










































































































































































































































































































































































































































































































































































































































































MEASUREMENT OF QUALITY OF AUDIO REPRODUCTION 211

of newly constructed equipment, and for test and servicing of equip-
ment which may have suffered a failure in operation. These instruments
do not necessarily include only electronic instruments for measuring the
characteristics of electrical signals, but also instruments which may be
needed for the testing of the electromechanical units in the system, there-
fore certain acoustic and electromechanical signal generators and measur-
ing instruments will be required. The most useful and basic instruments
in the testing of audio systems are:
(1) Electronic test equipment

a, Variable-frequency sine-wave oscillators

b. Variable-frequency square-wave generators

c. Vacuum-tube audio-frequency voltmeters

d. Oscilloscopes

e. D-c voltmeters

(2) Acoustic and electromechanical test equipment

a. Standard calibrated microphones

b. Standard test records
These are the most basic instruments needed for testing the performance
of sound reproducing systems. Instruments for performing these various
functions are all commercially available, or may be built from home con-
struction kits which are also available.

These instruments alone wiil not permit the determination of all
the characteristics which have been listed in the previous section as being
a measure of the quality of reproduction. However, the more complex
instruments which are needed for performing these measurements are
generally combinations of various of the instruments on this list, or may
be built by use of these instruments. The most important of these more
complex instruments are:

(3) Instruments for measurement of characteristics of audio signals
a, Distortion and noise meters
b. Harmonic and wave analyzers
¢. Intermodulation analyzers
d. Wow and flutter meters
Generally many of the instruments listed in category (1) will be
a part of the equipment of the experimenter who does much work in
the construction and assembly of audio equipment. They should be
available to anyone who undertakes the construction of any chassis from
the circuit diagram or from home construction kits, because it is extreme-
ly difficult to troubleshoot or service any equipment without them.
(They are not strictly necessary in the assembly of audio systems entirely
from commercially purchased units as these units may be tested and
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found to be operating satisfactorily before they are accepted from the
vendor.) The test instruments in category (2) may also be available
to the audio experimenter (although much less frequently), since they
are useful in performing overall measurements of the system’s perform-
ance from acoustic or electromechanical input to sound output. The in-
struments in category (3) are generally a part of the equipment only
of the experimenter who does extensive work with audio systems; they
are fairly complex and expensive to buy. However, these instruments are
commercially available or may be assembled using the instruments listed
in (1).

The basic principles of the various types of audio measurements,
the specific techniques for performing the different tests, and the neces-
sary equipment and test setups, will be described in detail in the follow-
ing sections.

Measurement of Specific Factors Affecting Reproduction Quality

Certain of the basic tests have been in general use for many years —
namely, frequency response, power output and noise level — and are
fairly well known to experimenters and technicians so that they do not
require any greatly detailed discussion. However, other measurements
which have long been standard procedure among audio engineers (for
example, measurement of harmonic distortion) are not very well known
to those who are not audio specialists. The remaining measurements
which have been described (particularly those whose importance has
only recently become clearly understood) are certainly not very well
known to the average technician, in many cases they are not sufficiently
understood even by audio specialists. In fact, techniques and equipment
for measuring some of these factors are at the present time still in the
development stage. However, wider knowledge and recognition of the
methods of measuring and evaluating the various distortion factors will
be of considerable importance in helping to improve the general overall
level of quality in all types of audio reproducing systems.

Frequency Response, Power Output, and Noise Level. Frequency
response is generally measured by applying a signal of constant ampli-
tude to the input and measuring the output signal amplitude as the
frequency of the input test signal is varied. Maximum power output is
measured by increasing the input signal level (with the system set for
full gain), and observing the output signal (either aurally, or visually
by means of an oscilloscope or a meter) to determine the output power
level at which the system overloads or becomes excessively distorted. The
noise level is determined by measuring the output signal with zero input
signal and the gain control of the amplifier set for full gain.
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Harmonic Distortion. Harmonic distortion has long been known to
be a measure of amplitude non-linearity. The general method of measur-
ing the total harmonic distortion introduced by the reproducing system
is shown in Fig. 11-2. It consists essentially of applying to the input a
steady single-frequency pure sine wave (known to be relatively free of
distortion) , and measuring the harmonic content of the output signal.

Total harmonic content is measured by filtering out the funda-
mental component and measuring the remaining signal as a percentage
of the total. The fundamental may be filtered out either by a high-pass
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Fig. 11.2, General method of measuring the total harmonic distortion, introduced
by the raproducing system.

filter (which greatly attenuates the fundamental but passes all its har-
monics) , or by a signle:frequency rejection filter (such as the RC parallel-
T type) tuned to it. The high-pass filter has the advantage of eliminating
the effects of a-c hum and other low-frequency noise, but the rejection
filter is generally easier and more convenient to use,

The magnitude of the individual harmonic components may be
measured with the wave analyzer, as indicated in Fig. 11-3. The wave
analyzer contains an accurately calibrated variable tuned circuit so that
it measures only one harmonic component at a time. Such a2 measurement
is capable of giving information concerning the order as well as the
amount of harmonics, and therefore can also be used for estimating the
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amount of intermodulation distortion which may be expected from the
system.

When either of these two methods is used the general procedure is
first to measure the total signal (including the fundamental) with the
vacuum-tube voltmeter, then switch the signal through the filter and
measure the amplitude passed by the filter. This, then, gives the har-
monic amplitude as a percentage of the fundamental.

Intermodulation Distortion. The measurement of intermodulation
distortion is a relatively new technique in audio measurements. Inter-
modulation is caused by the same amplitude non-linearity which causes
harmonic distortion, but neither one can be readily calculated from the
other.

The intermodulation characteristics of a system are measured by ap-
plying two known frequencies simultaneously to the input, and determin-
ing the degree of interaction and distortion of these two frequencies by
measuring the magnitude of the new frequencies generated in the system.
The general method of performing this type of measurement is shown
in Fig. 11-4. Two units are required: a signal generator which supplies
the composite input signal, and the analyzer which determines the
amount of cross-modulation generated in the reproducing system.

For the purpose of determining intermodulation, the composite sig-
nal effectively simulates those characteristics of a normal audio signal
that are important in generating the intermodulation products which
unpleasantly affect quality of the reproduction. It consists of a low-fre-
quency component between 40 and 150 cps, and a high frequency com-
ponent which may be either about 2,000 cps or between 7,000 and 12,000
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cps. The amplitude of the low frequency is about 12 db higher than the
high-frequency component. These two signals are generated separately
and combined in a mixing and attenuator circuit in such a manner that
there is no appreciable interaction or intermodulation between them. By
means of the attenuator, the composite signal can be applied at any de-
sired level to the system under test. This choice of low and high fre-
quencies, and of their relative amplitude of four-to-one, gives a fairly
accurate representation of the sounds which are most importantly affected
by intermodulation distortion.

Low FRED
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Fig. 11-4. Block diagram showing gensral method of measuring intermodulation distortion.

The extent to which the reproduction system produces cross-modula-
tion between these two components is a measure of the amount of inter-
modulation that will be introduced into the more complex sounds of
speech and music. The amount of intermodulation which the system
introduces into the composite signal is measured by the analyzer unit.
This distortion consists of amplitude modulation of the high-frequency
component at the low-frequency rate (or at some multiple of it). It is
not necessarily sinusoidal, but has a wave shape which depends upon the
characteristics of the system under test. The fundamental basis of inter-
modulation distortion measurements is to measure the amount of this
amplitude modulation as a function of the amplitudes of the two input
frequencies. The percentage of intermodulation is generally defined as:

Percentage intermodulation = Percentage amplitude modulation
of the high frequency signal for
the composite signal (as described
above) .

The measurement is accomplished by passing the reproduced signal
through suitable filters to separate the desired frequency components,
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then measuring their relative levels, The low-frequency component is
removed first by a band-pass or a high-pass filter which passes only the
high frequency signal and whatever modulation products may be present.
The high-frequency signal is then demodulated and passed through a
low-pass filter to determine the amount of low frequency modulation
present in the reproduced high-frequency component. The relative ampli-
tudes are measured by vacuum-tube voltmeters as shown in the block
diagram.

In certain audio applications (and particularly in the design of new
equipment) is is often desirable also to have a distortion phase detector
for measuring the relative phase of the intermodulation. This would in-
dicate whether the intermodulation occurs on the positive or negative
swing of the low-frequency signal, or whether it is symmetrical. However,
this measurement need not be performed when the primary purpose of
the test is to determine the quality of the reproduction.

A number of commercial units are available at the present time
which incorporate these various features for intermodulation measure-
ments.

Transient Response. It is only recently that the importance of trans-
ient response has been fully realized, and there are as yet no standardized
methods of equipment for measuring the transient response of audio re-
producing systems. However, by application of certain basic principles
and proper analysis of the results, good measurements can be obtained
by using equipment which is generally available.

The measurement of transient response must, obviously, consist of
measuring the response of the system to some standard transient signal.
This transient test signal does not necessarily have to have the same form
for all types of systems under test, and may in general depend upon the
system being tested and the type of measurements. However, it must in
all cases be possible to interpret the response to the test signal in terms
of the response of the system to audio-frequency transients.

In the transient analysis of any type of physical system, the basic
input test signal is the unit step function. In electrical measurements this
is a voltage which is zero until some given reference time, and then rises
with a square wave front to unit voltage and remains at that voltage.
This voltage is illustrated in Fig. 11-5 (A). The transient response of
the system to all other waveforms can be completely determined by ob-
serving its response to this unit step voltage.

In practice, the step voltage can generally be approximated by a
square wave to facilitate observation upon the screen of an oscilloscope.
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Fig. 11-5. General method of
measuring transient  response.
(A) Graph of unit step voltage
used in transient analysis of
eloctrical systems. (B) Represen-
tation of unit step voltage by
means of square wave of suf-
ficiently long period. (C) Step-
function transient analysis of a
systam by means of a square-
wave generator and an
oscilloscope.
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However, when this approximation is made care must be taken to keep
the period of the square wave long enough so that the system has re-
sponded completely before the end of the cycle. Th transient response
of the system may then be determined qualitatively by visual observation
of the oscilloscope trace.

The response is determined by comparison of the reproduced wave
shape with the applied square wave. Differences between the two wave
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Fig. 11-6. Transient response of a number of common types of audio response character-
istiecs to a unit step voltage. (AY Input step voltage. (B} Response of low-pass clrcult,
underdamped. (C) Same, only highly damped. (D) Response of high-pass circuit. (E)
Response of band-pass cirevit. underdamped.
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shapes are readily recognized and identified; if the repetition frequency
has been chosen properly they will be a measure of the true transient
response of the system. The method of analysis of the response to this
step-function signal can best be understood by reference to a number of
typical responses as indicated in Fig. 11-6. The waveforms shown in (B)
and (C) of Fig. 11-6 are of particular interest because they show that a
reproducing system which is insufficiently damped can give rise to a
spurious damped oscillation that depends only upon the characteristics
of the system and has no relation to the reproduced signal. In a system
with negative damping (positive feedback) this oscillation would tend
to increase with time rather than to decrease. In general, the response of
most audio systems can be derived from the responses shown in Fig. 11-6,
with variations depending mainly upon the repetition rate of the square

wave.

INTERRUPTER
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SIGNAL UNDER
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TEST SIGNAL
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OSCILLOSCOPE SYNCHRONIZING VOLTAGE

Fig. 11-7. Block diagram of method for measuring the transiant response of a system

by means of an interrupted sine wave.

In some cases it is not convenient to use the step-function or square-
wave method of transient analysis, either because the proper repetition
rate cannot be attained conveniently or because the results do not appear
in a sufficiently convenient form. In such cases a method may be used
which takes closest account of the actual physical form of the sounds oc-
curring in speech and music. Many of the transient signals which are en-
countered often have rapid decay as well as build-up times. The transient
response of a system to such signals, and the residual vibrations of the
system, may therefore be measured by applying short bursts of signal to
the system and observing the decay after the signal has been removed.



MEASUREMENT OF QUALITY OF AUDIO REPRODUCTION 219

A method of using this technique to measure the rate of decay of
vibration at all parts of the frequency spectrum is illustrated in Fig. 11-7,
The system under test is supplied with a variable test tone through an
interrupter, giving make and break period on the order of 1/100 to
1/20 second duration. The output of the system is applied to an oscillo-
scope whose horizontal sweep is synchronized with the interrupter. The
trace on the oscilloscope screen then represents the decay envelope at any
frequency. The amplitude at any time after the signal has been removed
can be measured by moving a vertical slit mask across the face of the
tube and observing the height of the trace in the slit at the point corre-
sponding to the desired time. The results obtained by this method are an
accurate indication of the transient response and residual vibrations in
the reproducing system.

Phase Response. The phase response of a system can readily be de-
termined by a number of different methods. In general they involve
vector addition and subtraction of the applied and reproduced signals,
and are quite simple and convenient to use.

PHASE ANGLE
Ossin? X

Fig. 11-8. Determination of a phase angle
from Lissajous pattern on an owilloscope.

One of the simplest methods is to apply the input and reproduced
signals to the horizontal and vertical plates, respectively, of an oscillo-
scope and observe the resulting Lissajous pattern. The scope amplifiers
should be adjusted to produce equal horizontal and vertical deflection.
When the two are in phase (or 180 degrees out of phase) the figure is a
straight diagonal line. If there is a phase difference between them, the
angle can be obtained by measuring the point of intersection with the
Y-axis, as indicated in Fig. 11-8.

Wow and Flutter. Measurement of the wow or flutter introduced by
a mechanical recording system (such as phonograph turntables and mag-
netic recorders) consists essentially of measuring the amount of frequency
modulation of a steady tone when it is reproduced by the system. The
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technique for performing this measurement is shown in the block dia-
gram of Fig. 11-9.

A signal of constant frequency is applied to the input of the repro-
ducing system, and the reproduced output obtained in the form of an
electrical signal. (In motion picture work, a frequency of 3,000 cps has
been chosen as standard for this test signal. This might be a reasonable
standard to use for other types of sound reproduction as well) The re-
produced signal is then passed through a bandpass filter which passes
only the test frequency and its possible variations, removing any noise
and hum which may be present. This signal may then be amplified if
necessary, and passed through a limiter. The amount of frequency varia-
tion is then measured directly by a discriminator, which gives the fre-
quency change as a voltage which may be measured by a low-frequency
voltmeter calibrated in percentage frequency change. The output of the
discriminator may also be amplified so that a direct-inking recorder may
be used to record the actual frequency changes to permit a more complete
analysis of speed variations.

FROM V.T.VM.
REPRODUCING % WOW
SYSTEM

‘—I

BAND-PASS AMPLIFIER LOW DIRECT
FILTER AND #— DISCRIMINATOR}—I> 4 FREQUENCY | & = INKING
Fo ¢ AF LIMITER AMPLIFIER REGCORDER

Fig. 11-9. Block diagram of a wow meter for measuring frequency varlation in the
electromechanical reproduction of a steady tone.

The amount of flutter can be evaluated quantitatively from the
information obtained by a measurement performed in this way, and cer-
tain quantities can be defined which will permit a quantitative com-
parison and representation of the flutter present in the reproduction.
The percent flutter is the ratio (in percent) of the rms frequency devia-
tion to the average frequency. The flutter rate is the number of complete
cycles of frequency deviation per second. The flutter index, I, may be ex-
pressed as:

I'=(fx/r) af
where Af is the rms frequency deviation in cycles, f is the tone frequency
and r the flutter rate. For flutter rates greater than 5 per second x=1, for
rates from 1 to 5 per second x=r/5 and for rates less than 1 per second
x=r4/5.
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Measurements in Audio Systems

When sound reproduction systems are tested for quality in actual
practice, it is extremely important that such measurements be performed
properly. Otherwise, the factors which are to be measured may be com-
pletely masked by errors due to the methods of measurement.

In all measurements the basic requirements are that the input sig-
nals have the correct form and be relatively free of distortion, that their
characteristics be accurately known, and that the measuring equipment
be sufficiently free of errors to permit measurement of the desired quan-
tities. These considerations must be taken carefully into account in
measuring quality in audio reproduction systems.

ELECTRICAL— | _ __ DIRECT WIRE _ _ _ | —ELECTRICAL
SOUN l )[ SOUN
SOUND AMPLIFIER RADIO . WAVES AMPLIFIER —Q —SOUND

RADIO l_ SPEAKER
_ RADIO
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ELECTRICAL: MEGHANICAL ELECTRICAL:
OPTICAL
OR
SOUND [ MAGNETIC ELECTRIGAL SOUND
I SYSTEM —e—ee- SYSTEM -_—
RECORD
" REGORDER PICKUP SPEAKER
MICROPHONE (0ISC, FILM OR {DISC, FILM OR
MAGNETIC) MAGNETIC)
'B)

Fig. 11-10. The various types of audio reproduction systems. (A) Purely electrical

systems. (B) Reproduction systems involving recordings.

The complete system reproduces sound to sound, but sections of this
system may convert sound to electrical signals, or mechanical signals on
phonograph records, or reproduce records or electrical signals as sound
(see Fig. 11-10). Therefore, it may be necessary to produce standard
sounds, electrical voltages, and calibrated records as test signals; and it
must also be possible to perform accurate measurements upon these
sounds, electrical voltages, and records.

The electrical signals can be tested most conveniently and with the
greatest amount of precision, because instruments for generating and
measuring electrical voltages have reached a high state of development.
To measure the characteristics of components whose function is to repro-
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duce electrical signals, the input voltage is supplied by an electrical signal
generator, and the output measured by a voltmeter. The main precaution
which must be taken in performing such measurements is that the input
and output imnpedances should represent as closely as possible the im-
pedances that the component will see in the system in which it will be
used. The best method of accomplishing this is to terminate the unit in
the actual output system with which it will be used, while applying the
input signal from a generator of the proper impedance. The output may
then be measured with a voltmeter of sufficiently high impedance so that
it will not appreciably affect the output.

Greater difficulties are encountered when it is desired to test systems
which include microphones or loudspeakers. Precise measurements of
sound and the production of standard sound signals are more d.fficult
than for electrical signals, and a more careful experimental technique
is required. All such measurements must be performed in rooms or spaces
which have been carefully planned to avoid acoustical resonances, or
performed in such a manner as to avoid the production of resonances;
considerable attention must also be given to the correct calibration and
measurement of a standard of sound intensity and quality.

The most practical approach to acoustical measurements in the

average laboratory is to use a calibrated standard microphone as the
standard for all sound measurements. Such a microphone is one which
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Fig. 11-11, Typical frequency response of calibrated cond microph
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Fig. 11-12. Testing of reproduction systems involving direct sound pickup or repreduction.
(A) Testing of a loudspeaker with standard calibrated microphone. (B) Testing sound pickup
syttam by comparison with standard calibrated microphone.

has been calibrated against a primary standard sound source, and may
be used as a secondary measurement standard. A calibrated microphone
which has been widely used for this type of service is the condenser
microphone. This microphone is effectively a “point pickup”, therefore
does not appreciably disturb the sound field, and has a typical frequency
response (in combination with its companion preamplifier) as shown
in Fig. 11-11.

The methods of measurement of acoustic devices with the aid of a
calibrated microphone are illustrated diagrammatically in Fig. 11-12.
Systems including a loudspeaker are tested by applying the input signal
from the appropriate type of generator, and picking up the sound with
the calibrated microphone and preamplifier (see Fig. 11-13). The elec-
trical output from the microphone preamplifier is then tested for the
desired characteristics in the normal manner by use of the measuring
equipment which has already been described. Since the characteristics
of the microphone are known, the characteristics of the reproducing
system are readily determined.

When the system under test includes sound pickup by a microphone,
it must be tested as shown in Fig. 10-13 (B). The test sound is produced
by feeding the signal generator into a loudspeaker capable of reproducing
the signal without excessive distortion. This sound is then picked up by
both the microphone under test and by the standard microphone. Com-
parison of the output of the two microphones then immediately gives
the characteristics of the unit under test.
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Courtesy: Western Electric Co.
Fig. 11-13. Meoasurement of performance characteristics of a loudspecker in an sHic-

olly “dead” room which has been treoted to minimize oll reverberation to the
greatest possible degree.

Systems which include mechanical and electromechanical methods
of recording and reproduction, such as disc, film, and magnetic recording,
also require special methods of measurement. (Of course, it is always
possible merely to make a record from an applied electrical voltage,
reproduce it and measure the resulting electrical voltage; but this pro-
cedure only gives information concerning the specific setup and does
not tell anything about the individual units and their performance in
more general systems.) To test the recorder and the reproducer indivi-
dually it is necessary to have a standard of some sort. This may be either
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a standard record, recorder, or pickup, since any one may be used to
calibrate the other two.

In certain measurements it may be necessary to use additional equip-
ment (such as amplifiers and filters) which are not part of the reproduc-
ing system or of the measuring instruments. Any such equipment should
always be tested first itself since errors in the test equipment necessarily
set the limit of accuracy which can be attained in any measurement.

General Comments and Summary

If the various factors which affect reproduction quality are measured
accurately and evaluated properly, a very good indication will be ob-
tained of how well the system will reproduce any physical sounds. As the
techniques of sound reproduction and measurement improved, it was
found that the relative importance of many of the distortions had been
misjudged and needed revision. As a result, the present trend is toward
wide-range, low-distortion equipment rather than restricted-range, high-
distortion equipment. Sound reproduction systems tested and rated ac-
cording to this principle will correspond closely with the preferences of
the human ear, which is, after all, the final judge and has up to now
been the determining factor in acoustical progress.

The application of the tests described in this chapter has already
changed some previous ideas concerning audio quality, particularly those
concerning transient response. Some idea of their importance in actual
practice may be obtained from consideration of their application in test-
ing some specific audio systems. The results of measurements of a typical
audio amplifier are shown in Figs. 11-14 and 11-15, These measurements
were taken with and without inverse feedback, to test the quality of the
amplifier and the difference with the feedback. The steady-state curves
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Fig. 11-14. Steady-state response measurements of an amplifier with and
without negative feedback.
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Fig. 11.15. Transient response
measurements of the amplifier
of Fig. 11-14 with and without

RESPONSE TO Ske. SOUARE WAVE FEEDBACK ADOED =167 negative feedback.

MO FEEDBACK A =0

in Fig. 11-14 show that both the frequency and the phase response have
been improved by the addition of the feedback. However, the square-
wave response shown in Fig. 11-15 shows that the transient response has
not been improved, and has actually become worse due to the increase
in the damped high-frequency transient oscillation,

Such measurements are also of considerable importance in the test-
ing of loudspeakers, and have considerably increased present knowledge
of the factors which determine loudspeaker quality. For a long time,
steady-state response and distortion measurements were taken as the
criterion of loudspeaker performance. However, although these measure-
ments are valuable in determining the bad resonances of inferior loud-
speakers, they do not give the complete picture of the quality of repro-
duction to be expected from the better grades. Loudspeakers with similar
steady-state distortion characteristics and substantially flat frequency re-
sponse often sound quite different to the ear in listening tests. Since the
steady-state measurements take no account of the transient nature of
natural sound, the tests are incomplete unless the transient response of
the speakers has also been determ‘ned. This may be done by the method
previously illustrated.

The results obtained by measurement of the transient response in
this manner are shown in Fig. 11-16, which shows the measured charac-
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teristics of two similar loudspeakers. Under steady-state conditions the
two speakers scemed very much alike, but they sounded quite different
to the ear. The high-frequency response of the loudspeaker whose char-
acteristics appear at (A) was found to be a little irritating after long
periods of listening (exhibiting a roughness normally associated with
intermodulation, but the speaker was known to be free from this type
of distortion) ; with the loudspeaker whose characteristics appear at (B),
this effect was not present. The transient response curves show that the
loudspeaker in (A) has a longer decay time of residual vibrations than
the loudspeaker in (B), and that at some points the output actually rises
with time (suggesting the transfer of energy from one vibrating element
to another during the decay period). Comparison between the aural
effects and the results of the tests shows that the transient response gives
a measure of quality of the system which cannot be obtained by steady-
state measurements, and that the aural impressions were more related to
the transient curve.

‘”‘AVDUW Mﬁw Wiy

IESPONSE OF LIMITER R(!PONSE(&F LIMITER
W RESPONSE OF LUNTIR

{CLOSEST TO ‘lgll. RESPONSE)

Fig. 11.17. Results of tasting four differant commercial peak-limiting amplifiers
by the transient method of Fig. 11-7. Response E is nearly ideal.

In radio broadcasting and in sound recording, peak-limiting ampli-
fiers are often used to prevent very loud signals from affecting the opera-
tion of the system by causing overmodulation or overcutting. Until very
recently the characteristics of peak-limiting amplifiers were specified in
terms of steady-state measurements. However, most users of such equip-
ment know from their own experience that the performance of limiting
amplifiers under actual operating conditions frequently has little corre-
lation with that indicated by steady-state measurements, and is much
more dependent upon the transient characteristics. Limiting amplifiers
which have similar steady-state characteristics are often found to perform
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quite differently for speech and music. Transient measurements, such as
those described in Fig. 11-7, must be included in the testing of such equip-
ment to specify their performance adequately.

This is the recommended method of testing the transient operation
of peak-limiting amplifiers, and a few results of such measurements upon
various commercial units are given in Fig. 11-17. The input signal con-
sists of a sine wave whose amplitude is periodically changed (at point P
in the figure) between a lower and a higher level, the resulting output of
the amplifier is then observed upon the screen of an oscilloscope. The
response of a number of different types of peak-limiting amplifiers to
this input signal is shown in Fig. 11-17. The results of this measurement
are in agreement with the aural impressions obtained with these ampli-
fiers, and indicate the value of this method of testing.

These few examples have been described to illustrate the importance
of proper measurement of quality in audio reproduction systems. If the
factors which determine the quality of reproduction are taken into ac-
count properly, and measured according to the methods described in
this chapter, then the performance of the system can be completely de-
scribed and its specification will have attained increased precision and
accuracy.
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Acoustics,
acoustic feedback, 180-181
of rooms, 25-30
(see also: Sound)

AES, playback response, 61
Amplification factor, 70

Amplifier,
basic unit, 157-161
circuits, 95-99, 157-171
complete units, 157-171
design procedures, 73-75, 95-98
distortion in, 74
driver amplifiers, 83-85, 87, 161, 165-
166, 169-170
equivalent circuit, 71-73
feedback in, 77-78, 81, 100-101, 159-
160, 166
frequency response, 74, 96, 161, 171
gain, 78, 159
high-level, 164-166, 169
high-quality high-cost, 166-171
output impedance, 74, 99, 164
power amplifier, 99-101
power amplifier circuits, 103-105, 161,
165-166, 169-171
preamplifier /control
168-169, 177
signal levels in, 95, 160-161
testing and measurement of, 206-209,
222, 226
(see also: Mecasurements)
transformer-coupled, 98-99
voltage amplifier, 87, 95-99
voltage amplifier circuits, 95-99, 164-
171
voltage amplifier stage, 68
Williamson, 104-105, 167, 169-171, 177
Amplitude,
of sound vibrations, 3-5
range in speech and music, 16-17
Amplitude modulation (AM), 62-63

units, 162-164,

Baffles, 143, 144
(see also: Enclosures)

Bass boost, 109, 115-118, 120

(see also: Equalizers)
Bass compensation, 122-123
Bass-reflex cabinet, 148-152, 175, 178
Bias, magnetic, 193-196

d-c, 194

high-frequency, 194-196

Cathode follower, B1-83
Components, selection of, 171-178
Composite curves, 101-103
Crossover frequency,

in disc recording, 52-53

in loudspeaker systems, 141-143
Crossover networks, for loudspeakers, 141-

143

Decibel, 10
Diffusion of sound, 26
Distortion,
limits, 23
measurement of, 207-220
types of, 18-21
Dynamic range, 16-17, 19, 105, 125-129

Ear,

response of, 9, 18
structure of, 8-9

Enclosures, for loudspeakers, 143-156
back-enclosed, 146-148
bass-reflex, 148-152, 175, 178
construction, 147, 150, 153, 155-156
folded-horn, 154-155, 178
“infinite-baffle,” (see: back-enclosed,

plane surface)

labyrinth, 152-154
open-back cabinet, 145-146
plane surface, 143
requirements, 143-144

Equalizers, 109-118
constant-impedance, 112
design curves, 115-118
design of, 113-118
impedance of, 111-112
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matching into circuit, 110-112, 120,
159-160

tone controls, 118-121, 159

Equivalent circuit,

of amplifier, 71-73

of back-enclosed
cabinet, 146-147

of bass-reflex cabinet, 149-150

of loudspeaker, 136-138

("infinite-baffle”)

Feedback, 77, 159-160, 182-183
acoustic, 180-181
in practical amplifiers, 100-101, 159-
160, 166
negative, 77,78
positive, 77,78
with tone controls, 160
Flutter, 20
limits of, 2%
testing, 207, 219-220
Flutter index, 220
Folded-horn enclosure, 154-155, 178
Frequency correction (see: Tone Controls,
Equalizers)
Frequency modulation (FM), 63-64
Frequency range,
distortion of, 19
of voice and instrument fundamen-
tals, 15-16
requirements in reproduction, 22-23
Frequency response,
requirements, 22-23
testing, 207, 212
Harmonic distortion, 19
limits, 22-23
testing, 207, 213-214

Harmonics, 6-7

High-fidelity reproduction, 2.5, 18-24
definition of, 18-19
requircments for, 21-24

Hum,
in amplifier construction, 179-180
in preamplifiers, 89-90, 178
system layout, 178-181
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Impedance,
matching in systems, 33
of equalizers, 111-112
of microphones, 41, 43
of pickups, 43, 57, 59
Infinite baffle, 143, 146-148
Instruments, musical,
stringed, 11-12
wind, 12-13
Intermodulation distortion, 19
limits, 22, 23
testing of, 207, 214-216

Labyrinth, 152-154, 177
Limiters, peak, 126
circuits, 128
testing of, 227.-228
Load line, in amplifier stage, 70
Logarithmic frequency sale, 10
Loudness controls, 123-125, 168
Loudspeakers, 134-141
acoustic efficiency, 35-36, 137-138
coaxial, 141
construction, 136
dual-cone, 140
dynamic, 136
equivalent circuit, 136-138
frequency response of, 136, 138-139
limitations of, 134
measurement and
226-227
(see also: Measurements;
multiple loudspeakers, 139-141
power output, 34-36, 137-138
requirements for good reproduction,
135-136
selection of, 38, 134-136, 174-175, 176-
177, 178
size, 138-140

test of, 222.224,

Magnetic fields, 189-190
Magnetism,
induced, 191-193
principles of, 189-193
Measurements and test,
applications and results of, 225-228
equipment, 210-212
general, 182-187, 206-209
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of sound and acoustic signals, 221-228

techniques, 209-210, 221-225
Microphones, 41-49

carbon microphone, 42-44

condenser microphone, 48-49

crystal microphone, 46-48

dynamic microphone, 44-46

measurements with, 222-223

sound cell microphone, 47-48

velocity microphone, 44
Miller effect, 75-77, 96-97
Musical scales, 13-15

chromatic, 14

diatonic, 18, 14

equally tempered, 14-15

NAB playback response, 61
Networks, 106-125
Noise, 19
definition of, 11
in preamplifiers, 89-91
in sound reproduction, 107
limits, 22, 23
reduction of, 107-109, 129-152
Noise level,
in tape recording, 204
testing, 207, 212
Noise suppressors, 129-132
circuits, 132-133, 168-169

Octave, 13
Overtones, 6-7

Phase, 5
Phase distortion, 20
Phase inverter, 81, 83-84
Phase response testing, 207, 219
Phase splitter, 82-83, 170
Phonograph records, 49-53
equalization, 53
grooves, 50
playing time, 52
processing, 49
reproduction of, 50
standards and characteristics, 51-53
Phonographs, 53-57
motor requirements, 54
record changers, 56-57
single-record turntables, 55-56

231

Pickups, 57-62

condenser, 58-59

crystal, 57-58

dynamic, 61-62

moving-coil, (see: Dynamic)

stylus wear, 51-52

variable magnetic reluctance, 59-61
Plate current characteristics, of tubes, 69
Plate resistance, of tube, 70
Power amplifiers, (see: Amplifiers)
Power output,

requirements, 34-36

testing, 207, 212
Preamplifier, 86, 87-95

drcuits, 91-95, 162-164, 168-169

microphone, 91-92

phonograph pickup, 93-95, 157
Preamplifier/control units, 162, 168-169
Pre-emphaisis, high-frequency, 107-109
Push-pull amplifiers,

advantages of, for power amplifiers,

100

composite curves, 101-103

design, 99-108

power amplifiers, 100-105

power amplifier circuits, 103-105

Record, (see: Phonograph records)
Record changers, 56-57

service of, 186-187
Record player mechanisms, . service of.
186-187
Recording, disc, 49-53
constant amplitude, 52-53
constant velocity, 52-53
equalization and pre-emphasis, 61
recording process, 49-50
recording speeds, 51
Recording, magnetic, 188-205
circuits, 201-205
equalization and pre-emphasis, 199-
201
heads, recording and playback, 198
recording speeds, 199
systems, 196-197
twin-track, 204
typical unit, 201-205
Reference level, decibel, 10
Reflections of sound in rooms, 25-26, 27
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Reproduction systems, (see: Sound repro-
duction systems)
Resonances, room, 25-27
Reverberation, 26
Reverberation times in rooms, 28-30
Room acoustics, 25-30
absorption of sound, 25-27
loudspeaker placement, 27-28
reflection of sound, 25-27
resonances, 25-27
reverberation, 26, 28-30
sound power requirements, 34-36
typical layouts, 27-28, 180-181

Servicing, 182-187
equipment for, 210-212

of complete systems, 184-186
of new constructions, 182-183%

of record player mechanisms, 186-137

of transducers, 183-184
Signal levels,

in amplifiers, 160-161
in systems, 33, 171-172
Signal-tracing, 183-184
Sound,
characteristics of, 3.7, 11
frequency and amplitude ranges, 15-
17
limits of audibility, 5, 18
measurement of, 221-223
reflections in rooms, 25-26, 27
vibrations in air, 4-7
Sound reproduction systems, 30-40, 171-
187
assembly of, 180-182
basic system, 30, 173-176
construction, 178-180
costs and economic factors, 36-38
highest quality, 177-178
impedance matching in, 33, 171-172
integration of commercial units, 39-
40, 171-172
matching of components, 33, 171-172
physical placement, 36, 38-40, 171-172
power output requirements, 34-36
record ng and reproduction, 32
reproduction from recording or trans-
missions, 30

INDEX

selection of components, 171-173

signal levels in, 33, 171-172

testing of, 206-209

troubleshooting and servicing of, 182-
187

using tuner/preamplifier unit, 176-
177

Stylus, 51-52

characteristics and dimensions of, 51

materials, 51

wear, 51-52

Tape recording,
netic)
Test equipment, 210-212
Threshold of audibility, 9, 16, 18
Threshold of feeling, 9, 16
Tone controls, 118-121, 159,
(see also: Equalizers)
Transformer, 79-81, 83-84, 98-99
transformer-coupled amplifier, 98-99
Transient distortion, 20, 23
limits, 23
Transient response,

sine-wave method, 218, 219
square-wave method, 216-218

step-function method, 216-219

testing of, 207, 216-219, 226-228
Treble boost, 109, 115-117

(see also: Equalizers)
Troubleshooting, 182-187
Tuners, 62-67, 176
Turntables, (see: Phonograph:)
“Tweeter,” 141

(see also: Loudspeakers)

(see: Recording, mag-

Volume compression, 125, 126-128
Volume expansion, 126, 129

Williamson amplifier, 104-105, 167, 169-
171, 177
“Woofer,” 141
(see also: Loudspeaker)
v, 20
limits, 23
testing of, 207, 219-220
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