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ABOUT THE AUTHOR

G. A. BRIGGS was born in Yorkshire,
England, in 1890, left school at the
age of 15, and went to work in the
Bradiord textile industry.

More interested in musical sounds
than in the rag trade, he started dab-
bling in pianos as a hobby at the age
of 20. No less than 40 uprights and
grands passed through his hands dur-
ing his search for perfection in piano
tone,

Finding pianos rather heavy and cumbersome, he turned
his attention to loudspeakers in 1932, and started to make
experiments at home in the attic and a few speakers in the
cellar, opening a small factory in 1933 and leaving the textile
industry once and for all.

In 1948—quite by accident—he wrote an 88-page book on
Loudspeakers. Having borrowed £500 from the bank, he
made a trip to New York, where he sold 1,000 copies of the
book. This eventually opened up the American market for
his Wharfedale speakers (and enabled him to repay the
bank}.

Encouraged, he turned to writing as a hobby. His Sound
Reproduction, Pianos, Pianists and Sonics, Amplifiers, High
Fidelity, Stereo Handbook and now A to Z in Audio have sold
more than 150,000 copies. Readers obviously enjoy both his
Yorkshire humor and his clarity of expression in technical
matters. Three of his books have been translated into French,
two into Dutch, and one into Rumanian.

In 1954, in his native city of Bradford, G. A. Briggs gave
his first concert-hall demonstration of live and recorded
music. Astonished at the interest shown by the general pub-
lic, he booked the Royal Festival Hall in London for a similar
demonstration. All seats were sold within 3 weeks. During
the following 6 years, ably and generously assisted by BBC
and recording engineers, amplifier makers, technical stafi
and, of course, musicians, more than 20 similar demonstra-
tions have been given, including four in the Festival Hall and
two in New York’s famous Carnegie Hall.

Now 70, Mr. Briggs is managing director of the Bradford
Wharfedale speaker factory. He still does a bit of writing
in his spare time—witness A to Z in Audio—and still practices
half an hour a day on his Steinway, but his tempos are more
andante than allegro and never presto or agitato.




A little learning is a dangerous thing;
Or so the famous Pope was wont to sing.
But if you make a hobby of the art

Of reproducing sound and wish to start
To understand its technicality;

Then A to £ in Audio’s the Key.



INTRODUCTION

On a sunny Sunday afternoon in February 1960 (yes, we can
have a fine day in February—even in Yorkshire) I was taking a
stroll with an old friend of mine, Mr. E. E. Ladhams, when he
suddenly stopped walking and said: “You must bring out another
book on audio: a sort of glossary which will answer most of the
questions which puzzle the amateur, and outline some of the facts
which even the experts may forget. But”’, he continued, ‘“‘the book
must be interesting, readable and spiced with humour.”

I told my friend not to ask for the moon when the sun was
shining.

Next day I mentioned the idea to Mr. Cooke, our Technical
Editor, and within twenty-four hours he came through with a
list of about 500 possible words and headings which might be
dealt with. This set the ball rolling, and here is the result of our
efforts. In order to keep within reasonable limits, the number of
headings has been whittled down to about 400.

According to Mr. F. G. G. Carr, Director of National Maritime
Insurance, Greenwich:

Copying from one book is clearly ‘“‘cribbing®; copying from two
is “‘research”; and if one can get somebody else to do the copying
this becomes a *‘project’.

I suppose I must admit that for me this book is a project, but
when I totted up and examined the situation re illustrations, I was
agreeably surprised to find that out of 160 no less than 110 are
original in the sense that they have been specially prepared for
this issue. Sixteen are taken from outside sources, leaving only
about thirty from other Wharfedale publications. So the book is
not just a Potage du Jour.

We should like to thank Mr. M. G. Foster of the Engineering
Information Department of the B.B.C. for most useful assistance
on questions relating to radio and television; The Financial Times
for furnishing valuable facts and figures, and finally our old friend
F. Keir Dawson for doing most of the drawings.

G. A. BRIGGS



N.B. In order to simplify reference to INITIALS, these
are dealt with first under each letter of the alphabet.

The books on Amplifiers and High Fidelity listed on
page 3 are out of print.



A

AC Abbreviation for alternating current. A periodic current

having a substantially sinusoidal waveform. Domestic
electrical power is usually distributed in this form at a frequency
of 50 c/s in Great Britain and 60 c/s in the U.S.A.

A.E.S. Audio Engineering Society of America. Secretary C. J.
Le Bel, Box 12, Old Chelsea Station, New York 11, N.Y.

AF Audio frequency. The range is normally taken as 20 c¢/s to
20,000 c/s.

AFC Automatic frequency control. A useful refinement in a radio

tuner which operates to keep the local oscillator adjusted to
the correct frequency for stable reception of the selected stations.
Tts use is highly desirable in FM receivers which tend to drift off
tune due to thermal effects.

AM  Amplitude modulation; the most important system of

modulation used in broadcasting throughout the world.
The amplitude of the carrier wave is varied in sympathy with the
information to be transmitted, thus:

+ /\_/‘\ ==
CARRIER INFORMATION AMPLITUDE MODULATED
SIGNAL

Fic. A/l. Amplitude modulation.

A.R.D. Arbeitsgemeinschaft der &ffentlich-rechtlichen Rundfunk-
anstalten der Bundesrepublik Deutschland. (Now we
know!)

AVC  Automatic volume control. A circuit refinement used in

radio tuners for AM reception. It adjusts the gain of the
radio frequency amplifying stages in accordance with aerial signal
strength so as to maintain the audio output at an almost constant
level. In this way large changes in volume are avoided when
tuning from weak to strong stations or vice versa. In the U.S.A.
the term automatic gain control (AGC) is used and is more
precise.
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ABSORPTION When sound waves impinge on a body—human

or material—a proportion of the incident energy
is reflected, some is absorbed by the body and the remainder is
transmitted through it, as shown in Fig. A/2,

\ Fic. AJ2.

W Sound wave S strikes wall W.
S R=cenergy reflected;

A=-energy absorbed;
T=energy transmitted.

N

The ratio of sound energy absorbed (or transmitted) to the total
energy is called the absorption coefficient and often varies enor-
mously with the frequency. The most effective is an open window,
but this can hardly be classed as a material. The following table
gives average values for a variety of materials at six different test
frequencies, taken from an American book by Burris-Meyer and
Goodfriend, Acoustics for the Architect.

ABSORPTION COEFFICIENTS
Cycles per second

MATERIAL 125 250 500 1000 2000 4000
WALLS AND CEILINGS
Brick . 024 ‘025 031 04 -05 07
,, painted .. 012 013 017 02 023 025
Concrete or stone ... .. 01 -01 -02 02 02 -03
,,  painted ... ... 01 -01 01 -02 02 -02
Cinder block ... 30 -50 -40 -30 -50 -30
5, painted ... .. 15 15 10 12 15 15
Solid wood #” .. 10 11 -10 -08 -08 11
Plywood 5/16” ... R B | 12 -10
Plaster, smooth ... .. 024 027 030 037 -019 034
,,  scratched ... .. 025 026 060 ‘085 <043 ‘056
Glass .. .. ... 03 03 -03 -03 02 -02
Perforated fibrous tiles §” -05 -30 -80 -80 70 -60
FLOORS
Cork tile on concrete ... -08 02 -08 -19 21 -22
Linoleum on concrete ... -02 ‘03 -03 ‘04 04 ‘04
Wood §” thick ... ... 09 -08 10
Carpet, average ... .. 05 -10 -20 -25 -30 -35
Carpet on rubber ... . 15 -20 -55 -80 75 70
CHAIR
Upholstered and occupied 2-5 3-0 3-5 30 30 40
to to to to to to

35 40 45 50 5-0 50
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The ideal is to have a reasonable amount of absorption to suit
the room and give a satisfactory reverberation time, say 0-5 second
in the average living room. For stereo, the ideal conditions are less
lively than for single channel reproduction. Incidentally, we
recently heard an excellent stereo demonstration by the B.B.C.
Research Dept. in a room of domestic size, for which a panel of
BAF wadding about 8 ft. wide and 6 ft. high had been placed
between the two loudspeakers, as shown in Fig. A/3.

ABSORBENT PANEL

8' WIDE x 6' HIGH APPROX,

I T

Fic. AJ3. Absorbent surface placed between loudspeakers to improve stereo.

Similarly, a large window or hard wall between speakers in a
domestic set-up could with advantage be covered by thick curtains
or other absorbent material effective in middle and upper registers.

The absorbent properties of materials vary greatly with thickness
and method of mounting. Absorption at low frequencies is improved
by using greater thicknesses of absorbent and spacing the material
several inches away from the wall.

At very low frequencies, say below about 100 c/s, soft porous
materials have little effect and absorption depends upon large
flexible surfaces such as wooden floors and ceiling structures not
specially reinforced. When necessary-—to reduce room resonance—
these can be supplemented by installing damped resonant panels
of plywood or roofing felt.

Small Enclosures. The use of absorbent materials in cabinets—
cotton-wool, fibreglass, soft felt, bonded acetate fibre, etc.—is
becoming more and more common as enclosures are reduced in
size, one reason being that standing waves and resonances occur
at higher frequencies where they are more objectionable, being
heard mainly through the LS cone.

Another reason is that the bass output is reduced along with
enclosure volume and it becomes necessary to apply some HF
absorption treatment in order to preserve a good balance, which
is the main object in speaker design. Remarkably good overall
results are now possible in acoustically-designed enclosures of about
2 cu.ft., with clean and full bass down to around 30 c/s.
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ACOUSTIC FEEDBACK In a public address system some of the
sound energy radiated by the loud-
speakers may be returned to the microphone, thus reinforcing the
input. In certain conditions this can cause continuous oscillation
or howling. Microphonic valves can also produce similar effects in
gramophone and radio equipment, especially at high volume. The
only cure in the public address case is to reduce the amount of
energy transferred from loudspeaker to microphone by reducing
amplifier gain or employing highly directional microphones and/or
loudspeakers. Cardioid or ribbon microphones and line source
loudspeakers are particularly valuable in difficult cases.

Another form of acoustic feedback, often referred to as mechanical
feedback, occurs between loudspeaker and pickup/turntable
assembly when loud bass passages are played and cabinet resonance
is transmitted through floor vibration or directly if speaker and
turntable are mounted together, as in Fig. A/4.

=1 & &L

Il

“Now here comes the part I was telling you about . . .
Just listen to that bass.”

Courtesy Australian Magazine, MAN.
Fic. AJ4. Slight acoustic feedback.

Loud grunting and groaning noises may be heard as the
resonances build up. Remedies are: (1) greater rigidity;
(2) spring mounting for turntable; (3) stand loudspeaker on a thick,
soft pad; (4) choose rigid section of floor; (5) cut out excessive bass.

ACOUSTIC FILTER A configuration of acoustic elements de-

signed to transmit certain audio
frequencies and restrict others. A specific type of acoustic filter
may be used in bass reflex cabinets to attenuate middle and high
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frequencies emanating from the vent, and thereby reduce inter-
ference effects with direct cone radiation. The filter also helps to
reduce standing waves within the enclosure and prevents over-
loading by signals below the lower cut-off frequency of the system.
The filter may take the form of a layer of felt, or a sheet of plywood
with slits or small holes.

Ls || Fic. AJ5. Reflex enclosure with Acoustic Filter.
Ordinary saw-cuts 13" apart make suitable
slits. Absorbent lining in upper section only.

HacousTic
FILTER

ACOUSTIC IMPEDANCE Any surface or body which restricts

the flow of sound energy is said to
offer acoustic impedance. By definition, the acoustic impedance
at a surface is the complex ratio of the average sound pressure over
the surface to the volume velocity through it. The unit is the dyne
sec/cm® or acoustic ohm.

ACOUSTIC LABYRINTH A type of loudspeaker enclosure in

which the rear of the cone is loaded
by a pipe designed to be a quarter wavelength long at or near the
fundamental resonance frequency of the unit. The pipe is folded
so that its mouth is brought near to the radiating unit.

Fic. A/6.
Typical acoustic labyrinth.

In the octave above the fundamental resonance of the driving
unit the action of the pipe retards the phase of the rear radiation
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so that it leaves the mouth in phase with the frontal energy and
provides reinforcement. At still lower frequencies the high
impedance of the pipe damps the cone resonance.

Although the labyrinth gives good bass performance for its size
it is liable to suffer from response irregularities at middle frequencies
due to interfering radiation through the pipe.

In theory, it is very nice to talk about making a pipe a quarter
wavelength long at the cone resonance of a given loudspeaker,
but as the resonance frequency alters when the unit is mounted,
the job should be tackled by Chan Canasta.

ACOUSTIC LENS A device which increases the angle over

which the higher frequencies are spread. It
is often fitted to horn-loaded tweeters which would otherwise
become sharply directional above a few thousand cycles per second.

ACOUSTIC POWER The rate of dissipation of sound energy.
It is equal to the product of acoustic
resistance and the square of the volume velocity through it.
Some idea of the enormous variation in sound energy produced
by different instruments is given in the following table, although I
personally always take such sound measurements with a large pinch
of salt. So much depends on how and where the tests are made and
who is playing the instrument. For example, a pianist with no ear
for “tone” will make three times as much noise as one who never
strains the tonal resources of the instrument. However, here for
what it is worth is the table:

Peak Power in

Instrument Acoustic Watts
Bass Drum 36” x 15”7 ... ... 246
Cymbals 15” dia. .. 95
Double Bass ... 0156
Trombone ... ... 64
Piano ... 0437
15 piece orchestra .. 90
75 piece orchestra ... 665
Pipe Organ ... 126

Table showing peak power of musical instruments.
Courtesy Bell Telephone Labs.

ACOUSTIC RESISTANCE UNIT A device patented and

developed by Goodmans
Industries Ltd. for use with vented enclosures. It consists of an
acoustic resistance of predetermined value in juxtaposition with the
usual port opening. This arrangement suppresses the upper
resonance peak and it is claimed to extend the low frequency
response of the system.

ACOUSTIC TILES These are made from several different
materials, including fibreglass, mineral
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wool, sugar-cane fibre and asbestos. The absorbent fibres are
pressed into flat boards of handy size (usually 1’ X 1’ or 2" X 2')
which are easily fixed to walls and ceilings. The tiles vary in
thickness from 3" to over 1”. The thicker grades give more effective
absorption at low frequencies. Even better results are possible by
spacing the tiles away from the wall by mounting them on battens
about 2” thick. The tiles are usually perforated with holes &” dia.
on }” centres, and may be covered with a decorative plastic film,
and they provide a most effective method of reducing noise in office
or workroom.,

AERIAL A system of conductors arranged in space to pick up
transmitted radio signals by electro-magnetic induction.
An aerial may vary in complexity from a length of wire used to
pick up medium wave signals to a complex Yagi* array necessary
to achieve a good signal on VHF in a difficult area remote from
the transmitter. In cases of doubt the advice of a good dealer
should be sought because he is most likely to have had experience
of local conditions. The aerial is a very important part of any
audio system involving a radio tuner. An inadequate or poorly
sited aerial can result in serious distortion on VHF which sounds
remarkably like a loudspeaker with a rubbing voice coil.

The feeder between aerial and tuner is also important, especially
on VHF or TV. Incorrect type or badly made joints may cause
serious mismatching with weak signals on certain stations and/or
distortion.

AIR CORED INDUCTOR An inductor having no iron or

other magnetic material in its
magnetic circuit. Such inductors are limited by practical con-
siderations to values below about 16 mH, but they avoid harmonic
distortion caused by hysteresis effects in iron cores, and they are
therefore widely used in loudspeaker crossover networks, which
must handle large amounts of electrical power without introducing
distortion.

AIR LOADING This refers to the methods used to improve the

acoustic impedance between the vibrating
diaphragm of a loudspeaker and the surrounding air, thus achieving
a better transfer of energy. Horn loading is the most efficient over
a range of about three octaves. Reflex enclosures tuned to low
frequencies improve bass output, and large baffles maintain the
loading on the cone by avoiding cancellation from out-of-phase
sound waves from the other side.

*Yagi, a Japanese radio engineer who pioneered the use of reflectors and directors
with dipole aerials during the 1930’s.
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ALCOMAX A family of anisotropic permanent magnet alloys
widely used in modern loudspeakers.  Various
grades are available for different applications but Alcomax II and
IIT are most commonly employed in loudspeakers.
Typical composition:

Aluminium ... 80%
Cobalt .o 24-09,
Nickel ... 13-0%
Copper e 3:0%
Niobium ... e 0%
Iron ... balance.

Magnets made in America of similar quality are marketed under
the trade name Alnico V, etc.

ALIGNMENT In tape reproduction the gaps of the recording

and reproducing heads must lie at the same angle
relative to the direction of tape motion, otherwise serious loss of
high frequencies will result. The need for alignment does not of
course arise with machines employing a common record/replay
head, but is important if tapes recorded on one machine are replayed
on another.

Alignment is carried out by replaying a standard C.C.I.R. test
tape and adjusting head azimuth for maximum output in the
8-12 ke/s region. The record head (if separate) is then adjusted
for max. whilst monitoring an HF recording signal. It is quite
common to find that the optimum positions for two frequencies,
say 8 and 10 ke/s, are slightly different. This is due to the fact that
the edges of the head gap are not absolutely straight. In such cir-
cumstances the azimuth should be adjusted for the best overall
result.

ALNICO (BRITISH) A group of isotropic permanent magnet
alloys which are lower in alloy content
and in magnetic performance than that obtained from the Alcomax
series. The British Alnico magnetic material is mainly used for the
production of magnets which are embodied in measuring instru-
ments such as ammeters, etc.
Typical composition:

Aluminium ... 1009%
Cobalt ... 12:59,
Nickel ... 18:0%
Copper ... . 6:09%
Iron ... balance.

AMBIENCE This refers to ‘““coloration’” of concert hall, studio

or room which is present in all recordings except
those made out of doors. It varies in character according to the
acoustics of the studio, and in extent according to microphone
technique.
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A ““dry” recording is produced by placing the microphone close
to the source of sound or by using a directional instrument such as a
cardioid or figure-of-eight type to reduce the amount of reflected
sound picked up from walls and ceiling. This technique is necessary
if the recording is to be reproduced in a larger concert hall,
otherwise it sounds as though it had been made in a box; but for
domestic use a reasonable amount of ambience in most records is
desirable to give the listener a sensation of being in the concert hall,
but too much blurs the fine detail.

Ambience and Stereo. One of the most attractive features of stereo
is that a good deal of ambience can be incorporated without loss of
clarity or naturalness because the hall or studio reverberation
appears to be dissociated from the direct sound. (This is just
another way of saying that two channels are better than one.)

Programme Source. The superb acoustics of a place like the B.B.C.
Studio No. 1 at Maida Vale can be recognised in many broadcast
concerts; but an opera from Glyndebourne, although musically of a
high standard, suffers from a ““padded cell’ tone due to the acoustics
of the theatre.

In “pop” records, artificial echo and reverberation are often
added by turning a knob which controls the echo machine, with a
cavernous, bathroomy effect which could reasonably be described
as ambience with knobs on.

AMBIENT NOISE Random background noise due to local

activity. This varies considerably in domestic
rooms according to locality and time of day. Actual measurements
in typical homes are as follows:

House in quiet street—mid morning ... 30dB
—late at night ... 25dB
(The latter figure is virtually silence)
House near main road—mid morning ... 40 dB
—late at night ... 30dB
Room 30 ft. from main road:

Car passing uphill ... b54dB
General mixed traffic ... ... 5H6dB
Pneumatic earth ram ... ... 58dB

The same room with window open:
Car passing uphill ... 62dB
Pneumatic earth ram ... ... 70dB

The annoyance factor depends upon frequency distribution of
energy. Motor-bikes and pneumatic road-mending tools are judged
more annoying than cars and lorries.

Background noise—both indoors and out of doors—is on the
increase, thanks to the internal combustion engine, juke boxes and
continuous loudspeaker use in cafés, bars, shops, etc. (In due
course the quiet places will reap their reward.)
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Deaf people are often worried by ambient noise which covers a
wide frequency range, as it probably includes the register in which
they hear best, and the masking effect makes it difficult for them to
hear and comprehend speech which may be pitched in a less
favourable frequency range.

AMPERE The unit of electric current named after André Marie
Ampére, a famous French physicist, who died in 1836.
One volt across one ohm produces a current flow of one amp.

AMPLIFIER A device for increasing the voltage, current or

power in a circuit. In audio work most of the valve
amplifying stages are designed to increase the voltage of the signals
fed into them. The final stage is the power amplifier designed to
feed the loudspeaker with a few watts of audio power.

AMPLITUDE The maximum value of a movement or signal.

In a loudspeaker or pickup the amplitude is the
maximum excursion away from the quiescent or neutral position
of the mechanism.

AMPLITUDE DISTORTION Simply expressed, this is non-

linearity in amplifier, loud-
speaker, pickup or microphone due to the amplitude of the
incoming signal. Overloading produces it, and the manifestations
are harmonic and intermodulation distortion with a hard and
gritty sound quality.

Amplitude distortion is difficult to calibrate or specify because
tests at spot frequencies are often quite misleading. For instance,
give a loudspeaker five watts at 40 c/s and it may produce a wave
form similar to the Himalayas, but spread the five watts over a few
octaves and you may have something like the smooth undulations
of the Sussex Downs.

ANECHOIC Meaning without echo, this term is used to describe

heavily damped rooms used for acoustical measure-
ments, known also as dead rooms. The walls, floor and ceiling are
usually fitted with wedges of absorbent material which give almost
total absorption of sound at frequencies above which the wedges
are half a wavelength long. At low frequencies, some allowance
for reflection effects has to be made unless a very large room is
used—say 30 ft. long after treatment with very deep wedges.
(See also Free-field.)

ARMATURE Originally this referred to the bar of magnetic
material which vibrated between the pole pieces
of the magnet system in the old balanced armature loudspeaker.
Today it usually refers to the moving parts in magnetic pickups
to which the stylus is attached.
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ARTICULATION The intelligibility factor in speech. In an

articulation test, a large number of words or

syllables are read or reproduced in controlled conditions and the

percentage of correct answers recorded by the listeners constitutes
the percentage articulation or intelligibility factor.

Articulation is affected by the nature and amount of reverbera-

tion and also by ambient or masking noise which may be present.

ASYMMETRY Lacking in proportion or symmetry. Stereo-

phonic reproduction is often affected by rooms
which are asymmetrical in the acoustic sense, due to their geometry
or furnishing. The sound field radiated by a loudspeaker depends
upon the absorption and scattering effects of nearby obstacles.
Therefore if the room is lop-sided the performance of two similar
speakers disposed on opposite sides of the room may be quite
different, thus leading to unbalance on stereo.

ATTACK One of the most important properties of a loudspeaker
is its ability to reproduce sharp percussive sounds

without blurring or hangover. This property is known technically

as transient response but is often referred to as attack.

The qualities conducive to good attack are:

Wide frequency response;

Low coloration;

Adequate electro-magnetic damping from good magnets (in

moving coil speakers) ;

Properly designed enclosures or methods of mounting;

. Good amplifier with reasonable damping factor.

(See also Transients.)

G W

ATTENUATION A reduction of amplitude or signal strength.

AUDIO Derived from the Latin qudire, to hear, the word audio
is now used to refer to the general science and industry
of sound reproduction.

The effective audio range covers about nine octaves, say 30 to
18,000 c/s, but nobody has perfect ears and we all hear at levels
which vary according to frequency.

Although some pipe organs go down to 16 ¢/s, the lowest notes
are felt more than heard and it does not matter if you press the wrong
pedal below about 25 ¢/s unless the stop is coupled to another in a
higher register. Bottom A on the piano is 275 c/s but contains little
fundamental; most of what you hear is in the harmonics at 55 c/s,
82-5 c¢/s, 110 c/s and so on. In records, things begin to fall away
below 40 c/s and you would need a very special type of magnifying
glass to find anything worth having below 30 c/s.

At the other end of the scale, harmonics of musical sounds may
go very high in frequency, but level response to about 15 kc/fs is
adequate for life-like results.
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In some hi-fi circles it is customary to talk about frequency
response of 20 to 20,000 cycles, which is about ten octaves.
This may be necessary in amplifiers and other items of equipment,
but is out of reach acoustically under average working conditions.

AUDIO FAIRS The first B.S.R.A. Exhibition held in the

St. Ermin’s Hotel, London, on Saturday and
Sunday, May 29th and 30th, 1948, at which fifteen firms exhibited,
could fairly be described as the first-ever Audio Fair.

In America, the first Audio Fair was in the New Yorker Hotel
on October 27th, 28th and 29th, 1949. There are now about forty
Audio Fairs a year being held in America, but we are limited to
one main show per annum in London, and one in the north.

Attendances at these demonstrations show no signs of falling off
and it is a reasonable assumption that they will be with us for a
few more years. Fortunately, there is less “sound and fury” than
there used to be.

AUDITORY PERSPECTIVE The impression of spaciousness

and depth which can sometimes
be achieved using single channel equipment by skilful microphone
technique and studio design, but more convincingly done by
stereo.

AUTO-TRANSFORMER A transformer in which a portion of

the winding is common to both
primary and secondary circuits. This type of winding may be used
for loudspeaker matching transformers and for mains voltage and
adjustment, e.g. between 240 v and 117 v, for which a circuit is
given in Fig. A/7.

Frc. A/7.

Auto-transformer for ac mains
240 v to 117 w.

2400 Core—3" X 24" x 17,
Turns—2400, tapped at 1200.

. Wire—32 swg enamelled copper.

AXIS In a moving coil loudspeaker the principal axis is an imag-

inary line passing through the apex of the cone at right angles
to its base. At high frequencies most of the radiated energy is
concentrated in a narrow beam along the axis, and it is therefore
customary to take frequency response curves with the measuring
microphone located somewhere along it. In order to assess the
change in directivity with frequency it is useful to consider other
response curves taken with the microphone placed at 30°, 45° or 60°
off axis.
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AZIMUTH This term was originally used in astronomical

measurement. In tape reproduction it refers to the

angle between the planes of the recording and reproducing head

aps relative to the direction of tape travel. It is essential for the

azimuth to be zero in order to minimize high frequency losses in
reproduction. (See Alignment.)

B.A.F. Bonded acetate fibre. A type of absorbent wadding made
from crimped cellulose acetate fibre bonded with a
plasticizer. It is an excellent acoustic absorbent and thermal
insulator. It is light in weight and clean to handle, and is therefore
becoming widely used for lining loudspeaker enclosures as well as in
architectural acoustics and heat control. Some idea of its properties
may be gleaned from the tests with circular columns described in
Section C.
The makers of B.AF. are Southalls (Birmingham) Ltd., Industrial
Division, Charford Mills, Saltley, Birmingham 8, from whom
supplies may be obtained.

B.B.C. British Broadcasting Corporation. Formed in 1927 from

the earlier British Broadcasting Company. Must be
numbered among the most responsible and culturally sensitive
broadcasting organisations in the world.

B.R.E.M.A. British Radic Equipment Manufacturers’ Associa-
tion. Address: 49 Russell Square, London W.C.1.

B.S.R.A. British Sound Recording Association. Run by amateurs,
this association is interested in all aspects of the art of
recording and reproducing sound.

Monthly lectures are arranged during the winter months at the
Royal Society of Arts, John Adam St., London, usually on a
Friday evening.

The Hon. Secretary is Mr. S. W. Stevens-Stratten, 40 Fairfield
Way, Ewell, Surrey.

The B.S.R.A. Journal is published quarterly, and the address of
the Editor, Mr. J. W. Godfrey, is Friends Bungalow, Long Sutton,
Langfort, Somerset.

BACK EMF When a conductor moves in a magnetic field so

as to cut magnetic lines of force, an electromotive
force is induced in the conductor in such a sense that, if a current
is allowed to flow, the secondary magnetic field so created around
the conductor will be in opposition to the primary field. This is
known as Lenz’s Law,
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In other words, if a coil of wire immersed in a magnetic field is
used to generate motion (motor action) the coil cannot escape
having a voltage induced in it by generator action. The induced
voltage will push against or back off the driving voltage and is
therefore known as the back emf.

The effect of the back emf is to produce an apparent increase in
the impedance of the coil since less current is passed for a given
applied voltage. The greater the velocity attained by the coil, the
greater will be the back emf and the higher its apparent or motional
impedance. This is clearly demonstrated by the increase in
impedance of a moving coil loudspeaker in the region of its funda-
mental resonance where the voice coil is moving rapidly. The
impedance peak is due entirely to back emf, and shows up as a rise
in voltage which may be largely absorbed by adequate electro-
magnetic damping.

BACKGROUND NOISE A combination of unwanted random

noises which may accompany re-
corded or broadcast programmes, but are today very well controlled
in good equipment. The worst offender—needle scratch—has been
virtually eliminated by the use of suitable plastics for producing
discs. (A lecture on the development of recording given by
Mullards a year or two ago was neatly and aptly entitled “Starting
From Scratch.”)

BAFFLES One of the first methods of mounting a moving coil

speaker was to use an open baflle, and there is still a
lot to be said in its favour, absence of enclosure resonance and use
of sound from both sides of the cone being the main benefits.

Wall mounting gives a true infinite baffle, but limits the sound
in one room to the output from one side of the cone. Small total
enclosures are sometimes referred to as infinite baffles but this is a
misnomer. The smaller you go with such enclosures, the more
sound absorbents you must pack into the box, and this proves there
is something wrong.

In theory, the distance across a baffle must be half a wavelength
to avoid cancellation effects, but in practice, floor and wall reflec-
tions in ordinary rooms help to improve LF performance, and
mounting two or more speakers in parallel and in the same plane
has a similar effect.

The avoidance of panel resonance is just as important with open
baffles as it is with other forms of mounting.

The whole subject of baffle mounting was thoroughly investigated
in the 5th Edition of Loudspeakers. See Piano Chart for baflle size
related to frequency.

BALANCED ARMATURE This loudspeaker driving system was
extensively used 28/30 years ago. It
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consisted of a horseshoe magnet, a reed with push-pull operation
surrounded by a coil, and a cone or diaphragm attached to one end
of the reed. Its days were numbered as soon as the moving coil
design appeared on the market.

BASILAR MEMBRANE A part of the human hearing mechan-
ism which analyses sound into its

various components.

BASS The general meaning is deep-sounding. A bass voice covers

a fundamental frequency range of 90 to 300 c/s; a bass tuba
and a double bass range from about 40 to 380 c/s. The lowest
portable instrument is the double bassoon, 33 to 350 cfs. The
bottom note on a piano is A at 27-5 cfs, and some organs go down
to 16 cycles.

It is difficult to specify what the real bass frequency range
actually covers. Middle C on a piano is 261 ¢/s and hardly sounds
like bass to the ear, so perhaps we could start an octave lower and
say 130 cycles downwards, which is roughly the bottom two octaves.

In sound reproduction, most of the bass we hear comes in the
octave around 65 to 130 c/s. To reproduce this fully with a single
loudspeaker on an open baffle suspended in free air (i.e. not touching
floor, walls or ceiling) a baffle diameter of about 8 ft. would be
required. From this, it is logical to conclude that the average
radio set or portable record player produces little or no real bass
unless hitched up to a bigger speaker system. Fortunately, all the
bass notes in music contain harmonics, and the human ear helps
to replace the missing fundamental, so our table sets never sound
quite as bass-less as they really are.

Records. In records, the bass is well maintained down to about
40 c/s, but it is generally agreed that there is not much worth
worrying about below that frequency, which incidentally has a
wavelength of 28 ft. If you can reproduce the bottom note of a
double bass properly, you are not doing badly.

Small Enclosures. During recent years the bass output from rather
small cabinets (less than 2 cu.ft. in volume) has been improved by
adopting units having very low fundamental resonances and fitted
with more linear suspension systems which allow large cone excur-
sions without audible distortion.

With larger reflex or horn loaded systems, the loudspeaker
receives a great deal of help at low frequencies, and a little distortion
from non-linearity in the suspension is often swamped by the
reinforced fundamental. In the new compact systems, the unit
has to do all the work virtually unaided, necessitating large linear
excursions with freedom from air leaks through the surround or
panel joints.

Most of the compact systems use 12” loudspeakers, but smaller
units can be employed if reduced acoustic power output is



29 B

acceptable. An 8" unit with bass resonance around 30 c/s would
be difficult to make and in a small enclosure would have to attain
enormous voice coil velocity to reproduce 30 cycles at the same level
as a bigger unit or bigger enclosure.

For easy reproduction of good bass, the old maxim “the bigger,
the better” still applies, within reason.

BEAM EFFECTS Most loudspeakers are very directional at high

frequencies, and when the sound waves shoot
out in a straight line they produce beam effects, which annoy some
ears more than others. Methods of spreading the beam include the
Slot Diffuser and the Acoustic Lens. A simple remedy is to
face the offending speaker upwards or at an angle so that the sound
is reflected from wall or corner.

BEATS When two sounds are heard which differ only slightly

in frequency, the ear can detect the difference frequency
as a cyclic variation in amplitude. These amplitude pulses or beats
add greatly to the richness of musical sounds, but they are also put to
practical use in the tuning of instruments, since the speed of the
beats indicates the spacing between two nearly identical notes.
Laboratory oscillators are tuned in a similar manner by allowing
the output signal to beat with a small voltage, derived from the
ac mains, shown on a meter.

BEL The logarithmic ratio between two acoustic or electrical

powers, so named after the inventor of the telephone—
Alexander Graham Bell, 1847-1922. Because one complete bel
is a big change, it is usually more convenient to work in decibels.
As the name 1mplies, a decibel is one-tenth of a bel.

BIAS, H.F. In tape recording it is essential to apply magnetic

bias to the recording medium along with the signal
in order to avoid the harmonic distortion which would otherwise
result due to inherent non-linearity of the magnetic material. The
application of bias also greatly increases the sensitivity of the
recording process.

In all but the cheapest machines high frequency bias is employed
by feeding the recording head simultaneously with the required
signal and a supersonic current usually between 30 and 100 kc/s.
The recorded noise level can be affected by the shape of the bias
waveform, and the strength of bias should be adjusted for optimum
results with each type of tape. This is always carried out in profes-
sional work, but domestic machines are set at a compromise value.

BIFILAR A method of transformer construction in which the

primary and secondary turns are wound side by side,
turn for turn. This technique ensures very close coupling between
windings and can be safely used when high voltages are not
developed between primary and secondary.
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BIMORPH Literally means two shapes, and is applied to an
assembly of two piezo-electric crystals used to gener-
ate signals when subjected to mechanical-deformation. There are
two main types, benders and twisters. The latter are sometimes
called torsion bimorphs. Both types of assembly can be used in the
construction of pickups and microphones. Ceramics are bender
bimorphs and are being used more and more for stereo pickups.

BINAURAL Listening with two ears. Sometimes wrongly applied

to stereophonic recording and reproduction. All
normal hearing is binaural, irrespective of whether the programme
material is mono or stereo.

BLUMLEIN, A.D. Alan Dower Blumlein was probably the
greatest genius ever known in this country in
the field of electro-acoustics.

We are indebted to Mr. H. A. M. Clark, Technical Director,
Records and International Division, E.M.I. Ltd., for his assistance
in drawing up the following brief summary of Blumlein’s career,
Mr. Clark having enjoyed—as he puts it—the privilege of working
with him from the date he joined E.M.I. to the time of his tragic
death.

Blumlein was born in 1903 and after his education at Highgate
School and the City and Guilds College of Engineering in London,
he joined the Standard Telephone Company and was engaged in
telephone engineering. He made most valuable contributions in
connection with the loading of long-distance telephone cables and
to the technique of measurements used.

He joined the Columbia Graphaphone Company in 1929 and
among his early inventions was a moving coil disc cutter in which
the damping was applied electrically. Similar principles were
applied to a moving coil microphone resulting in an electric
recording system having a wider frequency range and lower dis-
tortion than those in general use at that time. After the formation
of Electric & Musical Industries Limited, his developments in
electric recording were adopted by the group. By 1934 he was
actively engaged on the development of a fully electronic system of
television and he was largely responsible for the specification of the
standards of the E.M.1. television system which was adopted by the
B.B.C. and which has formed the basis of the British 405 line
system with hardly any modifications.

In his short working life he took out well over a hundred patents,
some of them covering such important inventions as the slot aerial,
the ultra linear output stage, the use of inductively coupled ratio-
arms in measuring bridges, and some very advanced ideas in the
application of negative feedback.
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His contributions to the war effort included automatic ranging
circuits in fighter interception radar and many features of the blind
bombing equipment known as H,S and it was in connection with
this work that he was involved in a fatal air-crash in June, 1942,

Among his many inventions covering a wide field of activity,
the most famous today is British Patent Specification No. 394,325,
dated 1931, which describes in detail a system of stereo recording
and reproduction.

This amazing document deals with microphone pickup
techniques, film recording methods, and the design of cutter heads
and pickups for single groove stereo discs, and even means of
transmitting stereo signals by radio.

Blumlein stated that “it is preferred not to cut one track as
lateral cut and the other as hill and dale, but to cut them as two
tracks whose movement axes lie at 45° to the wax surface, or at
some convenient angle dependent on the relative available intensi-
ties from lateral cut and hill and dale respectively.”

Thus A. D. Blumlein foreshadowed 45/45 stereo discs twenty-five
years before they made their commercial début. In comimenting
on this Patent in the April, 1958, issue of the Fournal of the Audio
Engineering Society of America, the Editor said: “When it is realised
that many of the ideas, psychoacoustic, mechanical and electrical,
set forth in this document of 1931 are only now gaining wide,
popular currency, one may well reflect on the magnitude of the
economic forces which control the viability of inventions.”

BREAKUP A term used to describe the condition in a loudspeaker
when the diaphragm does not move in phase with
the driving force over its entire surface. This fault attends all
loudspeakers in some degree but is most common in the cheaper
brands of paper cone, moving coil types, where breakup resonances
may be introduced deliberately to increase the sound output at the
expense of smoothness and give an impression of greater sensitivity.
When breakup occurs some areas of the cone move with higher
velocity than others, and may even move in opposition to the sense
of the voice coil. This is illustrated by the two photographs in
Fig. B/1 where the lycopodium dust has moved away from the high
velocity areas and collected along the nodal lines.

Poor transient response and blurred results with the production
of sub-harmonics usually attend breakup resonances. Proper
choice of cone textures and shape, with soft edge termination, help
to keep the disease under control.

The theory that a speaker system with all the cones limited to
piston action should give excellent results has often been pro-
pounded. We made a test a few years ago and came out with a
5-way system embracing 157, 10”, 8", 5” and 3" units, with a 5-way
crossover network containing more than a dozen coils and capaci-
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8,800 cfs.
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500 cfs.
Fic. Bf1. Iilustrations of cone breakup.

tors, After careful listening tests, it was decided that the benefits
of piston action were not easily recognised and the cost and intricacy
of the dividing networks outweighed any breakup effects from a
more normal 2- or 3-way system. (It is sound economy to remem-
ber that the more inductors and capacitors you put into a crossover
network, the more power is thrown away.)

BRICK ENCLOSURE For optimum LF results with almost any

loudspeaker, a corner enclosure is hard
to beat, and if built of bricks or concrete all structural resonance
is avoided. This in turn avoids absorption of energy at very low
frequencies, and the absence of coloration at middle frequencies
improves transient response.

The response curve in Fig. B/2 shows that even an 8” unit will
maintain a good level of output down to about 40 ¢/s when given
the necessary backing, an achievement which is impossible on a
small scale.
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Fic. B/2. Response of 8" unit in 9 cu.ft. corner brick enclosure.
Cone resonance 52 cfs. Input 1 watt.
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Thanks to stereo, smaller, portable cabinet models are being
widely used, as few rooms can be equipped with a couple of corner
speakers at a reasonable distance apart, but the brick design is
repeated here for the benefit of those who may still be interested
in optimum results from at least one system. An arrangement for
separate 8” middle and 3” top speakers is included in the diagram.
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Fic. B/3. Brick corner enclosure, 9 cu.ft., used with no interior lining
or absorbents.

According to our cartoonist, domestic differences of opinion
about such enclosures existed in olden days.

Fic. B/4.

Early experiments.

"I THINK IT SOUNDED BETTER WITHOUT

THE CAVE ..... M
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C.B.C. Canadian Broadcasting Corporation.
C.B.S. Columbia Broadcasting System, Inc. (U.S.A.).

C.C.I.R. Comité Consultatif International des Radiocommunica-
tions, Palais Wilson, Geneva, Switzerland.

The C.C.I.R. is the radio consultative committee of the I.T.U.,
(International Telecommunication Union) of the same address.
It was established in 1927 to study technical and related questions
concerning international radio communication and to give its
opinion on those questions.

CRT Cathode ray tube. A large evacuated envelope, usually of

glass, fitted with a means of generating and focusing a
narrow beam of electrons onto an internal fluorescent screen.
Cathode ray tubes are employed in television, radar and
oscillography.

CABINET Anybody who reads this bocok already knows what a

radio or loudspeaker cabinet is, but I did look the
word up in the Oxford and in Chambers’s to see if an apt description
could be found. The best was ‘“case for keeping valuables or
displaying curiosities”.

The subject is far too big to be tackled in a digest. Many books
are available and most loudspeaker makers in England and America
supply cabinet construction sheets free of charge to suit their models.

Separate cabinets designed to obtain maximum results from a
loudspeaker are now the order of the day in the high quality market.
Many radiograms are beautiful pieces of furniture, but you can’t
have it both ways and the only scientific way to design a loudspeaker
enclosure is to put acoustic requirements first and appearance
second.

Stereo has made independent speaker enclosures an even more
pressing need, as optimum results are impossible if single cabinet
compromise is indulged in. Two speakers 6 to 8 ft. apart are the
ideal in the average living room.

During the last two or three years great progress has been made
in the design of small enclosures up to about 2 cu.ft. in volume.
Excellent bass response down to 30 c/s can now be obtained, and
the popularity of such models for stereo is understandable and
reasonable. The fact remains that bigger models still give better
results. (I rarely ride in a Rolls-Royce, but whenever I do I find
it superior to the latest and most cleverly designed 10 h.p. car
which, however, is easier to park.)
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CANTILEVER In a general sense a cantilever is a rigid arm
supported at one end, the other end being free
to move.

The device is often used in pickups, usually crystal or ceramic
types, but also in some of the modern moving coil and moving
magnet models designed for stereo. The stylus is attached to the
free end of a thin rod, or strip of metal or plastic, the other end
actuating the voltage generating elements, the main purpose of
the cantilever being to reduce the mechanical impedance at the
stylus.

The schematics of Fig. C/l1 show three applications of the
system in stereo pickups.
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Fic. C/1. Cantilevers in stereo pickups.

A—Crystal.
B—-Moving coil.
C—Moving Magnet.

Early loudspeakers such as the moving iron and balanced
armature types also used the cantilever principle, but reed
resonances were prominent and movement was unduly restricted.
In pickups, the cantilever strip can be made to supply the necessary
compliance and also to transmit the stylus vibrations faithfully and
uniformly over a wide frequency range without introducing
resonances.

CAPACITANCE (Capacity.) The ability of a capacitor or
condenser to store electrical energy. Electro-
static capacitance is measured in farads. (See Farad.)

CAPACITOR An assembly of conducting plates separated by an

insulator (called the dielectric) which possesses
electrostatic capacitance. Still referred to in conversational terms
as a condenser.

CARDIOID See Microphone.

CARTRIDGE The head of a pickup containing the voltage
generating mechanism and stylus assembly, which



C 29

clips on or plugs in to the tone arm.

CASSETTE Known also as tape cartridge or magazine, this
replaces the two separate reels normally used on tape
recorders, the machines being specially designed for single loading
with the cassette. Although the nuisance of tape threading is
avoided, the facilities of editing are also largely sacrificed.

Just as 33"/sec cassettes were showing signs of settling down in
the market, a new 1}"/sec system was announced in America (see
under Tape Recorders) and the future is again clouded in glorious
uncertainty.

CATHODE FOLLOWER A valve amplifying circuit in which
the load is included in the cathode
circuit instead of the anode, as is more common.

Important characteristics of the cathode follower are its high
input impedance and low output impedance. It can therefore be
used as an impedance transforming or matching device. The gain
or amplification is usually slightly less than unity. (This is a
bit of technical jargon meaning that there isn’t any gain, but there
is usually a loss. Speaking commercially, the cathode follower is
a non-profit making concern.)

Cathode followers are used with condenser and crystal micro-
phones which require high input impedance. They are often
employed to couple separate preamplifiers and main amplifiers
via long lengths of cable at low impedance.

CAVITY RESONANCE If a loudspeaker is mounted behind

a very thick panel, as at A in Fig. C/1A,
sound wave reflections across the opening will produce cavity
resonance. This effect can be avoided by mounting the speaker as
at B.

A B Fie. C/1a. To avoid cavity resonance
use arrangement B.

The resonance effects are negligible if the length of the pipe is
less than about one-tenth of its diameter.

The main cavity resonance occurs where the wavelength is
approximately equal to the circumference of the cavity. Thus,
with a 10” loudspeaker fitted to an aperture of 834" dia. the resonance
will occur around 500 c/s, but its effect will be negligible if the
depth of the cavity is less than §”.
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Similar effects arise with microphones, but naturally at much
higher frequencies.

You can easily make a test by speaking through a pipe or tube
a few inches long. Obviously, the longer and narrower the tube,
the more devastating are the effects.

CENTIGRADE Temperature scale widely used in scientific work

and normally used on the continent. Derived
from the Latin centum a hundred, and gradus step, it was first used
in Celsius’s thermometer, and places the freezing point of water at
0° and boiling at 100°.

To convert degrees centigrade to fahrenheit multiply by 9,
divide by 5, and add 32° or easier still, used the following table.
Intermediate values are found by adding 5° or 0-5° to centigrade
against 9° or 0-9° to fahrenheit.

TEMPERATURE TABLE
Centigrade Fahrenheit
0° 3

Freezing point ... 2°

10° 50°

Normal room, G.B. ... ... 18:33° 65°

» » US.AL L. e 21410 70°

Heat wave, G.B. ... 30° 86°
Human body ... ... 36-9° 98-4°

Heat wave, U.S.A. .. 40° 104°

5 ,» India ... B0° 122°

60° 140°

70° 158°

80° 176°

90° 194°

Boiling point of water at sea level ... 100° 212°

CENTRING DEVICE Used in moving coil loudspeakers to

prevent the coil fouling the sides of the
magnet gap, and also to help to maintain the correct elevation
when the coil is at rest. A perfect specimen would be seen and not
heard, and would have infinite axial but no lateral flexibility.
There is no such device, although designers have been trying hard
to produce one during the last thirty years. It is difficult to increase
flexibility without losing horizontal control.

CERAMIC Originally pertaining to pottery, this word now has

wider applications in the field of audio. Many years
ago we made an old kitchen sink into a loudspeaker enclosure with
excellent results acoustically, but appearance and weight militated
against its popularity.

Ceramic magnets made of barium ferrite material can be pressed
and sintered to exact shapes and have been widely used for cathode
ray focusing, cycle dynamo magnets, door catches, etc. Larger
ring type ceramic magnets are also being developed for
loudspeakers.
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In pickups and microphones bender bimorphs of lead zirconate
are known as ceramic, and are not so easily affected by heat and
humidity as the long established Rochelle Salt units.

CHANNEL SEPARATION In recording and reproducing

stereo, some of the information
from the left-hand channel is inevitably reproduced in the right-
hand channel and vice versa. The amount of cross modulation
or cross-talk between channels varies with frequency and also with
the type of equipment in use.

With tape it is not difficult to achieve channel separation in
excess of 40 dB over the greater part of the frequency range although
this is usually reduced at very high frequencies. With 45/45 discs
the position is not so good because it is difficult to design a pickup
to give better separation than 25 dB at middle frequencies diminish-
ing to 10 dB or less at each end of the scale. Possible variations
are pictured in Figs. G/2 and C/3.
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The minimum cross-talk tigure for good stereo has still to be
established. Cross modulation exists within the human head itself
due to bone conduction and it has been suggested that it may
not be worth while trying to achieve a system separation in advance
of the normal physiological limits. Meanwhile, designers of stereo
pickups continue to reduce cross modulation as much as possible
at all frequencies.
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CHASSIS Known in some countries as cone housings, cradles or
baskets, the LS chassis is used to maintain the position
of the cone, to anchor the centring device, and to carry the magnet.
Usually made in pressed steel or die-cast aluminium alloys, the
tool charges are high for both types, but in the final product the
die-casting is much more expensive, and is usually superior in
rigidity and open construction which avoid resonance, loss of shape,
and ‘“‘boxed-in” tone colour.

CHATTER When the 400/500 headings for this book were being
drawn up and allocated, I noticed that our Technical
Editor had put my initials against Chatter. Ignoring the compli-
ment, I will explain that the term usually refers to needle chatter
in pickups and is due to the mechanical vibration of the moving
parts, and the record surface, which occurs with some pickups
more than others. It has been stated that the absence of audible
chatter proves that the stylus is maintaining perfect contact with
the groove, but this is hardly the case, as it depends more on the
physical dimensions of the moving parts and the amount of damping
applied to them.
In moving coil speakers, loose turns in the voice coil will vibrate
on their own and produce “chatter”.

CHOKE See Inductor.

CLIPPING When an amplifier is operated at high volume close

to its maximum power handling capacity the highest
peaks in the programme will be cut off if the input signal drives
the amplifying circuits beyond their overload point.

Fic. Cj4.

f /{Ujr::\\[/ Peak  clipping  when
SIGNAL
/ amplifier is overloaded.

—

o

QUTPUT VOLTS

INPUT VOLIS
e
<
Moderate peak clipping does not cause serious audible distortion
in a properly designed amplifier but there will be some roughness
and hardening of tone quality. Distortion will be noticed however
with poor quality amplifiers which produce parasitic oscillations
when overloaded.
_ Distortionless methods of peak clipping are deliberately employed
in bxl‘oagcasting to protect high power transmitters from accidental
overload.
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COAXIAL This word is normally used to describe a loudspeaker

built with a large gap for LF and a small one for HF,
provided with flux from a common magnet. Thus a wide range
model can be produced in the one chassis.

COBALT A metallic element used in the composition of many

permanent magnet alloys. It is now one of the world’s
strategic materials costing about £1,200 per ton today, compared
with £2,070 some five years ago.

Just in case the reader is interested in speculating in important
metals, we have dug out the following current quotations for
comparison with cobalt:

Aluminium ... 4186 per ton
Copper ... o £248 )
Nickel ... .. 4600
Tin L. Lusd
Tungsten... ...£1,600 ,,

(Personally, I would rather have 1,046} Savings Certificates
than a ton of tin.)

COCHLEA The inner ear comprising the mechanism which
detects and analyses sound.

COERCIVE FORCE The magnetomotive force required to

reduce the remanent magnetism in a
permanent magnet o zero.

The diagram shows a typical magnetisation or BH curve. The
remanent magnetism is Br and the coercive force required to fully
demagnetise the specimen is Hec.

+Bqauss)
Fic. C/5. // .
Typical magnetisation
M He—] +H
or BH curve. / (oersteds)
-8

COERCIVITY Strictly speaking coercivity is the same thing as

coercive force but by common usage is now
associated with magnetic tape rather than permanent magnets.
In magnetic tape, coercivity is an important factor in determining
high frequency response since high coercivity resists the self
demagnetisation effects which become more serious as frequency
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goes up or as tape speed is reduced. Unfortunately, high coercivity
tapes demand higher recording and bias currents and are very
difficult to erase. Older types of tape recorder will often fail to
completely eliminate an unwanted recording and a bulk eraser
must then be used.

COLUMAX A super grade of permanent magnet material

similar to Alcomax but possessing a higher degree of
grain orientation. It is very expensive and is used where high
performance magnets are required with minimum size and weight.

COLUMN SPEAKERS Fitted with a suitable 8" or 10” unit, a
column gives remarkable results when
judged on a cost ». performance v. floor space basis.

Many listeners have found columns satisfactory for stereo because
they give virtually omni-directional results and work well with a
different type on the other channel provided it is not too directional.

Having recently devoted quite a lot of time (and energy when
on sewer pipes) to the testing of column loading, we are reporting
fully on our findings.

Design Data. The basic requirements for good results with
reasonable dimensions are as follows:

1. Cone area must be considerably less than the cross-sectional
area of the column, to ensure reasonable air loading.

2. The panels and corners of any column structure must be rigid
to avoid resonance. Concrete gives excellent results but inter-
feres with mobility.

3. An oblong shape is better than a square (even when playing
Rock 'n’ Roll) but square is better than circular.

4. The whole enclosure must be airtight apart from the vent (or
vents) which should be fairly near the floor for maximum
radiation at low frequencies.

5. An acoustic filter inserted about one-third of the way up helps
to reduce harmonic resonance and improves rigidity in plywood
types.

6. In rectangular columns, the portion above the filter should be
lined with 1” thick wadding or B.A.F. to reduce reflection effects.
In a circular pipe, a roll of wadding should be inserted above
and below the filter in place of the simple lining, to impede
sound reflections and make up for reduced volume of air loading.
(A square pipe 12" x 12" and 3 ft. long gives 3 cu.ft. but a 12"
dia. circular shape gives only 2:35 cu.ft.)

7. As the loudspeaker faces upwards, a cone-shaped diffuser should
be fitted to disperse the treble horizontally, say 4” dia. with
8” units, or 6” dia. for 10” speakers. This section of the column
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above the loudspeaker should be fitted with an open grille or
mesh to avoid “boxed in” tonal effects.

8. Lengthening a column lowers the frequency of the harmonics,
but if a height of 4/5 ft. is reached the sound is rather loftily
radiated, and has a disintegrated effect if the vent is placed
near the floor for maximum bass radiation.

For these reasons, we prefer columns of moderate height, with
acoustic effects dealt with by adequate cross-sectional area and
internal treatment.

DESIGNS

Constructional details for various columns for use with 8” and
10” units now follow.

Satisfactory results with 10” units can be obtained by increasing
the dimensions of 8” models by 20/25%,.

Results with 12”7 speakers are disappointing unless abnormally
large pipes or columns are used, when the economy of space no
longer applies. More conventional forms of mounting are therefore
recommended for 12” units. (Columns for 15” models are out of
the question.)

PLYWOOD COLUMN

4" DIA DIFFUSING CONE
. SUPPORTING BRACKET

) 7" DIA HOLE

14" SQUARE BATTENS

" GLUED FULL LENGTH
DOWN EACH CORNER
FOR RIGIDITY

1“DIA DOWEL

17 THICK WADDING
ON 4 SIDES ABOVE
ACOUSTIC FILTER

j— ACOUSTIC FILTER WITH
7" SUTS 13" APART

9" LONG BY 55" WIDE
SECURELY BRACED

TO SIDES

TWIN PORTS 9" x 1"

MATERIAL 4 PLYWOOD

DIMENSIONS OUTSIDE

47 PLY AIRTIGHT

Fic. C/8. Plywood column (with solid wood corners) for 8” unit. Weight 30 lb. approx.
Internal volume 3 cu.ft. approx. The dowel must be tightly wedged between the two
panels to control resonance.



36 C
CONCRETE COLUMN

The results here are superior to those obtained from the
previous figure.

Fie. C/7.

Concrete column,
approx. 3 cu. ft.

Twin ports 12" x 17
or single

opening 12”7 x 2",
Dimensions:

Inside 13”7 x 117,
Outside 177 x 15",
Height 3 ft.

The coloured concrete blocks measure 12" X 6” X 27, weigh
104 1b. each, and are obtainable from builders’ merchants. The
entire structure weighs about 24 cwt.; but if fitted to brick wall or
corner up to 509, of the blocks can be omitted and the twin ports
arranged to clear the skirting-board.

A column 36" high is satisfactory with an acoustic filter inserted
one-third of the way up.

The acoustic filter should be as specified for the wooden column.

The baffle on which the speaker is mounted must make an air-

tight fit to the top of the column, which is lined with 1” absorbent
material above the filter.

The finished column is easily painted or papered to match the
walls of the room, or may be covered by thin plywood panels.

THINNER SLABS

In some districts the 12" 6" x 2” slabs are not easily obtainable,
but thinner and smaller ones may be. A diagram using slabs
9" X 6" X 14" is outlined in Fig. C/8. This gives about 4 cu.ft.
internal volume and is suitable for 8” or 10” units.
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IN 4" PLYNOOD CP= LAYER OF %"
WITH 7 SLITS CEMENT OR PLYWOOD
10" LONG 13" APART P « TWIN PORTS 6" x 3"
B = WOODEN BATTEK AT OPPOSITE SIDES
11"X1%X 1" GLUED TO W - THESE PANELS COULD BE
PILTER, IN SOLID WOOD 14" THICK
IF CONCRETE IS DIFFICULT

TO CUT,

Fic. C[8. Concrete column, 4 cu.ft., using slabs 9" X 6" x 13" and suitable for
8” and 10” units.

CIRCULAR COLUMNS

Drain Pipes. Those who wish to avoid the heavy building operations
associated with concrete slabs, and also to have a movable assembly,
may turn to ready-made sewer pipes as illustrated in the following
figures. We have bought the 8" model from local builders’
merchants at 12s.6d, and the 10” model at about 25s.

Results are not so good as with the rectangular slabs because the
internal volume is less and the circular shape is acoustically poorer,
but the two rolls of wadding help to produce satisfactory
performance. See Figs. C/9 and C/10.

A larger pipe is pictured in Fig. C/11. This gives very good results
with a suitable 10” unit.

(If the pipe is turned upside down, a 12”7 unit can be fitted in
the wide section but this is not recommended as results are
unsatisfactory.)
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Details of components.

Fic. C[9. Exterior and interior views of forous concrete drain pipe assembly for 8” unit.
1-3 cu.ft. Height 3 ft. Dimensions: 117 outside dia., 9" inside dia. Weight 106 [b.
Two vents 3" X 3" in base, or one 3" x 13",

Fic. C/11.

Drain  pipe for 10"
speaker, giving about
25 cu. ft. in volume.
Height 3" 3”.
Dimensions:

12" inside dia.
144" outside dia.
Weight about 145 [b.
Two vents in base,
3" X $" or one 3" X 14",
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One of the odd things about columns is that the bass often
sounds better than it really is, and the need for a separate tweeter
may be felt, more so with 10” units than 8”. A convenient method
of mounting is shown in Fig. C/12. The speakers are connected
in parallel with 4 Mfd isolating capacitor for the treble unit.

Fic. G/12.

L

Column with two
speakers.
T == Tweeter.
D = Diffuser.

Column mounting is suitable for the home constructor; results
with 8” and 10” units can be very good, and the cost with concrete
models is extremely low. It should however be pointed out that
these columns do not give the pure bass down to 30 ¢/s which is
possible with 12” roll surround units in specially designed enclosures
of about 2 cu. ft.

Acoustic Treatment. The following motional impedance curves show
the effect of interior treatment on the rather small pipe of Fig. C/9
which, although 3 ft. tall, gives only 1-3 cu.ft. of air loading and
produces an audible honk around 250 c/s when untreated. This is
shown at A in Fig. G/13. The insertion of an acoustic filter improved
things slightly as at B, and two rolls of wadding had the smoothing
effect shown at C. Reproduction of both speech and music was
improved. The rise at 100 c/s, due to the bass resonance of the
system, is also reduced, but this is less objectionable than coloration
at 250 c/s and is actually partly absorbed by damping factor of
amplifier.

PN
AN
A FAN
LW Fic. C/13.
- Motional impedance curves. 8"
N unit in circular pipe 9" inside

B / dia. 3 ft. high.

A=no internal fittings.

B=with acoustic filter.

C=uwith filter and two rolls of
B.A.F. absorbent.

e
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COMPACTRON This is the name given to a new electronic

device developed in America with a view to

replacing conventional valves and transistors in radio and TV
sets and gramophones.

According to a report in The Financial Times, June 30th, 1960:

¢. .. the Compactron is only in pilot production at present but

plans have been made to start mass production in the autumn.

“General Electric claims that the device will yield impressive
savings in both space and cost and says that in a radio receiver
two Compactrons will be equivalent to five conventional valves
or seven transistors; in a TV receiver ten Compactrons would
equal 15 valves plus three diodes or 24 transistors plus 11 diodes.
The device resembles a conventional valve, but is smaller and
has more functions.

“The company expects to produce Compactrons at prices
below those of conventional valves and well below those of the
more expensive transistors. No date has been announced for
the marketing of the first Compactron TV or radio sets but it is
expected that some will be on the market within a year.

“It is understood that the Compactron is not suitable for
exacting tasks as would be required in military electronic
equipment or computors.”

N.B. Another micro-miniature device by Westinghouse is
described under Molecular.

COMPATIBILITY The advent of stereo has brought this word
into common use.

If a stereo pickup can be used on mono records, it is compatible.
This can usually be done, but with some new discs and many old
ones, the fine 0-5 mil point goes too far down into the groove and
scrapes the bottom instead of resting on the sides. Some people
keep a spare head with 1 mil stylus; others keep a good mono head
for playing mono records.

According to Cecil Watts in the June 1960 issue of Hi-Fi News
there is a variation in groove radius even in the new stereo discs
and a counsel of perfection would be to have three sizes of styli
on hand: 0-5, 0-75, and 1 mil respectively, to cope with different
makes of record! Perhaps the best compromise is to plump for
0-75 mil radius and use it on the lot.

Conversely, a stereo record is not compatible with the usual
mono pickup which is lacking in vertical compliance and soon
does some damage if used on stereo discs. (It would be quite
simple to produce a mono pickup with vertical compliance.)

A compatible record, meaning one with reduced vertical modula-
tion to be played by ordinary mono pickups as well as the more
compliant stereo types, would ease the stock situation, but it is
difficult to see how this could be done without unduly degrading
the stereo information in the groove.
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In broadcasting, any multiplex stereo system which is adopted
must be compatible, which means that single-channel listeners
should obtain reasonably good results from stereo programmes.
(Many years will elapse before the majority of listeners are con-
verted to stereo—if ever.)

COMPENSATOR Name given to the small plug-in units
supplied with some of the more expensive
preamplifiers for accurate matching to a variety of pickups and
other programme sources, in terms of impedance and sensitivity.
Use of the correct type often makes a big difference to results.

COMPLIANCE The inverse of stiffness. The yielding quality
of the members which suspend the moving parts
of a pickup or loudspeaker. For a given mass of moving parts, the
higher the compliance, the lower the fundamental resonance of
the system.
In loudspeakers, high compliance in suspension is a main objec-
tive to lower the fundamental resonance and avoid frequency
doubling.

CONCERT HALLS The control of reverberation time and sound
dispersal by acoustic engineers and archi-

Fic. C/14. The Concert Hall, Broadcasting House, London, showing organ console,
announcer’s chair, piaros and various microphones, with organ grille behind centre clock.
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tects in modern concert halls has added much to the pleasure of
listening, both for concert goers and indirect listeners.

Modern halls have been . built in Europe, Canada, America—
in fact, one is to be found in most of the large cities of the world
today.

The various photographs kindly sent to us by the B.B.C.
give a good idea of the sort of acoustic treatment which may be
applied. The Concert Hall at Broadcasting House is very well
known, and the No. 3 Studio at Maida Vale is the source of many
of the excellent concerts of light music which are broadcast with
such technical perfection.

The No. 1 Studio at Maida Vale is also an acoustic fairyland.
I have attended a concert there with Mr. Cooke and found it a
rewarding experience. There are only four rows of seats in the
balcony, but tickets for concerts can frequently be obtained from
the B.B.C. and are worth the trouble that may be necessary to
obtain them.

Fic. C/15. Maida Vale Studio 3, showing acoustic curtains in background and

absorbent panels of special shape on side walls and ceiling. The wooden panelling near

the floor provides low frequency absorption. Note baffle mounted talk-back speaker
on the left.

The next three photographs were all taken at Maida Vale.
At the concert already mentioned, the main item was a Mozart



Fic. C/16. Maida Vale Studio 1. General view showing orchestra platforms and
choir seating, with plain ceiling at this end to aid reflection.

Fic. C/17. Maida Vale Studio 1. Excellent view of ceiling showing variation in

size and shape of scattering elements. Note also boxes on side walls whick act as acoustic

absorbers and diffusers, with special treatment of wall behind small balcony where
s g Arbort

€ 15 Q¢
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piano concerto and the piano was placed so that the sound was
reflected from the lid towards the microphone and away from the
audience in the balcony. The dispersal of sound was so good that
I noticed no ill effects from listening to a piano the wrong way
round.

Fie. C/18. Maida Vale Studio 1. Back wall showing dispersive treatment and organ
grilles. Part of the permanent choir seating is also shown.

Concert-going. Naturally, we must continue to go to live concerts
if we wish to keep our hearing fresh. I recently heard a performance
of Mabhler’s Symphony No. 6 in the Royal Festival Hall. This
is a work with a huge dynamic range (hard to reach in radio
or records!} and uses all the resources of a very large orchestra.
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1 was forcibly impressed by three things. First, the enormous
acoustic volume put out by such an orchestra. Second, the
clarity which is retained in the hall, down to a single tap on
the big drum when all the other instruments are being played;
and third, some harshness in the tone of the brasses which is no
doubt the price to be paid for the dry acoustics which provide
the clarity in such a large auditorium. The Royal Albert Hall or
Carnegie Hall would be kinder but less precise.

Had we played a record in the R.F.H. in a similar way, many
listeners -would have complained that it was too loud and strident.

Just as motor cars tend to deprive us of the benefits of walking,
so home listening tends to divorce our ears from the real thing in
concerts.

CONDENSER An older term for capacitor, ¢.o.

CONE The majority of moving coil loudspeakers are fitted with

a cone for passing on the sound vibrations to the air,
because a cone shape gives maximum rigidity for a given size and
weight of diaphragm. The main exception is the tweeter arrange-
ment of Fig. C/19, which works well over a limited frequency
range.

]

£ - Fe. C/19.

o- DMP‘:C“GM Coneless tweeter.
C - CENTRING DEVICE
V(- VOICE COIv

The range may be extended downwards by horn loading.

The cone is popular because the size, shape, weight, texture,
suspension and method of centring can be varied in hundreds of
ways to suit requirements. All these affect performance in one way
or another.

Cone diameter is usually 20/259%, less than outside chassis
diameter of the speaker. The shape may be circular or elliptical,
with straight sides or a curvilinear flare (in which case it is not
really a cone at all!).

The texture may be fine and hard for good HF response, or
thick and soft, containing pure wool, for smooth middle and bass
output.

Methods of suspension at periphery, and centring around apex,
are very important, especially in small enclosures where efforts are
made to get a quart of bass out of a pint of space.

The main virtue of a cone is that it moves as a piston over a few
octaves, depending mainly on its size. As all cone-type loudspeakers
less than 12” diameter are subject to purchase tax in G.B., anybody
who can invent an 8” or 10” coneless type which works properly
is in the money. A saving of £2 or £3 tax on a 10” unit would
appeal to buyers even in Scotland or Yorkshire.
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CONSTANT AMPLITUDE In disc recording the condition in

which signals of equal intensity are
cut with constant lateral amplitude irrespective of frequency.
Crystal and ceramic pickups are also said to be constant amplitude
types because their output voltage is proportional to amplitude
of stylus movement as distinct from velocity, unless internally
compensated.

CONSTANT CURRENT If a loudspeaker or recording head

is driven by amplifier with very high
internal impedance, the output current will be substantially
independent of impedance variations in the load. This arrange-
ment is useful in tape recorders where the recording head is usually
operated under constant current conditions to avoid the attenuation
which would otherwise result from its rising impedance at high
frequencies.

Loudspeaker response curves are sometimes taken under condi-
tions of constant current but this method is gradually giving way
to constant voltage measurements which agree more closely with
practical conditions of use, most amplifiers having a low internal
impedance with NFB.

CONSTANT VELOCITY In disc recording, the condition in

which signals of equal intensity are
cut with constant lateral velocity irrespective of frequency.
Magnetic and moving coil pickups are also said to be constant
velocity types because their output voltage is proportional to stylus
velocity.

CONSTANT VOLTAGE If a loudspeaker is driven by an
amplifier having a very low internal
impedance (say one-tenth of the nominal impedance of the speaker,
giving a damping factor of 10) the output woltage will remain
substantially independent of impedance variations in the load.
This will avoid a rise in voltage across the loudspeaker terminals
at the resonance frequencies of the sytem, thereby giving a smoother
response especially at low frequencies. Unfortunately, the same
process applies at high frequencies where the inductance of the
voice coil produces a rising impedance, and there is some attenua-
tion of HF response. This effect can be counteracted by the use of
aluminium voice coils and other means of improving HF output.

CONSUMER REPORTS There is a lot to be said in favour of

the testing of consumer goods by
impartial bodies, followed by unbiased reports on value, perform-
ance and reliability, provided such tests are made by men with
some practical experience, and not purely by technicians.
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For example, we have seen consumer reports on loudspeakers
which ignored flux density and magnets completely; but the magnet
is the part that costs the most money, so how can value be assessed
fairly if the magnet is overlooked? One can only assume that the
pack-room boys who made the tests were labouring under a delusion
that magnets grow on trees. (Ask Sheffield!)

In another case, gramophone turntables were criticised for some
most peculiar and erudite reasons, but their habit of disseminating
varying fields of hum was overlooked, probably because the tests
were made with a pickup which was insensitive to hum. But some
excellent stereo pickups are sensitive to hum, and a user should
select a turntable with a low stray field. The consumer reports in
question might well lead him astray.

Finally, how can these panels of judges decide what is the best
buy? Let us assume that you and I are both looking for a pair of
loudspeakers for use on stereo. Your listening room is 35 ft. x 24 ft.,
but mine is only 14 ft.x 10 ft. The best buy for you might be
unsuitable for me, and vice versa.

As we said at the beginning, consumer reports are very useful
provided you also exercise your own judgment when buying, and
remember that it takes two years to find out what any product
will be like after two years of use. No laboratory can do it by
accelerated tests in two days.

CORE Material used to increase the permeability of the magnetic
circuit surrounding an inductor or transformer. For
audio frequencies the core is usually composed of thin laminations
stamped from sheets of silicon steel or high nickel alloy. The
laminations are electrically insulated from each other to reduce
eddy current losses.
Other types of core include C cores manufactured from a con-
tinuous strip of grain orientated material and dust cores made by
bonding small particles of magnetic material with synthetic resin.

CORNER ENCLOSURE This arrangement usually gives
very good LF performance for the

following reasons:

1. The walls, if solidly built, form an excellent backing at no cost
and give a triangular shape to the enclosure.

2, The speaker faces the longest length of the room and this helps
in LF reproduction.

3. The corner is normally the least resonant part of the floor.

CORNER HORN The advantages outlined for enclosures are

augmented with horn loading by using the

walls to increase the effective mouth area, thus improving LF
performance and lowering the cut-off frequency.

Pioneers in the design of corner horns have been Paul Voigt in
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this country and Paul Klipsch in the U.S.A., the identity of Christian
name being merely coincidental and fortuitous.

COUPLING When energy is transferred from one circuit or

mechanism to another, coupling exists between
them. Thus, if two coils are so arranged that the magnetic field
from one cuts the turns of the other, they are coupled. Similarly,
if two loudspeakers are mounted close together so that the sound
field created by one joins up with or affects the behaviour of the
other, they are coupled.

Great use is made of coupling effects in electronics and acoustics,
but, occasionally, unwanted coupling causes trouble as in acoustic
feedback; hum pickup from gramophone motors; amplifiers suffer-
ing from parasitic oscillation, a.s.o.

CROSSOVER NETWORK Known also as dividing networks or

separators, these devices consist of
inductors, capacitors, and possibly resistors, for dividing the output
of an audio amplifier into various frequency bands to feed two or
more separate loudspeaker units.

The basic principle is quite simple. HF is attenuated by capacit-
ance in parallel or inductance in series with the voice coil. LF is
attenuated by reversing the procedure. Resistance attenuates at all
audio frequencies. A simple crossover network can easily be
designed by reference to the reactance values listed under R.

A selection of useful networks is given in Fig. C/20.

Crossover Frequency. The component values are in inverse propor-
tion to the frequency. Therefore, to cross over at 500 cycles instead
of 1,000 multiply all C and L values by 2. To cross over at 2,000
cycles instead of 1,000, divide all C and L values by 2.

Impedance Values. The values shown in circuits NW1 to NW6 are
for 15Q speakers. To arrive at values for higher and lower imped-
ances proceed as follows:—

30() circuit, divide all C values by 2;
multiply all L values by 2.

7-5 ) circuit, multiply all C values by 2;
divide all L values by 2.

In other words, as the circuit impedance is doubled the L values
are also doubled but the C values are halved.

Therefore, taking circuits NW4 and NW6 and crossing over at
400 c/s, we arrive at the following values, which are near enough
for all practical purposes.

400 ¢fs at 3Q 7:5Q 15Q
NW4 C= 120 60 30 Mfd

L= 1-5 3 6 mH
NWé C= 64 32 16 Mfd

L= 2 4 8 mH



2-5mH
~/ BASS ~ BASS
( Pe
N N
12 Mfd TREBLE TREBLE
N.W.1. Simple high-pass filter N.W.2. Simple low-pass filter
2:5mH L
~ J BASS T 12 Mfd BASS

Lo -
2.5mH TREBLE

12 Mfd TREBLE

N.W.3. Quarter Section, Paraliel N.W.4. Quarter Section, Series

0000 e /)

1-68 mH BASS ~ s gl BASS

14 Mfd

7 Mfd
14 Mfd TREBLE TREBLE

4' 3.38 mH

N.W.5. Half Section, Series N.W.6. Half Section, Paralial

’Vl4mH 8Mqu—I ” IBAss
L" 4 Mfd II

1-:68 mH

i
3

4 MFd
Mfd z MIDDLE £,
i 230 IGRE 303« Top
b4
N.W.9. Half Section, 3-speaker circuit. N.W.10. Quarter Section, 3-speaker circuit.
Crossover at 800 and 5,000 cfs. Crossover at 1,000 and 5,000 cfs.

Fic. Cf20. Typical Constant Resistance Crossover Circuils with values for 15 ohms
speakers and 1,000 cfs crosscver, except NW9 which is for 800 and 5,000 cfs and
includes two volume controls.

CROSS-TALK See Channel Separation.

CRYSTAL Certain materials exhibit the property of generating

a potential difference or voltage between opposite
faces of a suitably shaped piece when subjected to mechanical
deformation.  Conversely they will be deformed wunder
conditions of electrical stress. This phenomenon is known as
piezo-electricity and is found in a wide variety of substances of
which the most important is Rochelle Salt. Crystals of this material



50 C

can be grown on a large scale for cutting and assembly into bimorph
elements used in the construction of crystal pickups and
microphones.

These devices have played an important réle in the economic
development of domestic sound reproduction. The crystal pickup
has the unique virtues of high output and low cost, and requires
little or no frequency correction.

Similarly, the majority of low-priced microphones used with
domestic tape recorders are crystal types.

The modern crystal device is robust and reliable but is perma-
nently damaged by temperatures above 55°C (130°F).

CUBIC MEASURE

British

cu.in. cu.ft. U.S.g. Imp.g. cu.metre  fluid oz.

1 cu.in. ... 1 — 00043  0-0036  0-000016  0-5773
1 cuft. ... 1728 1 7-48 6-234 0-0283 997-6
1 U.S. gallon ... 231 0-1336 1 0-833 0-003785 133-4
1 Imp. gallon ... 277-3 0-1604 1-200 1 0-004543 160-1
1 Brit. flloz. ... 1-732 0-001 0-007 0-005 0-000028 1
1 cu.metre ... 61,020 35 264 220 1 35,210

CURRENT A flow of electrons through a conducting medium

constitutes an electric current. The cgs unit is the
ampére. {In case the reader is interested, cgs is a system of units
based on distance, mass and time, measured in centimetres,
grammes and seconds.)

CURRENT FEEDBACK Sec NFB.

CUTTER HEAD An electrically-driven cutting tool used for

engraving lacquer discs when transferring
master recordings from tape to disc. The cutter itsell is usually of
sapphire or diamond attached to a soft iron armature and driven
by electromagnetic forces, and is shaped like a chisel.

CYCLES PER SECOND Usually abbreviated to cps in America
and c/s over here, this is a measure of
the rate of vibration in a sound wave, which determines pitch.

In electricity, it relates to the number of times alternating
current changes from positive to negative in a second; usually
50 cycles here and 60 cycles in America.

Many turntables and tape recorders are driven by synchronous
motors and depend on mains frequency for speed and, therefore,
the pitch of reproduced music. The accuracy of the mains is now
adequate for all ordinary purposes, thanks to the high standards
set by the Electricity Board. Any variation in frequency during
peak hours of load is adjusted every 24 hours, so that electric
clocks keep remarkably accurate time.
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When playing records or tapes in the ordinary way, a slight
change of pitch is of no consequence as not one listener in a thousand
can detect it; but if synchronising with live organ or piano playing
is attempted, then absolute uniformity of pitch is essential and some
form of speed control may be necessary to cope with possible
variations in pitch of recording as well as reproduction.

CYLINDER RECORD The forerunner of the modern gramo-

phone was the phonograph, invented by
Thomas A. Edison in 1877. In its commercial form, the phonograph
played a cylindrical record 4}” long with an outside diameter of
22", and recorded with hill and dale modulation in a spiral
groove.

The circular flat disc recording was invented by Emil Berliner
in 1888 and lateral modulation was used. Although technically
less perfect than the cylinder type due to slower surface speed as
the needle approached the centre of the record, the flat disc won
the day because of easier production and storage, greater conveni-
ence in use and two-sided operation.

D

dBm The power of a signal expressed in decibels with a reference
level of 1 milliwatt. Thus a power of 100 milliwatts may
be described as 20 dBm.

DC Direct current. Although most audio equipment requires dc,

it is more convenient to have ac mains and use a transformer
to give the necessary voltages and then rectify to dc. Practically
all public electricity services are now ac, but I recall that in 1933,
when we began to make loudspeakers in Bradford, we had dc
mains and so we did not have to buy a costly magnetising plant.
We simply wound a large coil and connected it through a heavy
switch to the corporation electricity supply. This gave us enough
current to stop the trams, but the engineers from the supply station
were soon on our track demanding to know why we kept on
shorting the mains! A control circuit limiting our surge to about
50 amps solved the problem.

DAMPING The process of absorbing energy by mechanical
friction or electrical resistance to reduce the ampli-
tude of vibrations or oscillations.

Examples which spring to mind are panel resonance in loud-
speakers, and room resonance. Both can mar the reproduction of
music, and yet the methods for subduing them appear to be
contradictory.
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Panel resonance in speaker enclosures is damped by sandfilling
or cross-bracing and may be avoided by using heavy and rigid
construction in concrete or bricks.

Room resonances or eigentones are subdued by using damped
resonant panels which absorb energy at suitable frequencies.

The difference lies in the fact that panel resonance is the disease
in the loudspeaker and it colours the reproduction as well as
absorbing energy in the process.

In room acoustics, the eigentones are the disease but the sound
pressure is not high enough to cause the absorbent panel to vibrate
so much as to colour the reproduction.

DAMPING FACTOR This is the ratio of the nominal load

impedance to the internal impedance of
an amplifier. Thus, with a 15 ohm speaker and an amplifier with
1 ohm internal impedance (due to NFB) the damping factor is
said to be 15, but as the loudspeaker impedance varies with fre-
quency the damping factor must do likewise.

A good damping factor is useful in absorbing resonance, but the
electric resistance of the voice coil is in series with the output, so
there is little point in advancing the damping factor beyond
about 10. Fig. D/1 shows how the effective damping factor varies
with amplifier damping.

20

&
Q18
E 16
9 :: = Fic. D/I.
¢ 1o d Effect of amplifier output impedance on
3 o8 loudspeaker damping.  Nominal load
Y oe impedance=15 ohms. DG resistance of
e voice coil=10 ohms.
o o4
« o2
w
O 10 20 30 40 S50 60 70

AMPLIFIER DAMPING FACTOR

DEAD SPOTS In acoustics these are positions, usually inside a

building, where large obstacles or reflecting
surfaces produce areas of weak sound pressure, and they may occur
under balconies or galleries in theatres.

The only real cure involves structural alterations, but some
improvement may be obtained with a well designed P.A. system
and suitably placed loudspeakers.

In a very big theatre, placing small loudspeakers in dead spots
a long way from the stage may make confusion worse confounded
because of the time-lag between the reproduced sound and the
voices on the stage, unless an electrical delay system is introduced.
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DEAFNESS According to official figures, there are 600,000 deaf

people in Great Britain using National Health
Medresco hearing aids. In addition, there are very many who use
commercial aids costing anything up to £100. (A very good review
of hearing aids appeared in the July, 1960, issue of Which?)

Deafness varies, of course, enormously in degree and in frequency
range affected, the HF region usually falling off with advancing
age. Naturally, vocal range tends to be affected in a similar way.
I remember a Chinese soprano who was getting on in years and
was having difficulty with her top notes. She met an old friend
and remarked: “Long time no C.”

Speaking personally for a minute, I am not blessed with the gift
of perfect pitch, yet I can place a pure tone at around 13,000 c/s
within 219, because my hearing goes out like a light at 13,500 c/s,
which is, incidentally, rather high for my age. (Once you pass the
60 mark, you cannot complain if you lose an octave every ten years.)

The following two illustrations show the sensitivity of good ears
over the audio range, and the effect of the most common form of
deafness, which usually operates in the upper registers.
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So far as audio is concerned, slight deafness in one ear or both
does not disqualify a listener as a judge of good reproduction.
This depends on tonal discrimination and memory.

Local background noise and reverberation are probably the
worst enemies for the deaf when listening to reproduced sound.
Directional loudspeakers are often a help, but headphones are
the most complete answer as they eliminate both forms of
interference.

For a report on total deafness in one ear see sub-title Binaural
Effects under EAR.

DECIBEL or dB. One-tenth of a bel.
DE-EMPHASIS Inverse of Pre-emphasis ¢.v.

DELAYED FREQUENCY RESPONSE When the input to a

loudspeaker is sud-
denly interrupted, the sound output does not cease immediately
but decays comparatively slowly and in a somewhat irregular
fashion over a period which may last as long as 50 milliseconds.
The decay time varies considerably with frequency and with type
of unit.

Complex methods of plotting and analysing decay characteristics
have been investigated notably by D.E.L. Shorter and B.T.H. in
England, and R.C.A. in America. An excellent three-dimensional
delayed frequency response characteristic is illustrated in Fig. D/4.
This shows the presence of peaks or resonancesin the delayed response
which do not appear as significant in the steady state curve and these
are thought to account for the differences in coloration which are
evident between two units having similar steady state response curves.

Fic. Df4. Interrupted tone test of
loudspeaker. ~ The rear portion
represents the steady state response,
and the others indicate different
resonances which show wup at
intervals up to 40 milliseconds after
termination of signal.

Reproduced by permission of B.B.C, and L.E.E.
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The article from which this illustration is taken appeared in the
1.E.E. Journal, Vol. 105, No. 24, Nov. 1958, written by D. E. L.
Shorter and entitled A Survey of Performance Criteria and Design
Considerations for high-quality Monitoring Loudspeakers.

These tests confirm the value of listening to a loudspeaker in
order to make a final assessment of its performance, in preference
to relying on the normal response curve.

DEMAGNETISA