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Chapter 8. Elements of Fidelity in Sound Reproduction

A discussion of the characteristics of a reproducing system which must
be considered in evaluating the performance in terms of its fidelity.

reproducing system that determine
its ability to reproduce sound faith-
fully may be categorized as:

Frequency response

Transient response

Harmonic distortion

Intermodulation distortion

Power capability

Noise level

Dynamic range

THE CHARACTERISTICS of a (monaural)

Frequency Responae

Frequency response is the most widely
discussed factor in sound reproduction,
and s often the Arst technical expres-
sion that the audio novitiate learns, al-
though he is frequently led to accept a
very incomplete meaning for the term.
The frequency response of a system re-
fers to the relative amplitude with which
sounds or components of sound, varying
only in that they are of different fre-
quency, are reproduced. This response
is typically such that a certain band of
the frequency spectrum is reproduced
with a given degree of uniformity, with
output beyond the ends of the band drop-
ping off. When the drop is sharp it is
called cut-off; when it is gradual it is
referred to as roll-off.

Thus there are two aspects of fre-
gquency response! the range of fre-
quencies covered by the reproduced
band with a specified minimum response,
and the type and degree of wvariation
which occurs within the band. Except

* Contributing Editor, Aunio ExciNeEr-
ING.

Fig. B—1. Frequency
and intensity ranges
of speech and music.
The solid line repre-
sents the limits of
normal hearing
{Courtesy Bell Labo-
ratories Record, June,
1934}
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where the range is very inadequate, the
second of these aspects is usually the
more important, So-called frequency re-
sponse ratings which merely record the
two frequency extremes of the repro-
duced spectrum may have little relation-
ship to the qualily of sound to be ex-
pected. Two loudspeakers with the same
response at 40 and 15000 cycles may
produce entirely different tonal qualities
due to the dips and peaks of acoustical
output at less extrome frequencies.
Uniform or “flat” response aver the
band of reproduced frequencies is de-
sirable when two conditions are satis-
fied. These are: (1} that the reproduced
sound is at the same intensity level
(produces the same nunmiber of acousti-
cal watts per square centimeter) as the
original sound at a normal listener’s po-

Fig. 8—2. FCC fimits
of frequency-response
variation  permitted
FM  broadcast sta-
tions lcorrected for
pre-emphasis!.  The
range frem 100 1o
7500 cps is re-
stricted to 3 varia-
tion of:1.5 db,
while the standards
beyond this band are
not as strict. (The
minimum  frequency
résponse standard for

AM stations is
100-5000 cps +2
db.}
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sition, amd (2) that acoustical condi-
tions in the room in which the sound is
reproduced create more or less the same
frequency discrimination as conditions
in the original hall. When these two
conditions do not exist, as is often the
case, a rising bass characteristic to com-
pensate for the Fletcher-Munson effect
(see Chapter 6), and some tonal adjust-
ment for discriminatory acoustical con-
ditions should be provided by variable
tone controls.!

We have seen that intensity difier-
ences on the order of a fraction of a dbs
are just discernible at most frequencies
and mtensity levels, but this perceptive
sensitivity is for single, pure tones heard
under laboratory conditions, The degree
of non-uniformity of frequency response
that can be tolerated without effect on
the quality of reproduction is undouht-
edly somcwhat greater, probably on the
order of plus or minus one to two dh.
The indicated standard for maximum
variation in frequency response is easily
met in electronic eircuits, more difficult
to achieve in pickups, and, up to the
present, an impossible ideal for lowd-
speaker systems, the very hest of which
reproduce their spectra with a variation
of plus or minus five dbh, When sections
of the frequency band are reproduced
with ten db greater amplitude than
others, tonal coloration must he ex-
pected.

i The tone controls of an amplifier ulsa
provide computisation for associated equip-
ment and program characteristics, but this
discussion is limited to the desirable fre-
quency response of the complete system.
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The range of frequency response re-
quired 1o reproduce orchesiral music
without such coloration, and to nclude
all sighificant overtones, transient
effects, and naise, is not a matter for
theorizing hut for experimental verifica-
tion. We are not concerned with repro-
ducing all of the acoustical energy of the
orchestra for its own sake, but only that
part of it which has significance in the
perception of quality.

Figure -1 is a chart reproduced from
the Bell Laboratories Record, which in-
clides information on the frequency
ranges required for the reproduction of
nmisic and speech. This chart agrees
closely with the data appearing in
Snow’s graph of andible frequency
ranges for speecl and music (see Chap-
ter 3). We may consider the frequency
range for periect apparent fidelity of
speech reproduction to be from W to
8000 cps {Snow uses a slightly higher
upper limit for female speech), and the
range for perfect apparent reproduction
of orchestral music as 40 to 15,00 cps.?
A study in Jdetectable band-width differ-
ences” has indicated that this last upper

organs in the world which produce sub-
soni¢ 8-cps fundamentals should not un-
duly influence the design oi a reproduc-
ing assembly tnade for home eatertain-
ment,

Sometimes too great a concern with
extending the frequency himits of re-
production to extreme values has led to
rationalizations of the need for such
extension. It has been stated, for ex-
ample, that sound reproducing eguip-
ment must be capable of transmitting
supersonic and subsonic sums and differ-
ences between the frequency components
of music, or that a band-pass extending
mto the subsonic region is neccssary to
reproduce properly a sound whose in-
tensity is changing at a subsonic rate,
We have seen that sum aml difference
frequencies of an intermodulatory na-
ture can only exist when the signal is
passed through a non-lineas device such
as the ear; whatever such intermodula-
tion products will he formed in the ear
of the concert listener will also be
formed in the ear of the listener at
home, without direct trassmission of
these products. As for variations of

WEECH rry
OBJECTIONABLE &3@@ DEE 0
TOLERABLE (GANE-EID— (a3 Fig, 8—4. Objection-
able, tolerable (for
rencervaLe SRS L] 1o w-tidelity units),
- and perceptible total
3 e rms harmonsc distor-
R R AR i tion in music lpro-
[ ] ] duced by triodel, for
20 11118l | 1 various frequency
| ) cut-oifs, From Olson,
x T |'_‘| It [ i : Elements of Acous-
E-lo 1 e | tical Engineering;
0 __|_ | i 11 1 | L courtesy D Van Nas-
1T i I l [ trand Company, Inc.
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limit must be reduced to about 11,000 cps
hefore the change becomes noticealble, [t
may be inferred that a corresponding
liminal (just noticeable) change in the
bass limit would probably be o 60 cps
or higher. These latter figures may
therefore he taken as reasonable stand-
ards for a high-fidelity reproducing as-
sembly one step down from perfection
as far as frequency range is concerned.
The only standard orchestral instru-
ments whose fundamental [requency
ranges go below 40 cps are the piano,
the barp, the pipe organ, and the contra
hassoon. [t las been experimentally
established that the fundamental energy
in the very low notes of the piano is so
small as to have no effect on perceived
quality, and it is logical to assume that
the same is trire of the harp. The ex-
treme low-frequency contributions of the
two other instruments will rarely be a
factor in the tonal value of reproduced
music, The fact that there are a few

2 These are the fignres used in Musical
Enginteering, by H, F. (Mson.

30 K. Gannett and L. Kerney, "The
discernibility of changes in program hand
\lvidth," Br!{ System Technical fournal, Jan.
44
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somid intensity at subsonic frequencies
produced by vibrato, beats, or other
causes, such ecffects are not tones in
themselves but amplitude modulations
of the wave envelope. Just as the coup-
ling circuits of broadcast AM reccivers
transmit the wave envelope of the r.i.
carrier withont having any direct re-
sponse to the audio frequencies involved,
the audio reproducing system does not
require subsonic response in order fo
transmit am! reprodice amplitude yvaria-
tions of smbsonic frequency. A mathe-
matical analysis of the varying signal
finds the mocdulating frequency conspic-
uvously absent.

The {requency-response range of
stages of the reproducing system within
a feedback loop must be extended far
beyond the audible limits in order to
prevent phase shift and regeneration.
Phase shift in the overall system, how-
ever, has little effect on  perceived
quality (see Chapter 6), and i, n any
case, normally introduced by the reac-
tive elements of tone controls or equali-
zation networks,

Figure 8-2 shows the miminmm fre-
quency-response range and maximum
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Fig. 8—3. Generation of second harmonic dis-
tortion by a non-linear transfer characteristic.
The actual output, i, w3y be anmalyzed into
tundamental and d h M COMPp ts,
shown as H, and H. e, #s the input signal.
(After Reich, Theory and Applications of
Electron Tubes; cgurtesy MeGraw Hill Book
0, Incl)

variation allowed FM broadcast stations
hy the FCC,

Balance

Tonal halance refers to the symmetry
of frequency response deficiencies rela-
tive 1o the mid-point of the audio-fre-
fuency spectrum. Since there are an
equal nunber of useful octaves on each
side of the geometric mean, which s
about 80U cps. this fréquency constitnies
the perception mid-point of the spectrum.

It is generally considered desirable to
halance losses in the treble region with
more or less corresponding losses in the
bass. and vice versa, even though some
sacrifice from absolute fidelity is in-
volved. This view may be explained by
an analogy in the held of color repro-
ductum of pictorial material. Inadequate
reproduction of the cold blues and
greens, giving a picture a warm reddish
cast, could he offset by a corresponding
reduction in the intensity of the warm
oranges and reds, a reduction which,
while it involved a loss of alsolute
fidelity, might serve to give the picture
a less artificial character.

Aural balance is often discussed in
terms of the refationslip between the

J

Fig. 8—5. Intermodulation produced by non-
finear transber characteristic and attendant dis-
tortion. (a) is the output signal, {(b) and ¢}
are the distorted low-frequency component ond
the omplitude modulated high-frequency com-
ponent, respectively. From Reich, Theory and
Applications of Electron Tubes; courtesy Me-
Graw. Hill Book Ca., Inc.
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npper and lower "ecut-oft” frequencies,
which this writer eonsiders unfortunate.
Such an approach is valid only when the
response curves are flat up to certain
points and then cut off sharply. A more
typical condition involves gradual losses
over a fairly large band at the end of
the spectrum, which would be balanced
by similar losses symmetrical (on a
logarithmic scale) to the mid-point. An
additional difficulty in achieving halance
by selection of cut-off frequency is that
a change of frequency range involving
mly the bass extreme of the spectrum
will leave the general character of the
sound unchanged during the major part
of most music, when there is no signifi-
cant energy present in this frequency
region. One conclusion ahout which
there seems to be agreement, however,
is that there is a large amount of latitude
permissible before the response becomes
audibly unbalanced. Most tone conirol
circuits are capable of making the neces-
sArY corrections.

All of the above discussion of fre-
quency response refers to the effect on
a listener at one particular position, It
is important, of course, that the redponse
be as uniform as possible over as wide
an angle as is reguired to cover all
listening positions.

Transient Response

Proper reproduction of the instantane-
ous wave forms associated with the
starting and stopping of sound vibra-
tions requires a much more extended
high-frequency response than is called
for by the steady-state tone. The initial
percussive or plucked impulse contains
many high-frequency partials which are
not part of this steady tone and which
disappear after a short time,

Inadequate high-frequency response
deadens the quality created by transient
components. But transients suffer from
accentitated response as well. The ex-
istence of a resonunt response peak in-
creases the tendency of the systen, when
stimulated by an impulse (especially at
or near the frequency of the peak), to
contitue to oscillate after the stimulat-
ing impulse has stopped. This tendency
is directly proportional to the height of
the peak and to the extent to which
it is confined to & parrow band of fre-
quencies, that is, to the "Q”, and is in-
versely proportional to the degree of
damping, The effect is called hangover

in the bass; in the treble ranges it is
often referred to as singing. We thus see
that transient response is directly related
to both the range and the uniformity of
frequency response.

Distortion

The output of a device is said to be
distortedd when the instantaneous re-
sponse is not directly proportional to the
instantaneous stimilus at all times. This
distortion has several synonymous titles :
it is called non-linegr, amplitude, or
harmonic. Fignre 8-3 illustrates how the
wave form distortion produced by a
non-linear transier characteristict may
be analyzed into partials consisting of
the fundamental and second harmonic,

The spurious harmonics that are cre-
ated in this way do not have as great a
direct irritation value as might be sup-
posed. They are, after all, harmonically
related (in a musical sense) to the fun-
damental, and they may serve to in-
tensify or cancel natural harmonies
which already exist. Yet harmonic dis-
tortion is very unpleasant, and we are
sensitive to very small amounts of it, as
indicuted 1 Fig. 84,

The explanation lies largely in an ef-
fect of harmonic distortion called inter-
modulation, which was touched upon in
the discussion of subjective tones. When
a complex tone consisting of both low.
and high-frequency components is passed
through a device with the transfer char-
acteristic of Fig. 8-3, the high-frequency
sigmal will be reproduced with increased
amplitude during most of the first llf
of the cycle, and with reduced amplitude
during most of the second half of the
cycle. This is berause during these pe-
riods the device has, in tirn, exagger-
ated and diminished response to all
stimuli. The amplitude modulation cre-
ated by this non-linear transfer char-
acteristic is illustrated in Fig. 8-5.

Certain wave forms, such as those
produced by combinnations of fundamen-
tals and harmonics, are easily derived
graphically and understood intuitively.
Others, more complex, do not have com-

4 A transfer characteristic is a graph
which plots instantaneous respotise against
instantaneons stimulus. For example, the
transfer characteristic of a vacuum tube is
normally plotted as outpit plate current os.
stimulating prid voltage; of a pickup, vut-
put voltage vs. stimulating velocity, etc,

AWM STATIONS
MANMLR HARSONSC DESTORTION | MAOMUM HARMONG DISTORTION | MANSEM HUN AR [MAXIMUM HUM AND
AT LESS THAN BAKMCCULITION |  BIY TO 535 MODULATION MOSE, (50-5000 mm  [NOISE. GTHER FREOS.
6y 75% 5w 40w
BELOW MAT AURNG DUTPU BELOW MUK desCa0 OUTPUT
Fm STATIONS
MAXHLM MO a0
B0 - v epa WD =TE00 spa TG -13000 wpe BOISE, S0 100 e
35% 2.5% ax it
(DL bk ARG LT

Fig. B—&. Maximum bharmonic distertion and noise permitted broadcast stations by the FCC,
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Fig. B—7. Acoustical power required to create

saundand intensity levels of 70 ra 100 db. To

cunvent to electrical power, divide by eHicency
of the louwdspeaker,

ponents that appear quite as obvious.
For example, the wave form that re-
sults from combining, in a linear system,
signals of 940 cps, 1000 cps, and 1060
cps is a 1000-cps wave, amplitude modu-
lated at 00 cps. It is a little difficult to
see 94U cps and 1060 cps in this last
wave form, but an application of the
principles of beat phenonena will indi-
cate that every one-sixtieth of a second
the phase of the 340-cps signal will have
advanced, and the phase of the 1060-cps
signal will have retreated, by 360 deg.
relative to the 1000-cps signal. The three
signals thus return to the same phase
relationship every sixtieth of a second.
and a 10-cps wave pulsating in ampli-
tude at the rate of 60 cps implies the ex-
istence of the two sum and difference
frequencies, which are called sidebands
m r.f, parlance, (It must be emphasized
that this modulated wave form does sot
result from mixing 60 and 1000 ¢ps in
a linear system.®* The reference to beat
phenomena is used here to indicate how
an amplitude modulated wave implies
the existence of sideband components,
and not to explain intermodulation,
which is #0f 2 beat phenomenon. }

When the amplitude modulated wave
form of Fig. 8-5 is created through non-
linear distortion, therefore, two new
stdeband frequencies are also created.
If the input signals of Fig. 84 are 60
and 1000 eps,b the output will contain.
in addition to these two frequencies, the
intermodulation products 940 and 1060
cps. Both are discordant ta 1000 cps.

When the amnplitude distortion is
such that the positive and negative
halves of the cycle are symmetrical (odd
orders of harmonics}, the complete

[Continued an poge 6]

5Tt is this fact which makes it necessary
ta operate the heterodyning “mixer” stage
of a super-het receiver in Class C.

9 'These two frequencies are harmonically
related; 1000 cps 1s the tenth harmonic of
100 cps, which is separated from 60 cps by
a musical interval of a major sixth.
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SOUND HANDBOOK

{from page 32)

amphtode modulation occurs twice per
low-frequency cycle, The intermodula-
tion frequencies in this case will consist
of the sum of and difference between the
high-frequency stgnal and double the
frequency of the low-frequency signal,
the jatter hgure representing the rate
of modulation of the envelope.

Harmomic distortion is described
quantitatively as the ratio, in percentage,
between the r.m.s. amplitudes of the
spurious harmonmics and of the funda-
mental. Eacli order of harmonic may Le
listed separately, or the total distortion
may be expressed in a single percentage
representing the graphical addition of
all component orders. The total will thus
be less than the arithmetic sum of its
various parts. Higher orders of har-
monie distortion have an especially great
irritation value.

Figure 8-6 is a table listing the maxi-
mum. harmonic distortion allowed broad-
cast stations by the FCC. Modern high-
quality recording equipment, pickups,
and amplifiers in particular are able to
do considerably better than the FM per-
formance standards. These standards
are still too high for loudspeakers, how-
ever. Speaker distortion data is rarely
published, but when such data does ap-
pear it reveals the fact that the very hest
and expensive loudspeakers create dis-
tortion, at certain lower portioms of the

~9[££Ifwo od

frequency spectrum and at moderately
high power levels, of the order of 5 per
cent.

Intermodulation distortion is also in-
dexed as a percentage ratio, that be-
tween: the amplitude of the unmodulated
high-irequency carrier and the amph-
tude of the low-fresuency meodulating
envelope. This is the same Agure as the
percent of modulation referred to in
AM transmitter work. The ratio be-
tween harmonic and intermodulation
percentage is not fixed, and depends
upon factors such as the sipnal fre-
yuencies, theiv relative intensities, and
the type oi non-linear distortion in-
volved, hut usually the intermodulation
distortion is between three and four
times the harmonic distortion, It will be
seen that multichannel systems, in which
the low and high frequencies are not al-
lowed to pass simultaneously through
the same distorting system, discriminate
against the intermodulatory effects of
harmonic distortion.

Pawer Capability

The generally accepted goal of 2 homie
reproducing system, as far as power
capability is concerned, is to be able to
create intensity levels of sound in the
Living room equal to the intensity level
of sound at a good seat in the concert
hall. This is not as overpowenng an in-
tensity as it might at first seem; the
relatively quiet coughs and snecezes of
one’s peighbor at the concert hall may be
heard with ease during the performance.

The acoustical output of the repro-

ducing system is spread over a much
smaller area, and is therefore able to re-
create concert hall intensity levels with
much smaller amounts of power. The
acoustical power of a seventy-five piece
orchiestra may approach peak instaniane-
ous values of 75 watts, which, with a
typical home speaker systemi of 5 per
cent efficiency, would require an in-
stantaneous electrical power capability
of 1,500 watts to reproduce. We are ob-
viously not concerned with absolute
values of power, however, bat with
sound intensity, in watts per square
centimeter (watts/cm?®.)

The walls and other surfaces of a
room are partially refecting, so that
sound directed against these surfaces
will not disappear immediately after
the source stops, but will be reflected
back and forth, losing part of its enerpy
with each reflection. The sound will take
a certain amount of time to die away;
the time required for the steady-state
intensity to «fecay to a value one mil-
lionth of the original (60 db down) is
called the rewerberation time. It is di-
rectly proportional to the volume of the
roomt and inversely proportional to the
total absosption present.

The acoustical power reguired to
create a given intensity level is inversely
proportional to this reverberation time,
because new sound energy being pumped
into the room finds some nf the old sound
energy still working. Thus the absorp-
tive materials in a room requice a source
of sound to radiate greater power for
the same intensity level. Figure 87 is a
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chart indicating the acoustical power re-
quired to produce intensity levels of
70 to 100 dh (above threshold) {or
varicus auditorium or room volumes
with typical reverberation characteris-
tics. Since the desired concert hall levels
may approach peaks as high as 100 db
(Fig. 8-1), a room 10x 15x 20 £t. would
require 1 maximiim acoustieal output
of (.43 watts. With a loudspeaker system
of 5 per cent efficiency, this output would
call for an amplifier with a maximum
power capability of 9 electrical watts.
Larger rooms, a great deal of sound ab-
sorhbent furnishings, and less-efficient
sprakers increase this requirement.

The power rating is determined by the
number of watts that can be drawn from
the system without distortion exceeding
a specified amount. This rating tends to
drop at the frequency exremes. Figure
8-1 shows that such a deficiency may
be offset by the reduced intensity levels
of orchestral music in the end frequency
regions.

Dyrnamic Range

The dynamic range required for the
reproduction of orchestral music with
perfect subjective fidelity is about 70
db (see Fig. 8-1). The upper limit of
the dynamic range of reproducing equip-
ment is determined by the power capa-
bility of the system (in the case of disc
recording by the maximum groove devi-
ation allowable) ; the lower limit is de-
termined by rhe level of noise, which
would mask low-intetisity sounds. Older
records used a dynamic range severely
limited by considerations of over-cutting
of prooves and of surface noise, and the
dynamic range of AM broadcasts is
limited at each end by modulation per-
centage and signal-to-noise ratio re-
spectively. These program sources
therefore have a restricted range, ofien
40 db or less.

The use of expander circuits, which
increase the gain of the amplifier to loud
signals and restore some of the dynamic
range last in the original compression,
was fairly common a few years ago. Al-
thaugh the characteristics of the cxpan-
sion coutd not be perfectly matched to
those of the original compression, the
hetter circuits afforded considerable
over-all improvement. Today, because
of the extended dynamic range of rec-
ords and of FAl broadcasts, approaching
the full requirement, the use of ex-
panders has decreased

Moise Level

The spurious noise compouents intro-
duced into the output of reproducing sys-
tems include hum, thermal noise, micro-
phonics, record surface noise, and turn-
table rumble. The annoyance value of
noise is not determined exclusively by
its relative amplitude to the signal, but
also by other of its characteristics, par-
ticularly frequency content (due to the
increased hearing sensitivity at cestain
parts of the spectrum described by the
Fletcher-Munson effect), Noise of very
low frequency may be inaudible but may
create intermodulatory products in in-

AUDIO ENGINEERING. ®

teraction with the signal. Noise level is
normally described in terms of the ratio
to the maximum signal amplitude, as
this rating is more accurately indicative
of annoyance value in a given situation
than a rating in terms of a%solute power
would he. Figwre 8-6 shows the maxi-
mum power level of nmse allowed broad-
cast stations by the FCC, When the
neise level is 6() db below the maximum
signal power the absolute value of the
hum i microwatts is equal to the value
of the signal output in watts.

Dhe to the influence of acoustical con-
ditions, hearing characteristics, zand
other such factors on the i-ritation value
of noise, a listening test may in some
situations be superior to a guantitative
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WE DESIGN and manulaciure Lens
Mounit and camern equipment for
1dmm — 35mm and TV comeras.

FRAMK C ZUCKER

QUIPmGHT O.

N€W YORK CITY
IF YOU WORK WITH FILM ...

it will pay you to get 1o kinow us.
The tountry's foremost
prefessionals depend uwpon our
porinble, versatile, adaptable
#quipment.

Eel! 2

Témm
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At your age!

If you aré over 21 (or under
101} it’s none too soon for you
to follow the example of our
hero, Ed Parmalee (above)
and face the life-saving facts
about cancer, as presented in
our new film*'Man Alive!™.

You and Ed will learn that
cancer, like serious engine
trouble, usually gives you au
warning and ecan usually be
cured if treated carify.

For information on where
you ean see this Alm, call us
of write to "Cancer” in care of
your local Post Office.

American Cancer Society

tion of the source or sources, Monaural
reproduction from a single reproducing
source eliminates this factor of realism,
and has a definite effect on the illusion
created, although there may be differ-
ences of opinion on the importance of
the musical values associated with the
loss.

The lost illusion may be restored, to
a greater or lesser degree depending
upon the method used, by stereophonic
or binaural reproduction. A practical
hinaural system that is perfect can only
work throngh earphones. Two record-
ing microphones are mounted as though
each were one human ear; the sound
received by each is recorded separately,
and each recorded channel is played
back into its corresponding left or right
ear-piece. In this way each ear re-
ceives a version of the music with just
those characteristics that the left or
right-side version would have contained
in the concert hall

Since carphones are much less con-
venent than loudspeakeys, most prac-
tical stereophonic systems are designed
tor speakers. Each channel no longer
represents the sound received by each
ear, but the sound coming from the left
or the right of the hall, all of which is
received by both ears. This arrange-
ment, for accuracy of stereophonic effect,
would tequire many channels and a
careful arrangement of the speaker
array calibrated to the original layout of
instruments, Such a procedure is ob-
viously impractical except for the thea-

ter, and typical stereophonic systems use
two channels and two permanently
mounted loudspeakers. The results are a
compromise but nevertheless afford an
appreciable increase in “liveness.”

Binaural demonstrations with ear-
phones are ahvays much more dramatic
than those with louspeakers:. The reason
for the greater illusion is described
above, but there is another factor that
increases the contrast between the
monaural and binaural sound. Single-
channel reproduction throngh earphones
creates an  artificial and  impossible
aconstical tondition; each ear receives
the identical sound at the same instant.
Because of the fact that the normal left-
right differences associated with chffrac-
tion around the head and reflection from
room surfaces are eliminated when the
ears are covered, such reproduction is
unusually “flat”, even when compared to
that of a single londspeaker. The con-
trast is thus widened by a particularly
weak monaural standard.

GO WEST!

It's the West Coast

AUDIO FAIR

Feb, 5, 6,7
Alesandria Hotel

Los Angeles, California

ORDER NOW!

Dept SV,

AUDIO ENGINEERING,
£, 0. Box 629, Minecla, M. Y.

This offer expires
February 1, 1953

1952 Bound Volumes—5%8.95

[Qutside U5A. add 75 cents postagel

Owver the years, AURIC ENCINEERING has proven itself a valuable
reference work worthy of a permanent place In your library.
Many 1952 issues are already exbausted but you may have a
completa bound wolume of new coplos for the entire year if you
order now.

For the years to come—

Subscrive to AUDIO ENGINEERING on the combination offer
which includes a bound volume at the end of the year. Each
month you receive the magazing by mail 35 wsuwal—read if,
cut out coupors to your heart's content, mark on the pages
as much as vou llke. Arcund Jamuary 15, 1954, you receive a
fresh, new, bound velume of 1953 jssues—no Creases, no
dog-eared pages. The cost?’— orly $10.00 per year, a saving
ol $1.95 over the price of the bound volume and the one-year
subscription. Same offer, for two years, $18.50.

{Canada and Pan-American Union—1 yr. $11.00, 2 yrs, $20.00;
all other foreign—I| yr. $12.00, 2 yrs. $22.000

D Enclosed is my cheek (or meoney ordert for 3..,.., for .,
copizs of the 1952 Bound Volume of AUDIO ENGINEERING.
to be delivercd about January 15, 1953.

Enclosed is my check f{or money orderd for §...... for

a C)row [Jrenewal subscriptfon for one year, plus a 1953
Bound Volume which will be dellvered without further charges
approximately Janoary 15, 1954,

Enclosed is my check {or money order) for F...... for

a [1rnew [renewal subscription for two years, plus a 1453
Bound Volume which will be delivered without further charges
approximately lanuary 15, 1954, and plus a 1954 Beund Velume
to be dellvered about lanuary 15, 1955

Name
Address ; TSR0 RS TP (s 8 G B L T R A e
City Zane State
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