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Preface

THis book has been written by a music-lover who hopes that his
contribution to the cause of high quality sound reproduction will
encourage others to take an interest in it. The author has concen-
trated on guidance and information which an association with both
musicians and engineers has shown to be of practical value when
considering the possibility of good sound in the home. The depth
of one’s pocket has not been overlooked in describing the desirable
features of high fidelity equipment for reproduction from records,
tape and radio.

At the present time, strong and sometimes harsh’words are
being said about stereophonic sound. The amateur will ask : * Does
stereo mean a step forward towards more realistic sound repro-
duction ?”  The answer will be plain to everyone who hears a
properly conducted demonstration, and the subject is accordingly
discussed in this book. It is not assumed, however, that there is
any need to buy stereo in whatever form a manufacturer chooses to
present it : it is emphasised that this development is really satis-
factory only if it supplements the high standards already achieved
in single-channel sound.

Grateful thanks are given to E.M.I. Records Ltd., the B.B.C.,
N.V. Philips’ Gloeilampenfabrieken, Holland, and the other concerns
who have supplied data and illustrations for inclusion in the book.

CLEMENT BROWN
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INTRODUCING HIGH FIDELITY

THE phrase ““ high fidelity ” or its abbreviation “ hi-fi’’ has been
used to describe a wide variety of sound reproduction equipment,
ranging from small battery portable radio receivers to professional
gramophone equipment costing several hundred pounds. It even
seems to have crept into other fields, such as cosmetics ! Its correct
and original use, however, is to describe the realistic sound repro-
duction possible with the best equipment currently available, and
it is with this that we are concerned in this book. It was not, in-
cidentally, until comparatively recently that the words ‘“ high fidelity ”’
came to be extensively used, although, since the earliest days of the
gramophone, enthusiasts have talked about the * fidelity " or * faith-
fulness ” of the reproduction made possible by each development in
the field of sound reproduction,

Direct comparisons between reproduced and original sound have
been organised by several authorities on high fidelity sound, and we
have to-day reached the point where, provided that the listening
conditions are carefully chosen, it is very difficult to distinguish
correctly between the two. It is worth mentioning at the start,
however, that we cannot have complete fidelity to the original
sound of a large orchestra when we reproduce it in our living-rooms.
For one thing, the shape and other characteristics of the living-room
affect the sound reproduced in it. Nevertheless, with the best equip-
ment we can, in our living-rooms, enjoy a pleasing impression of the
original sound, a natural reproduction with many of the character-
istics of the concert performance, but presented in a manner to suit
our domestic surroundings.

Different listeners have different requirements. The musician,
for example, will make different demands on his equipment to those
of the concert-goer who, though a discerning listener, does not
himself play an instrument. Another category of listener includes
the music-lover who has little opportunity or inclination to attend
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concerts. We need not be surprised at the size of this group when
we consider the vast repertoire of recordings available for playing
at home and the many hours of broadcasting each day. The reper-
toire of recordings, it may be pointed out, includes many- hundreds
of unfamiliar works seldom performed in the concert hall. Then,
again, there are those whose interest in recorded sound may be
mainly in popular music or jazz, and who have come to realise that
with ordinary (i.e. not high fidelity) equipment they miss a great
deal of the original performance,

The world of recording, at its best, offers a number of advantages,
such as an adequate rehearsal, performance in first-class acoustic
conditions and the ability to make alterations to a recording after it
has been made in the studio. With these advantages the recording
engineer can produce recordings which will give the most pleasing
effect when replayed in domestic conditions.

Most recordings and radio transmissions have always been
produced with professional equipments and processes of high
standard. Unfortunately, however, the normal commercially pro-
duced equipment available for their reproduction has always tended
to lag well behind the standards of the recording equipment. Even
to-day, the mass-produced radiograms and record players cannot do
justice to the high quality of the recordings and programmes avail-
able. Instruments of this type undoubtedly do a good job in their
own highly competitive field, but it must be remembered that they
are built to a price rather than to a standard of reproduction.

With the steadily increasing interest in reproduced music as an
entertainment medium and cultural pursuit, however, a section of
the radio industry began to devote itself to the production of better
quality equipment to realise more fully the potentialities of modern
records and radio transmissions. Advances in electronics, and in
the techniques of manufacturing the components used in sound
reproduction equipment, have brought good quality reproduction
equipment within the reach of the enthusiast.

It is next to impossible to obtain good quality reproduction if
the component parts of the equipment are produced with an eye to
keeping costs to the minimum possible. Generally speaking, the
higher the cost, the better the equipment. This does not mean,
however, that a standard of reproduction which merits the term “high
fidelity ”’ cannot be obtained for a moderate outlay. Much of the cost
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of a conventional radiogram is made up of the elaborate cabinet
(designed as an eye-catcher rather than as an adjunct to the quality
of the reproduced sound) and the automatic record-changer which,
as we shall see later, can with benefit be discarded.

How is the complete newcomer to distinguish the best that is
available from that which is only average ? The best equipment
will provide clean, natural reproduction without the absurd accentua-
tions and contrived effects which some manufacturers introduce in
their equipment to give an illusion of * quality.” High fidelity
sound is the easiest for the musically minded to live with and
produces the least “ listening fatigue.”

The presentation of high fidelity equipment is a good guide for
the prospective purchaser, providing reliable clues for the inexperi-
enced. First, it should be clearly understood that high fidelity
results are not likely to be obtained from a single unit of furniture.
Much is sacrificed when the loudspeaker is mounted in the same
cabinet as other, equally vital parts, and the novice should remember
that a separately housed loudspeaker is a fundamental requirement.
This means a minimum of two pieces of furniture. With the wide
range of elegant and often inexpensive cabinets now available, how-
ever, there should be no difficulty in finding an arrangement to meet
individual tastes. Secondly, most of the components of a high
fidelity installation—amplifiers, pick-ups, loudspeakers and so on—
are sold separately for the enthusiast to incorporate in his own
installation.

Another important pointer to quality is the gramophone turn-
table. High quality equipment hardly ever incorporates an auto-
matic record-changer. It is just possible for a record-changer to have
a mechanical performance which suits the requirements of high
fidelity reproduction, but it cannot usually compare with the simpler
non-automatic turntable. In any case, the serious collector will be
concerned mainly with microgroove records and the only satisfactory
way to use these is to handle them personally and carefully, playing
them one by one. If the record collection includes some 78 r.p.m.
discs (and there are many worth playing), a record-changer can be
used for these alone.

These are just preliminary comments. In this book, guidance is
given on what can be achieved with current equipment. Approach
the “hi-fi” label with caution: make sure that it really means
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high fidelity. It is advisable to buy from dealers who are specialists
in this field and who stock and will demonstrate the best equipment
and components. You will find that they are usually enthusiasts,
not just salesmen.

Some Basic Terms

It is customary for manufacturers of high fidelity products to
give a certain amount of performance data in their publicity literature.

The performance requirements of particular items of equipment
are described in subsequent chapters devoted to the various com-
ponents comprising a high fidelity installation. The following notes,
however, together with the glossary at the end of the book, will
serve as an introduction to the basic ideas in the sphere of high
fidelity sound reproduction.

Terms used in ‘“ Acoustics”’

Sound.—Sound is the effect on the ear of variations in air
pressure. It can travel in various mediums, but we are concerned
only with its propagation in air, in which it has a velocity of 1,100 ft.
per second (approximately).

The pressure variations are caused by an object vibrating and
subjecting the surrounding air to alternate compression and rare-
faction. The air particles are thus agitated backwards and forwards
in the path of what we call the sound wave.

Musical Notes : Pitch and Timbre.—A musical note consists
of a “fundamental ” tone with a certain frequency of vibration,
accompanied by a series of *“ harmonics,” each of which is a multiple
of the fundamental frequency. The frequency is expressed in c/s
(cycles per second). Thus a note with a frequency of 100 c/s will
have second, third and fourth harmonics at 200 c/s, 300 ¢/s and 400
c/s ; higher orders than these will also often be present. The
amount of sound energy contained in each harmonic varies according
to which instrument or other object is producing the sound.

The “ timbre ” of a note (i.e. its character) depends on the pro-
portion of harmonics to fundamental. We recognise one musical
instrument from another largely by the harmonic construction of
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Fic. 1.—FREQUENCY RANGE OF VARIOUS MUSICAL INSTRUMENTS
The solid lines show the range of fundamentals, the broken lines the harmonics.

the sound produced : in one instance, the harmonics comprise a
large part of the instrument’s output, while in another nearly all the
sound energy is in the fundamental tone.

The harmonics are sometimes known as overtones or upper
partials.

Audible Frequency Range.—The audible range of frequencies
extends from a lower limit of about 20 ¢/s to an upper limit which
depends on the age of the listener and certain physical characteristics
of his hearing system. Children may hear components of sounds at
20,000 ¢/s or higher while elderly people will be limited to 10,000 ¢/s
or lower. This drop in upper frequency limit is a fairly gradual
process. Fig. 1 shows the frequency range covered by various
instruments, with the harmonics also indicated. Many instruments
give some output of harmonics near a young person’s upper frequency
limit, but it must be remembered that the actual energy output, and
therefore the useful information conveyed to the listener, is very small
indeed and is present during only a small part of the playing time.
At the lower end of the range, there is little at frequencies below
30 c/s which is useful to us, particularly in listening to music.
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It is reasonable to conclude that a practical and typical frequency
range is 30-16,000 c/s.

Noise.—In general, we describe a sound as “ noise ” when it
has no recognisable musical quality or pitch. Some sounds produced
by an orchestra are noise, however, and prominent among these are
cymbal crashes, which do not have the harmonic construction
referred to earlier. The sounds produced by cymbals and some
other percussion instruments are also examples of ‘ transients,” i.e.
the sound energy reaches a maximum very quickly and dies away
comparatively slowly.

Wavelength.—We have noted that a sound wave is produced
because the vibration of the sound source produces pressure varia-
tions. The distance between points of maximum pressure along the
wave is called the ¢ wavelength,” and is determined by dividing the
velocity of sound (approximately 1,100 ft. per second) by the
frequency. The wavelength of a 15,000 c/s tone is thus less than
1 in. and is about 36 ft. for a frequency of 30 c/s. It will be seen
that many rooms cannot accommodate even a half-wavelength of a
very low frequency sound ; the significance of this will be referred
to later.

Sound Intensity.—We are concerned here with the relative
intensities of different sounds and we can measure their ratios by
means of a unit called the decibel. This is one-tenth of a Bel, so
named after Dr. Alexander Graham Bell, the American inventor of
the telephone. The decibel (abbreviated dB) is also much used in
electrical measurements. It is found that a ratio of two sound
intensities of 2 to I is equal to 3 dB ; a ratio of 100 to 1 is equal to
20 dB. Table 1 gives the equivalent in dB of various ratios.

The accepted standard of intensity is a 1,000 c/s tone which is
arranged to be just audible to normal ears. This level is said to be
the “ Threshold of Audibility.” At the other extreme, a sound so
loud that it causes pain is said to be at the * Threshold of Pain.”
The difference in volume between inaudibility and pain is about
130 dB. The intensity level of a large orchestra reaches 8o dB or
more for a fraction of the playing time. A difference in intensity of
1 dB is very small, in fact about the smallest difference that can be
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Table 1.—Decibel Equivalent of Power and Voltage Ratios

Power (or Intensity) | Voltage (or Current) ’
Ratio dB Ratio | dB
I ) I )
2 3 2 6
4 6 4 12
8 9 8 18
1 ) | 10 10 20
100 20 100 40
10,000 40 10,000 | 8o
1,000,000 60 1,000,000 120

detected by sharp ears. Remember, then, that the decibel is a
measure of the ratio between two different sounds and not an
absolute unit.

Loudness.—The ear is not equally sensitive at all frequencies.
It is most sensitive at middle frequencies, falling in sensitivity above

Table 2.—Intensity Level of Well-known Sounds
(0 dB=0:000204 dynes/sq.cm.)

Intensity Level

4B Typical Sound
130 Threshold of Pain

83 . Large orchestra at 20 ft.
80 | Noise in underground train
70 | Street noise in city

60 : Conversation at 4 ft.

50 Noise in restaurant

35 Noise in city flat

30 Suburban street noise
25 | Noise in country house
15 Quiet whisper at 4 ft.

o Threshold of Audibility
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and below. The subjective effect * loudness ”’ is thus not the same
thing as intensity and a different unit, the Phon, is used to measure
it. A table of intensities is given in Table 2 ; the intensity levels
are given in dB. The loudness in Phons is the same as the intensity
in decibels of an equally loud sound whose frequency is 1,000 c/s.

Scale Distortion.—If the sound intensity is increased in a
uniform manner over the whole frequency range, the listener notices
an apparent rise in the bass loudness. The opposite happens as the
intensity is decreased. This could apply, for example, if the listener
was walking away from the sound source. In sound reproduction,
the loudness of the bass falls off as the volume control is turned
down but the necessary correction can normally be obtained by
means of the bass tone control.

It is interesting to note—as something of a side issue—that the
pitch of a note seems to decrease as the loudness is reduced. This
is particularly noticeable at the low frequency end of the range.

Terms used in Sound Reproduction

Resonance.—Resonances may be mechanical or electrical. All
the mechanical parts of the reproducing system (moving parts of the
pick-up and loudspeaker, for example) will vibrate, or * resonate,”
at some frequency depending on their mass and stiffness. In
electrical circuits, particularly in the amplifier, resonance can occur
at a frequency depending on the values of inductance, capacitance
and resistance present. This means that the response to certain
frequencies may be greatly increased (or, in some cases, decreased),
thus disturbing the accuracy of the overall response. If the response
of the amplifier is diagramatically represented as a line showing the
output over the frequency range, the resonance will appear as a
pronounced bump at the resonant frequency.

Resonances have a detrimental effect on the reproduction of
transient sounds and can, if sufficiently pronounced, spoil sound
quality completely. They cannot be completely eliminated, but
good design will ensure that they are not troublesome within the
frequency range to be reproduced.

Frequency Response.—It is evident from Fig. 1 that there is
little point in trying to reproduce frequencies below 30 c/s. More-
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to fall off at 10,000 c/s.

over, such low frequencies are not recorded or transmitted at present
and, even if they were, the characteristics of the average living-room
would not permit their accurate reproduction.

At the other end of the range, however, there is every good
reason to secure reproduction as far as the upper limit of audibility.
The frequency response required of reproducing equipment is,
therefore, about 30 to 16,000 c/s (see Fig. 2).

Ideally, the response to all frequencies in this range would be
uniform. In practice, there are always variations from a flat, or
‘“ linear ” response and it is the concern of the equipment manufac-
turer to keep such variations within reasonable bounds. As previously
indicated, sudden, peaky variations may indicate the existence of
a resonance in the system. Small variations are often only the
result of a minor circuit misadjustment, and can usually be easily
corrected.

The decibel is used to indicate any departure from a linear
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response. A frequency response quoted as 30-16,000+1 dB means
that variations from linearity do not exceed 1 dB. The response at
1,000 c/s is usually taken as the point from which variations are
measured, but 400 c¢/s is also fairly commonly used. The reader
will find that the decibel is a most important term in sound repro-
duction,

Distortion.—All the equipments contributing to the sound finally
reproduced are responsible for some distortion of the original sound.
With gramophone records the trouble starts when a small amount
is introduced by the recording studio equipment ; a little more is
introduced in the processing of the recording, and yet more is con-
tributed by the reproducing equipment. In high fidelity work, the
total distortion is likely to range up to three per cent or so, but this
is a great deal less than an ordinary radio set or radiogram produces on
its own account.

The two main forms of distortion in reproducing equipment are
‘“ harmonic ”’ and * intermodulation ” distortion. Harmonic dis-
tortion is the addition of unwanted harmonics to the signal being
reproduced. Just as, for example, musical instruments produce
harmonics of the fundamental frequency (see ‘ Musical Notes :
Pitch and Timbre  earlier in this chapter), so a valve amplifier may
generate its own set of harmonics, though with less pleasing results.
Measurements of harmonic distortion are made by feeding a pure
note, or sine wave, into the equipment being tested, and examining
its output. A sine wave is not in itself a musical note, as it has no
natural harmonics of its own. The presence of unwanted harmonics
in the output of an equipment into which a sine wave is fed may,
therefore, be recognised and measured. Suppose that a 60 c/s sine
wave is applied to an item of reproducing equipment : the output
will consist of the 6o c/s fundamental, together with small amounts
of unwanted 120 c/s second harmonic, 180 c¢/s third harmonic,
240 c/s fourth harmonic and so on up to higher orders.

More noticeable than harmonic distortion is intermodulation
distortion. This occurs when one tone * modulates” another
which is being reproduced at the same instant. The result is
undesirable combinations of the two. For example, if two tones
having frequencies of 6o c¢/s and 8,000 c/s are to be reproduced at
the same time, they should both be present at the output without
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disturbing each other. If intermodulation occurs, sum and differ-
ence tones will be generated : that is, frequencies of 8,060 c/s and
7,940 c/s will also be present. Too large a proportion of this most
unwelcome effect can rob the reproduction of sparkle and definition
and it is fortunate that only a small amount is generated in the
best of modern equipment. Harmonic distortion has also been
greatly reduced by modern design techniques, particularly in
amplifiers.

Sounds of a transient nature such as those produced by piano,
cymbals and drums must be reproduced in a crisp and life-like
manner. The question of distortion-free response to transients is
closely bound up with that of frequency response. Readers will
notice that manufacturers usually claim a much wider frequency
response for their products than is necessary for reproduction of the
audible range—especially in the case of amplifiers. In practice, a
frequency response which does not extend smoothly beyond the limits
of audibility may be a sign that resonances are present, together with
the distortion which will adversely affect the clean reproduction of
transients.

The nuisance effect of the various forms of distortion has been
widely studied and there is no doubt that we shall learn still more
about it in the future. The measurement of distortion is also a prob-
lem at times. This is certainly the case with loudspeakers, and
manufacturers seldom quote distortion figures for these ; if a few
decided to do so, the rest would have to follow suit in order that we
could make comparisons. The difficulty with loudspeakers lies in
establishing a2 method of measuring and declaring distortion in a
form which has any real practical meaning and which could be used
by all concerned.

This is not to say that the enthusiast should not try to get the
lowest distortion for his money. Where possible, it is a good idea
to listen to the proposed installation in its entirety before purchase.
Notice should also be taken of the conclusions reached by authorities,
writing in reputable journals. He can benefit from their experience
in conducting listening tests.

When considering the total distortion experienced by the ear,
we must remember to include also the effect of the listening room.
This will be discussed later and the question of the volume level
at which we listen will also be linked with distortion.
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Noise.—We referred to noise earlier in connection with acous-
tics ; in that instance it was an apparently unmusical but essential
part of the listening experience.

Other types of noise obviously interfere with our listening, for
example external noises penetrating to the auditorium of a not very
well designed concert-hall. Reproducing equipment can also gener-
ate noise. Hum can be introduced in amplifier circuits and connec-
tions, and hiss, occupying a band of frequencies, can be generated
in valves and components such as resistors : in faulty equipment it
may also arise from contacts or joints. Here, of course, is another
good reason for the avoidance of resonances : a peak in the frequency
response of the system might easily emphasise such noise. Another
form of extraneous ‘‘ noise ”’ can be introduced by valves which are
““microphonic ” ; that is to say have a tendency to act as microphones
to local sounds, producing a distinctive * pinging *’ effect. Fortun-
ately, this form of noise has been much reduced by the development
of special valves for use in the early stages of amplifiers.

A figure for combined hum and noise is usually given in specifi-
cations and is normally expressed as a certain level in dB below the
rated output power of the system. A level of 80 dB with respect to
the rated output is often achieved in good amplifying equipment.
In practice, you should not be able to notice any appreciable hum
unless you put your ear right up to the loudspeaker with the amplifier
volume control at maximum.

A well-known mechanically produced noise is “ surface noise ”’
from records. This should be negligible with clean microgroove
records and a stylus in good condition. Appreciable surface noise
will obviously prevent clear reproduction of quiet passages of music.

<

Dynamic Range.—This is the range from quietest to loudest
sounds—from * pianissimo ”’ to ‘fortissimo” if you like. The
range covered by an orchestra is some 8o dB, the loudest sounds
occurring for only a fraction of their playing time.

With reproduced sound, the dynamic range is much limited by the
recording or broadcasting medium. Noise level will determine the
quietest sounds we hear and thus directly influence dynamic range.
At the other end of the range, a limitation—beyond our control—
is imposed by the record or transmission, which can contain only
a certain level of modulation before distortion occurs. Of course,
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the maximum volume level which the listener finds acceptable
having regard to domestic circumstances, or, alternatively, the
maximum power handling capacities of his equipment, is the final
limitation.

Sources of High Quality Sound

There are three sound sources of importance for domestic use :
disc records, magnetic tape recordings and radio transmissions.

A high fidelity installation can be used in connection with one
or more of these and, bearing in mind that all*three can be stereo-
phonic (the last when the B.B.C. offers a regular service), a compre-
hensive and versatile installation is possible. An all embracing
system would permit reproduction of both normal and stereo discs
and tapes, normal radio plus the possibility of stereo and the recording
of radio programmes and ‘‘ live ”’ musical performances on tape. A
possible extra is television sound. The quality of the sound trans-
mitted with television is good, but it is only recently that one or two
special equipments which take advantage of it have been made avail-
able to the enthusiast.

Let us briefly examine the potentialities of the sources available.
The frequency range offered by the best microgroove records is
about 30-15,000 c¢/s. With care in reproduction, noise should be
very slight and the dynamic range impressive. Distortion in the
best examples is very small ; but disc reproduction has certain
inherent distortions, as we shall see in the next chapter.

The commercially recorded tapes which are available appear to
have a frequency range which is slightly inferior to that of disc
records, but they make up for this in other ways, especially where
distortion is concerned. A frequency response up to 16,000 c/s is
possible in the case of skilfully handled recordings made by the
amateur under good conditions.

Although the amateur may not wish to get involved in tape
recording or reproduction, he should certainly incorporate a radio
tuner in his installation in order to take advantage of the B.B.C.’s
high quality v.h.f./f.m. transmissions. This is the cheapest of all
the sound sources, as far as the amateur is concerned.

The best v.h.f./f.m. broadcasts offer a frequency range of about
40-15,000 c/s and reception is virtually free from background
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noise, locally produced electrical interference or disturbance from
other stations. Only the best broadcasts can be regarded as high
fidelity material. These are mainly transmissions which originate
in local studios and do not suffer much from distribution through
long land-lines.

Listeners in the London area are fortunate in being able to hear,
under good conditions, the broadcasts from the B.B.C.’s Maida
Vale Studios, transmitted from the v.h.f. station at Wrotham,
Kent. A wide frequency range is achieved.

How can the listener be confident that he is being given the
right sort of material, even if he knows that his equipment satisfies
all recognised technical requirements? Does the music sound
convincing, apart from questions of frequency response and so on ?

Where radio is concerned, he can be sure that the studio personnel
know a great deal about orchestra balance and other factors which
influence tonal quality and the artistic merit of the performance.
Their work is very important indeed ; after all, the listener has to
take what he is offered and it is essential that he is presented with
material which has been properly prepared for a domestic environ-
ment.

With records (both disc and tape), the situation is different.
Some manufacturers, for instance, have consistently introduced
reverberation effects, both natural and otherwise, into their record-
ings, alleging that this gives the best concert-hall impression in the
home. Others prefer a drier, less reverberant quality which gives
greater definition.

Both musically informed and technically minded enthusiasts
can find what they seek ; happy is the manufacturer who meets all
requirements in one record ! The amateur, faced with making a
choice from the great wealth of recorded music, can obtain guidance
from reputable record reviews, the best of which give proper con-
sideration to both artistic and technical matters. As in other fields,
the collector can find (after a little experiment) the reviewers who
are most in sympathy with his own tastes.
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RECORDS AND PICK-UPS

Up to about 1950, it was common practice for sound to be recorded
directly on to a master disc. The performers would assemble in
the studio and, if the first disc produced was unsatisfactory, they
would go through their whole performance again. To-day, however,
recordings are first made on magnetic tape, usually running at the
speed of 15 in. per second. The recording is then played back on
the spot to those in charge of the recording session, who can decide
straight away whether its quality is satisfactory. If necessary,
further *‘ takes "—often of only short passages of music—can be
made. The result of the day’s work is a large number of lengths
of tape, and the master tape is prepared from them by the highly
skilled process of editing. The tape can then be stored until it is
required.

The next stage is the cutting of a disc, in preparation for the
complex procedure of quantity manufacture of the records. A
mirror-smooth lacquer disc is used and the cutting is carried out on
a special machine designed to ensure, amongst other things, the
maximum possible constancy of turntable speed.

The cutter itself is a sapphire or diamond stylus shaped to a high
degree of accuracy ; its tip is flat and not spherical like that of the
reproducing stylus. Sufficient heat is applied to the cutter (by
electrical means) to soften the lacquer at the point where the cutter
is touching it. This ‘‘ hot stylus ™ process is largely responsible for
the extended frequency range of the modern record and also
influences the surface noise of the the finished product.

A silver or gold solution is then sprayed on to the lacquer disc,
which is subsequently immersed in an electro-plating bath. It
emerges coated with a metal shell known as the Master ; this is a
‘ negative,” with ridges corresponding to the grooves in the original
disc. A second shell is grown from it, known as the Mother : a
‘“ positive ” with grooves. Finally a number of negatives, the

H)
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stampers, are grown from the Mother and these are used in the
record presses, one for each side of the record to be made.

The material used for microgroove records is compounded of a
vinyl plastic and other ingredients. It is suitably treated and
mixed to obtain the correct texture, rolled into a sheet and cut into
pieces containing the amount needed for the size of record to be
made. The record press is fitted with two stampers, one in the
fixed lower portion of the press and one in the hinged upper part.
After the record labels have been placed in position on each stamper,
a warmed lump of the plastic material is placed on the lower stamper
and the press is closed. Heat is applied and, after a short while,
the press is opened and the finished record removed.

Each disc is examined and, after having its edge trimmed, it
is ready for packing. During manufacture, each operation is the
subject of rigorous control and inspection. Samples are taken for
laboratory inspection as well as for examination by the factory
inspectors. The number of faulty discs which do slip through is a
very small proportion indeed of the total.

Recording Characteristics

Meeting the requirement for longer playing time than the 78
r.p.m. record provided involved cutting more grooves to the inch
and also rotating the record at a slower speed. The final choice—a
compromise—was not an easy one to make. More grooves per inch
means that the amplitude (the amount of lateral displacement of
groove by cutter) which can be accommodated without physical
break-through between adjacent grooves is smaller, and a lower
speed of the groove past the stylus affects high frequency response.
The number of grooves per inch finally decided upon was 200-300,
and two rotational speeds have been adopted: 33} and 45 r.p.m.
Another major difference between 78 r.p.m. records and later types
is the groove width. This and other matters are shown in Fig. 1.

Variable groove spacing is common nowadays. During the
cutting of the original lacquer disc, the spacing between the grooves
is increased either automatically or manually to allow peaks in the
music to be accommodated without break-through between grooves,
a very close spacing being reverted to during quiet passages. This
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FiG. 1.—GROOVE CONTOURS

(a) Coarse groove (78 r.p.m.), go—120 grooves per inch. (b) Microgroove,
200-300 grooves per inch.

practice enables a wider dynamic range to be recorded without the
loss of playing time that would occur if the wider groove spacing was
used throughout the record. The figure of 200-300 grooves per
inch is a guide only, therefore, and is decreased considerably when
high amplitudes are recorded.

Music contains relatively little energy in the treble compared
with that in the bass and middle range, and it is, therefore, possible
to increase the recorded level at high frequencies before being faced
with the danger of break-through between grooves. This accentua-
tion of the treble is done to improve the ratio of signal to noise, i.e.
the proportion of recorded sound to unwanted background noise.
As far as the recording process is concerned, the unwanted noise is
at a constant level at all frequencies. As the sound energy of the
recorded signal is low at the higher frequencies, however, this noise
becomes a greater problem here. The recorded sound is therefore
emphasised at higher frequencies during recording, and during
reproduction a corresponding reduction, or, as it is called, “ de-
emphasis ”’ of the higher frequencies is introduced. In this way,
the level of unwanted noise is reduced. This is an additional
advantage to that gained from the use of a vinyl plastic, which is
much less noisy than the abrasive-dust loaded shellac used for 78
r.p.m. discs.
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These characteristics for 334 and 45 r.p.m. recordings are laid down by British
Standard B.S.1928. Note that the playback curve B, shown with a broken
line, is the inverse of the recording curve A.

The low frequencies are attenuated, on the other hand, in view of
the energy concentrated in this part of the frequency range.

All this has led to a certain method of proportioning the level of
the sound being recorded with respect to frequency : the various
levels (that at 1,000 ¢/s is the reference point), rising with frequency,
can be presented graphically. The current recording characteristic
is shown in Fig. 2. This has become the standard curve for micro-
groove records, and is defined in British Standard Specification
B.S. 1928. It is the same as the American standard R.I.A.A. curve.
(There is another, slightly different recording characteristic for 78
r.p.m. records.)

By passing the incoming signals through fixed tone control net-
works, determined with great accuracy, they are automatically given
the desired recording characteristic. If the record is subsequently
played with a high quality pick-up—of which more later—the
pick-up’s output will correspond to the relative levels indicated in
Fig. 2. In other words, the bass will be very thin indeed and the
treble will be accentuated. It is usual for a circuit to be incorporated



RECORDS AND PICK-UPS 19

in the high fidelity amplifier in order to provide a characteristic
exactly opposite to that of Fig. 2—a mirror image of it, in fact.
This circuit boosts the bass and attenuates the treble, thereby
““ correcting ”’ or “ equalising "’ the pick-up output so that it is then
a nearly straight line, in comparison with the tilted recording curve
shown in the illustration. The ideal is an absolutely straight line
response, although this cannot be completely achieved because of
the effect of resonances.

Due to the lack of agreement amongst recording companies prior
to the adoption as standard for long-playing records of the R.I.A.A.
curve, a selection of recording characteristics have in the past been
used, and each theoretically requires its own equalising facilities in
the amplifier. Fortunately, many of the characteristics that have
been used are very similar, so that it is not necessary to provide for
equalisation of more than three or four characteristics. The present
happy _situation with new recordings calls for only one circuit for
microgroove records and one for coarse-groove, 78 r.p.m. records
and even the latter may, with the %8 r.p.m. record itself, soon
disappear.

It should be mentioned in passing that not all records provide a
straight line response when reproduced with the correct equalisation :
circumstances sometimes dictate a different response at both ends of
the frequency range. Also, the enthusiast may himself decide that
use of the tone controls to provide further alteration of the response
is necessary, even though his amplifier is providing the basic
equalisation in the usual way.

It is worth the enthusiast noting that, although a recording has
obviously originated in the U.S.A., Europe or elsewhere and been
made as a tape some time ago, it may still have the standard recording
characteristic, provided that the disc was cut in this country within
the last few years.

The Stylus

The modern reproducing stylus is almost invariably one of two
types : sapphire or diamond. Both are produced to close manufac-
turing tolerances to ensure a correct fit in the groove (Fig. 3) and,
where styli of reputable make are concerned, the tip is given a high
polish. Tip dimensions are given beneath Fig. 3.



20 INTRODUCTION TO HI-FI

Although natural sapphire can be used, the synthetic type is
found to be more convenient for the large-scale production which
is required to-day. Sapphire, natural and synthetic, is aluminium
oxide. Ruby has also been used and this, although of different
colour to the sapphire, has a similar chemical composition.

r

\ /
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F1G. 3.—(a) Correct Fit oF StyrLus Tip IN Groove. (b) Tip
DiIMENSIONS

The included angle of the tip, ¢, is 40° to 50°. Radius r is 0.0008 to 0.001 in.
for microgroove styli, 0.002 to 0.003 in. for coarse groove and 00005 to 00006
in. for stereo styli.

A common method of manufacture involves, first, heating the
aluminium oxide powder. The large piece of the raw material thus
produced is then sawn into fragments prior to the final, highly skilled
operations of shaping and polishing the spherical tip with diamond
dust and grinding wheel.

A diamond stylus starts its life as a fragment of the stone or as a
suitably proportioned cylinder drilled from a large diamond. The
higher price of the stylus is not due to the cost of the raw material,
however, but to the time taken to produce the correct shape and
polish. Diamond powder is, of course, the hardest material avail-
able for this process.

If the price of a diamond stylus seems at first to be rather high,
it should be remembered that this is more than outweighed by its
long life and the corresponding protection offered to the records.
For example, a diamond stylus could cost £ 4, against 8s. for a sapphire
—ten times as much. The diamond, however, is likely to last more
than twenty times as long. The actual life of styli and the effects of
wear will be discussed in a separate section.

It is appropriate to give at this stage a reminder that only reliable
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brands of stylus should be used ; these will often be the ones which
are either marketed or approved by the pick-up manufacturer.

Pick-ups

The pick-up’s job is to convert the lateral displacement of the
stylus by the groove of the record into electrical signals. The stylus
movement must correspond as closely as possible to that of the
cutting stylus which cut and modulated the groove in the original
lacquer disc.

It is essential that the pick-up should trace the recorded modula-
tions without objectionable distortion and high noise level. The
efficiency should be as high as possible and serious record wear
should not occur. There are, however, certain limitations inherent
in the reproducing process : two outstanding ones involve the shape
and size of the stylus and the design of the pick-up arm.

A pick-up should not be too delicate, but it is as well to point out
that most advanced types need (and deserve) a certain care and
consideration in use. It is impressive to realise that the maintenance
demanded by a high quality pick-up is negligible, apart from the
all-important matter of stylus replacement. Even this does not
happen very often if a diamond is used—and most high class pick-ups
are fitted with a diamond stylus as a matter of course.

Before embarking on a description of the various types of pick-up,
the principal terms associated with them must be explained. The
first is the relationship between the “ sensitivity ” of a pick-up and
its output voltage. Sensitivity is the output for a given input : it is
given in millivolts per centimetre per second velocity of the recorded
modulation (mV. per cm/sec.) The specification of a pick-up might
quote a sensitivity of 4 mV. per cm/sec. Recorded velocity is varying
continuously, and to quote an ‘“ average output ” is far from precise.
A typical velocity would be 10 cm/sec., and at this the pick-up
instanced above would have an output of 40 mV. Still greater
velocities occur on many records—and, of course, many lower ones.

The moving part of a pick-up is held in place by bearings of one
form or another. Their functions include the centring of the stylus
and the damping of resonances. Lateral movement of the stylus by
the groove modulations must obviously meet with a certain stiffness
and, once the stylus has been displaced sideways, it must be returned
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by the bearings to its central position. ‘“ Compliance,” the reciprocal
of stiffness, is the term used in connection with measurements of
this, providing a figure which relates displacement to the force
exerted. A typical compliance for a high fidelity pick-up is §Xx 10-8
cm/dyne. High compliance is aimed at, and is achieved in the best
of current designs.

In order that a pick-up shall respond to the enormous accelera-
tions imposed by a microgroove record and give a good high frequency
performance, it is necessary for its moving part to have an extremely
small “ mass.” The mass reflected at the stylus tip is what matters
(that, after all, is what the record is concerned with) and a figure of
two or three milligrams is usual in top class pick-ups.

Various resonances can occur in a pick-up, and the two main
ones, at a low and a high frequency, do their best to alter the frequency
response from the ideal ““ straight line.” These resonances depend
for their nature and position in the frequency spectrum on the masses
and compliances in the pick-up and record.

The low frequency resonance depends on the compliance of the
pick-up’s moving part and the effective lateral mass of the complete
pick-up (including the arm). The record material is not infinitely
stiff, and therefore its compliance will resonate with the effective
mass of the moving system, giving a high frequency resonance.
Clearly, the compliance of the record material is a constant factor,
and it is therefore necessary to make the effective mass acting at the
stylus as small as possible so that the high frequency resonance can
be made to occur above the audible range.

The magnitude of the resonance, as well as its position in the
frequency spectrum, determines its effect on the reproduction. It
shows itself as a deviation from the optimum frequency response,
and is measured in dB. Damping is always applied in one form or
another to control resonance. There is a limit to this, however,
because damping absorbs power which is required for other purposes.
The answer is to make the masses involved small enough to reduce
the need for heavy damping.

There are two main types of pick-up to be considered, magnetic
and crystal ones. Many magnetic pick-ups are suitable for high
quality installations. Their output voltage is rather low in the
majority of cases, but the more comprehensive high fidelity amplifiers
provide sufficient amplification to make up for this. In general,
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refined performance is achieved at the expense of output voltage.
Only a few crystal pick-ups can be considered for high fidelity use.
The main advantages of this type of pick-up are cheapness and high
output voltage. Higher output means that an amplifier with simpler
input circuits can be used. Two or three of the most recent crystal
pick-ups are, however, quite suitable for high quality installations
where modest outlay is the governing factor in the choice of equip-
ment.

Magnetic pick-ups give an output voltage which is proportional
to recorded velocity, and are therefore known as *“ constant velocity ”
pick-ups. With their linear (“flat”) frequency response, their
output when playing a record made in accordance with the R.1.A.A.
recording characteristic (see Fig. 2) will follow this curve so that
the amplifier to which a magnetic pick-up is connected must incor-
porate a circuit which by providing a characteristic of opposite
slope to that in Fig. 2 (i.e. a mirror-image of it), passes on a signal
which is sensibly “ flat.”” The four main types of magnetic pick-up
are the moving-coil, moving-magnet, moving-armature and variable-
reluctance ones.

Let us take the first of these to illustrate the principle of operation
of magnetic pick-ups. A diagram showing the construction of one
form of this type of pick-up is given in Fig. 5. From the electrical
point of view, the main components are a magnet, a coil and a stylus
mounted on a cantilever. The coil/stylus/cantilever assembly is
so arranged that the side-to-side movement of the stylus in the record
groove produces rotational movements of the coil in the gap of the
magnet. The changes in the flux of the magnet gap which these
movements cause induce small electrical voltages in the coil, and
these form the signal that is passed on to the amplifier. The prin-
ciple of operation of the other forms of magnetic pick-up is the same,
the differences between them being in the different forms of con-
struction. There are certain advantages and disadvantages, as we
shall see, in these different forms of construction.

Different types of pick-up coil have different electrical imped-
ances, and it is common practice for impedance matching devices to
be inserted between the pick-up and the first stage of the amplifier.

The Moving-coil Pick-up.—The first type of moving-coil
pick-up was designed by Voigt in the early 1930s, and subsequently
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marketed by several firms. Its moving part is a long, thin coil (see
Fig. 4) which has a small moment of inertia and hence a small
effective mass. If the pick-up is carefully constructed, the frequency
of resonance can be made to occur at a high point where it will not
affect reproduction.

The small coil consists of a very few turns of extremely fine wire.
It is, therefore, a low impedance device with a small output voltage
(a fraction of a millivolt), and a matching transformer, usually
supplied by the pick-up manufacturer, must be used to connect it
to the amplifier. The output from the secondary of the transformer
is likely to be about 3 mV. per cm/sec. Some examples of this type
of pick-up have suffered from harmonic distortion and needle
chatter.

Another, more recent, form of moving-coil pick-up is shown in
Fig. 5. The coil is again long and thin, but in this case it is mounted
vertically. Some means of converting the sideways movement of
the stylus into rotation of the coil is therefore necessary, and a short
“ cantilever ’ is used for this purpose. The cantilever itself has
certain advantages which will be apparent when the distortions
afflicting record reproduction are discussed. On the other hand, it
obviously adds mass to the moving system, although a reduction in
the number of coil turns can make up for this. The effective mass
is not more than two milligrams in the best examples—as, for
example, in the Ortofon pick-up imported into this country.

The high frequency resonance in such pick-ups is seldom lower
than about 20 kc/s. In all moving-coil types, the centring of the
stylus and the damping are by bushes of rubber or plastics material ;
the lateral compliance (i.e. that affecting the sideways stylus move-
ment) is usually about 5 X 107¢ cm/dyne.

The ribbon pick-up, a rare bird indeed, is essentially a moving-
coil type. In this type, a thin * ribbon " of metal takes the place of
the coil in the gap of the magnet. Its output is even less than in the
examples just described but the frequency response is excellent.

The Moving-magnet Pick-up.—In this pick-up, developed
and first marketed by Philips, the coil is fixed and a rod of Ferroxdure,
magnetised across its diameter, is the moving part. The rod is
vertical, as in some moving-coil pick-ups, and a cantilever is once
more used. The arrangement is illustrated in Fig. 6.
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Since the coil is fixed, there is no objection to its being large.
It is accordingly given several thousand turns of wire and provides
a fairly high output (about 4 mV. per cm/sec.) without the need for
a step-up matching transformer.
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A big advantage is the ease of stylus replacement. The cantilever
is cleated to the rod magnet, and this assembly is simply pulled from
the pick-up and a new one pushed in. The Ferroxdure magnet is
quite cheap and is therefore expendable. The magnets of replace-
ment assemblies will not become demagnetised under normal storage
conditions.

Moving Armature Pick-ups.—This type is represented
schematically in Fig. 7. The armature has a stylus tip at one end
and is pivoted at the other end. A rubber block has often been used
as the pivot and this exercises the restraining force necessary to
centre the armature. Stiffness in the vertical direction is a dis-
advantage of this type.

This basic form of construction has been retained in recent




RECORDS AND PICK-UPS 27

models: in the Connoisseur pick-up, for example, the armature
has a very small mass and the pivoting is improved by incorporating
a nylon suspension.

Variable Reluctance Pick-ups.—The most popular, and one
of the cheapest forms of magnetic pick-up is the variable reluctance
type. Basically, the moving armature type previously mentioned is
also of this type, but it is generally considered separately. The coils
(see Fig. 8) are wound on pole pieces forming part of a magnetic
circuit which is completed by a stylus bar. Displacement of the
stylus by the groove modulations results in variations in the magnetic
flux in the poles. A voltage is therefore induced in the series-wound
coils. In this system it is the stylus bar itself which exhibits reson-
ances, and these are controlled by the application of damping material.
In most models, the high frequency resonance is above the highest
recorded frequency.

Variable reluctance pick-ups are usually presented in the form
of a “ cartridge "’ having a common magret system and two stylus
bars, one for microgroove and one for 78 r.p.m. The cartridge is
sold as a separate item and, as a result of wide agreement on mounting
methods, it can be fitted into most of the arms now available. This
type of pick-up has a high impedance and an output of 3 mV. per
cm/sec. or more. It is rather susceptible to hum pick-up, and to
reduce this it is usual to surround the cartridge with a shield of
suitable magnetic screening material.

In this and other types of pick-up, a ““ live ’ connection is taken
from one side of the coils while a connection from the other side is
ultimately taken to the chassis (the *“ earth ” side) of the amplifier.

Crystal Pick-ups.—Certain types of crystal material produce
electrical voltages on opposite faces when subjected to mechanical

=,
FiG. 9.—CrysraL ‘‘ BIMORPHS "’ SUB-

JECTED TO BENDING
When a crystal bimorph is subjected to a

bending force by the stylus, voltages are
produced, as shown, on opposite faces and

E § E at the junction of the conductive faces.
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strain. The voltage is proportional to the force applied. Rochelle
Salt is the material most used in crystal pick-ups ; it is cheap and
fairly easy to use. Two pieces, fixed together to form a “ bimorph,”
is the arrangement normally used in modern pick-ups, and this can
be subjected to bending (see Fig. g) or twisting in order to produce
the required voltage.

Fi6. 10.—Cur-away View ofF A CRysTAL PICK-UP

A crystal bimorph ; B turnover knob ; C plastic driving

member ; D stylus ; E stylus arm ; F plastic clamping

block ; G output terminal ; H foil electrode connecting
crystal and terminal.

The crystal dissolves at high temperatures and the upper limit
for a pick-up is about 45° C. (112° F.) In addition, the frequency
characteristic changes with temperature below this limit, and the
crystal also suffers from extremes of humidity.

In present-day pick-ups, the crystal is protected from the effects
of humidity by what appears to be grease. This is actually a specially
prepared material having carefully calculated properties. These,
together with the properties of the clamp holding the crystal and the
coupler joining it to the stylus, determine the frequency character-
istic of the pick-up. By careful design, the signal appearing at the
pick-up’s output terminals can be approximately equalised—that is,
the bass boost and treble cut needed to produce a linear response
will be provided in the pick-up itself.

This is a rough and ready equalisation, but it does enable the
pick-up to be connected to an amplifier having a “ flat ” response
without the intervention of equalising circuits. Inaccuracies in the
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response can then be corrected, when listening, by using the
amplifier’s tone controls.

In such cases, the amplifier should have a high value of input
impedance (3 Megohm, for example). Sometimes, a simple net-
work of resistors and capacitors can be connected between pick-up
and amplifier in order to smooth out the response still further. It
should be realised that this is not recording characteristic equalisa-
tion ; such equalisation is not needed and, indeed, it cannot be
achieved with any degree of accuracy. It is possible with recent
models, however, to insert a different network which actually turns
the response into something like that which would be obtained from
a magnetic ‘‘ constant velocity ” pick-up. Connection can then be
made to the amplifier input normally reserved for magnetic pick-ups.

The frequency response of crystal pick-ups is usually inferior to
that of magnetic types but at least one recent design challenges the
average magnetic pick-up. Response to transients is not so good as
in magnetic designs. Lateral compliance of the moving system is
also less, and the deterioration at high temperatures is a disadvantage
when tropical use is required. Sensitivity is anything from about
30-150 mV. per cm/sec.

‘“ Ceramic " pick-ups, using barium titanate bender elements
instead of crystals, are suitable for high temperatures and are not
humidity conscious. At the time of writing, however, their mech-
anical properties and response characteristics are not good enough for
high fidelity applications.

Limitations of Record Reproduction

The first inherent limitation is due to the difference in shape
between the cutting stylus and the reproducing stylus. The cutter
does not turn to face the instantaneous direction of the groove and,
in consequence, the groove width is constant along a radius of the
record. In Fig. 11, the cutter is represented by a triangle (very
similar to its actual shape) and a section of the reproducing tip by a
circle. It is clear that the groove width is not constant as far as the
reproducing tip is concerned, and, in order to trace the modulated
groove, the tip must rise as the groove narrows in relation to tip
diameter.
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The stylus tip rises as the groove narrows—width ¢ is smaller than d.

This ““ pinch effect ” vibrates the stylus vertically at twice the
fundamental frequency of the modulation, and gives rise to ¢ tracing
distortion.” It is very important that the construction of the pick-up
makes allowance for pinch effect and its moving system must have
some vertical compliance, introduced by the coil or armature bearings
or by a cantilever. The idea is to obtain sufficient vertical compliance
to prevent the stylus riding up out of the groove altogether. At the
same time, this compliance must not be accompanied by an output
voltage from the pick-up. The only output wanted is that due to
lateral stylus movement—output due to pinch effect will be even
harmonics (2nd, 4th, etc.) of the wanted frequency. The ability
of a pick-up to combat this objectionable tracing distortion is a
reflection of its quality. A cantilever stylus, now quite common in
modestly priced pick-ups, helps a great deal.

A pick-up with good vertical compliance will also give a minimum
of needle chatter. A coil or armature which is very rigidly coupled
to the stylus will cause a great deal of noise to be radiated from the
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record. This is objectionable because it, too, is composed largely
of even harmonics.

Tracing distortion and radiated noise increase as the speed of
the groove past the stylus decreases, and it is unfortunate that the
inner grooves of a record move more slowly than the outer ones.
For example, the outer grooves of a 12-inch long-playing record
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FiG. 12.—RELATIONSHIP BETWEEN RECORDED WAVE-
LENGTH AND FREQUENCY FOR A 12-IN,, 33} R.P.M.
RECORD

have a velocity of 20 in./sec. while the inner grooves move at less
than half that speed. Distortion is therefore worse at the end of the
record, and must be kept within bounds by careful record production
and pick-up design. Odd harmonics (3rd, 5th, etc.) are generated
as well as the even orders just discussed, and the overall distortion
increases as the amplitude of the modulations is increased.
Something else happens as the stylus approaches the inner
grooves, and again it is an effect inherent in record reproduction.
The wavelength of a recorded note becomes smaller in relation to
the dimensions of the stylus tip, which fits less readily into the small
radius of the modulation. This limits the high frequency response
compared with that obtained at the beginning of the record. Fig. 12
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shows wavelength plotted against frequency for a 12-inch record at
333 r.p.m. This effect must not be confused with the wavelength
of sound waves, determined by dividing the velocity of sound by
the frequency. Here, the wavelength of any note decreases steadily
throughout the record, as the velocity of the record groove decreases.

It was stated earlier that adequate vertical compliance is important
in preventing the stylus from riding up out of the groove. The
playing weight of the pick-up must also be considered and this must
be sufficient to keep the stylus in proper contact. For any pick-up
there is some minimum playing weight, below which there will be
an increase in distortion and record wear (even if groove-jumping
does not actually occur). An excessive playing weight, on the other
hand, accelerates record wear and causes a loss of high frequency
response. Indeed, a heavy pick-up, particularly one with even a
slightly worn stylus, will remove high frequencies from the record
altogether !

The moral, of course, is to use the playing weight recommended
by the pick-up manufacturer and to keep an eye on the stylus, which
must always be a correct fit in the groove. Playing weights for
modern high quality pick-ups are usually between 3 and 6 grams ;
still lower figures are possible with a few advanced designs intended
for stereophonic records.

It is unfortunate that, even to-day, microgroove records are
sometimes encountered which have been cut at excessively high
volume levels and exhibit defects in the groove shape. No self-
respecting pick-up can be expected to play them. Records which
give repeated groove-jumping trouble with the best modern pick-ups
should be tried carefully in the best possible conditions (this means
a new stylus) and, if nothing can be done with them, the attention
of the record manufacturer should be demanded—as forcibly as
circumstances require.

Pick-up Arms

In many cases the pick-up head and arm are made by the same
manufacturer and are intended to be used together for best results.
There are, however, many examples of arms with head ‘‘shell ”
which will accept various cartridges provided that they have the
standard fixing bracket with half an inch between fixing centres.
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Arms vary a good deal in price according to the standard of
construction and the facilities offered. They are nearly all made to
the same principle : they are pivoted at one point, and carry the
head in an arc across the record.

Records are cut, however, by a head and stylus which move in
a straight line across a radius of the record. It would evidently be
best if the reproduction pick-up did the same. Attempts have been

TANG;N\ AXis  ° ARC
THROUGH TRAVERSED
GROOVE P.U, HEAD BY STYLUS

FiG. 13.—TRACKING ERROR

The angle between a tangent to the groove
and the axis through the pick-up head is a
measure of tracking error.

made to produce radial carriers—indeed, a few have been marketed—
but it is very difficult to produce a mechanically sound job at a
price which will be acceptable to the non-professional user.

To return, then, to the type of arm in common use. The main
problem is to ensure that the axis through the pick-up head is as
near as possible a tangent to the groove. The actual relationship,
of course, varies as the pick-up traverses the record. The angle
which the head axis makes with the tangent to the groove is a measure
of the “ tracking error ”’ (see Fig. 13). It is reduced to a minimum
in practice by (a) putting a bend in the arm (hence the ‘ offset ”
often referred to), (b) making the arm as long as possible, and (c)
allowing the stylus to fall a little in front of the turntable centre, as
indicated at X in Fig. 13.
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F1G. 14.—VARIATION IN TRACKING ERROR AS A PICK-UP TRAVERSES
A 12-IN. Disc

We have already noted that distortions afflicting a pick-up are
worse near the centre of the record, where the linear groove speed
reaches its minimum. ‘T'racking error causes further distortion,
and the error is therefore made to be a maximum at the outside of a
12-in. record.

The variation in tracking error can be represented graphically
as shown in Fig. 14. The maximum error of about 2° is seen to be
at the outside grooves of the record. It falls to zero as the pick-up
moves across the record, rises a little, but is still small at the point
where the run-off groove is reached. 'T'his curve is a typical one
for an arm of conventional design, small enough for convenient use
in a normal domestic installation. It would have to be revised for
‘“ transcription "’ type arms intended to accommodate records larger
than those of 12 in. diameter, but we are here concerned only with
commercially produced discs, of which the largest are at present
the 12-in. diameter ones.

Designing arms in such a way that the stylus overhangs the turn-
table spindle, although effective in minimising tracking error, leads
to ‘“ side thrust.” 'The friction between stylus and groove tends to
pull the pick-up inwards across the record, although the mounting
of the pick-up and turntable unit is known to be on an even
keel.

There are, of course, other possible causes of side thrust, such as
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an inward tilt of the arm pivot and inaccuracies in the pivot bear-
ing. It has been claimed in some quarters that a little friction in the
pivot will balance out the inward pull of the arm, but this cannot be
properly controlled and is likely to be a more potent cause of record
wear (and even groove-jumping) than the side thrust inherent in
the arm. A well-designed arm will, in fact, exhibit only a little side
thrust and other steps can be taken to counteract it. For example,
a very slight tilt of the pick-up away from the record can be arranged
to give an outward force which just balances the inward pull of the
rotating record. This will be discussed again at a later stage.

The force needed to overcome the friction in the pivot bearing
and to keep the arm moving across the record may be about half a
gram in very good arms ; it should certainly not exceed one gram.
Remember, the greater the friction, the greater the playing weight
needed to keep the pick-up tracking properly.

Attempts other than the radial carriers already mentioned have
been made to reduce tracking error. Arms have been developed
which employ a link motion to turn the head slightly as it traverses
the record, thus keeping the axis through the head more nearly
tangential to the groove. This method is effective, but the more
elaborate construction necessitates more bearings and cost tends to
be high if friction is to be small. There is less to go wrong in the
conventional armand the tracking error of 2° maximum now achieved
is not at all bad.

Tracking error depends not only on design of the arm itself but
also on its accurate installation. If it is mounted on a base plate
with the turntable as a complete unit, the manufacturer will have
looked after this matter. If the arm is purchased separately, as is
often the case, the person who fits it to the motor board must follow
very carefully the manufacturer’s instructions. The main point to
watch is the distance from the pick-up’s pivot centre to the turntable
spindle centre. A small error in this distance will have an appreci-
able effect on the tracking error. A few arms have adjustable offset
to enable the user to find the condition of minimum error for various
record sizes ; if the instructions are not followed to the letter, the
error is likely to be more than optimum, not less.

Most arms have a height adjustment to make them suitable for
use with various makes of turntable. Playing weight adjustment of
high fidelity pick-ups is achieved by means of a sliding or rotating
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weight behind the pivot, adjustment on cheap arms being normally
effected by means of a spring. An adjustment weight is to be
preferred on any pick-up provided that the overall mass of the arm
is not too great.

As stated earlier, the pick-up’s low frequency resonance is
produced by the effective mass of the whole pick-up resonating with
the compliance of the head’s moving system. In good pick-ups,
this happens in a perfectly safe region : often between 15 and 20 c/s.
The resonance is lowered in frequency by increasing the compliance
or increasing the mass. Some enthusiasts like to install a versatile
arm and try out various cartridges in it. This is not such a good
idea as one might at first suppose. Sooner or later a cartridge will
be used the compliance of which brings the resonance within the
audible range ; not only this, but the resonance may settle in the
20-25 c/s region, where the ‘‘ rumble ” of many motor units is
situated. This, of course, is an illustration of the need to consider
the head and arm together as a complete component.

One final word: the pivot bearings of a pick-up should be
lubricated only if the manufacturer gives specific instructions on
the point. It is possible that the force needed to move the pick-up
across the record will be increased considerably if well fitting bearings
are lubricated. This is a matter which should be checked most
carefully.

The Turntable

Although record changers do a good job in the highly competitive
world of the radiogram and record player, they cannot be considered
for high fidelity installations. There are many reasons for this, but
it will not be of particular value to catalogue them here at length.
Outstanding reasons should be noticed, however, for the benefit
of the music-lover who has a large collection of 78 r.p.m. records
and who feels that a record changer is essential for these.

One point is that the low playing weight advisable for high
quality pick-ups is not readily obtainable on record changers.
Again, the pick-up arm approaches the stack of records at a rather
unconventional angle. A record changer is complex ; there is more
to go wrong and a misadjustment could easily damage the pick-up
or the records.
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The reader should not jump to the conclusion that a record
changer generates more background noise than any other type of
player. A cheap, badly designed non-automatic player could easily
produce just as much noise.

Fic. 15.—THE CoxNoIssEUR TYPE B TRANSCRIPTION TURNTABLE

A record changer may be useful, then, where there is a large
collection of %8 r.p.m. records to be coped with. It can incorporate
a cheap crystal pick-up. Microgroove records, however, should not
be played on it. Extended play 45 r.p.m. records have a long enough
playing time to be played singly without provoking feelings of
frustration, and long-playing records should be handled singly,
with the reverence due to a heavily taxed product.

Turntables which are robust and basically simple in construction
are to be preferred. A turntable with pick-up arm attached may be
purchased for about f10, and this may give adequate service in
modest outfits which fall short of the highest fidelity. However, a
higher standard is desirable when the installation incorporates a
loudspeaker and amplifier which have good low frequency response
and which would expose mechanical imperfections. A * transcrip-
tion ” turntable (the name is borrowed from professional recording
practice) meets these requirements. They are available as separate
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turntable units for use with almost any pick-up and also in the form
of combined turntable and pick-up assemblies. The approximate
price range is £15 to £3o0.

Transcription turntables are characterised by heavy, accurately
balanced turntables having a large part of the mass concentrated at
the rim ; precision ground and lapped bearings are also outstanding
features and there is a generally high standard of workmanship and
finish. Speed fluctuations (“ wow " and “ flutter ”’) and mechanic-
ally generated noise (“ rumble ) are of a very low order.

Wow and Flutter.—Wow is a slow pitch fluctuation at the rate
of a few times per second. If the turntable is causing it, the fluctua-
tion may be found to correspond to a mechanical irregularity at
once or twice per revolution. A record with an oversize centre
hole which has been placed off-centre on the turntable can have the
same effect, as can eccentricity of the record groove. Flutter is a
quicker fluctuation which can be due to inaccuracies in the trans-
mission between motor and turntable. Wow and flutter are particu-
larly noticeable during the reproduction of sustained notes such as
those produced by the piano and wind instruments.

The wow or flutter (or both combined) are normally quoted as
a percentage variation of a nominal frequency. If the measurement
is made by examining the output of a pick-up playing a test disc
which contains, for example, a steady 3,000 c/s tone, the pitch fluctua-
tion can be expressed as the percentage variation of the tone. Varia-
tion between 2,995 and 3,005 c/s means that there is a fluctuation
of +0.16 per cent, or an overall fluctuation of 0.32 per cent. There
is a good reason for using a frequency of about 3,000 c/s for tests :
the listener particularly notices pitch fluctuations at mid-frequencies.

There is not complete accord over the matter of test methods,
but work has been done with a view to relating the various test
results to the listener’s subjective impressions. Figures for wow and
flutter could be given in several ways—for example, as peak or r.m.s.
values. A combined peak wow and flutter of 0.2 per cent is probably
satisfactory, while o.1 per cent is very good and is achieved with the
best transcription turntables.

Rumble.—This is the low frequency noise reproduced by wide
range sound systems when there is unbalance in the motor or
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inaccuracies in transmission of the drive. A turntable which rumbles
may vibrate vertically, horizontally or with both components. Pick-
up resonance in the rumble region (20-50 c/s) will emphasise the
noise ; crystal pick-ups have often been offenders. The enthusiast
who invests in a transcription model and uses it carefully is not
likely to be troubled with rumble.

Speed Control.—Some turntables have three or four fixed speeds.
The enthusiast checking the speed with the aid of a stroboscope
disc may find that the turntable is running a little fast or slow and
consequently decide that he has grounds for complaint. A certain
amount of variation is, in fact, acceptable. The nominal speeds
and agreed tolerances are given in British Standard Specification
B.S. 1928, and are as follows :

334 r.p.m. limits: 32.96 to 33.7 r.p.m.
45 r.p.m. limits : 44.44 to 45.45 r.p.m.
78 r.p.m. limits: 76.92 to 78.93 r.p.m.

It is possible for factors outside the control of the maker to
influence the speed. For example, an excessive variation in mains
supply frequency could cause the speed to fall outside the limits
quoted above. The speed of the induction motor normally used to
drive the turntable depends largely on this frequency.

Musicians (and some technicians) who possess ‘* absolute pitch ”’
and who are irritated by quite small variations from it, however,
demand some means of correcting the speed. This is often provided
on transcription turntables. One method uses a magnetic system—
an eddy current disc brake—and another varies the gear ratio of the
transmission from the motor. Variations of about three per cent
above and below the nominal are provided on some turntables ; a
wider variation is made possible in one or two instances. A pitch
variation of half a semi-tone corresponds to a three per cent change
in turntable speed—about 1 r.p.m. for a 33} r.p.m. record.

The enthusiast who does not possess absolute pitch may also
find a speed adjustment useful. Records have been encountered
which exhibit a gradual pitch variation and almost any listener
might notice this and wish to correct it. In addition, some users
will wish to play a record and accompany it at the piano. A pitch
difference between the two will be most noticeable and speed adjust-
ment will be essential.
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Musically knowledgeable listeners may, of course, require an
absolute check on pitch. They will hardly need to be told that, if
there is no piano in the house, a tuning fork will be useful. Indeed,
this simple tool is highly recommended to all users of high quality
equipment. An A fork (giving a 440 ¢/s tone) is very suitable and
costs only a matter of shillings.
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F1Gc. 16.—STrROBOScorIic Disc

The other tool needed by the enthusiast is the stroboscope. This
is normally in the form of a disc for use on the turntable, as shown
in Fig. 16. The appropriate set of black and white marks is viewed
with the aid of an electric lamp which is fed from the A.C. mains
which is supplying the equipment. The turntable speed is then
adjusted until the marks appear to be stationary. Speed checks
must be made with the disc on top of a record which is being played ;
the adjustment will then take into account the slight drop in speed
which may occur due to friction between stylus and groove.

It should be noted that the stroboscope is of use only in checking
the turntable speed in relation to the mains frequency which happens
to apply at a particular moment. If this departs from the standard
50 c/s, a final check on pitch, as distinct from relative speed, is the
only solution for the purist. Experience has shown, however, that
few record collectors bother with this, showing a touching faith in
the integrity and watchfulness of the electricity authorities.

Finally, one or two of the more luxuriously appointed turn-
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tables have their own built-in stroboscopes. The Connoisseur
transcription unit, for example, incorporates a stroboscopic disc
which is viewed in a mirror with the aid of an internal light. The
well-known Garrard Model 301 is available with stroboscopic
markings on the turntable rim.

Stylus Life and Record Wear

Only a few years ago, an almost everlasting life was claimed for
the sapphire stylus. No one would dare to make such a claim to-day,
especially when the life of the sapphire has to be compared with
that of the genuinely long-lasting diamond. Sapphires have not
changed but fortunately the attitude towards them has, due mainly
to the efforts of various authorities to convince consumers and
dealers of the need for regular replacement.

It seems still quite common, however, for many users of radio-
grams and players to forget all about the stylus for several years at
a time. The dreadful consequences of using a three-year-old
sapphire at a 12 gram playing weight are perhaps a little outside the
scope of this book, but readers should study the accompanying
pictures most carefully. These show the very serious wear that has
occurred in the groove of a long-playing record with a stylus tip
which has been used for considerably less than three years (Fig. 17).

We are concerned here with styli used at a playing weight which
is typical of high quality pick-ups (e.g. 6 grams is a reasonable figure).
It should be added that too low a playing weight may well cause as
much damage as an excessive figure—the stylus will jump about in
the groove. The manufacturer’s recommendation should be followed.

The life of a sapphire stylus is in fact quite short and, at the same
time, difficult to predict. With every possible care, a sapphire cannot
be expected to contribute to high fidelity results for longer than 40
to 50 playing hours. A neglected stylus, apart from the distortion
which it introduces, causes permanent damage to the record. A
diamond may last as long as 2,000 playing hours and a comparison
of prices—for example, 8s. for a sapphire against £4 for a diamond
—shows that this is more of a wise investment than a luxury. Of
course, replacement of the diamond at the proper time is just as
important as it is for the sapphire. Most high quality pick-ups have
a diamond for microgroove records as a standard fitting.
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Fic. 17 (a).—PHOTOGRAPH OF UNPLAYED MICROGROOVES

Compare with the photograph, Fig. 17 (b}, of the same grooves after being played
under bad coaditions.
(Courtesy E.M.I. Records Ltd.)
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F1G. 17 (b).—THE MICROGROOVES OF FI1G. 17 (a) AFTER A FEW PLAYINGS
AT Excessive PLAYING WEIGHT AND WITHOGT ATTENTION TG Dust
REMavAL

(Conrtesy E.K.I. Records Ltd.)
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Stylus life is difficult to predict because of the factors which
influence it. Side thrust of the pick-up, perhaps due to faulty
bearings or installation, will accelerate wear of both stylus and
record. A pick-up w1th a stiff armature system (and probably a
correspondingly high playing weight to keep it in the groove) will
also hasten wear. The performance of a pick-up in this respect will
depend very much on the price paid. If these factors have been
taken care of, there still remains the most serious one of all: the
presence of dust in the record groove.

The Dust Menace.—Microgroove records exhibit a liking for
dust which is attracted to them due to an electrostatic charge which
exists on the playing surface. Rubbing the surface with a dry cloth
or pad only serves to intensify the charge so that more dust is
attracted ; it also damages the record and increases surface noise in
reproduction.

There are several specially prepared cleaning cloths which possess
““ anti-static "’ properties—the Philips Discleaner and the Emitex by
E.M.L. are examples. These are treated with a suitable cleanmg
substance which spreads a molecular film over the record and in
the grooves. The film is subsequently disturbed by the stylus, but
it links up again with the help of moisture from the atmosphere.
After some time, the effect will be seen to have worn off and further
treatment is then necessary. Liquid preparations are also available
for application with a suitable cloth. When applying, first blow any
large dust particles from the record and then apply the cloth with
gentle pressure, following the grooves.

Curious-minded record collectors found out a long time ago that
well-diluted detergent of the liquid variety has a perfectly good * anti-
static "’ effect. Ethylene glycol (motor car anti-freeze) also appears
to be effective. 'T'he enthusiast should not experiment, however,
unless he has technical knowledge of the material concerned. In
particular, the stickiness of some materials will attract more dust and
form mud in the grooves. It is far better to use materials of proved
suitability, i.e. the preparations made for the purpose. It should be
noted that, in general, these are intended for microgroove records only.

An ingenious and efficient device known as the * Dust Bug”
deserves mention at this point. It consists of a plastic arm carrying
a tuft of nylon and a dust collecting pad to which is applied a cleaning
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fluid. The whole assembly is mounted next to the turntable and
tracks across the record rather like a pick-up, cleaning dust from the
grooves and depositing the necessary film of cleaning fluid. This
device is the invention of Mr. C. E. Watts, a noted enthusiast, and
is available from many record and equipment dealers. The ‘‘ Para-
stat ”’ machine is another development due to Mr. Watts ; this is
for installation in dealers’ premises and provides a permanent cure
for the dust-attraction problem.

Records should be carefully handled and kept in their covers when
not in use. Never touch the playing surfaces but handle records
so that the fingertips are on or near the label and the thumb crooked
over the edge of the disc A little practice makes this a foolproof and
elegant method and avoids the fingermarks which could pick up dust.

Handling the Pick-up.—The requirements for high quality
pick-ups, already outlined, virtually rule out automatic mechanisms
which will position the stylus in the run-in groove. The obvious
alternative is manual operation, although there is the danger that
record or stylus may be damaged due to an unsteady hand. Pick-
ups are usually handled by a small lifting hook on the arm and
accidents can easily happen.

It is important to mount the pick-up so that it can be manipu-
lated conveniently. One possible method of lifting the pick-up is
to exert gentle pressure on the counterweight which overhangs the
back end of many pick-ups in order to lift the stylus from the record.
This is quick and convenient once one gets used to the idea.

There are manually operated devices on the market which will
gently lower the pick-up. Some are cueing devices and provide for
selection of particular record grooves. These gadgets are very useful
safeguards indeed.

Some pick-up arms are fitted with a stop which prevents the
stylus dropping on to the motor board. If this is not the case, it is
a wise plan to fix a piece of rubber to the board or base plate in such
a position that some part of the arm or the back of the head will
contact it in the event of an accident.

Stylus Replacement.—We return now to the subject of replac-
ing the stylus when it has become worn. It is not easy to decide
when to do this. Obviously distorted reproduction will provide
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Fic. 18 (a).—NEw MICRGGROOVE SAPPHIRE STYLUS

(Courtesy E.XML, Records Lid.,

Fi. 18 (b). Excessivery WoORN StyLus
Note *“ flat ° worn on the tip.
(Courtesy E.NLI1. Records Ltd.)
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clear warning when the listener is very familiar with the particular
record, but there is still the danger that deterioration may be over-
looked and that the tip, assuming chisel-like cutting edges, will
cause serious and permanent damage to the record.

Microscope inspection is very useful, and in this way the user
can watch for the formation of flat areas each side of the tip (see
Fig. 18 (a) and (b)). A stylus has ended its useful life when ** flats >’ of
about 0.0005 in. have formed. Perhaps not many record collectors
will have access to a professional type microscope and it should
therefore be mentioned that Philips Electrical Limited promote a
“ Needle Clinic” service whereby small microscopes (not profes-
sional, but better than nothing at all) are made available to dealers.
The dealers are then encouraged to offer a free stylus inspection
service. The microscopes are now available to the public. This
does seem to be the only attempt made so far to provide the public
with a service of this type.

Apart from microscope inspection, the safest procedure is a
careful check of hours of use or record sides played. In average
conditions, a sapphire should not be used longer than about 50
playing hours. A diamond, which should be used if at all possible,
should be limited to about 2,000 hours. We are considering micro-
groove records, of course, but the sapphire used for 78 r.p.m. discs
should also be limited to 50 hours (unless the records have previously
been played with steel or fibre needles). 'I'he estimated life is
reduced in all cases if conditions have been bad.

With due attention to all the factors which have been mentioned,
a record can be in virtually mint condition after many years of
regular use. On the other hand, neglect of the stylus or failure to
keep records free from dust will cause permanent damage to the
grooves. A check can be kept on the stylus by noting in a book
the records played every day. Alternatively, small digital counters
are available : it is possible to fit one near the pick-up arm so that
it indicates “‘ one more nail in the coffin ” each time the pick-up is
placed on its rest.

Finally, good quality styli will be sold by dealers who are familiar
with high fidelity requirements. Money should not be saved on
this item—a poorly polished tip is likely to cause surface noise and
may accelerate wear. A few makes of pick-up have to be returned to
the works for stylus replacement.
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AMPLIFIERS AND RADIO
TUNERS

THE high fidelity amplifiers produced by specialist manufacturers
are made in relatively small batches compared with the streamlined
production methods which are essential in the manufacture of
chassis for competitively priced radiograms and record players. A
clear-cut comparison of prices is admittedly rather difficult because
the amplifier of a radiogram is not sold separately.

It is clear nevertheless that the consumer often benefits from the
specialists’ methods and lower overhead costs—very clear indeed
when it is considered that a creditable high fidelity system can be
assembled for the price of a deluxe radiogram of far inferior perform-
ance. The pursuit of high fidelity is very much a matter of shopping
wisely and well. It had better be added that a few of the big names
in the radio industry do in fact produce some good amplifiers,
particularly when there are high fidelity enthusiasts on the staff.
However, one suspects that the profits from this side of their activities
are not likely to butter many parsnips !

The audio specialist, then, is mainly responsible for the high
standards of sound reproduction which have become commercially
practical. This is especially true of the amplifier ; a high standard
of reliability is achieved and impressive specifications are offered
even in moderately priced examples.

Amplifier and Control Unit

The amplifier links the various sound sources—pick-up, radio
and so on—to the loudspeaker. Since these inputs deliver very
small signal voltages, the amplifier must apply to them a degree of
voltage amplification and subsequently produce enough power to

drive the loudspeaker. The inputs must be provided with the
48
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correct conditions for efficient working and tone controls must be
provided so that the listener can adjust the tonal balance to his
liking. A volume control and on/off switch are also required and,
at the output end, means of adjustment to suit different loud-
speakers.

For convenience, the equipment may be considered in two parts.
The first is the ‘‘ control unit,”’ which contains the tone control and
initial voltage amplifying circuits and on which are situated the
input sockets. The other is the * power amplifier,” the main func-
tion of which is to produce the power to drive the loudspeaker but
which also includes the main voltage amplifying circuits and the
mains supply section.

Until quite recently, it was the usual practice with high fidelity
equipment for the control unit and power amplifier to be two separate
units. This arrangement is particularly appropriate for large
equipments, as the control unit can then be fitted in a conveniently
situated cut-out in a cabinet and the bulky power amplifier chassis
hidden away in a suitably ventilated position. The control unit is
sometimes called the pre-amplifier as it does usually incorporate
preliminary amplifying circuits.

The alternative mechanical arrangement is the combined or
integrated control unit and amplifier, where everything is arranged
on one chassis and a suitable cover provided. This method is used
in what are sometimes called “ unit’’ installations. The amplifier
and, say, a radio tuner can stand on a bookcase or room-divider,
and no special ‘ hi-fi furniture ” is required.

For the purpose of explanation, it is simplest to regard the
control unit and power amplifier as separate items.

Control Unit Inputs.—A control unit usually subjects the
incoming signal to several stages of amplification, preparing it for
the circuits of the power amplifier. The various inputs cannot all
be treated alike, however, as they will be at various voltage levels.
Thus one function of the control unit is to produce the same voltage
at the output of the unit whatever the nature of the input. A
magnetic pick-up, for example, will call for more amplification, or
‘““ gain " as it is called, than a crystal pick-up or radio tuner. The
control unit’s output is, of course, regulated by the volume control,
and the output voltage with the volume control turned to maximum
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is (approximately) that which will produce the rated power from the
power amplifier.

Fic. 1 (6).—Ux~ner Chassis ViIEw oF Quap 11
AnpLIFEER WITH Base CovER REMOVED
Note neat positioning of components and arrangement of wiring,

It is necessary to introduce the idea of ** sensitivity ”’ here once
more. The sensitivity of a control unit input is the voltage to be
applied in order to produce the rated output from the amplifier.
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The control unit input which will cope with the few millivolts
output of a magnetic pick-up is obviously more sensitive than the
input intended to accept the 200 mV. or more provided by a radio
tuner ; thus a sensitivity of § m\V". is * higher ” than one of 200 mV.
To complete the picture, the inputs which have the highest sensitivity
are those associated with the circuits having highest gain. It should
be clear that a 10 watt amplifier with its control unit could have a
low or high gain. A high gain can only be obtained with several
valve stages, so the control unit with the most accommodating input
arrangements will be the most expensive.

Let us now look more closely at the types of input provided. A
magnetic pick-up, as we have seen, may produce 4 mV. for 1 cm/sec.
recorded velocity. A fair average figure for recorded velocity is
10 cm/sec. ; the pick-up therefore averages 40 mV. and the input
sensitivity should be 40 mV. Of course, some pick-ups give less
output than this ; only 8 to 10 mV. in some instances. (In the case
of a moving-coil pick-up, the voltage concerned is that present at
the secondary terminals of its associated transformer.) Control
unit sensitivities as high as § mV. are quite common.

A crystal pick-up produces more output—as high as 50 mV. per
cm/sec. in some cases. Keeping to the average velocity used just
now, a control unit sensitivity of onl