks it 
is slit to the standard width and spooled. 
Tape for pro fessional use, in recording 
studios and for computers, is made wider 
(25mm-an inch or more) and,  by way of 
contrast, that for cassettes is  3. 125mm 
( '/. -inch) wide. 
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4 The Professionals 

In sound recording there is much common 
ground between the professionals and hi- fi 
enthusiasts .  Some of  the principles well
known to studio personnel are exploited by 
keen hi- fi users, and some of the finest hi- fi 
equipment for the home is familiar to those 
who make their living in the world of 
sound. 

Of course, the differences rather than 
the similarit ies are important when we 
study the techniques underlY,ing the pro
duction of records and tapes. For instance,  
most active users of audio equipment are 
familiar with microphones ,  and it is true 
that the microphone that helps you record 
voices or music for your own pleasure is 
the same in principle as its counterpart in 
the studio. The difference would be 
appreciated if you actually had to  buy one , 
for the development and manufacture of  
specialized microphones is expensive, a 
very refined example costing more than 
£100.  

Again, tape recording is the same the 
world over, but the complex machine for a 
studio costs many thousands of pounds and 
the engineer who runs it will use hundreds 
of poundsworth of  tape in a busy week. 
The most expensive tape is the wide 
( 25mm or more) variety used for multi
track work. Any recorded spools that finish 
up as rejects are simply waste ;  for technical 
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reasons they must be  reused. Tape 
for non-professional use is standard-width 
( 6 . 3 5mm) , cheaper, and users often record 
on it a second or third time. 

The centre of  attraction in the studio 
control room is the tape machine, and 
linked with it ,  the mixing desk. Amplifiers ,  
loudspeakers and a spare tape machine may 
also be  found but the· recording and mixing 
consoles form the heart of the system.  Out 
in the studio the balance engineer positions 

FEED SPOOL TAKE UP SP OOL 

E R A SE HE A D  PLAYBACK HE A D  

A tape deck consists of the mechanical parts of a 
recorder. Tape runs fro m  left to right, drawn by a 
capstan against which presses a pinch roller. 
Guides keep the tape in the correct path as it 
passes the heads. 



Mixing desk at Advision Studios, London. Each 
microphone input fro m  the studio is subj ect to a 
wide range of control .  

the microphones, the number of  which 
depends on the type of  session. Pop group 
musicians each have their o wn micro
phone, and as already explained the 
contribution of  each player is widely 
separated ,  acoustically and in every other 
way, from that of  the others. In addition 
some of the most modern electronic 

instruments are directly linked to the 
control-room installation. 

For orchestras in classical sessions a large 
number of microphones is involved : there 
may be more than twenty, some covering 
the scene from a distance and influencing 
the spacious 'ambience' in the recording, 
others close to the sections of the 
orchestra, and a few picking up soloists . 
Two or more will be used for recording a 
p iano recital m stereo .  Whatever the 
arrangement, the outputs of the micro
phones are fed to the mixing desk where 
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HEAD MONO TAPE 

HEAD STEREO TAPE 

Track syste m for cassette recorders. For mono, 
one track is recorded in each direction o f  travel. 
For stereo four tracks are recorded but used in 
pairs. The two tracks ne eded for stereo channels 
are adjacent, and one pair is recorded in each 
direction. 

Multi-track reco rding heads on a 3M studio tape 
machine. 

the overall balance and many fine details of  
the recording are determined by the 
producer and studio staff. 

As every keen tape-recorder user will 
know, two tracks are recorded within the 
width of standard tape for stereo ( if the 
machine allows for four tracks , only two 
are used at a time ) . Exactly the same 
method can be, and sometimes is ,  used for 
studio recording. During the last few years, 
however, multi-track recording on wide 
tape has been increasingly used for classical 
music because of  its versatility. Four-track, 
eight-track and sometimes sixteen-track 
techniques give producers immense scope 
in influencing the presentation of complex 
detail in large-scale orchestral music. 

The first step is to record a section of 
the musical work and monitor it via 
loudspeakers in the control room,  possibly 
while the musicians rehearse. In this way 
the conductor, producer and engineers can 
judge overall balance and sound quality, 
deciding on any adjustments to  be  applied. 
Meanwhile the correct functioning of  all 
equipment can be checked . Although 



professional equipment is robust and 
reliable, faults are not unknown and spare 
parts must be at the ready. As some 
engineers have found, a tea-break can 
provide extra time for fault location ! 

The length of  time needed to record, 
for example, a Brahms or Beethoven 
symphony may vary a certain amount from 
company to company and must depend on 
the facilities available,  but usually the job 
would be  spread over six to nine hours. 
Recording a three-act opera might be 
spread over two weeks but the work would 
not proceed as suggested by the score and 
libretto. Soloists might be available only at 
certain times, and their parts would 
therefore be recorded during a particular 
day or two ; then purely orchestral 
interludes could be  recorded as a group, 
and so on. Skilled tape editing would later 
put everything in the right order. 

Multi-track techniques are most firmly 
associated with pop music and some kinds 
of light entertainment. Tape machines with 
as many as sixteen or even twenty- four 
tracks on 51  mm (2 -inch) tape are taken for 
granted. The tape runs at 38 cm/sec ( 1 5  
inches per second ) .  Multi-tracking i s  essen
tial to such music for,  as we have observed, 
the performances do not exist in any 
formal shape-only as ideas-before the 
musicians reach the studio. There they 
develop and adapt their effects as they go 
along. Experiment , monitoring and repeti
tion can mean that recording a pop single 
takes several hours , or much longer in some 
cases. 

For light music and popular recordings, 
involving numerous microphones each very 
close to a musician, the tape  tracks might 

Scotch magnetic tape viewer reveals the pattern of 
the recorded signals on a multi-track tape. 

be employed along these lines : track 1 bass 
guitar ,  2 drums, 3 guitar, 4 piano , 5 and 6 
electronic instruments , 7 and 8 wind 
instruments ,  9 and 1 0  strings, 1 1  percus
sion, 1 2  and 1 3  vocals .  In a sixteen-track 
system one of the remaining tracks could 
be reserved for a soloist and the others kept 
free.  

With the tracks finalized to the liking of 
all concerned ,  the music-making is com
plete and the rest of  the work is done by 
engmeers and the producer after the 
session. Mixing, bringing together and 
adjusting the sounds of all the musicians, is 
undertaken as necessary, and artificial 
reverberation (echo ) added. General tone 
' colour' is influenced at this stage. 

Finally the multi-track recording is 
reduced to two-tracks ( for stereo)  by a very 
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Simplest way to record an orchestra is with a 
crossed pair of microphones, M. The left 
microphone is most sensitive to sounds from the 
violins; the right is most sensitive to sounds from 
the basses. Sounds from straight ahead encounter 
equal left/right sensitivity. The conductor is at C. 
More complex arrangements involve many micro
phones, each covering a section of the orchestra. 
Soloists have separate microphones. 

critical process of copying on to another 
tape, the studio master. This may seem 
drastic after all the work expended in 
multi-tracking, but the characteristics of 
the mixed-down original are reflected in 
the final version ; and in any event a 
twin-channel master is required for copying 
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on to the master disc that starts the chain 
of pro cesses leading to record manufacture. 

Already complex, installations for pop 
recording and such work as television and 
radio commercials tend to b ecome even 
more elaborate. At the same time it is 
required to speed the studio work to meet 
demand. A recent innovation is a com
puter-like system that enables the studio 
staff to programme the mixer settings. 
Combinations of settings can be stored in 
the system's 'memory',  with the result that 
sub sequent adjustments and experiments 
can be assessed against the originals. 
Complicated mixing pro cedures formerly 
taking days of patient work can b e  
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Ho w stereo discs are recorded. A, blank gro ove, no 
signals. B ,  left channel c arries signal, and stylus is 
moved as shown. C ,  right channel c arries signal. D ,  
channels carry equal signals, which are i n  phase ( in 
step ) so that groove swings fro m side to side. E ,  
c hannels carry equal signals which are in 
opposition,  so that groove moves the stylus 
vertically. The stylus is moved in these and other 
directions when tracing music. 

co mpleted in a few hours, and better 
control of all actions is assured. 

A feature of many recent popular 
records-as well as some classical ones-is 
the use of synthesizers. Firmly a part of 
studio technology, these devices can 
contrib ute an enormous range of tone 
qualities and yield sounds that range from 
sonorous and organ-like to brassy or 
percussive. A synthesizer can be made to 
sound like a traditional instrument, but 
generally the aim is to explore new timbres 
and effects,  not otherwise readily 
generated. 

Such instruments incorporate o scillators 
to generate signals and filters to influence 
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and shape the waveforms. Every change of 
signal waveform represents a shift of tonal 
quality, and changes can be as rapid and 
spectacular as the performer demands. 
Probably the best known synthesizer is the 
Moog, which looks rather like a telephone 
exchange sprouting a keyboard. Sequences 
of sounds are picked out and monitored by 
the performer : when perfected these are 
recorded on an adj acent tape machine. 
There are now so many types of specialized 
electronic instruments that recording pro
ducers bring them together in 'orchestras ' 
to the exclusion of traditional sounds. 

Yet another vital element of the studio 
equipment is the noise-reduction system 
used to to reduce the background noise 
(largely hiss)  inseparable from tape record
ing. The Dolby system, an Anglo-American 
development named after its inventor, Dr 
Ray Dolby,  is widely used to ensure a 
sub stantial lessening in hiss without affect
ing the music. If this was not used, the 
noise wo uld be present through all stages 
and thus be repro duced fro m LP records. 
Indeed, hiss does so metimes intrude on 
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new and otherwise normal LPs that have 
not b een subject to a noise-suppression 
system. The Dolby 'A' system was designed 
for professional use , but there is also a 'B' 
system, which is simpler and intended for 
domestic use. 

How do the professionals acquire their 
skills? It is not unduly unkind to suggest 
that sound studios have often seemed 
content with a chicken-and-egg situation. 
They could not profitably engage inexperi
enced people; but ho w could would-b e 
sound engineers gain experience without 
working in studios? There has b een a lack of 
organized training (except in the BBC) and 
facilities to provide formal qualifications. 

As long ago as 1946 the composer 
Arnold Schonb erg suggeste d that there 
should be university courses for 'sound
men', designed to embrace musical and 
technical aspects. One such course was 
indeed started at that time in Germany, 
and the Tonmeister (sound-master) concept 
gained ground with other courses following 
in Europe. In 1 970 the University of 
Surrey ( Guildford, England) added to its 
Bachelor of Music course a new course for 
a degree called BMus (Tonmeister ) .  This 
takes in such subje cts as electronics, 
acoustics and sound recording techniques 
as well as musical studies. 
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5 Music on Record 

In recent years we have seen a boom in 
recorded music and entertainment. Few 
homes lack a record player of some kind, 
and there has been an upsurge of  interest in 
sound reproduction at the hi-fi level of 
quality .  To most people recorded sound 
means the ever-popular LP disc and, for 
pop music, the 'single '  -a term applied by 
the record trade to the 7- inch 45 rpm disc .  
Cassettes of  tape have made great headway 
in a short time, of course ,  but still the sales 
of  music on tape  are only a fraction of 
those achieved with discs. 

Obviously the disc record had a good 
start and a huge repertoire has been built 
up. Discs are by now a highly developed 
product, yet they are easily mass-produced 
at a high rate of  output to meet demand. 
Again it is obvious that everyone is familiar 
with the use of discs ; they may one day 
find a tape format just as convenient, but 
that is certainly not true so far. Cassette 
and other tape enthusiasts will rightly 
observe that you can record on that 
medium yourself-something you cannot 
do on discs. 

Most important, though, is that the disc ,  
especially the LP,  faces a large and very 
competitive market ,  so that it finds sales at 
many price levels. Newly recorded music 
involving leading orchestras and famous 

names will nearly always reach the market 
at top prices, but there are many reissued 
recordings on LPs , most of them stereo ,  
which in the United Kingdom sell at  about 
£1 . If these were derived from tapes 
recorded ten years earlier-a typical situ
ation, in fact-the sound may not be up to 
current standards .  But there is  no denying 
that good value can be obtained through 
'budget '  shopping. 

Where hi-fi is concerned, the LP remains 
the focus of attention . A very high 
standard of  sound quality is yielded by 
discs at their best ,  and it is necessary to 
spend a disproportionate amount on 
cassette or other tape equipment to ensure 
consistently good results to rank with those 
achieved with LPs . Indeed, many users of 
modest hi-fi systems have never heard all 
that is on the LPs they buy, such is the 
wealth of  detail and the extended fre
quency range that may be recorded. 

With such claims for quality in mind we 
can go on to look at the precision 
operations that produce discs and, later, 
the key to success in reproducing them.  
The studio master tape  marks the transition 
b etween the recording art and the processes 
involved in factory production of LPs and 
s ingles. As we have seen, the results of  all 
the studio work are ,  for stereo ,  reduced to 

3 3  



Scully master-cutting lathe at Pye Studios, 
London. The stereo head is cutting the groove in 
the lacquer master disc. 

a twin-channel tape, and this is committed 
to the tender care of  the experts who cut 
the master disc. 

Disc cutt ing is a very special process 
reqmnng expensive equipment, experience 
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and flair . As one enthusiast commented, it 
demands the right balance of  science, 
artfulness ,  intuition and strong black 
coffee. The basic feature is the transfer of 
the taped programme to a cutting lathe , an 
elaborate and massive turntable with which 
i s  associated a cutting head designed to 
form the spiralling groove in a blank disc. 

This blank is a mirror-smooth plastics 
lacquer coating on an aluminium core, and 



MIXING AND TAPE 

TAPE PLAYBACK 
RECORDING 

POSITIVES NEGATIVE 
AND STAMPERS 
NEGATIVES 

Disc pro duction sequence. Microphones are 
connected t o  the tape machine via the mixing 
desk;  signals fro m tape replay are applied to the 
disc cutter ; and subsequent pro cessing yields 
stampers for use in mass-pro duction of records. 

before cutting it looks l ike an over-size,  
unrecorded LP (it  is about 3 5 5 mm,  or 1 4  
inches ,  i n  diameter ) . Studio staff o ften use 
the word 'acetate '  because the disc has for 
long been made from cellulose acetate ,  but 
sticklers for the truth will wish to know 
that there has been a change to cellulose 
nitrate.  

Cutting must be  carefully planned and 
tended with eyes and ears on the type of 
programme being recorded,  for every detail 
of  information in the newly formed groove 
will reappear in the finished product. The 
cutting head is like a pickup in reverse, for 
it contains electro-magnetic parts that 
receive the stereo input and vibrate with 
the power needed to drive a hard-tipped 
stylus into the lacquer blank. Considerable 
force is needed, and the amplifier driving 

MASTER 

DISC 
C U T T ING 

MASS -

P RODUCED 
PRESSINGS � 

the cutter may have a power of  300  watts 
or more. 

The cutting stylus is  a sapphire-tipped 
tool with sharp , chisel-like contours that 
can form the V-shaped groove. To help it 
through the master disc its temperature is 
raised by a heating coil .  As the lathe 
rotates ,  the stylus first forms the run-in 
groove at the edge of  the disc and then goes  
on to cut the music waveforms. Although 
the recorded groove remains nominally 
V-shaped its dimensions vary tv some 
extent, but this  is more readily seen in the 
drawings which should be studied. With a 
little patience one can visualize the stylus 
tip moving in response to complex music 
s ignals : it will move from side to side, up 
and down,  and in many intermediate 
directions .  It will have to change from one 
mode to another with extremely high 
velocities. 

At the end of the side the stylus cuts the 
run-off, as well as a locked groove into 
which the record-buyer's pickup will safely 
run if he happens to be out of the room 
when the music has stopped. Some of these 
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procedures can b e  made largely automatic. 
That is true of the cutting of banding 
grooves that separate short items on one 
side of a disc, and of the spacing b etween 
the spirals of  the groove. 

However, the master cutter must watch 
everything closely and his decisions may 
make all the difference between a disc that 
is a pleasure to hear because of its low 
distortion, and one that is disappointing 
due to insufficient loudness or other 
disadvantages.  As it happ ens, a whole disc 
s ide of quiet music can have a longer 
playing time than a side of loud music, for 
which gro ove spacing must b e  more 
generous ; so  clearly, playing time is always 
an important factor in producing discs. 

Readers with a flair for figures will be 
interested to know that the groove spiral of 
an LP may be cut at 300 or more turns per 
inch of disc surface. Dimensions are a little 
more than 0 . 0 02in. (two thousandths of an 
inch ) acro ss the top of the groove ; the 
depth of the 'V' is ab out O . O O l in. The 
length of the spiral, from disc edge to 
run-off groove, approaches half a mile 
taking into account the tortuous wigglings 
of the music waveforms cut into the disc 
b y  the stylus. In playing the resulting LP 
the pickup stylus faces accelerations in the 
region of l O O Og and the pressures at the 
point of contact of stylus and groove are 
reckoned in tons per square inch. 

Master discs are cut on one side only, so 
that t wo masters are needed to initiate the 
two sides of an LP. These are sent to a 
department of the factory where the first 
job is to clean them and then coat them 
with an extremely thin film of silver. A 
well-kno wn property of silver is its ab ility 
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to conduct electricity ; and that is essential 
because the pro cess that follows is a 
specialized form of electro-plating. Sus
pended in a b ath, the silvered disc is given a 
thick coating of nickel. The process is 
s imilar in principle to the chromium-plating 
of motor car parts. 

Split away fro m the master disc, the 
nickel is a 'negative' with ridges that stand 
out and correspond in every detail to the 
groove in the original. At this stage the 
copy is very vulnerable, so a further nickel 
disc is formed by plating. This of course is 
a 'positive ' ,  with grooves, and from it are 
produced more nickel negatives for use as 
stamp ers in record production. Stampers 
are made for each side of  the LP (or single) 
to be manufactured ; they are trimmed to 
size and have a hole punched in the centre. 

Production pro cedures vary to some 
extent from company to company accord
ing to the degree of automation applie d to 
them, but the central feature is the press 
which moulds the disc fro m a cake of 
plastics material , carefully formulated and 
very precis ely weighed (about 1 6 0 grams of 
plastics for an LP is typical ) . The material 
is vinyl plastics with carbon black and 
other additives. It is possible to use other 
colours , and children's records have been 
produced in red, blue, green and yellow. 
Exp erimental discs have been made with 
startling mixtures. 

In each part of the press is clamped a 
stamper, one for each side of the disc ;  the 
lab els are placed on them in such a way 
that they will be pressed into the plastics , 
the cake of material is inserted, and the 
press is closed. Mo ulding takes place in 
about half a minute during which time the 



press is first heated to make the plastics 
flow over the stamper surfaces ,  and then 
cooled to set the finished disc .  The 
'pressing ' ,  as the disc is called, is taken out,  
trimmed round the edge , inspected, and 
placed in its liner and sleeve. Samples are 
taken for close inspection and playing. 

It must be evident that , although 
manufacture has been referred to as mass 
production, not very many pressings can be 
moulded in a working day by one press .  
Such a rate of output would not match the 
demand for rapidly selling pop discs or 
favourite classical releases .  Fortunately a 
series of  stampers can be  made and a row 
of presses kept busy on one record. It will 
be evident, too , that the large amount of  
nickel used must raise problems in these 
days of  mounting costs and shortages .  Not 
surprisingly, the recycling of vital materials 
is b eing carefully considered. 

There is no counterpart to this mass 
production in the manufacture of  music 
tapes, whether these are cassettes or in any 
other format. Obviously the tape has to be 
obtained and loaded into cassettes ;  record
ing is then a separate operation to be  

Cassette with the lid off. This BAS F Special 
Mechanics cassette embodie s  improvements de
signed to ensure fre e running of the tape. 

accomplished as quickly as pos sible. Music 
cassettes are in fact recorded in batches by 
running them on slave machines linked to a 
master on which a studio tape is replayed. 
Everything possible is done to hasten this 
du;>licating process (high-speed transfer, for 
example ) but manufacture is inevitably 
slow and subject to more difficult factors 
than those intruding in disc pressing. Costs 
are rather high, and big-name cassettes sell 
at higher prices than discs. 
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6 Hi -Fi Systems 

If you have studied the basic principles 
described so far and find yourself in 
sympathy with the aims of  the profes
s ionals and the hi-fi enthusiasts ,  you should 
find that the technical considerations that 
follow in later chapters will fall into place 
without great effort. Good sound reproduc
tion obviously demands a solid technical 
basis ,  and details are vitally important. 

Technicalit ies ,  however, are not essential 
as an introduction. High fidelity is to some 
extent a matter of good housekeeping and 
a feeling for quality, and most keen 
listeners can quickly grasp what is involved. 
In brief, we have to apply the best of 
modern techniques to scientifically correct 
groundwork. Unfortunately the results of 
our efforts can seldom be cheap ; in fact the 
standard achieved is generally proportional 
to expenditure. 

For hi- fi systems the rule ts that 
optimum performance depends on the 
assembly of  purpose-built units into a 
working installation. The emphasis is on 
functional units, each doing its job 
efficiently when linked to the rest of  the 
system. Few manufacturers make every 
item in a system,  and so the usual 
procedure is to choose a unit for its own 
merits and at the same time ensure that it is 
a fitting partner for others to be coupled to 
it .  Obviously some planning must precede 
the choice of  functional units .  

Most readers will know that the elements 
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of a system for stereo discs consists of  a 
turntable with a pickup , an amplifier to 
give control over the programmes and 
generate power, and a pair of loudspeakers 
to reproduce the sound when driven by the 
power from the amplifier. Clearly, these 
three main functions could be performed 
by an all-in-one radiogram of  the old 
school-any cheap outfit ,  in fact. 

However, we are interested in quality. 
For instance, we demand that our LPs 
remain in new condition after many 
playings , and we want the pickup to 
extract the wealth of detail impressed in 
the grooves. We shall object to  speed 
fluctuations and background noises from 
the turntable,  so it seems the engineering 
must be good. We want our amplifier to 
generate enough power without intro
ducing objectionable distortions, and we 
expect our loudspeakers to accept the 
power while also displaying elegantly 
smooth frequency response, minimal dis
tortion and a wonderfully realistic s tereo 
tmage. 

It would be a very unusual radiogram 
that could measure up to such severe 
demands. In truth, there is no such 
machine. Long ago it was accepted that 
unit hi-fi ,  a chain made from strong links , 
was the solution, both in terms of  
engineering and in every other way. This i s  
true whether the  programmes come from 
discs, tapes or any other source.  It was also  



accepted that systems tailored to a price (as 
radiograms are ) were unlikely to be the 
most successful. 

In a highly competitive market ,  however, 
there is scope for equipment at many levels 
of  price and quali ty. You will be  well aware 
that there are keen customers for both 
Minis and Mercedes-and each person has 
his specific reasons for his choice. As things 
have turned out modest, low-powered hi-fi 
systems can be assembled for little more 
than the price of  a radiogram. At the other 
extreme it is possible to spend the price of  
a high-performance car on systems that 
exploit modern technology fully. The 
question to be asked is, where does the 
money go? The answer will emerge as we 
survey the details of the equipment. 

To begin with, the money sh ould go 
primarily towards technical details that 
enhance sound quality, and only second
arily towards 'gimmicks ' .  With this in mind 
it is often pointed out that any new 
experience of sound recording and repro
duction depends on the ears and brain, and 
that the best system is the one that most 
pleases the senses. This seems reasonable ; 
obviously the listener must be  satisfied ,  no 
matter how many impressive performance 
specifications are claimed by the manufac
turer. 

On the other hand such arguments can 
be put forward to sway inexperienced 
b uyers ,  who may be urged to disregard all 
the 'difficult ' figures which offer clues to 
quality in favour of a decision based 
entirely on listening, possibly done under 
adverse or unfamiliar conditions.  But top 
quality sound, especially stereo and its  
recent offshoots,  has to be  'learned' -one 

lllill . 

A modern cassette unit for use with hi-fi systems, 
the Yamaha TB-7 00.  It  incorporates D olby 
noise-reduction cir cuits.  

has to get used to it-and few people could 
trust themselves to invest in complex 
equipment without any kind of 
investigation of specifications, performance 
or reputation. 

An interesting example concerns the 
choice of  loudspeakers ,  which by general 
agreement is peculiarly difficult. Some 
keen listening to a selection of  the great 
variety available will reveal what every 
sound engineer knows : each model sounds 
a little or very different from the next, 
whatever the published figures may suggest .  

The purchaser will have to face the fact 
that there is no absolute 'best '  among any 
selection of rather good loudspeakers , and 
after careful study he will allow personal 
tastes to clinch the matter. However, he 
cannot ignore a few basic technical points , 
the most prominent being the ability of the 
speaker to handle enough power for his 
purposes .  

Contrast pickups and loudspeakers and a 
new aspect comes to light. Both these 
components exhibit characteristics that can 
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directly affect tonal quality. It is possible 
to assess them separately, in isolation, and 
thus one might choose a very good pickup 
and, perhaps on another day, excellent 
speakers. Since both items have a way of 
influencing audible results ,  it may be that 
the two working together produce a 
distinctive sound that is neither expected 
nor liked. 

This is discovered by listening to the 
complete system,  but examination of  
technical performance may in any case 
yield clues to likely clashes of personality. 
For instance, if the speakers ' frequency 
response is rough and peaky rather than 
smooth, and a comparable effect is found 
in the pickup, then it is quite likely that 
the distinctive combination will prove 
tiring to the ears. 

This brings us to one of  the most 
important points of  all .  Any high quality 
sound reproduction that is to serve a wide 
variety of music and other sounds should 
be  as non-commital and lacking in 'person
ality '  as possible .  It i s  more correct to talk 
of  this as the professionals do and refer to 
the degree of  'coloration' of the sound. A 
loudspeaker, for example , that gives a very 
coloured account of the programme fed 
into it must be deficient to some extent, 
for it is not an accurate device .  It may 
sound impressive at first  hearing (all glossy 
treble and booming bass) but experience 
will show it is difficult to tolerate because 
it i s  not honest. 

Coloration is essentially a distortion, 
hostile to the characteristic timbres of  
sounds. A perfect system would preserve 
timbres and the reproduction would be  
li felike . But  unfortunately nothing lS 
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perfect and there are opportumt1es for 
distortion to intrude all the way back 
through the chain of  recording and replay. 
It can start with the studio and with the 
microphones. The aim is clear, though : 
good systems do not impose audible 
contributions of their own. Instead, they 
are unobtrusive and allow the music to 
speak for itself. 

The amount of  power needed for hi-fi is 
sometimes the subject of  controversy. Few 
reasonable people would deny that profes
sionals may have valid reasons for installing 
powerful equipment, and most know that 
arrays of high-powered amplifiers and 
speakers are used at pop festivals (though 
the links with hi-fi are tenuous ) .  But still 
the hi- fi enthusiast is thought eccentric if 
he seeks an ampli fier that is well related to 
his  needs .  Surely he will either blow 
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A guide to hi-fi planners : amplifier power related 
to room size.  B an d  A covers mo st requirements, 
including orchestral and organ music. B and B 
wo uld be adequate only for instrumental music 
and speech. 



everything up, break the windo ws or 
frighten the neighbours ! 

In fact the finest systems have generous 
po wer ratings-and with every good reason. 
Quite simply, there should be an adequate 
power reserve to meet all exigencies 
without the onset of distortion. This does 
not imply an unreasonably high sound 
level ; unholy dins are not the speciality of 
hi-fi users. Further, the power rating you 
want depends on the size of the space to be 
filled with sound and on the input the 
speakers need in order to emit adequate 
s ound pressure levels. 

As it happens, many of the finest and 
most costly loudspeakers exhib it low 
efficiency ; and this is just another way of 
saying that a big input produces only a 
small output ( an efficiency of one per cent 
is typical ) .  It is one of the worries of 
engineers that all the clever things they do 
to improve loudsp eakers turn out to b e  at 
the expense of efficiency. 

There is little sign that the trend will be 
reversed, and as things stand some speakers 
need an input of 20-40 watts if they are to 
generate realistic sound volumes. The 
highest outputs they can produce are not 
the average outputs used for music in the 
home;  rather it is a matter of accommo
dating b ig peak powers when these are 
demanded. 

The size of the room influences power in 
the most direct way. A small, low-power 
system intended for a room in a small flat 
will sound highly stressed and probably 
distorted if pushed to the limit in the 
spacious lounge of a large house. For stereo 
in a small room of about 35 cubic metres 
(about 1,200 cu. ft . )  an amplifier power of 

15 watts per channel is a reasonable 
estimate. A medium-sized room of 70 
cu.m. demands more power. Not sur
prisingly, amplifiers rated at 60W or more 
p er channel are now quite common for 
inefficient sp eakers installed in the largest 
do mestic rooms. 

Such figures are associated with the 
reproductio n of  a wide variety of  pro
grammes. Perhaps we can agree that the 
typical listener enjoys orchestral and organ 
music ( high power ) and speech (low 
power ) ,  and that he may wish to range 
across the classics, light music, pop and 
drama. 

This brings us to a consideration of 
dynamic range-a range of loudness to be 
reproduced realistically. Oddly enough, the 
most massive orche stral music does not 
necessarily involve the widest range of 
dynamics. A classical string quartet may 
make greater demands but much depends 
on the way it is recorded. Most pop music 
has a narro w dynamic range ; this is 
p articularly true of  'rock' music, which is 
consistently loud and requires adequate 
power handling ability in the loudsp eakers. 

Reproduction of a wide range implies 
that quiet passages will be heard in all their 
detail despite the intrusion of  local 
background noises.  When the music swells 
into a great crescendo we still expect the 
detail but we also require low-distortion 
sound. This is the kind of thing that makes 
severe demands on hi-fi systems. 

On one occasion (a  quiet evening, for 
instance) a po wer rating of 20W per 
channel may prove adequate in a particular 
room for wide-range music. On another 
occasion, possibly on a summer's day with 
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the windows open and noises heard from 
outside, the volume control setting must be  
a little higher for the same clear reproduc
tion. A small adjustment, enough to make 
an audible difference, approximately 
doubles the power demand, so that 20W 
becomes 40W. 

Programmes from discs and tapes are of 
course the focus of attention in this book, 
but we must acknowledge the BBC's  
VHF /FM broadcasts as another source of  
high quality sound. Hi-fi enthusiasts whose 
interest is mainly in recorded material 
often turn to FM radio as a welcome extra 
for their systems. Manufacturers smooth 
the way by providing radio tuner units to 
match hi-fi systems, and there are also 
complete receivers which combine the 
stereo amplifier and tuner in one unit. 

At one time the only broadcasts were 
those on medium and long waves (and on 
short-wave for adventurous listeners ) .  
Those continue, of  course ,  but reception i s  
subject to a great deal of interference and 
noise,  and the crowded wavebands impose 
severe limitations on sound quality. 
VHF/ FM radio is of much higher quality 
and by its nature rejects most of the 
interference that would spoil the enjoy
ment of  music.  

T 
M 

M 

AC MAINS SUPPLY 

Rec ording Verdi's Don Carlo at the Assembly Hall, 
Walthamstow, London. Soloists, chorus and the 
Covent Garden Orchestra are directed by Carlo 
Giulini. 

FM transmissions are short-range , and 
many stations are necessary to give good 
national coverage. The BBC, like authori
ties in other countrie s ,  has extended its 
transmit ter network, and many of the 
broadcasts are in stereo. A high proportion 
of  recorded material is broadcast but there 
are many 'live' transmissions from concert
halls ,  studios and theatres .  A highlight for 
music-lovers has been the stereo broadcasts 
of  Prom concerts from the Royal Albert 
Hall, London. For London and part of the 
south-east, signals are conveyed by lines to 
a transmitter at Wrotham, Kent. 

L S  

L S  

Main features o f  a twin-channel stereo 
amplifier. Inputs fro m the programm e  
sources a r e  applied to left a n d  right 
channels :  R radio , P pickup, T tape recorder, 
M microphone. 



7 Playing Records 

Playing records is an enjoyable leisure 
pursuit, especially if you genuinely love 
music, poetry and drama. You can also 
learn a language or follow some other 
course of instruction . Not only is all this 
pleasant and convenient , but it is also 
simple. Why, then, do some people appear 
to complicate what is basically uncompli
cated? 

Even the most advanced hi-fi system for 
discs is s imple in principle-elegantly simple 
when function is allowed to determine its 
form.  Precision is the outstanding technical 
requirement, and it is the emphasis on 
detailed technical points that may convey 
an impression of  complexity, especially 
when high fidelity reproduction is studied. 

The answer, then, is that insistence on 
precision and attention to detail enables 
very fine sound reproduction to appear 
easy and effortless .  Only in recent years 
have the means for securing such results 
been properly developed. With the present 
great interest in high fidelity it is widely 
understood that special measures are 
needed to extract from the record grooves 
everything that is impressed in them.  

Extraction of information has always 
been arranged in the same way. At first a 
gramophone was used ; later this item of 
equipment became known as a record 
player. The hi-fi enthusiast talks about his 
pickup and turntable. Whatever the equip
ment,  a stylus ( formerly called a 'needle ' )  

traces the information in the groove, and 
the pickup holding the stylus is free to 
track the record while generating signals 
corresponding to the contents of the 
groove. 

These few requirements,  simply ex
pressed in a few words ,  lead us to some 
vital technical matters. Success-or lack of 
it-depends on the degree of accuracy with 
which the stylus traces the groove. Then 
the pickup must respond with the least 
possible distortion ,  moving across the disc 
freely and without damaging it .  A turntable 
is involved, and this must rotate at constant 
speed and without generating noise that 
would interfere with the music. 

While the recorded modulations pass it 
at constant speed the stylus moves with 
high velocity ; as the waveforms change , 
sudden reversals o f  direction are imposed 
on the stylus ,  subjecting it to enormous 
acceleration. Huge pressures exist b etween 
stylus and groove. Yet it is now quite 
common to find pickups tracking with a 
downward pressure of only one gram ( l g ) .  
Even lower pressures are possible .  

Provided the pickup is in every way 
suitable for efficient tracking at low 
pressures ,  the wear of  the groove will be 
negligible and the stylus tip, invariably a 
precisely shaped and polished diamond in 
the best pickups ,  will have a long life .  
Typical stylus life is five-hundred hours of 
use ( that is ,  1 ,500 s ides of LP discs ) ,  
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assummg a pickup of advanced type, used 
on clean discs .  After that, stylus replace
ment-usually a simple matter-is neces
sary. Inspection of the diamond tip under a 
microscope can yield clues to wear or 
damage. 

A pickup for a hi- fi system may in rare 
cases take the form of  an integral arm and 
head, but much more often the 'business '  
end of  the pickup is purchased separately 
as a 'cartridge ' .  Typically this very small, 
precision-engineered item is an electro
magnetic device incorporating miniature 
coils and a magnetic system of  some kind 
within a metallic shield. Into the cartridge 
body is fitted the stylus as sembly, the 
really crit ical part on which delicate 
groove-tracing depends. 

Most often the stylus is an extremely 
small but rigid tube with the diamond tip 
at one end and a magnetic material at the 
other. Somewhere along its length it is 
pivoted in a resilient suspension so that it is 
free to move but takes up a central attitude 
after each and every time it is disturb ed. 
Vibrations of the stylus, due to groove-tip 
con tact, are translated into electrical signals 

This picture, obt ained with an electron micro scope 
at Hull University ,  England, highlights the 
relatio nship b etween diamond stylus and disc 
groove.  

by virtue of  the electro-magnetic principle 
employed. Thus the cartridge is a generator 
of electricity, but its output is very 
feeble-typically 5mV (five thousandths of 
a volt ) .  

Purely mechanical aspects are particu
larly important in such an arrangement. 
Intimate and constant contact of  stylus tip 
with groove is essent ial. Loss  of  contact is 
known as mistracking and is l ikely to be 
heard as a form of distortion. This implies 
that the stylus tip must fit the groove 
accurately. Again, the stylus as a whole 
must  be  extremely light : this i s  evident 
because of  the stresses to which it is 
subjected. The lighter it is ,  the more readily 
it can be shifted by the groove. Its pivot 
must hold it while accepting the downward 
pressure that keeps the tip in contact with 
the groove. 

As if these demands were not severe 
enough, the passage of the stylus across the 
spiralling groove depends on the freedom 
with which the entire pickup can move. A 
pickup consists of  a cartridge and an arm, 
and this latter component 's job is to carry 
the working parts unobtrusively. 

Any keen observer will discover that a 
disc is never absolutely Hat, and that small 
lateral and up-and-down motions of the 
rotating disc must be allowed for. There
fore the pickup arm must not impede such 
movements : its pivots  must be free from 
friction so that the stylus does no t 
encounter forces it cannot overcome. 
Further, the arm cannot be  very massive if 
a delicate, light cartridge i s  to be used. All 
the care lavished on a cartridge is wasted if 
the inertia of the arm impo ses its progress 
across  the disc. 
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Principle of the moving-magnet cartridge. The 
stylus is fixed to a small magnet,  which moves in 
relation to the pole-pieces,  setting up a vo ltage in 
the coils. Also shown ( top) is a stylus co mprising 
tip S, rubb er suspension pivo t P and magnet M .  

An interesting aspect o f  pickup 
behaviour can be studied with any 
conventionally designed pickup whi ch is 
pivoted at one po int so that the stylus 
tracks across  the disc in an arc . Due to the 
friction of the groove rushing past the 
stylus tip, the pickup is subjected to a 
slight inward force which pulls it towards 
the centre of the disc. Obviously this means 
that the stylus tip bears a l ittle more 
heavily on the wall of  the groove nearest 
the disc centre than on the other wall . It i s  
also evident that a sideways thrust of  this 
kind must be overcome by extra downward 
pressure to maintain groove-tip contact . 

This lateral, inward force is known as 
'bias ' .  If a pick up is designed to perform at 
lg pressure , then any small dis turbance can 

represent a substantial proportion of the 
pressure. Consequently neutralisation o f  
the b ias is considered imperative with 
modern pickups ,  and indeed nearly all good 
pickup arms incorporate b ias-correction 
devices which impose a slight outward 
force to balance the inward pull . When this 
i s  done in a precise way, by checking the 
pickup's performance on a special test disc, 
the effect of b ias is eliminated and tracking 
pressure can be reduced to a practical 
mm1mum. 

A pivoted pickup has a b end in the arm 
and the stylus tip fal ls a small distance 

Q A _ _. --

- - - -

A pivoted pickup arm is installed so t hat stylus S 
moves on an arc as it tracks acro ss the disc. Axis 
X-X through the cartridge or head is offset fro m 
the rest of the arm. L is the nominal length of the 
arm, fro m stylus S to pivo t P (typically 220 mm) . 
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How bias affects a pivo ted arm. Friction of the 
groove past the stylus tip cause s a slight pull, 
tending to force the pickup inward. A slight 
outward pull, applied by a suitable device, can 
neutralise this effect. 

beyond the centre of the disc,  the aim 
being to align the cartridge so that its 
attitude is as nearly as pos sible a tangent to 
the groove. This curious geometry enables 
the pickup to track without introducing 
severe distortion. However, a short, straight 
arm would be ideal and indeed is possible 
as long as it can be  moved bodily across  the 
disc, keeping a tangent to the groove. 

Pickups of this kind do exist ,  but they 
bring some complications. The simple 
pivoting arrangement of the ordinary arm is 
replaced by a mechanism that carries the 
pickup as a whole across  the disc, reflecting 
precisely the motion of the disc-cutter that 
formed the master lacquer in the studio. In 
this case there is no b ias of the pickup. 

Any turntable has to satisfy two main 
requirements so far as performance is 
concerned. Adequately suppressed noise is 
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important ( that is, best possible signal-to
noise ratio) and the mechanism must not 
exhibit speed fluctuations that would be 
heard as waverings of  pitch. Special 
attention to these matters is needed if the 
turntable is to be of  service in a high 
quality system. In fact the mechanism 
should be so unobtrusive that the user i s  
largely unaware of its action. 

Pitch variations are aptly termed 'wow 
and flutter ' .  Wow is a relatively slow 
variation of  pitch, and flutter is a faster 
fluctuation ; both may be  caused by 

Radial-tracking pickup. A straight arm A carries 
the cartridge radially across the dis c. Carriage C 
has to allow smooth transit of the pickup and is 
more elaborate and costly than the pivot ing 
arrangement of a conventio nal arm . 
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A sharp cutter forms the gro ove A in the master 
disc. A conical stylus tip rides in the groove as 
shown at B, but this causes some distortion. This 
can be reduced by an elliptical tip which fits more 
precisely into groove shapes as at C .  Its major 
dimension rides accurately acro ss the gro ove as at 
D. 

mechanical faults or inadequacies in design .  
Fortunately it has not  proved difficult to  
reduce these errors to such a low order that 
they will not interfere with musical 
enjoyment. Much headway has been made 
with the reduction of noise, or 'rumble ' ,  
which may be  generated as  vibration in the 
electric motor or elsewhere in the mecha
nism,  but the problems have been greater. 

At one time turntables for hi- fi were 
engineered in such a way that the drive 
from the motor was transmitted to the rim 
of the turntable platter by a rubber 'idler' 
wheel. Mechanisms of  this kind are still 
made but an alternative belt-drive system 
has become popular and exerted a bene-

B 
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ficial effect on noise content. A rubber 
b elt ,  linking the motor with some part of  
the platter, can help to isolate sources of  
vibration. 

Although belt-driven turntables are now 
widely used, another development has 
emerged. This is the 'direct drive ' unit in 
which the motor shaft is a continuation of 
the turntable's centre-spindle and no other 
moving parts are involved. Thus the motor 
runs at the record speed ( 3 3  or 45 rpm)  
and this arrangement, if well engineered,  
promises a very low level of  vibration and 
noise. With this type of machine and 
certain examples of b elt-driven turntable is 
associated an electronic control system 
designed to give the necessary change of 
record speed and also maintain stability of 
runnmg. 

The majority of  turntables are supplied 
complete with pickup arms. In this case the 
purchaser is as interested in the pickup 's  
characteristics and fitness for purpose as he 
IS in the qualities of  the turntable. I f  such a 
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combined player doe s  not measure up to 
his expectations there is an alternative. It is 
possible to choose a separate turntable on 
its merits and then get to work to install an 
equally carefully chosen pickup arm. Care 
and attention to detail are necessary in 
bringing the parts together to make a 
working installation. 

Records will remain in unblemishe d 
condition for a very long time if played on 
the b est modern equipment. Careful 
handling is essential, however, and the discs 
should be stored where they are protected 
fro m dust and extremes of temperature . 
The ideal housing is a cabinet that keeps 
LPs upright in compartments. Sloppy 
storage is likely to cause warping. The 
recorded surfaces of discs must not b e  
handled, a s  fingermarks n o t  only contain 
tiny particles but als o attract more 
contamination. 

As most users kno w, static electricity 
b uilds up very easily on discs,  just as it does 
on some other synthetic materials. It 
happens all the more quickly if discs are 
handled carelessly. Unfortunately, static 
attracts particles fro m the atmosphere . It is 
also unfortunate that, even in the present 
state of the technology, the dispersion of 
stati c charges is not easily achieved. Aware 
that the removal of dust is desirable, some 
users rub discs in an attempt to clean o ff 
the particles, but this has an abrasive effect 
and can only serve to provoke a larger 
static charge-and more dust. 

Another misguided approach to record 
cleaning is the application of moist cleaning 
aids . The most likely result of this is the 
formation of microscopically small 
amounts of mud, which dries and causes a 
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higher noise level as the stylus tip traces it. 
If dust falls on discs when they are 

exposed on the turntable (even if they are 
dust-free when in storage ) much of it can 
b e  removed by a dust-collecting device 
which tracks across the surface at the same 
time as , b ut remote fro m ,  the pickup. 
( Devices on the market do in fact look like 
miniature pickups and are mounted near 
the turntable in similar fashion. } This does 
not influence the static, but it clears away 
the debris that static may have attracted. 

It is no longer possible to think only in 
terms of discs when we are considering 
re corded music. A tape of music is a 
'record ' ,  and some listeners prefer tape 
records to discs. In particular, stereo 
cassettes are usually the equivalents of 
stereo LP discs,  and a few of the major 
recording organizations release a propor
tion o f  their records in the cassette format 
soon after releasing the LPs. 

Obvio usly the difference is in the means 
o f  playing the records. Everyone is familiar 
with the portable, transistorized cassette 
machine ; it needs no special comment here 
except for a reminder that its role is one o f  
inexpensive entertainment rather than 
s erious sound repro duction. More costly 
machines ,  b etter equipped and more 
substantial in construction, can be asso
ciated with good sound systems, including 
those of high fidelity calibre. 

The usual scheme is a tape unit which 
will record and replay cassettes while 
linked to a hi-fi system. A unit of this kind 
has neither loudspeakers nor the output 
circuits capable of  generating power to 
drive these. Such facilities are already part 
of the hi-fi equipment and therefore 



redundant in a tape machine . This arrange
ment was already commonplace in open
spool tape machines and was the obvious 
solution for cassettes. Noise-reduction 
systems, notably Dolby, are widely applied. 

For the keen user the attraction of  a 
cassette installation is the facility for 
re cording as well as replay. The careful user 
of high-grade equipment can make record
ings of excellent quality, although the cost 
of  advanced typ es of machine and special 
grades of tap e may be high. (Tap e units 
cost £10 0-20 0 ,  and some range up to £8 0 0  
o r  more. ) 

However, comm ercial music cassettes
that is,  tape records-by re cording concerns 
such as Decca and EMI seldom yield such 
good re sults.  At the present stage of 
development it is beyond dispute that the 
b est  discs give better sound quality than 
the best music cassettes, particularly in 
respect o f  distortion and frequency range. 
Of course, one must use replay systems o f  
comparable c o s t  and performance to make 
a fair comparison. Further, music cassettes 
are more expensive than their LP disc 
counterparts .  

Finally, there is an alternative tape 
device known (confusingly, alas ) as a 
'cartridge ' .  This incorporates an endless 
loop of  tape and can accommodate several 
s tereo programmes. B ecause of its capacity 
it has b ecome popular in tape players for 
cars . Ho wever, it has not become generally 
acceptable for high quality sound systems 
and there has b een little development to 
help it in that direction. Cassettes and 
cartridges are not interchangeable within 
one audio system since the mechanisms to 
run them are entirely different. 
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8 Loudspeakers and Rooms 

Most interested listeners and hi-fi enthu
s iasts can soon understand the principles of 
loudspeakers. There have been few really 
fundamental changes in loudspeaker design 
during many years , and the typical speaker 
box system is thoroughly familiar to those 
who buy audio equipment . 

Consisting of an ' enclosure' (cabinet) in 
which one, two or more electro-magnetic 
drive units are arranged, the loudspeaker 
holds no great mystery for the s tudent of 
audio . Each drive unit responds to the 
s ignal fed to it, and it does that by 
vibrating a cone or diaphragm to and fro , 
thus radiating sound. It is all quite easily 
visualized. 

Evaluating the qualities of  the loud
speakers , however, is to some extent 
subjective. If one lines up a selection of 
speakers , comparing them in a fair and 
reasonable way, each sounds a little 
different from the next. There are con
trasts ,  sometimes great but more often 
quite small ,  between their characteristic 
sounds-overall tonal quality,  the way 
details emerge , the quality of the b ass 
sounds. 

Not surprisingly, choice must depend on 
personal taste, and for the inexperienced 
the identification of what is right or wrong, 
good or bad, can become difficult . 
Experience of 'live' sound, and in particular 
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of degrees of  coloration-degrees of 
untruth-will influence attitudes. Little 
wonder that particular, predominant quali
ties of sound win strong support ; users of 
certain types of speaker are inclined to 
become partisan or unreasonable in their 
arguments. Others dismiss the whole 
subject as too 'personal' for senous 
discussion. 

Fortunately the designers do not take 
the same view. Most aspects of loudspeaker 
performance can be tackled without 
immediately resort ing to subjective assess
ment, although careful listening by experi
enced pairs of  ears must soon follow. A 
speaker is a transducer, that is ,  a device 
converting one form of energy into 
another-electrical s ignals into sound 
waves .  It is essential to be  able to measure 
how accurately the device manages such a 
conversion. Its frequency range can be 
measured ;  so can its ability to accept 
powerful inputs or the distortion it 
generates while working. 

In all this the focus of attention is 
usually the moving-coil drive unit, which is 
made in various sizes and qualities to suit 
the application. I t  is similar to an electric 
motor fed with alternating current, but 
instead of rotating parts there is a coil 
which moves to and fro in the magnetic 
field created by the poles of  a permanent 
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Principle of speaker drive unit. M magnet. C H  
metal chassis. E flexible edge surro und. D 
diaphragm, or cone. S central suspension. C coil. 

magnet. To the coil is coupled a diaphragm 
which, forced to vibrate by the coil , 
radiates pressure waves at frequencies 
corresponding to the signals arriving at the 
input. 

The simple example in the illustration 
has a flexible surround to the circular 
diaphragm, to enable this part to move and 
vibrate,  and a suspension, near the coil , 
again to permit movement but also to hold 
the assembly in the correct position. The 
system depends on a balance between free 
movement and constraint.  Study of  such a 
system soon brings us to an important 
characteristic ,  the resonance of  the dia
phragm and its associated parts .  

The suspensiOn and surround are 

springy, and the diaphragm has some 
weight. As with any such combination of  
mass and spring, there will be  an oscillation 
when the system is set in motion. That is, 
pronounced natural resonance will be 
observed at a particular frequency which 
depends on the mass and the springiness 
(more precisely, its compliance ) . In the 
same way the wheel of a car and the 
suspension holding it will yield trouble
some resonances unless these are damped 
out .  

In a b ig drive unit, made for bass 
reproduction ,  the resonance shows up at a 

low frequency, usually at or below the 
lower limit of  the audio spectrum to be 

A direct-drive hi-fi turntable of the mo st advanced 
kind, the Toshiba S R-5 1 0 .  The turntable platter is 
driven by the motor without any intermediate 
pulleys or b elts.  
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Section view of a KE F 8 -inch drive unit . D 
diaphragm. CH chassis. M magnet assembly. The 
edge surro und is very compliant and made of 
synthetic rubber. 

handled. For example, it may be at 
20-40Hz. This , however, is arrived at by 
testing the unit as it s tands , without 
putting it  in an enclosure . In this instance 
the resonance is pronounced and violent, 
giving the impression that the speaker is 
out of  control .  

One purpose of putting the drive unit  in 
an enclo sure is to restrain the behaviour of 
the diaphragm where it  resonates .  The rear 
of  the unit is then faced with a mass of  air 
which, depending on details of design, 
places the resonance under control. At the 
same time the effect of the new, enclosed 
conditions is to force the resonance up in 
frequency. The resonance is now that of  a 
system formed by drive unit and enclosure .  
Whereas the  unloaded unit may resonate at 
2 0Hz, the system resonance may appear at 
6 0Hz.  

Another purpose o f  the enclosure is to 
enable bass sounds to be  generated 
effectively. A drive unit by itself cannot 
produce audible low-frequency tones, since 
the waves from the front of the diaphragm 
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or cone would simply pass round to the 
back, the result being cancellation of  the 
output. At these low frequencies the 
wavelengths are greater than the dimen
sions of  the diaphragm, and the waves have 
no directional property. 

Mounting the unit in one wall of  an 
enclosure isolates front and rear sound 
outputs ,  enabling the bass sounds to be  
propagated in the  surrounding air. Indeed, 
the unit could be mounted in a hole in a 
baffle-such as a large board-to facilitate 
bass output, but this would have to be  very 
b ig indeed to prevent interference between 
front and back at the longest wavelengths. 
As a matter of interest  a drive unit could be  
s e t  i n  the wall of  a room ( two units for 
stereo ) but such an inflexible arrangement 
would not suit many listeners. Cab inet 
enclosures are the usual solution. 

Generally, low frequencies are generated 
by large diaphragms, and high frequencies 
by much smaller and lighter diaphragms ,  
well related to the  very short wavelengths 
involved. Mid-frequencies can be handled 
most effectively by something in between. 
Consequently drive unit design is a 
specialized business and most good loud
speaker systems employ two , three or more 
unit s ,  each handling a part of the range to 
which it is best suited. It does not follow 
that the use of  an imposing array of 
hardware in a cab inet makes a fine speaker, 
But i t  is true that a massive 3 0 5mm 
( 1 2-inch ) unit ,  robust enough to handle 
large bass inputs ,  cannot respond to high 
notes .  

Key to success in this input sharing 
arrangement of multiple drive units is a 
circuit known as the ' crossover' network. I t  



is incorporated in the speaker enclosure. 
The power from the amplifier is applied to 
the crossover circuit , which passes on an 
appropriate part of the frequency spectrum 
to each unit. Thus a filtering action is 
needed :  the bass drive unit receives only 
the powerful signals which it is intended to 
handle ; the mid-range unit deals with 
another sector. 

The more delicate high-frequency unit, 
known as a tweeter, receives only a small 
part of the range which it can accept 
without stress .  It would be damaged by  
low-frequency inputs .  In this connection 
we should note that in orchestral pro
grammes substantial energy is concentrated 
in the bass and part of the mid-range , while 
the extreme treble, conveying few funda
mental tones (but many harmonics ) ,  
radiates far less power. This i s  reflected in 
loudspeaker design : if the system is 
intended to handle up to S OW, the bass 
drive unit will have this capability, the 
mid-range unit would have a lower 
capacity, and the tweeter by itself would 
be rated at a few watts .  

Accurate stereophonic reproduction 
demands that the pair of  loudspeakers 
should be similar. In particular they should 
be similar in sensitivity, so that the same 
output-measured as sound pressure level
is obtained from each when a specific input 
power is applied. Otherwise adjustments 
will be needed to equalize them. Then the 
frequency response should be  similar in the 
two ,  otherwise a lack of  balance in the 
stereo will be evident. Such points are · · 
normally well taken care of when a pair of 
the same model of loudspeaker is specified 
for a stereo system. 

Cutaway of a two-unit loudspeaker. Internal 
sound-absorbent materials - typically fo am 
plastics - impo se damping and absorb rear 
radiation fro m the bass unit. 

Just as important is the similarity of  
dispersion of  sound. This i s  a special 
requirement in the upper part of the 
frequency range . If one speaker radiates a 
narrow beam of sound and the other a 
wider beam ,  the stereo image will be  
confusing and distorted. Very precise 
matching is achieved with the best systems. 

However, with a few loudspeakers the 
aim is to give a widely dispersed output. 
Although most speakers radiate frontally in 
a controlled pattern, the 'omni-directional' 
types disperse their output all around, and 
sound reaches the ears after reflection from 
nearby walls , ceiling and objects in the 
room. Obviously this makes the speaker 
performance dependent on the room.  In 
exchange the designers assure us of  a 
spacious effect and less audible emphasis 
on the presence of the speakers. Unfortu-
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nately this method confuses stereophonic 
information, as properties of stereophony 
carried in the programme are masked in the 
reflected sounds. 

Although nearly all loudspeakers are of 
the moving-coil type ,  There are a few 
exceptions. In the electrostatic speaker a 
very light plastics film is coated to make it 
electrically conducting and arranged as a 
diaphragm between perforated metal 
plates .  The movements needed to radiate 
sound are caused by electrical charges set 
up between diaphragm and fixed plates .  A 
large example radiates from front and rear 
and can be made to reproduce a wide 
frequency range without the use of  an 
enclosure . 

Another device, this time without any 
moving parts ,  is known as an 'ionophone ' .  
In  this , a continuous electrical discharge 
creates a region of ionized air, and this is 
acted on by the input signal so that 
pressure waves are generated. The discharge 
is set up in a small quartz tube and to its 
open end is jo ined a horn,  the function of 
which is to couple the tube to the 
surrounding air and enable sound waves to 
be propagated. 

Finally we return to complete loud
speakers of the more customary type and 
visualize them in the listening room. The 
sound we hear is influenced by the 
properties of the room ;  the tonal qualities 
of  the sound and the accuracy of the stereo 
are affected by the way the speakers are 
placed and the extent to which reflected 
sounds mix with those reaching our ears 
directly from the speaker-fronts. Air in the 
room is agitated by the speakers and 
resonances are provoked. 

54 

�--

( ') �·� 
� :...,. --. 

SECTION THROUGH 
X-X 

Horn loudsp eaker in which the rear of the drive 
unit is coupled to the outside air via a folded 
horn-shaped passage in the cabinet. 

Such effects can be checked by alter
native listening with a very good pair of  
headphones. Without necessarily raising the 
question of personal preference for speaker 
or headphone reproduction, it will b e  
realized that room effects will be  excluded. 
The private world of headphones o ften 
gives a different view of  the qualities o f  
stereo programmes. 

The acoustics of  rooms can be  modified 
to some degree, but big changes are not 
possible without structural alterations. For 
example , extra sound-absorbing materials 
such as curtains and carpets can help to 
deaden a 'lively' room in which reflections 
have been found to muddle the sound. 
Floorboards with spaces under them may 
cause a boom unless the speakers are 
moved to more secure positions or raised so 
that they do not provoke resonances in 
hidden nooks and crannies. 



Loudspeakers in or near room corners 
radiate more bass into the room than they 
would in other positions,  and experiment 
with positioning is advisable in order to 
arrive at a compromise balance between 
treble and bass. Indeed, speaker positions 
are rarely predictable and brief trials are 
needed to find a natural acoustic solution. 
However, they must be  spaced apart for 

The loudspeaker must be visualise d  at the c entre 
of this polar respo nse , which reveals the dispersion 
of sound output at specific frequencies.  

stereo , usually by two to three metres ,  and 
possibly angled inwards towards the listen
ing area. In its turn the listening area 
should be roughly as far from the speakers 
as they are apart. Bearing this in mind, 
loudspeakers can be free-standing, placed 
on shelves or mounted on the wall, 
depending on their size and shape.  

A labyrinth offers progressive absorption of sound 
energy along a complex, folded passage-way 
containing sound-absorbent material. 

Frequency response of a hi-fi loudspeaker 
produced as a pen-trace by an automatic 
instrument. The speaker was set up in a measuring 
chamber with the microphone 1 metre fro m  it. 
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9 Sound 1n the Round 

Nearly all domestic sound systems are 
stereophonic. As explained earlier, a stereo 
sound-stage can be created between a pair 
of loudspeakers provided two channels of  
recording and reproduction are employed. 
However, m ore elaborate systems, requiring 
extra channels of reproduction and termi
nating in more than two loudspeakers , are 
emergmg. 

Clearly these new complications must be 
shown to offer major advantages if 
twin-channel stereo ,  now accepted by the 
majority, is to be challenged. And what is 
so lacking in stereo that changes have to be 
made? Obviously some need for change is 
felt ; this is indicated by the popular use of 
such terms as 'quadraphonics ' ,  with its 
implication that four channels are involved. 

The need for four channels of  recording 
is in fact highly questionable ,  although an 
advanced system may have four loud
speakers-a very different matter. The 
limitations of  stereo,  however, are evident 
enough. One has only to listen to it 
critically after a visit to a live performance 
in a good hall. The front-located image is 
the problem, of course. Information about 
the hall or studio acoustics-the so-called 
ambience-is included in the image and 
therefore cannot be presented naturally as 
a well proportioned mixture of direct and 
reflected sounds. 
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If the ambience can be  presented in a 
room in a way that suggests the all
pervading acoustics of the recording 
location, the listener will gain a much more 
s triking impression of  being present where 
the music is performed. I t  is not a matter 
of spreading musicians all around the 
listener ; obviously one faces the performers 
in most conventional hall and theatre 
layouts. But one's natural acceptance of  
hall acoustics i s  all part of the experience 
of listening in an auditorium : it is essential 
to the atmosphere of the occasion and is 
irrevocably bound up with the brain' s  
sensing of  small details. 

It is right, therefore, to seek a system of 
reproduction that creates such an impres
sion of ambience and acoustic detail. Since 
an element of  envelop ing acoustics is 
involved, the systems under development 
have a ' surround' characteristic and show a 
move away from the exclusively front
located source of  sound. Additional loud
speakers are located towards the rear or 
sides of the listening area. 

Unfortunately, although the objective of 
more realistic sound reproduction is reason
able, there is a considerable state o f  
confusion among recording producers using 
the new techniques,  and an even greater 
confusion in the technology. At present a 
number of  competing but dissimilar record-



mg systems are being canvassed by 
organizations in the States and Japan, and 
no measure of standardization has been 
reached. It is possible, but not practicable,  
to assemble a hi-fi installation that can take 
all basic systems into account. 

Widespread misunderstanding is high
lighted by the terminology, headed by the 
inappropriate 'quadraphonics ' ,  a Latin
Greek hybrid which fails to convey an idea 
of the true requirements .  The basic disc 
recording medium offers two channels , not 
four. In fact,  two commercially used discs ,  
the SQ type devised by CBS and the QS 
type adopted by record companies in 
Japan, the United Kingdom and elsewhere, 
are simply twin-channel but include 
mixed-in information that has to be 
decoded for reproduction by a four
channel amplifier feeding four loud
speakers .  

In t h e  electro static speaker the diaphragm, o f  
flexible plastics film with a metallic coating, is 
held between p erforated plates.  A d. c .  polarising 
supply applied via resistance R maintains a stat e of 
tension b etween the ele ments,  and subsequently 
this is varied by the amplifier signal, which is 
applied via a transformer. 

Another system , the CD-4 type 
developed by RCA and Japanese Victor, 
again has two basic channels, but to these 
are added two more which appear in a 
higher frequency range and have to be  
decoded for the  amplifier channels to  
handle. There i s  also a British system which 
again is simply twin-channel but made to 
carry additional information. This system is 
called Ambisonics, a term suggesting a 
s erious attempt to present the ambience we 
reqmre. 

Further misunderstanding is shown by 
the types of  surround-sound effect yielded 
by many recordings that have reached the 
market .  With four-loudspeaker repro
duction of  these it is discovered that 
producers try to give the listener a sense of  
involvement by placing sound sources on 
all sides. This creates a number of stereo 
images between pairs of  speakers around 
the room and demonstrates the failure to 
understand how a concert-hall effect 
should be contrived. 

Realistic re-creation of  music-plus
ambience is not possible with 'quadra
phonics' of  that kind, although directional 
surround effects may have uses in light 
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Possible speaker arrange ment for a fo ur-o utlet 
surro und sound syste m. A large central listening 
area can b e  created. 

entertainment. On the other hand it  has 
been demonstrated that recording tech
niques giving natural ambience are also 
capable of conveying the unsubtle effects 
producers require for entertainment and 
experimental work. 

As you follow the development of new 
techniques , it would be well to remember 
that four recording channels are not 
required for an improved realism. (If they 
w e r e  required, they could most easily be 
provided on tapes. ) 

You should also remember that there is 
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no logical l ink between the number of  
channels and the numb er of loudspeakers. 
It  happens to be convenient in most 
instances to use four loudspeakers, 
although this requirement alone may well 
account for some inertia on the part of 
listeners who are well satisfied with high 
quality stereo . Since for a high quality 
surround system the loudspeakers must be  
identical in  most respects, and since fairly 
large speakers may already be in use in a 
hi-fi stereo installation, it is clear that both 
budget and space problems will arise. 



10 Listening and Choosing 

If you wish to learn more about high 
quality sound reproduction, you will want 
to know where you can go to hear the 
latest equipment. The first  and obvious 
answer IS to visit a hi-fi showroom, 
preferably one with a good stock, a 
specialist staff and facilities for demonstra
tion s. 

Such is the popularity of  recorded sound 
that nearly all large towns and some small 
ones have hi-fi specialist retailers ,  and most 
of  them can demonstrate complete systems 
or individual items o f  equipment. Some of 
the smallest concerns can offer a good 
service ; knowledge of the subject and an 
ability to act as a consultant does not 
depend on the size of a retailer's business. 

Remember, though, that the job of  the 
salesman is to make a sale,  and that his 
determination to do so may be apparent in 
various ways. On the one hand he may 
appear particularly loyal to just one or two 
types of equipment ; on the other hand he 
may have at his disposal facilities for rapid 
switch-over comparisons of  an extensive 
variety of products.  Try to steer the middle 
course and hear equipment that is well 
related to personal needs and your 
bank-balance. 

This is particularly vital for the explorer 
who lacks experience o f  analytical listen
ing. Too great a choice is likely to lead to 
confusion ;  lack of  decision about the 

amount of money you wish to spend can 
make life even more complicated. Oppor
tunities to preview a wider variety of  
equipment are offered at  exhibitions, of  
which several are held each year in London 
and elsewhere in the United Kingdom.  At 
these you will be free of pressure to buy, 
but the conditions are crowded and 
sometimes tiring. However, you can inspect 
and hear the latest innovations, ask 
questions and collect technical data. 

Some enthusiasts with a strong musical 
interest will discover they have a great deal 
in common with others who support 
gramophone societies. At many of  these 
you will find hi-fi equipment in use. Hi-fi 
societies flourish in a number of univer
sities and colleges. Retailers , too,  organize 
musical evenings occasionally to show off 
their stock and interest local people in 
sound reproduction. 

A wealth of  background information is 
published by specialist  journals C<'tering for 
hi-fi and record enthusiasts. Among their 
functions they aim to present news from 
the audio industry and report the latest 
developments in recording ; they also cater 
for the equipment buyer by publishing the 
results of  tests on pickups ,  loudspeakers, 
amplifiers, tape machines and other units . 
In addition to advising those spending 
money on audio, they keep interest alive 
by explaining the technology in detail. 

59 



So far only the traditional approach to 
buying has been mentioned. It is logical to 
listen carefully, seek advice if necessary, 
and then decide on the equipment that will 
meet your requirements .  Retailing has been 
associated with this approach. In recent 
years,  notably since the abolition of resale 
price maintenance, we have seen funda
mental changes .  Although the maker of the 
equipment can quote a recommended retail 
price, the supplier to whom you go for the 
goods can sell at a lower price. Conse
quently recommended prices have little 
meaning nowadays. 

As with a wide variety of everyday goods 
( washing machines ,  refrigerators, heaters , 
furniture) sound equipment is sold b y  
discount suppliers i n  a competitive market 
at attractive prices. There is a choice to b e  
made : s o m e  suppliers o ffer facilities 
formerly associated with retail showrooms,  
many others do no t.  The implication is  
clear. The buyer may have to learn enough 
about his prosp ective equipment (by 
studying the journals and manufacturers' 
literature ) to reassure him before deciding 
on a discounted purchase.  

Listening is learning, and this pro cess 
quite naturally involves the use of words to 
characterize the sound quality. With a little 
exp erience you will be able to recognize 
specific characteristics to convince you that 
the reproduction is an honest representa
tion of musical sound. Smootp, clear and 
natural sound is the aim . If  the tonal 
quality pleases you, and if all the expected 
details are in place, you are probably 
listening to high fidelity.  

Many words are used,  and most o f  them 
reflect an attempt to b e  help fully descrip-
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tive. If the sound is said to be 'glassy and 
hard' ,  or 'nasal ' ,  or 'veiled' ,  or 'forward and 
explicit ' ,  you will prob ably not take long 
to reach a conclusion about the contrasts 
the commentator has tried to describe.  
Such expressions as 'harsh treble' and 
'boomy bass' are unequivo cal : these quali
ties indicate gro ss deficiencies,  and sound 
of that kind would certainly not be emitted 
by a professional orchestra playing in a 
reasonably good hall. Such deficiencies are 
forms of coloration-that is ,  lack of 
fidelity, for which either the equipment or 
the programm e is to blame. 

One of the most useful terms,  p articu
larly in connection with loudspeakers, is 
'transparency' .  It was suggested earlier that 
a good reproducer would pass on the 
details of the programme withour colouring 
them.  Another way of putting this is to say 
that the equipment is transparent to the 
signals fed into it. Indeed, listening to very 
fine loudspeakers one is reminded of their 
function as windows through which earlier 
stages in the pro cesses of recording can b e  
observed. 

Finally a special aspect of  home hi- fi 
warrants special mention. Experimenters 
and hobbyists have always been active in 
this field, and manufacturers respond to 
their needs by providing kits of parts and a 
variety of individual components, acces
sories and practical advice. The handy 
enthusiast can save money by assembling 
many o f  the units for his system . A range 
of kit amplifiers,  receivers and loudspeakers 
is marketed, and there are a few turntables 
and tape machines .  Loudspeakers represent 
the most popular do-it-yourself activity 
these days.  



1 1  Sounds of the Future 

Surround-sound systems, at present the 
basis for further development ,  will 
inevitably become a normal feature o f  
high-grade sound reproduction once agree
ment has been reached on methods of 
recording. Stereophonic sound, although 
promising clear advantages when it was first 
introduced, did not gain very rapid 
acceptance, and it i s  apparent that more 
elaborate multi-channel arrangements will 
not reach their final form without commer
cial and technical wrangles .  

Methods of  recording so far proposed,  
though to some extent capable of  present
ing additional acoustic information to 
enhance concert-hall effects ,  do not repre
sent the ultimate m refinement. For 
example, the processes of human hearing, 

In this syste m for surround sound four inputs are 
encoded in the studio in such a way that the 
info rmation can b e  accommo dated in the two 
channels of a disc record. S ubsequent decoding 
presents fo ur outputs for amplification and 
speaker reproduction. 
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wider ranging than those of any computer, 
operate on information that helps us 
interpret the height of sound sources. Such 
data are not processed in recording systems 
as they are now advocated, but there is no 
reason why they should not be taken into 
account eventually. 

Recording organizations , learning from 
the experience of an LP disc boom,  believe 
that surround-sound systems are best  
promoted on the basis o f  disc recording. 
Existing 'quadraphonic' recordings all 
appear on the market as discs .  However, 
taped music (cassettes ;  especially ) is under 
constant development, and the future of 
surround-sound may well rest on magnetic 
recording. In the shorter term the LP disc 
maintains its influence, and this record 
format probably has another decade of 
general use before it .  

The recording of  p ictures is o f  increasing 
interest in education, science and industry, 
and inevitably home video systems will be 
placed within reach of  many potential 
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users. Most video recording depends on 
magnetic principles,  especially the use of 
tape in cassettes,  but other methods are 
possible. Some authorities believe the disc, 
obviously popular for music, will also b e  
the solution for video. Lessons learned 
from computer technology may be applied 
in domestic systems. 

Any system designed for video must also 
embrace sound channels , conceivably 
surround signals of very high quality. It is 
not difficult to imagine an advanced system 
m which 3-D video is supported by 
surround-sound reproduction. An inter
mediate stage might be a wall-mounted 
colour display accompanied b y  a refined 
form of stereo sound. 

Meanwhile the improvement of audio 
systems, from recording methods to home 
hi-fi equipment, continues steadily. Twin
channel stereophony is susceptible to 
further refinement as other methods are 
investigated. The ' hardware' of hi-fi reveals 
worthwhile advances as pickups track more 
securely at featherweight pressures and 
loudspeakers sound more honest and 
musical. 

Miniaturization is an outstanding feature 
of electronic d evices : its merit is b est 
appreciated in terms of reliability, conveni
ence and ease of manufacture rather than 
in the cultivation of smallness for its own 
sake. There is no special merit in very tiny 
hi-fi : controls, ·cables and connections have 
to be manipulated by fingers, and there is 
little prospect that they will shrink to 
match a miniaturized technology ! 

Prob ably the ideal is a sound system that 
rivals the 'live' event in its realism and 
immediacy. It will introduce behind-the-
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scenes complications yet give the impres
sion that all the barriers have been swept 
aside. At its best it will appeal as a 
dependable service, unobtrusive but always 
there when one wants it. The means to the 
end are always tantalizingly close, and 
there is a great deal of work-and she er 
fun-awaiting those who will attend to the 
details.  
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