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CHAPTER I 

INTRODUCTION 

During the past decade more and more people 
have become concerned with the problem of 
noise in everyday life. Manufacturers of home 
appliances, such as vacuum cleaners, mixers, and 
washers, have found that a noisy product meets 
sales resistance. Manufacturers of large industrial 
equipment, such as distribution transformers, 
which must be located in or near residential areas 
have found that care must be taken in the con- 
struction and installation in order that noise 
levels are not annoying to the neighbors. Truck- 
ing companies receive complaints when mufflers 
are inadequate or become defective. Manufac- 
turers of airplane propellers and engines, and 
particularly of jet engines, have found that the 
noise from their test stands has created a serious 
community problem. 

There is danger of permanent hearing loss 
when exposure to an intense sound field is long 
and protective measures are not taken. This prob- 
lem has of late become a matter of serious con- 
cern to industrial corporations, labor ucions, and 
insurance companies. 

Lack of proper sound treatment in the class- 
room may lead to excessive noise levels and 
reverberation, with resulting difficulties in ade- 
quate communication between teacher and class. 
The grade-school teacher's job may become a 
nightmare because a few corners were cut to 
decrease, by some small fraction, the initial cost 
of the classroom. 

The General Radio Sound-Measuring System 
has been developed to help the many people 
whose'job it is to determine the noise output 
from machines, trucks, airplanes, and appliances, 
or the noise environment in homes, schools, 
factories, and recreation centers. 

In addition to the measurement of noise, or 
undesired sounds, this equipment has many appli- 

cations in measuring the performance of systems 
transmitting music and speech, in evaluating the 
characteristics of acoustic materials, in psycho- 
acoustic studies, and in many other fields of 
physical science, engiceering, and the social 
sciences. 

To  the physicist, noise is a sound, whose char- 
acter can be defined and whose properties can 
be measured with the same equipment that meas- 
ures other sounds. To the psychologist, who is 
also interested in all types of sounds, noise is 
an undesired sound, as coctrasted to music and 
speech, which are wually "desired" sounds. 
Whenever we deal with the effects of physical 
phenomena on human beings, we are working in 
a field where the interests of the psychologist 
and the physicist overlap. The result is usually a 
happy collaboration, and in no field has this 
collaboration been more fruitful than in the 
measurement and evaluation of the effect of noise. 

The evolution of a system of measurement 
and interpretation involves the creation of a 
framework of definitions and descriptive terms 
and also a standardized system of measuring 
instruments. Both are necessary, the former in 
order that all workers in the field may understand 
one another, the second in order that results of 
different investigators may be compared and that 
procedures be standardized for use by other, and 
less specialized, workers. 

The purpose of this booklet is to help those 
who are.faced, possibly for the first time, with 
the necessity of making sound and noise measure- 
ments. It attempts to clarify the terminology and 
definitions used in sound measurement, to 
describe the measuring instruments and their use, 
to aid the prospective user in selecting the proper 
equipment for the measurements he must make, 
and to show how these measurements can be 
interpreted to solve typical problems. 
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CHAPTER II 

THE DECIBEL-WHAT IS IT? 

Air-borne sound is a variation in normal 
atmospheric pressure. For a pure tone, the num- 
ber of times per second that the pressure changes 
through a complete cycle is the frequency of the 
sound. Thus, the standard tone "A" has a fre- 
quency of 440 cycles per second (frequently 
called "cycles" and abbreviated "cps" or "c"). 

The extent of variation in pressure is measured 
in terms of a unit called the microbar, which is 
a pressure of one dyne per square centimeter or  
approximately one-millionth of the normal at- 
mospheric pressure (standard atmospheric pres- 
sure = 1,013,250 microbars). Actually, this unit 
is not often mentioned in giving the results of a 
noise measurement, but, as will soon appear, it is 
usually implied when the more common term, 
the "decibel", is used. 

Although to many laymen the decibel (abbre- 
viated "db") is uniquely associated with noise 
measurements, it is a term borrowed from elec- 
trical communication engineering, and it repre- 
sents a relative quantity. When it is used to 
express noise levei, a reference level is implied. 
Usually, this reference value is a sound pressure 
of 0.0002 microbar. For the present, the refer- 
encc level can be referred to as "0 decibels", the 
starting point of the scale of noise levels. This 
starting point is about the level of the weakest 
sound that can be heard by a person with very 
good hearing in an extremely quiet location. 
Other typical points on this scale of noise levels 
are shown in Figure 2-1. For example, the sound 
level in a large office usually is between 60 and 
70 decibels. Among the very loud sounds we 
have those produced by nearby airplanes, railroad 
engines, subways, riveting machines, thunder, and 
so on, which frequently are in the range above 
100 decibels. These typical values should help 

the newcomer to develop a feeling for this term 
"decibel" as applied to sound level. 

For some purposes it is not essential to know 
more about decibels than the above general state- 
ments. But when we need to modify or to 
manipulate the measured "decibeIs", it is desir- 
able to know more specifically what the term 
means. There is then less danger of misusing the 
measured values. From a strictly technical stand- 
point, the decibel is a logarithm of a ratio of 
two values of power, and equal changes in deci- 
bels represent equal ratios. 'Thus, a change of 6 
decibels represents a ratio of 4 to 1 in power. 

While we shall use decibels for giving the 
results of power level calculations, the decibel is 
most often used in acoustics for expressing the 
sound-pressure level and the sound level. These 
are extensions of the original use of the term, 
and all three expressions will be discussed in the 
following sections. Before doing that, however, 
it is worthwhile to notice that the above quan- 
tities include the word "level". Whenever "level" 
is included in the name of the quantity, it can 
be expected that the value of this level will be 
given in decibels or in some related term and 
that a reference power, pressure, or other quan- 
tity is stated or  implied. 

2.1 POWER LEVEL 
Because the range of acoustic powers that are 

of interest in noi;e measurements is about one 
billion billion to one (1015:1), it is convenient 
to relate these powers on the decibel scalc, 
which is lognrithmic. The correspondingly smaller 
range of numerical values is easier to use, and, 
at the same time, some calculations are simpli- 
fied. 

The decibel scale can be used for expressing 



the ratio between any two powers; and tables for 
converting from a power ratio to decibels and 
vice-versa nre given in Tables I and TI in Appen- 
dix I, page 96 of this book. For example, if one 
power b four times another, the number of 
decibels is 6 ;  if one power ,is 10,000 times 
another, the cumber is 40 decibels. 

It is also convenient to express the power as 
a power level with respect to a reference power. 
Throughout this book the reference power will 
be 10-l3 watt. Then the power level ( P W L )  is 
defined as 

P W L  = 10 log -!!?- db re 10-l3 watt 
10-l3 

where W is the acoustic power in watts, the 
logarithm is to the base 10, and re means referred 
to. This power level is conveniently computed 
from 

P W L =  10 log W + 130 

since 10-l3 as a power ratio corresponds to -130 
db. The quantity 10 log W, which is the number 
of decibels correspocding to the numerical value 
of W watts, can be readily obtained from the 
decibel tables in the Appendix. For example, 
0.02 watt corresponds to a Dower level of 

- 17 + 130 = 113 db. 

Some typical power levels for various acoustic 
sources are shown in Figure 2-2. 

2.2 SOUND-PRESSURE LEVEL 
It is also convenient to use the decibel scale 

to express the ratio between any two sound pres- 
sures; and tables for converting from a pressure 
ratio to decibels and vice-versa are given in the 
Appecdix. Since sound pressure is usually pro- 
portional to the square root of the sound power, 
the sound-pressure ratio for a given number of 
decibels is the square root of the corresponding 
power ratio. For example, if one sound-pressure 
is twice another, the number of decibels is 6 ;  if 
one sound pressure is 100 times another, the 
number is 40 decibels. 

The sound pressure can also be expressed as a 
sound-pressure level with respect to a reference 
sound pressure. For air-borne sounds this refer- 
ence sound pressure is, generally, 0.0002 micro- 
bar. For some purposes a reference pressure of 
one microbar has been used, but throughout this 
book the value of 0.0002 microbar will always 
be used as the reference for sound-pressure level. 
Then the definition of sound-pressure level 
( S P L )  is 

'db re 0.0002 microbar SPL = 20 log - 0.0002 . 

where P is the root-mean-square sound pressure 
in microbars for the sound in auestion. For 
eirmple, if the sound pressure is ;me miirobar, 
then the corresponding sound pressure ratio is 

From the tables, we find that the pressure level 
is 74 db re 0.0002 microbar. If decibel tables are 
not available, the level can, of course, be deter- 
mined from a table of logarithms. 

To  measure sound-pressure level, an instru- 
ment is used which consists of a microphone, 
attenuator, amplifier, and indicating meter. This 
instrument must have an over-all response that 
is uniform ("flat") as a function of frequency, 
and the instrument is calibrated in decibels ac- 
cording to the above equation. 

2.3 SOUND LEVEL 
The atmarent loudness that we attribute to a 

I I  - 
soucd varies not only with the sound pressure 
but also with the frequency (or pitch) of the 
sound. In addition, the way it varies with fre- 
quency depends on the sound pressure. This 
effect can be taken into account to some extent 
for pure tones by including certain "weighting" 
networks in an instrument designed to measure 
sound-pressure level, and then the instrument is 
called a sound-level meter. In order to assist in 
obtaining reasonable uniformity among different 
instruments of this type, the American Standards 
Association, in collaboration with scientific and 
engineering societies, has established a standard 
to which sound-level meters should conform. 

The current American . Standard for Sound- 
Level Meters (224.3-1 944) requires that three 
alternate frequency-response characteristics be 
provided in the instrument (see Figure ' 2-3). 
These three responses are obtained by weighting 
networks designated as A, B, and C. They arc 
also referred to as "40-db", "70-db", and "flat", 
respectively. Responses A, B, and C selectively 
discriminate against low and high fiequencies in 
accordance with certain equal-loudness contours, 
which will be described in a later section. Ordi- 
narily, response A is used for sound levels below 
5 5  db; response B between 5 5  and 85 db, and, 
response C for levels above 85 db. When sounds 
are measured according to this practice, the read- 
ing obtained is said to be the sound level. Only 
when the over-all frequency response of the 
instrument is "flat" are sound-pressure levels 
measured. As mentioned before, a scale of sound 
levels for typical noise sources is shown in Figure 
2-1. 



ACOUSTIC POWER 
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Figurc 2-2 Typical  power levels for various acoustic sources. 



FREQUENCY IN CYCLES PER SECOND 

Figure 2-3. Frequency-response characteristics in the American Standard 
for Sound-Level Meters, 224.3- 1944. 

2.4 COMBINING DECIBELS 
There are a number of possible situations that 

require combinicg several noise levels stated in 
decibels. For example, we may want to predict 
the effect on the noise level of adding a noisy 
machine in an office where there is already a sig- 
nificant noise level, to correct a noise mcasure- 
ment for some existing background noise, to 

predict the combined noise level of several differ- 
ent noise sources, or to obtain a combined level 
of several levels in differect frequency bands. 

In none of these situations should the numbers 
of decibels be added directly. The method that is 
usually correct is to combine on an energy basis. 
The procedure for doing this is to convert thc 
numbers of decibels to relative powers, to add or 

3 

2 

I 

I I I 1 I I l l I I l I l 7 ' 1 3 -  
0 I I i I 1 i i I I I i I I i I I I I I i I i I  
0 1 2 3 4 5 6 7 8 9 1 0 1 1 I  

DIFFERENCE IN DECIBELS BETWEEN TWO LEVELS 
BEING ADDED 

Figure 2-4. Chart for combining noise levels. 



subtract them, as the situation may require, and 
then to convert back to the corresponding deci- 
bels. By this procedure it is easy to see that a 
noise level of 80 decibels combined with a noise 
level of 80 decibels yields 83  decibels and not 
160 db. A simple chart for making this addition 
is given in Figure 2-4. Although this chart is 
intended primarily for combining two levels, it 
can be applied successively to combine any num- 
ber. A similar chart for finding differences is 
given in the section on background levels. (Sec- 
tion 6.53). 

2.5 SUMMARY 
Reference levels and relations presented in this 

chapter included the following: 

Refsre?zce soztlzd prers/.cre: 0.0002 microbar. 

Ref ef.e?zce power: 10-I:; watt. 

Power level (P.WL) 

P W L  = 10 log - db re 10-1"att. 
10-l3 

where 1V is the acoustic power in watts. 

Sotc~zd-psessz~re level ( S P L )  

SPL = 20 log -- db re 0.0002 microbar 0.0002 
where P is the root-mean-square sound. 
pressure in microbus. 

(Logarithims are taken to the base 10 in both 
P I V L  and SPL calculations.) 

Important concepts from this chapter which aid 
in visualizing noise measurement results can be 
sunimarized as follows: 

To  measure sound level, use a sound-level, 
meter with the frequency response weighting 
(A, B or C) selected according to the level of 
the measured sound. 

To  measure sound-pressure level, use a 
sound-level meter with the controls set for as 
uniform a frequency response as possible 
(usually C-weighting or "flat"). 

Decibels are usually combined on an energy 
basis, not added directly. 



CHAPTER I l l  

MAN AS A NOISE-MEASURING INSTRUMENT 

That we are annoyed by a noisy device and a 
noisy environment, that noise may interfere with 
our sleep, our work, and our recreation, or that 
very intense noise may cause hearing loss is fre- 
quently the basic fact that leads to noise measure- 
ments and attempts at quieting. In order to make 
the most significant measurements and to do the 
job of quieting most efficiently, it is clearly neces- 
sary to learn about these effects of noise. 

Unfortunately, not all the factors involved in 
annoyance, interference, and hearing loss are 
known at present. But a brief discussion of our 
reactions to sounds will serve to show some of 
the factors and their relative significance. This 
information will be useful as a guide for select- 
ing electronic equipment to make the most sig- 
nificant measurements for the problem at hand. 

3.1 PSYCHOACOUSTIC EXPERIMENTS 
Scientists and engineers have investigated many 

aspects of man's reactions to sounds. For example, 
they have measured the levels of the weakest 
sounds that various observers could just hear in 
a very quiet room (threshold of hearing), they 
have measured the levels of the sounds that are 
sufficiently high in level to cause pain (threshold 
of pain), and they have measured the least 
change in level and in frequency that various ob- 
servers could detect (differential threshold). 
These experimenters have also asked various ob- 
servers to set the levels of some sounds so that 
they are judged equal in loudness to reference 
sounds (equal loudness), and they have asked 
the observers to rate sounds for loudness on a 
numerical scale. 

In order to get reliable measures of these re- 
actions, the experimenters have to simplify the 
conditions under which people react to sounds. 

This simplification is mainly one of maintaining 
unchanged as many conditions as possible while 
a relatively few characteristics of the sound are 
varied to observe the changing reaction. Some of 
the conditions that have to be controlled and 
specified are the following: the physical environ- 
ment of the observer, particularly the background 
or ambient noise level; the method of presenting 
the changing signals, including the order of pres- 
entation, the duration, the frequency, and in- 
tensity; the selection of the observers; the train- 
ing of the observers in the specific test proced- 
ure; the normal hearing characteristics of the 
observers; the instructions to the observers; the 
method of getting the responses; and the method 
of handling the data. 

Variations in the conditions of the measure- 
ment will affect the result. Such interaction is the 
reason for requiring controlled and specified con- 
ditions. It is desirable to know, however, how 
much the various conditions do affect the result. 
For example, small changes in room temperature 
are usually of little significance. But if the ob- 
server is exposed to a noise of even moderate 
level just before a threshold measurement, the 
measured threshold level will, temporarily, be 
significantly higher than normal. This type of 
test is not only useful in determining what con- 
ditions need to be controlled and how well they 
need to be controlled, but it also is a useful 
psychoacoustic test in itself. 

The basic method used by the observer to pre- 
sent his reattion to the signals is also important 
in the end result. Numerous methods have been 
developed for this presentation. Three of these 
psychophysical methods are as follows: 1. In the 
method of adjustment the observer sets an ad- 
justable control to the level he judges suitable for 



the test. 2. In the method of the just noticeable 
difference the observer states when two signals 
differ sufficiently so that he can tell they are 
different. 3. In  the method of constant stimuli 
the observer states whether two signals are the 
same, or which is the greater, if they seem to 
differ. 

When psychoacoustic experiments are per- 
formed, the resultant data show variability in the 
judgments of a given observer as well as vari- 
ability in the judgments of a group of observers. 
The data must then be handled by statistical 
methods to obtain an average result as well as a 
measure of the deviations from the average. In 
general it is the average result that is of most 
interest, but the extent of the deviations are also 
of value, and in some experiments these devia- 
tions are of major interest. 

The deviations are not usually shown on graphs 
of averaged psychoacoustic data, but they should 
be kept in mind. To  picture these deviations one 
might thin!< of the curves as if they were drawn 
with a wide brush instead of a fine pen. 

The measured psychoacoustic responses also 
have a certain degree of stability, although it is 
not the degree of stability that we find in physi- 

cal measurements. In the normal course of events, 
if your threshold of hearing was measured yes- 
terday, a similar measurement today should give 
the same threshold level within a few decibels. 

In the process of obtaining these measures 
which have a reasonable reliability and stability, 
the experimental conditions have been controlled 
to the point where they are rarely the conditions 
encountered in actual practice. They are then 
useful mainly as a guide in interpreting objective 
measurements in subjective terms provided one 
allows for those conditions that seriously affect 
the result. As a general rule, the trend of our 
reactions to changes in the sound is all that can 
be estimated with validity. A conservative ap- 
proach in using psychoacoustic data with some 
margin as an engineering safety factor is usually 
essential in actual practice. 
3.2 THRESHOLDS O F  HEARING AND 
TOLERANCE 

Many experimenters have made measurements 
of the threshold of hearing of various observers. 
When young persons with good hearing are 
selected for the observers, a characteristic simiIar 
to that labeled MAF (minimum audible field) in 
Figure 3-1 is' usually obtained. This shows the 

Figure 3- 1. Thresholds of hearing and tolerance. 
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level of the pure tone that can just be heard in 
an exceptionally quiet location under free-field 
conditions (see Section 8.212 for an explanation 
of "free-field") as a function of the frequency 
of the pure tone. For example, if a pure tone hav- 
ing a frequency of 250 cps (about the same as 
the fundamental frequency of middle C) is 
sounded in a very quiet location, and if its sound- 
pressure level is greater than 18 db re 0.0002 
microbar at the ear of the listener, it will usually 
be heard by a young person. Similarly, for a pure 
tone having a frequency equal to 1000 cps, the 
threshold is about 0.0002 microbar. In addition 
to the restrictions mentioned above there are a 
number of other factors that need careful atten- 
tlon In performing such an experiment. For ex- 
ample, what is meant by "can just be heard" 
needs definition. Further details on these experi- 
ments can be found in the bibliography at the 
end of this handbook. 

Some variation in the threshold of a person 

can be expected even if the experiments are care- 
fully controlled, Threshold determinations made 
in rapid succession may possibly differ by as much 
as 5 db, and with longer intervals more variation 
between particular values is possible. But the 
avecage of a number of threshold measurements 
will generally be more consistent with the aver- 
age of another set than this 5 db variation among 
particular values. 

The variability among individuals is, of 
course, much greater than the day-to-day vari- 
ability of a single individual. For example, the 
sensitivity of some young people is slightly better 
than that shown in Fig. 3-1 as the minimum 
audible field, and, at the other extreme, some 
people have no usable hearing. Most noise-quiet- 
ing problems, however, involve people whose 
hearing, on the average, is only somewhat poorer 
than the minimum audible field shown in Fig 
3-1. 

The threshold curve shows that at low fre- 

(Below and Right) Figure 3-2. 
Presbycusis curves for women and men. These sets of curves show the average shi f ts 
wi th age of the threshold of hearing for pure tones. (ASA Subcommittee 224-X-2, "The 

Relations of Hearing Loss To Noise Exposure," New York, 1954, pp. 16-17) 



quencies the sound-pressure level must be com- 
pBratively high before the tone can be heard. In 
contrast we can hear tones in the frequency range 
from 500 to 10,000 cps even though the levels 
are very low. This variation in acuity of hearing 
with frequency is one of the reasons that in most 
noise problems it is essential to know the compo- 
sition of the noise. For example, is it made up 
of a number of components all below 300 cps 
in frequency? Or, are they all between 1000 and 
5000 cps? The importance of a given sound- 
pressure !eve! is significantly different in those 

two cases. 
The upper limit of frequency at which we can 

hear air-borne sounds depends on the condition 
of our hearing and on the intensity of thc sound. 
This upper limit is usually quoted as being some- 
where between 16,000 and 20,000 cps. For most 
practical purposes the actual figure used is not 
important. I t  is important, however, to realize 
that it is in this upper frequency region where 
we can expect to lose sensitivity as we grow older. 

The aging effect (called "presbycusis") has 
been determined by statistical analysis of hearing 
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threshold measurements on many people. A recent 
analysis of such data* has given the results shown 
in Figure 1-2. 'l'his set of curves shows, for a 
number of pure tones of differing frequencies, 
the extent of the shift in threshold that we can 
expect, on the average, as we grow older. 

Many threshold measurements are made by 
otologists and other hearing specialists in the 
process of analyzing the condition of a person's 
hearing. An instrument known as an audiometer 
is used for this purpose. Its callbration is made 
with respect to a "normal" threshold. This "nor- 
mal" level, as used in the U.S.A., is also shown 
on the graph of Figure 3-1. The difference be- 
tween the audiometer threshold and the minimum 
audible field can be ascribed to the differences 
in technique used in the tests, to the selection of 
a different sample of observers, and to generally 
prevailing ambient noise conditions during audio- 
meter tests. 

When a sound is very high in level, one can 
feel very uncomfortable listening to it. The "Dis- 
comfort Threshold" (Silverman) shown in Fig- 
ure 3-1 is drawn in to show the general level at 
which such a reaction is to be expected. At still 
higher levels the sound may become painful, and 
the order of magnitude of these levels (Silver- 
man) is also shown in Figure 3-1. 
3.3 RATING T H E  LOUDNESS O F  A SOUND 

Macy psychoacoustic experiments have been 
made in which listeners have been asked to rate 
the loudness of a sound. As a result of these es- 
periments involving all sorts of sounds in various 
arrangements much has been learned about the 
concept of loudness in laboratory situations. The 
way in which the judgment of loudness has been 
obtained seems to affect the results sufficiently, 
however, so that it seems unwise at the present 
time to try to scale the sounds of everyday life 
on an absolute basis. In particular, it does not 
seem possible to give numerical value to the 
loudness ratio of two sounds and have this ratio 
be reasonably independent of the conditions of 
comparison. It does seem possible, however, to 
rank a sound with satisfactory reliability according 
to its loudness. For example, if sound A is judged 
louder than sound B and if sound B is judged 
louder than sound C, thcn, in general, sound A 
will also be judged louder than sound C. 
3.31 Equal-Loudness Contours and Loudness 
Level 

One step in the direction of rating the loudness 
of a sound has been to determine the sound- 
pressure levels of pure tones of various frequen- 
cies that sound just as loud to an obsemcr as a 

*American Standards Association Subcommittee 224- 
X-2, The Relations of Hearing Lorr t o  Noise Exj~orurc, 
January,  1954, New York. 

1,000-cps tone of a given sound-pressure level. 
The results of this determination by Fletcher and 
Munson are given as equal-loudness contours in 
Figure 3-3. The number on each curve is the 
sound-pressure level of the 1,000-cycle tone used 
for romparison for that curve. To  use the con- 
tours for determining the equally loud levels at 
other freauencies. we find the ~ o i n t  on the curve 

I 

corresponding to the desired frequency and read 
off the corresponding sound-pressure level as the 
ordinate. For example, the 60-db contour line 
shows that a 66-db level at 200 cycles is just 
as loud as a 60-db 1000-cycle tone. W e  can also 
interpolate between the curves to find that a 60- 
db 200-cycle tone is equal in loudness to a 51-db 
1000-cycle tone. The corresponding sound-pres- 
sure level in db for the 1000-cycle tone has been 
defined as the Loudness level in phons. Therefore, 
a 200-cycle tone at a sound-pressure level of 60 
decibels has a loudness level of 51 phons. 

As mentioned earlier, the weighting networks 
for the standard sound;level meter are based on 
these contours. The "A" and "B" weighting is in 
accordance with the 40 and 70-phon contours, but 
with modifications to take into account the usual- 
ly random nature of the sound field in a room. 

The loudness contours shown in Figure 3-3  
have been widely used, but there is evidence that 
the contours are on the average not so uniform 
for low-frequency tones at moderately high levels 
as are those shown. Experiments now in progress 
should show the extent of the revision necessary. 

A set of equal-loudness contours (Pollack) for 
bands of random noise are shown in Figure 3-4. 
Random noise is a common type of noise that 
occurs in ventilating systems, jets, blowers, com- 
bustion chambers, etc. It does not have a well de- 
fined pitch, such as characterizes a tone with the 
energy concentrated in discrete components of 
definite frequency. Rather, random noise has en- 
ergy distributed over a band of frequencies. If 
the noise energy per cycle is uniform over a wide 
Lange, it is called ' white noise", being analogous 
in  spectrum characteristics to white Ilght. When 
the energy is distributed over a very wide band, 
it is a sort of hishing sound. When the broad- 
band noise has little energj at low frequencies, 
it is more of a hissing sound. When it is concen- 
trated in narrower bands, the sound takes on some 
aspects of pitch. For example, low-frequency 
random noise may be a sort of roar. 

The contours shown in Figure 3-4 are for 
relatively narrow bands of noise, such that 11 
bands cover the range from 60  to 5800 cps. They 
are distributed uniformly on a scale of pitch for 
pure tones (see Section 3.72). The numbers on 
the curves are phons, that iS, the sound-pressure 
levels of equally loud 1000-cycle tones, and the 
levels are plotted according to the centers of the 



Figure 3-3. Free f ie ld 
equal-loudness contours 
o f  pure tones (Fletcher- 
44unson curves). Piano 
key board helps identify 
the frequency scale. Only 
the fundamental frequency 

o f  each piano key i s  
indicated. 
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bands. For example, one band covers the range 
from 350 to 700 cps  From the curves we can see 
that when the sound-pressure level of the noise 
in that band is 43 db re 0.0002 niicrobar, the 
indicated loudness level is about 34 phons. 
3.32 Loudness and Loudness Level - 

Although we may remark that some sounds are 
louder than others, we do not ordinarily rate 
sounds for loudness on a numerical basis. Experi- 
menters have asked observers to make judgments 
of the loudness ratio of sounds, that is, to state 
when one sound is twice, four times, one-half, 
etc., as loud as another. The resultant judgments 
depend to a considerable extent on how the prob- 
lem is presented to the observer. But on the basis 
of such judgments a number of scales of loudness 
have been devised, which rate sounds from "soft" 
to "loud" in units of sones. As a reference, the 
loudness of a 1000-cycle tone with a sound-pres- 
sure level of 40 decibels re 0.0002 microbar (a 
loudness level of 40 phons) is taken to be 1 sone. 
A tone that sounds twice as loud has a loudness 
of 2 sones. This scale is shown on the vertical 
axis of Figure 3-5, and the horizontal scale is the 
sound-pressure level of the sound in decibels. The 
particular curves shown in this figure relate the 
loudness in sones to the sound-pressure level for 
a 1000-cycle pure tone (Fletcher) and for a wide 
band of random noise (adapted from Pollack 
and others). These curves show the general nat- 
ure of the loudness function, but the particular 
numerical values are cot unanimously accepted. 
Several experimenters have suggested curves that 

Figure 3-4. 
Equal-loudness contours 
forrelatively narrow bands 
of random noise. The cen- 
ter frequency of the band 
i s  shown as the abscissa, 
and the numbers on the 
curves are phons. (Irwin 
Pollack, "The Loudness 
of Bands of Noise," Jour. 
Acoust. Soc. Am., Vol. 24, 
Sept., 1952, pp. 533-538) 

differ appreciably from those shown here. 
The pure-tone curve is the one on which most 

statements about relative loudness are based. W e  
can see that the judged loudness changes on a 
ratio basis less rapidly with sound-pressure level 
at high than at low levels. Incidentally, the gen- 
eral relations shown tend to refute the usual con- 
tention that the decibel is used in acoustics be- 
cause we respond to sound levels in a logarithmic 
manner. At no level is a logarithmic variation 
approached. 

The marked difference in apparent loudness 
for a pure tone and a wide band noise for the 
same sound-pressure level is also of interest. This 
difference is another reason that we usually need 
to know more about a sound than just its sound- 
pressure level or its sound level. If we know how 
the energy in a sound is distributed as a function 
of frequency, we can make a more useful estimate 
of its probable subjective effect than we can by 
knowing just its sound-pressure level. One of the 
ways such knowledge is used is in the calculation 
of loudness level. 
3.33 Loudness Level Calculations from 
Measurements 

If the sound to be measured is known to be a 
pure tone, the procedure for calculating loudness 
level is relatively simple. The sound-pressure level 
and the frequency of the tone are determined, 
and the equal loudness contours of Figure 3-3 can 
then be used to calculate the loudness level. 

If the sound to be measured is more complex, 
a technique developed empirically has heen found 



to give good results. The sound is analyzed by an 
octave-band analyzer into eight frequency bands 
covering the audio spectrum. A transfer value 
(see Section 7.2) for each band is determined 
from charts by using the measured sound-pressure 
level in the band. Then a total transfer value is 
obtained by summing the individual transfer 
values. This total value is then transformed into 
a calculated loudness level. Further details on this 
procedure will be found in Section 7.2. 
3.4 MASKING 

It is common experience to have one sound 
completely drowned out when another, louder 
noise occurs. The reverse effect also happens. For 
example, during the early evening when a fluores- 
cent light is on, the ballast noise may not be 
heard, because of the usual background noise 
level in the evening. But late 'at night when there 
is much less activity and correspondingly less 
noise, the ballast noise may become relatively very 
loud and annoying. Actually, the noise level pro- 
duced by the ballast may not be different in the 
two cases. But psychologically the noise is louder 
at night, because there is less of the masking 
noise which reduces its apparent loudness. 

Experimenters have found that the masking 
effect of sounds is greatest for thos? other sounds 
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that are close to it in frequency. At low levels 
the masking effect covers a relatively narrow 
region of frequencies. At higher levels, above 60 
db, say, 'the masking effect spreads out to cover 
a wide range, mainly for frequencies above the 
frequencies of the dominating components. In 
other words, the masking effect is asymmetrical 
with respect to frequency. Noises that include a 
wide range of frequencies will correspondingly 
be effective in masking over a wide-frequency 
range. 

3.5 "WHAT NOISE ANNOYS AN OYSTER?" 
No adequate tneasures of the annoyance levels 

of noises have yet been devised. Various aspects 
of the problem have been investigated, but the 
psychological difficulties in making these investi- 
gations are very great. For example, the estent of 
our annoyance depends greatly on what we are 
trying to do at the moment, it depends on our 
previous conditioning, and it depends on the 
character of the noise. 

The annoyance level of a noise is sometimes 
assumed to be related directly to the loudness 
level of the noise. Although not completely justi- 
fiable, this assumption is sometimes helpful be- 
cause a loud sound is usually more annoying than 
one of similar character that is not so loud. 

Psychologists have found that high-frequency 
sounds (above about 2000 cps) are usually more 
annoying than lower frequency sounds of the 
same sound-pressure level. Therefore, when it is 
determined by analysis, by methods to be ex- 
plained later, that a significant portion of the 
noise is in the higher frequency bands, consider- 
able effort at reducing these levels from the view- 
point of annoyance may be justified. 

A further effect concerns localization of sound. 
When a large office has acoustically hard walls, 
floor and ceiling, the room is "live", reverber- 
ant. The noise from any office machinery then is 
reflected back and forth, and the workers are 
immersed in the noise with the feeling that it 
comes from everywhere. If the office is heavily 
treated with absorbing material, the reflected 
sound is reduced, and the workers then get the 
feeling the noise is coming directly from the 
machine. This localized noise seems to be less 
annoying. While no adequate measures of this 
effect have been developed, the general principle 
discussed here seems to be accepted by many who 
are experienced in noise problems. 

Figure 3-5. 
Loudness versus sound- pressure level for 

wide-band random noise and a pure tone. 



3.6 SPEECH-INTERFERENCE LEVEE 
It is becoming relatively common to be in a 

place so noisy that conversa~ion is difficult or itn- 
possible. The interference with speech reaches its 
maximum in airplanes, locomotives and some 
manufacturing plants. Because of the annoyancr 
of interference wlth cpeech and also because noisc 
interferes mith work where speech communica- 
tion is necessary, a noise rating based on the 
speech-interference level is frequently useful. W e  
should know how to improve speech communica- 
tion in a noisy place. In order to effect this im- 
provement we shall find it useful to evaluate the 
speech-interference level of a noise. Ilow this can 
be done will appear from a consideration of how 
noise interferes with speech. 

Noise interference with specch is usually a 
masking process (see Section 3.4). The back- 
ground noise increases our threshold of hearing, 
and, as a result, we may hear only a few or per- 
haps none of the sounds necessary for satisfactory 
intelligibility. 

The consonants contain most of the informa- 
tion in speech; but, unfortunately, they are more 
readily masked than vowels, because the conson- 
ants are weaker than vowels. Noise of a certain 
level may then mask some speech sounds and not 
others depending on the talking level, the par- 
ticular sound, and the relative frequency distri- 
bution of energy, of the sound and of the noise. 

The energy of the various specch sounds is 
distributed over the frequency range from below 
100 to above lo,ooo cps. The actual instantaneous 
distribution depends on the particular speech 
sound. For example, the "s" sound has its energy 
broadly distributed in the range from 4000 to 
beyond 8000 cps. In contrast, most of the energy 
in the "ee" sound of "speech" is distributed in 
fairly definite groups (called "formants") below 
4000 cps. All the frequency range of speech 
sounds is not necessary, however, for complete 
ictelligibility. A number of experimenters have 
shown that nearly all the information in speech 
is contained in the frequency region from 200 to 
6000 cps. 

In any frequency subdivision that we may make 
of this range, the sound-pressure levels vary over 
a range of about 30 decibels as successive sounds 
occur. Tests have been run on the intelligibility 
of speech which show that if we can hear the full 
30-decibel range in each of the frequency bands 
into which speech is divided, the contribution to 
intelligibility by that band will be 100 percent. 
If, however, noise limits the range that can be 
heard t6 only 15 decibels, the contribution will 
be about 50 percent, and so forth. Furthermore, 
if the range between 200 to 6000 cps is divided 
into a large number of frequency bands of equal 

importance to speech intelligibility, the total con- 
tribution to speech intelligibility is equal to the 
average of the contributions from the individual 
bands. This quantity is called the articulation in- 
dex, because it is a measure of the percentage of 
the total possible information which we might 
have perceived of importance to speech intelligi- 
bility. 

For many noises the measurement and calcula- 
tion can be simplified even further by the use of 
a three-band analysis. The bands chosen are 600- 
1200, 1200-2400 and 2400-4800 cps. The arith- 
metic average of the sound-pressure levels in 
these three bands gives the quantity called the 
speech-interference IeveI. One can use this level 
for determining when speech communication or 
telephone use is easy, difficult, or impossible; and 
one can determine what changes in level are 
necessary to shift from one order of difficulty to 
a lower order. The calculations and rating 
methods for making these determinations are 
given in Section 7.3. 

3.7 ADDITIONAL HEARING CHARACTER- 
ISTICS 

In  addition to the characteristics already des- 
cribed, numerous others have been investigated, 
and a few of these are of interest for guiding 
one in noise-measurement problems. Therefore, 
we shall discuss briefly differential sensitivity for 
intensity and the pitch scale. 

3.71 Differential Sensitivity for Intensity: One 
question that comes up in quieting a noisy place 
or .device is: "Just how little a change in level 
is worth bothering with? Is one decibel change 
significant, .or does it need to be twenty deci- 
bels?" This question is partially answered in the 
section on loudness, but there is additional help 
in the following psychoacoustic evidence. Psych- 
ologists have devised various experiments to 
determine what change in IeveI will *be usually 
noticed. When two different levels are presented 
under laboratory conditions to the observer with 
little delay between them the observer can notice 
as small a difference as 1/4 decibel for a 1000- 
cycle tone at high levels. This sensitivity to 
change varies with level and the frequency, but 
over the range of most interest, this differential 
sensitivity is about 1/4 to 1 decibel. For a wide- 
band random noise (a hishing sound) a similar 
test gives a value of about 1/2 decibel for sound- 
pressure levels of 30 to 100 decibels (re 0.0002 
microbar). Under everyday conditions, a 1.0 
decibel change in level is more likely to be the 
minimum detectable by an average observer. On 
the basis of these tests, we can conclude that 1 
decibel total change in level is hardly worth 
much; 3, say, is usually significant; and G is 



usually worth while. I t  should be remembered, 
however, that many noise problems are solved 
by reducing the level by a number of changes, 
each of which result in only small reductions in 
level, but the final change totals large enough 
to be worth while. There is also the importance 
of a change in character of the noise. For ex- 
ample, the high-frequency level of a noise may 
be reduced markedly by acoustic treatment, but, 
because of strong low-frequency components, the 
overall level may not change appreciably. Never- 
theless, the resultant effect may be very much 
worth while. This example illustrates one reason 
for making a frequency analysis of a noise before 
drawing concIusions about the noise. 

3.72 Pitch ilnd Mels: Just as they have done for 
loudness, psychologists have experimentally deter- 
mined a scale for pitch. The unit for this scale 
is the "mel" (from "melody"), and a 1000- 
cycle tone at a Ievel of 40 db is said to have a 
pitch of 1000 mels. In  terms of frequency, this 
pitch scale is found to be approximately linear 
below 1000 cycles and approximately logarithmic 
above 1000 cycles. Some people have suggested 
that a frequency analysis with bands of equal 
width in mels would be more efficient for some 
types of noise analysis than would one with bands 
of other widths. At the present time there are no 
commercial analyzers of this type available, but 
some work has been done using such an analysis. 
In addition, the pitch scale has been found useful 
for some types of charts. 
3.8 HEARING LOSS FROM NOISE 
EXPOSURE* 

If we are exposed to intense noises, we may 

suffer a loss in hearing. This loss will appear as 
a shift in the hearing threshold. Some of the loss 
is usually temporary with partial or complete re- 
covery in some minutes, hours or days. Any re- 
maining hearing loss that persists indefinitely is 
called "permanent." The extent of the permanent 
loss will depend on many factors. For example, 
it depends on the susceptibility of the individual; 
on the duration of the exposure, including the 
time pattern; on the intensity of the noise; on 
the spectrum of the noise; on the type of noise, 
that is, impact, random, or pure tone; and on the 
nature of the ear protection used, if any. 

Because of the many complicating factors, it 
is not possible to set up a single, simple relation 
between hearing loss and the exposure to noise. 
Furthermore, adequate data regarding compara- 
tive audiograms and a complete history of ex- 
posure including noise levels, type of noise, time 
pattern and frequency characteristics are not avail- 
able. I t  should also be kept in mind that noise 
is not the only cause of permanent hearing loss. 
There is the normal loss of hearing with age 
(see Section 3.2), and some types of infection 
may produce permanent hearing loss. 

Nevertheless, because of the importance of the 
problem, certain tentative ratings based on the 
presently available data for noise damage risk are 
given in Section 7.4. These suggested ratings are 
tentative and should be revised when a better 
understanding of the damage problem is avail- 
able. 

*American Standards Association Subcommittee 224- 
X-2, The Relations o f  Hearittg Loss to Noise Exposure, 
January, 1954, New York. 
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Figure 4-1. Basic sound-measuring instrument, wi th various accessories commonly used i n  acoustic measurements. 



r CHAPTER IV 

r 

DESCRIPTION OF THE GENERAL RADIO 
- SOUND-MEASURING SYSTEM 

The General Radio sound-measuring system with microphone in vertical or horizontal posi- - comprises a general-purpose sound-level meter tion. 
and an ever-growing list of associated equipment. 
In addition, an extremely small, lightweight and 4.2 THE SOUND-LEVEL METER 

P low-cost meter, the Sound-Survey Meter is avail- (TYPE 1551-A) 
1 able. The basic instrument of the General Radio 

The functional relation among the various sound-measuring system is the Type 155 1-A 
instruments of the svstem is shown in Figure 4-1. Sound-Level Meter. This instrument conforms to 
A brief descriptionJof each instrument-is given 
below (for complete descriptions and specifica- 
tions, see Appendix I1 ), and tlie applications 
are discussed in Chapter V. 

4.1 THE SOUND-SURVEY METER 
(TYPE 1555-A) 

The Type 1555-A Sound-Survey Meter is a 
small, simple meter for indicating the level of 
noise and other sounds in terms of a standard 
reference level. It consists of a microphone, a 
calibrated attenuator, weighting networks, an 
amplifier, and an indicating meter. As described 
in Chapter V, the Sound-Survey Meter is well- 
suited to a wide variety of general sound meas- 
urements. 

The Sound-Survey Meter is small, light in 
weight, easy to use, reliable and inexpensive. It 
slips easily into a suit-coat pocket. Control set- 
tings and panel meter indication can be read at 
a glance. It can be mounted on a tripod, han'd 
held, or placed on table or bench with equal 
facility. Readings and settings are easily made 

Figure 4-2. The Type 1555-A 
Sound-Survey Meter. 
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Figure 4-3. The Type 1551-A Sound-Level Meter. 

all the requirements set forth in the ASA A,meri- the microphone. 
cult Standard for S,ound-Level Meters for the 
Meastirenzent of Noise and Other Sozrnds (224.3 ACCESSORIES FOR THE SOUND- 
-1944) '. It is an accurate, portable, low-priced LEVEL METER 
meter for reading in terms of a standard refer- 
ence level (.oo&' microbar at 1003 cps) the 
sound level at its microphone. Fundamentally, the 
instrument consists of a con-directional micro- 
phone, a calibrated attenuator, an amplifier, an 
indicating meter, and weighting networks to 
modify the amplifier response to conform with 
the response of the human ear to pure tones at 
specified sound levels. 

The amplifier uses subminiature tubes, is stabi- 
lized by means of inverse feed-back and has 3 
flat frequency response range of 20 cycles to 
20 kilocycles. In addition to the three common 
sound-level meter responses A, B and C, which 
are specified between 25 cycles and 8000 cycles, 
this instrument has a fourth weighting-switch 
position which permits use cf wide-band or 
high-fidelity microphoces at its input, with the 
over-all frequency response being determined by 

1 American Standards Association, 70 East 45th Street, 
New York 17, New York. 

4.3 MICROPHONES 
4.31 Rochelle-Salt Microphone: The micro- 

phone regularly supplied with the Type 1551-A 
Sound-Level Meter is of the Rochelle-salt crystal 
diaphragm type. This i3 a low-cost device which 
meets the requirements for a sound-level-meter 
microphone very satisfactorily if it is connected 
directly to the input terminals of a sound-level 
meter and if the variations of temperature and 
humidity encountered are moderate. 

When it becomes necessary to make measure- 
ments with the microphone separated from a 
sound-level meter by a long table or when high 
temperatures and humidity are encountered, the 
Rochelle-salt microphone becomes a less satis- 
factory pickup. Its capacitance varies considerably 
as the temperature changes, so that the loss added 
by a long cable is markedly a function of tem- 
perature. These characteristics are discussed in 
Chapter VI. 



4.32 Type 759-P25 Dynamic Microphone As- 
sembly: The inconvenience and the possibility of 
errors caused by using a correction factor that is 
a function of temperature when the Rochelle- 
salt microphone is at the end of a long cable 
can be avoided by using a dynamic microphone. 
A suitable dynamic microphone for use with the 
Type 1551-A Sound-Level Meter is available, in 
combination with a transformer, a cable, and a 
tripod. This combination is known as the Type 
759-P25 Dynamic Microphone Assembly. 

The dynamic microphone, the Western Electric 
Type 633-A, now manufactured by Altec Lans- 
ing Corporation, is well established as a depend- 
able and rugged icstrument. Its output level is 
about -90 db re 1 volt per microbar compared 
to a level of -60 db for the crystal microphone, 
so that a transformer with a turns ratio of 30:l 
is required to raise the output to the desired 
level. The Type 759-P26 Transformer does this 
with no effect on the frequency response over 
the working range of the microphone. In addi- 
tion. the transformer is well shielded. so that 
pickup from stray magnetic fields is well below 
any such pickup by the microphone itself. The 
cable furnished is 25 feet of shielded, double 
cocductor with vinylite sheath. A 100-foot cable 
is also available. Response characteristics are 
given in Chapter VI. 

4.33 Type 1551-P1 Condenser Microphone Sys- 
tem: The amplifier, attenuator, and meter fre- 
quency-response characteristics of the Type 155 1- 
A Sound-Level Meter, with the weighting switch 
at "20 KC," are flat from 20 cycles to 20 
kilocycles. This makes it possible to derive full 
benefit from some of the new wide-range micro- 
phones (?, " that have become available. These 
new microphones have high sensitivity and have 
excellent response characteristics well beyond 10 
kilocycles. They are small in size so they create 
a minimum disturbance to the sound field at these 
higher frequencies. They are useful in testing 
the over-all response of high fidelity systems or 
in other wide-frequency-range acoustic investi- 
gations. 

One of these wide-range microphones has been 
used in the Type 1551-P1 Condenser Microphone 
System, which is an assembly of preamplifier, 
power supply, microphone, and tripod. The 
microphone is an Altec 21-type. The power sup- 
ply is attached to the end of the sound-level-meter 
cabinet. The frequency response of this micro- 

2 J. K. Hilliard, "Miniature Condenser Microphone", 
Journal of the Society o f  Motion Picture and Tele- 
v i ~ i o n  Engineers, Vol. 54, pp. 303-314 (March 1950). 

3 H. F. Olson and J. Preston, "Unobtrusive Pressure 
Microphone", Audio Engineering, Vol. 34, pp. 18-20 
(July 19>0) ,  

phone system extends out to 20 kc, and it also 
has a good low frequency response down to 20 
cycles. 

4.34 Massa M-141B Microphone: Another wide- 
range microphone that can be used with the Type 
1551-A Sound-Level Meter is the Massa M-141B 
Standard Microphone, developed by the Massa 
Laboratories, Hingham, Massachusetts. Thc M- 
141B Microphone is particularly well adapted to 
measuring sounds of high intensity. It is small 
and rugged, and can be used for measurements 
of sounds having frequency componects from 50 
cycles to beyond 20 kilocycles over the range of 
sound-pressure levels from 80 to 190 decibels. 

4.35 Vibration Pickup: The Type 759-P35 
Vibration Pickup is an inertia-operated Rochelle- 
salt crystal device which generates a voltage pro- 
portional to the acceleration of the vibrating 
body. By means of integrating networks in the 
Type 759-P36 Control Box, voltages proportional 
to the velocity or the displacement as well as the 
acceleration of the vibrating body may be de- 
livered to the input of a sound-level meter. This 
combination plugs into a sound-level meter in 
place of the microphone. For vibration measure- 
ments below a frequency of 20 cycles the Gen- 
eral Radio Type 761-A Vibration Meter is better 
suited. 
4.4 ANALYZERS 

Even if a sound-level meter were perfect (i.e. 
fit with no tolerance all the design objectives of 
the, ASA. Standards), the reading obtained by it 
in any given noise field is inadequate for a com- 
plete understanding of the problem. It is easy to 
see why this is so. The number of decibels 
obtained when reading a sound-level meter tells 
nothing about the frequency distribution of the 
noise. I t  is true that by judicious use of the 
weighting networks in a sound-level meter one 
can learn something about the frequedcies pre- 
sent, but this knowledge is only qualitative. For 
most important problems it is necessary to use 
some type of frequency analyzer to determine the 
noise spectrum. 

A number of analyzers are available for use 
with the Type 1551-A Sound-Level Meter so 
that its range of usefulness can be extended. 
These analyzers vary in cost, complexity and ease 
of operation. Choice between them is generally 
determined by the amount of detailed informa- 
tion needed to solve a particular problem. In 
general, the more information required, the more 
selective the analyzer needed. The more selective 
the analyzer, the more time is required to gather 
the information. 

4.41 Octave-Band Noise Analyzer (Type 1550- 
A):  The Type 1550-A Octave-Band Analyzer 
tnahcs possible ille si~rlple and rapid analysis of 



Figure 4-4. The Type 1550-A Octave-Band Analyzer. 

noises having complex spectra. It operates directly 
from the output of a sound-level meter and is 
more convenient to use than narrow-band an- 
alyzers such as the Type 760-B Sound Analyzer 
or the Type 736-A Wave Analyzer. I t  can be 
used for all frequency analyses, except those 
requiring a detailed knowledge of the individual 
frequency components. 

This analyzer consists of a set of 8 band-pass 
filters, selected by means of a rotary switch, fol- 
lowed by an attenuator and an amplifier, which 
drives both an indicating meter and a monitoring 
output. 

Power is supplied by means of a self-contained 
battery block, but an a-c power pack that fits the 
battery compartment is available separately. 

For convenience and flexibility, circuits and 
panel jacks are arranged so that the filter section 
or the amplifier can be used alone. Although 
intended for use at the output of a sound-level 
mcter, the analyzer can be driven directly from 
the Type 759-P25 Dynamic Microphone Assem- 
bly or the Type 1551-P1 Condenser Microphone 
System when noise levels in the pass bands 
exceed 70 db but are less than 140 db. 

4.42 Sound Analyzer (Type 760-B): The Type 
760-B Sound Analyzer is a continuously tunable 
instrument. It is small, portable, and bajtery 
operated. It includes a three-stage direct-coupled 
amplifier which i5 made selective by means of a 

tunable null circuit in a negative-feedback loop. 
Operation is simple and convenient, and the 
entire frequency range of the instrument can be 
scanned quickly and easily. The frequency range 
is selected by means of a set of five pushbuttons, 
and the actual frequency is read from a single 
dial, which can be rotated continuously in either 
direction. The band width is a cbnstant percent- 
age of the frequency to which the analyzer is, 
tuned, which facilitates measurements on mach- 
ines that do not run at absolutely constant speed. 
N o  inductors are used, and the case is electro- 
statically shielded, so that this instrument is 
unaffected by ordinary electromagnetic and elec- 
trostatic fields. 

In combination with a sound-level meter this 
analyzer provides a convenient means for measyr- 
ing not only the actual sound-pressure level but 
also the relative amplitudes of the component 
frequencies. When component sound levels are 
.in the range of 70 to 140 db, the Sound Analyzer 
can be driven directly by the Type 759-P25 
Dynamic Microphone Assembly or the Type 
1551-P1 Condenser Microphone System. An out- 
put jack is provided so that the filtered out ut 
can be monitored or recorded for future re er- 
ence. 

P 
4.43 Wavo Analyzer (Type 736-A): The Type 

736-A Wave Analyzer is an a-c operated hetero- 
dyne-type vacuum-tube voltmeter. The interrne- 



Figure 4-5. The Type 760-B Sound Analyzer. 

diate-frequency amplifier includes a highly 
selective quartz-crystal filter. The use of a 
heterodyne method makes it possible to vary the 
response frequency while using a fixed frequency 
filter. This is a fairly complex instrument, better 
suited to laboratory use than to portable or field 
use. By its use, however, much can be learned 
about the frequency spectrum. It operates over a 
very wide range of input voltages (300 micro- 
volts to 300 volts full scale). A direct-reading 
decibel scale is provided so that it is convenient 
to use in conjunction with a sound-level meter. 
It has a fixed band width of 4 cycles and high 
rejection outside the pass band. This band is so 
narrow that unless components in the spectrum 
are stable in frequency this analyzer becomes 
difficult to use at the upper audio frequencies. 
For this reason the Type 760-B Analyzer is better 
suited for noise measurements even though its 
rejection outside the pass band does not approach 
that of the Type 736-A. Figure 4-7 illustrates 
the difference in selectivity curves for the degen- 
erative and the heterodyne-type analyzers. 

4.5 ACOUSTIC CALIBRATOR (TYPE 1552-A) 
The Type 1552-A Sound-Level Calibrator is 

a simple and convenient means for making an 

Figure 4-6. 
The Type 7 3 6 4  Wave Analyzer. 



FREWENCY IN CYCLES PER SECOND 

over-all acoustical check, at 400 cycles, of the 
sensitivity of a sound-level meter including its 
microphone. An internal calibration system oper- 
ating from any a-c power line is included within 
the Type 1551-A Sound-Level Meter and con- 
veniently permits standardization of the electrical 
circuits, but this does not include a check on 
microphone sensitivity. I t  was to include the 
microphone in the calibration that the Type 
1552-A Acoustic Calibrator was devised. It com- 
prises a small, stabilized, and rugged loudspeaker 
moucted in an enclosure which fits over the 
microphone of the sound-level meter. The cham- 
ber is so designed that the acoustic coupling 
between loudspeaker and microphone is fixed and 
can readily be-repeated. The 1e;el is high enough 
so that readings are unaffected by normal bad- 
ground noises. 

The calibrator can be operated from any audio 
oscillator having reasonably gcod wave form 
(harmonic content should be 5% or less) and 
capable of supplying 2 volts at 400 cycles across 
an impedance of one microfarad in parallel with 
2000 ohms. Most users find that they have avail- 
able a suitable audio oscillator and a voltmeter 
for use with the calibrator. The Type 1307-A 
Transistor Oscillator is a small, 'simple oscillator 
that can supply this signal. It has an output volt- 
meter and a connecting cord that plugs into the 
terminals of the Calibrator. 

4.6 ADDITIONAL EQUIPMENT OF OTHER 
MANUFACTURE 

In addition to extended information gained by 
use of analyzers at the output of the sound-level 
meter, or special sources at the input such as the 

Figure 4-8. The Type 1552-A sound-~evel  
Calibrator placed on the microphone of o 

Figure 4-7. Selectivity 
curves for the degenero- 
tiveand heterodyne-type 

analyzers. 

Type 1390-A Random-Noise Generator, the range 
and usefulness of the basic sound-level meter can 
be expanded by the use of a number of other 
pieces of associated equipment. The sound-level 
meter serves as an accurately calibrated pre- 
amplifier for the microphone. The Type 1551-A 
Sound-Level Meter provides a low-distortion, 
hum-free output, weighted to conform with spe- 
cified frequency-response characteristics when de- 
sired, for the operation of such auxiliary equip- 
ment as the cathode-ray oscillograph, magnetic 
tape recorders, graphic level recorders, the Sona- 
graph, or a panoramic analyzer. 

4.61 Cathode-Ray Oscillofia~h: The cathode- 

sound-level meter for coli brat ion. 



almost any laboratory. It is a useful means for 
observing the wave form of a noise or other 
output signal from the sound-level meter. The 
oscillograph shows the amplitude of the signal 
as a function of time, in other words, it gives a 
time display of the signal. I t  is useful for observ- 
ing many general noise patterns, particularly 
when measuring short duration or impact noises. 
I t  can be used to measure the peak amplitude, 
the rate of decay, and the shape of a wave. 

4.62 Magnetic Tape Recorder: The magnetic 
tape recorder has become a very useful tool for 
the acoustical engineer both in research and in 
development. I t  stores a signal as variations in 
the magnetic state of the particles on the tape. 
The time scale then becomes a length scale on 
the tape. 

The signal to be stored must be supplied to 
the recorder as an electrical signal; and, for 
recording noise as a function of time, this elec- 
trical signal is usually obtained from a high- 
quality microphone. When measurements are to 
be made on the stored signal, the recorded tape 
is played back on the recorder and measurements 
are made on the electrical output signal. 

The magnetic-tape recorder is being used to 
perform the following functions in the field of 
noise measurements. 

1. The preservation of a noise for later an- 
alysis or for comparison with a reference noise. 

2. The obtaining of a series of short samples 

Figure 4-9. 
The Type 1307-A 
Transistor OsciI lator, 
a recommended signal 
source for the Type 
1552-A Sound-Level 
Cali brator. 

which may be analyzed in detail and compared 
with each other to determine statistical indexes. 

3. The storage of a sample noise which can 
be played through a filter and re-recorded and 
then played through the filter again to double 
the sharpness of the filter cut-offs. 

The recorder selected must be a high quality 
instrument if accurate analyses are desired. This 
means a flat frequency characteristic, low hum 
and noise level, low non-linear distortion, wide 
dynamic range, and constant speed. 

4.63 Graphic Level Recorder: The graphic 
level recorder makes a permanent, chart record 
of the level of the electrical signal supplied to it. 
In the field of noise measurements this signal is 
usually obtained from the output of a sound- 
level meter. The graphic level-recorder can be 
used to record over periods of time the sound 
level at locations where one might question the 
maximum or minimum levels occurring due to 
effects of nearby traffic, airfields, or industrial 
installations. It is also extensively used for 
tracing frequency response curves and for mcas- 
urement of reverberation time. 

In conjunction with a sound analyzer it can 
be used to record the curve of amplitude versus 
frequency of a noise source. In this application, 
the motion of the paper in the recorder must be 
synchronized with the frequency of the analyzer 
pass band. This may be accomplished eithcr by 
a mechanical or an electrical link. 



CHAPTER V 

APPLICATIONS FOR THE GENERAL RADIO 
SOUND- MEASURING SYSTEM 

We have already seen that the General Radio 
Sound-Measuring System may consist of the 
Sound-Survey Meter or of the basic sound-level 
meter operated alone or with a wide variety of 
microphones, analyzers and recorders (see Figure 
4-1). Confronted with so many possible choices, 
we ask, "What instruments should we select to 
do our job?" 

The selection of the components of the sound- 
measuring system will depend entirely on what 
we wish to obtain from the measurements. If 
we are simply interested in comparing the noise 
in one office with that in another, the simple 
Sound-Survey Meter may be used. On the other 

hand, if we must determine the effect at all 
frequencies of adding a muffler to the exhaust 
of an automobile engine, a sound-level meter and 
an analyzer must be used. Similarly, we may want 
a measure of the loudness of the noise, the sound 
level, the sound-pressure level, the dominant 
pitch, the overtone structure, the extent to which 
it interferes with conversation, or some other 
characteristic, and for each of these we need to 
use a certain instrument or combination of in- 
struments. It will be helpful in considering these 
possible end results to review the uses for the 
Sound-Survey Meter and the sound-level meter. 
Although the uses cited will not be all-inclusive, 
they should indicate the basis for a choice of 
equipment. 

Figure 5-1. The Sound- 
Survey Meter being used 
to determine noise levels 

in a haspital area. 



5.2 USES FOR T H E  T Y P E  1555 SOUND- 
SURVEY METER 

r 5.21 In Industry: There are many places where 
a sound survey is needed. For example, an in- 
dustrial hygienist may be interested in measur- 

- ing the noise levels in a factory so as to locate 
areas where there is a possibility of hearing 
damage. The Sound-Survey Meter is a very con- 
venient instrument to use for this measurement. 

7 It makes possible a quick, initial survey, and, if 
the levels are low enough, no more is needed. 

Figure 5-3. Performance 
checks of sound reinforce- 
ment system at Radio City 

Music Hall being made 
with Sound-Survey Meter. 

Figure 5-2. The Sound-Survey Meter being 
used to measure noise from rotating 

electrical machinery. 

It can also quickly show where more detailed 
measurements, including frequency analysis, are 
necessary. Even with the Sound-Survey Meter 
alone, an estimate of the frequency distribution 
of the noise is possible by the use of the weight- 
ing networks provided. 

5.22 By Architects: The architect finds the 
Sound-Survey Meter useful in studying sites for 
office buildings, homes, and factories. H e  often 
considers noise in his selection of a proper place 
to put a building, in the same way that he con- 
siders other environmental factors such as pre- 
vailing winds, smoke nuisance, the nearness of 
schools, and so forth. The architect occasionally 
must determine the noise produced by ventilating 
systems to see if they conform to specifications 
ck to see if remedial measures are necessary to 
quiet an existing system. 

Another example of a problem that the archi- 
tect may encounter is locating a broadcast studio 
within .an existing building- With the Sound- 
Survey Meter he can measure the noise condi- 
tions on each floor of a building and from 
these data select the most suitable floor for locat- 
ing the studio. Obviously, vibration may also 
have to be considered in this problem, necessitat- 
ing the use of a vibration meter. 

5.23 By Engineers and Consultants: Engineers 
and consultants use the Sound-Survey Meter as a 
preliminary guide to later, more detailed, mea- 
surements of sound fields. The meter is a rapid 



means of collecting statistical data on a nolse 
where a detailed knowledge of the spectrum is 
not needed. 

5.24 In Theaters and for Sound Systems: 
The Sound-Survey Meter, because of its small 
size and ease of operation, is particularly useful in 
checking the level of reproduced sound in thea- 
ters and other sound systems. Sine-wave response 
characteristics of loudspeakers and rooms can be 
measured. On high-fidelity divided-speaker sound 
systems the survey meter is useful for determining 
the response characteristics through the crossover 
point and for measuring the dynamic range. 

5.25 In Schools: Simple Sound-Survey-Meter 
measurements will tell the superintendent of a 
public-school system whether or not the noise in 
the classrooms is likely to affect the efficiency of 
the teachers. If the noise levels exceed approxi- 
mately 40 db with the " A  scale, the students 
may have difficulty in understanding their teacher. 

Two other effects influence the quality of a 
classroom. In a highly reverberant room, the 
syllables of speech are smeared by the reflected 
sounds, so that the intelligibility is reduced. In 
a room with heavy acoustic treatment, the at- 
tenuation may be so great that at the rear of the 
room the teacher's voice is but poorly heard 
through the background noise. 

In the physics or science laboratories, the 
teacher can demonstrate with the Sound-Survey 
Meter the relation between sound levels and the 
sensation of hearing, and he can also use it for 
acoustical experiments. Teachers of psychology 
can use it to demonstrate the relation between 
loudness and loudness level and the dependence 
of hearing on the intensity of the sound. 

5.26 In Dramatics and Music: Directors of 
musical and dramatic productions can use the 
Sound-Survey Meter to help actors and musicians 
to find the correct voice level for a given audi- 
torium or theater. Similarly, teachers of voice 
and dramatics find it an aid in teaching students 
to use microphones properly. 
5.3 USES FOR THE TYPE 1551 SOUND- 

LEVEL METER 
The Type 1551 Sound-Level Meter is a pre- 

cision instrument, which, when combined with a 
suitable microphone and analyzing or recording 
equipment, can be used to measure noise and 
other sounds accurately. I t  can also be used 
in the same way that the Sound-Survey Meter is 
used, because it has embodied in it the same type 
of weighting networks and is nearly as simple 
to use. Furthermore, it is more stable, and it is 
built to closer tolerances than is the Sound-Survey 
Meter. It meets all the requirements of the 
American Standard Specification for Sound-Level 
Meters. In addition it supplies a low-distortion 
output signal, and it has a sufficient dynamic 
range so that analyzing equipment may be used 
with it. 

The sound-level meter can be used without an 
analyzer for many types of surveys, for measure- 
ment of the over-all sound level as required 
by test codes, for production tests of equipment 
noise, or for comparing two machines of similar 
design and performance. For example, if a 
maximum acceptable noise level has been es- 
tablished for a given model of electric motor, 
then the sound-level meter can be used with the 
weighting network in the most appropriate one 
of its three positions to determine whether or 

Figure 5-4. Hand-held 
operation of the sound- 
level meter. See Section 
6.52 for recommendations. 



Figure 5-5. 
The General Radio Sound-Level Meter, being 
used to measure blower. combustion and in- 
iection valve noise of a two-stroke diesel 

engine. 

not other similar motors ate sufficiently quiet to 
meet the production standards. As another ex- 
ample, the noise due to the operation of a 
particular jet engine test cell in the vicinity 
of a manufacturing plant may be measured 
frequently to see that wind and operating con- 
ditions do not cause the sound to exceed an 
acceptable level. 

5.31 Noise Test Codes: Some special groups 
have prepared test codes for making noise 
measurements on various devices. Examples of 
these devices are fans, blowers, water-cooling 
towers, transformers and airplanes. Almost in- 
variably the code specifies the use of a sound- 
level meter conforming to the requirements of 
the American Standard Sound-Level Meter for 
Measurement of Noise and Other Sounds, 
224.3-1944. When a device must be tested ac- 
cording to such a code, it is recommended that 
the Type 155 1 Sound-Level Meter be used. 

The code usually specifies the conditions of the 
test, for example, the mounting and location of 
the device and the microphone placement. The 
American Standard Test Code for Apparatus 
Noise Measurement, 224.7-19501, gives typical 
conditions. 

It is usually important for reliability of mea- 
surement as well as from the standpoint of ob- 
taining a favorable result to test in as dead 
(acoustically) a room as practical and to have 
the background noise level low. Sections 6.51 
and 6.53 will show how far it is necessary to 
go in these respects. 

These codes have been prepared to permit 
noise ratings to be made in a relatively uniform 
manner. When different models of the same 
type of device have the same noise rating, how- 
ever, they will not necessarily give the same 
noise level in a given room, even if mounting 
and operating conditions are carefully controlled. 
In order to be able to predict how two different 
models will compare in the noise level they 
produce in a live room, it is often necessary to 
determine the acoustic power rating and the 
directivity index of each device as a function 
of frequency. The methods for determining these 
are given in Chapter VIII. 

5.32 Analysis of the Noise: When the effect 
of noise on the hearer is to be predicted, an an- 
alyzer is ordinarily used with the sound-level 

1 American Standards Association, 70 East 45th Street. 
New York 17, New York. 

meter. Analysis is also useful in determining 
changes in behavior of machines and their parts, 
the characteristics of sound sources, and the ef- 
fects of rooms on noise. 

In general the carrow-band type of analyzer 
(Type 760-B Sound Analyzer) is used when 
the noise has a characteristic pitch, such as that 
produced by rotating machinery, when there are 
resonant structures in the noise source that pro- 
duce marked peaks of energy in the spectrum, 
when the noise source is a multiple one that in- 
cludes strong pitched compocents, and when the 
levels from separate sources of different frequen- 
cies are required. The octave-band-type (Type 
1550-A Octave-Band Noise Analyzer) is usually 
more suitable for noises of a broad-band character 
such as hissing, swishing, and sizzling noises, 
rattles, and buzzes, as well as many machinery 
noises and aircraft noises. Examples of this type 
are ventilaticg systems, oil burners, jets, blowers, 
cooling towers, looms, tumbling mills. It is also 
useful when more information about a noise is 
required than can be given by a sound-level 
meter directly, but a more dctailed analysis than 
eight band levels cannot be justified bcc,~use of 
the time required. Furthermore, the sound- 
pressure levels determined in the eight hands 
form the basis for the approsilllate calculntion of 



the loudness level of a noise, and they give the 
speech-interference level. See Sections 7.2 and 
7.3. , .<. 

As another example, the background noise in 
an audiometric room should be low in level in 
order that accurate audiometric examinations can 
be made. It is particularly important to have a 
low noise level at low frequencies. An octave- 
band analysis of the background noise is then 
desirable in order to insure that these levels are 
satisfactory. 

5.33 Quieting Machine Noises: In the develop- 
ment of a new machine it may be necessary io 
determine accurately the noise components that 
are radiated by the machine and that are prin- 
cipally important in the production of noise. 
As an example, let us consider an air-condition- 
ing machine that produces too high a noise level. 
Analysis with a narrow-band sound analyzer, such 
as the General Radio Type 760-B may reveal 
that the frequencies of the principal noise com- 
ponents can be associated with certain time- 
periodic rotating or reciprocating actions in the 
machine. When it has been determined which 
of these noise sources are the principal ones, 
the Engineering Design Department can quiet 
them. In this example it is not necessary, from 
the engineer's standpoint, to know accurately the 
magnitude of the sound pressure or the total 
acoustic power radiated by the device. He  only 
needs to know which are the loudest components 
and how many decibels he needs to reduce them 
in order to make them be no more intense than 
other noises from the machine. 

A common use for the sound-lwel meter is 
to determine the noise level produced by competi- 
tive machines. If the machines are of similar 

Figure 5-6. 
Another example of the 
sound-level meter in use: 
measuring over-al l noise 

level in a commercial 
office. 

design so that they radiate sound in much the 
same manner, it is only necessary that the micro- 
phone be located in the same position relative to 
each machine. The sound-pressure levels are de- 
termined as a function of frequency either with 
an octave-band noise analyzer or the sound an- 
alyzer. Some examples of noise spectra mea- 
sured with an octave-band analyzer and with a 
narrow-band analyzer are shown in Figures 6-5 
and 6-7. . . . - - . . 

If the machines under comparison are dis- 
similar in design, it is necessary to determine the 
total acoustic power radiated by the machine as 
a function of frequency. The method of measure- 
ment will be discussed in Chapter VIII. Acoustic 
power data are particularly important when a 
machine is to be operated in a closed room, 
such as an office, factory space, or schoolroom. 
The noise spectrum built up in a closed room 
is dependent principally on the spectrum of the 
acoustic power from the machine, the size of 
the room, the acoustical absorption properties 
of the boundaries, and the number of people 
in the room. 

If a machine is used indoors in a reverberant 
room and if the noise level produced by it is of 
importance only at a distance of fifteen or more 
feet from the machine, the only information 
needed is the total radiated acoustic power as a 
function of frequency. If, however, this same 
machine is to be operated out-of-doors or in a 
room which is not highly reverberant, the di- 
rectivity pattern of the noise becomes importaot 
and must be determined. By the directivity pattern 
we mean the acoustic power radiated by the  
machine in various directions. Obviously, there 
is no point in reducing the noise if the people 



who are subjected to it are at such an angle from 
the machine that very little acoustic power is 
radiated toward them. 

5.34 Measurements on Acoustical Properties 
of Rooms-Studios-Acoustical Materials: The 

- General Radio Type 155 1 Sound-Level Meter is 
an important tool for physicists or engineers who 
are interested in laboratory measurements or in 
the acoustical properties of rooms and studios. It 

-- can be used with a wide variety of microphoties, 
including high-fidelity types with frequency 
ranges extending out to 20,000 cycles. The sound- 

- level meter can be used with a high-speed, 
graphic-level recorder to determine the reverbera- 
tion time in a room. It can also be used to 
measure the noise level built up in the room - by a source of kcown power output. The sound- 
level meter is useful for determining the uni- 
formity of distribution of sound in a room from 

,-- 
a source located at a particular point. It is often 
used with a suitable analyzer, to determine the 
sound-pressure spectrum of the ambient noise in 
a room. Acoustical laboratories find the sound - level meter useful in the study of acoustical ma- 
terials, both as installed in rooms and for ventilat- 
ing systems. 

- 5.4 LOUDNESS AND LOUDNESS LEVEL 
A number of workers in noise measurements 

have found it useful to translate their noise mea- 
surements into loudness terms. Then they can - say the measured sound was, for example, about 
equal in loudness to another, more familiar, 
sound. To some groups, such as executives and 

- lay clients, this type of statement is seemingly 

more meaningful than quoting levels in decibels. 
In a general way we discussed in Section 3.33 

the procedure for calculating the loudness level 
from measured levels in octave bands. These 
levels are determined by using the Type 1550-A 
Octave-Band Noise Analyzer, and the calculation 
procedure is given in detail in Section 7.2. 
5.5 SPEECH-INTERFERENCE LEVEL 

Most of us have been in locations where it 
was impossible to hear over a telephone be- 
cause the noise level was too high; and, in order 
to hear, production machinery had to be turned 
off, resulting in time and money lost. Even direct 
discussions can be difficult and tiring because of 
excessive noise. Excessive noise may make it im- 
possible to give danger warnings by shouting 
or to give directions to workers. How serious 
these conditions are and how much change in 
noise level is necessary to shift to a less serious 
condition can be determined by the speech-inter- 
ference level. Then it is possible to prepare a 
plan of acoustic treatment on an engineering 
basis to remedy the situation, if possible. 

The speech-interference level is calculated from 
the results of a frequency analysis of the noise, 
using the Type 1550-A Octave-Band Noise An- 
alyzer. The methods for using this level are dis- 
cussed in Section 7.3. 

5.6 HEARING LOSS FROM EXPOSURE 
TO NOISE 

The noise near some machines is intense 
cnough to cause permanent hearing damage if 
the exposure to the noise continues for months 

If you bought this scan from anyone 
other than aa4df or ralph.d.miller and 
it was not bundled with equipment, 
you bought it from a thief who sold 
you stolen property. Please demand a 
refund, and if you bought it on eBay, 
file a complaint with eBay security. 

-- - - - - - - - - 

Figure 5-7. 
Determining noise level of 
automobile engine during a 

test run. 



or years. Noises of the same overall level but wit11 
different amounts of energy in various frequency 
Laai1.i liavs Jiffasnl effeclivr~rfss iu kivilrg I isc 
to hearing loss, and noise concentrated in a nar- 
row range of frequencies is apparently more 
serious than if the same energy is spread out cver 
a wide frequency range. Furthermore, equal hear- 
ing losses in different frequency regions are not 
equally serious from the point of view of under- 
standing speech. Because of these facts, a thor- 
ough frequency analysis of the noise is usually 
necessary if the noise levels are high. Naturally, 
if an over-all level check is found to be suffi- 
ciently low that there is no cause for alarm, no 
analysis is necessary. But beyond a certain level, 
analysis will show more definitely what kind, if 
spy, damage is likely. 

Therefore, for an initial survey a Type 1555-A 
Sound-Survey Meter or a Type 1551-A Sound- 
Level Meter can be used to measure the noise 
level at the person's ears. With these instru- 
ments alone there will be a considerable range 
of level for which the prediction regarding dam- 
age will be uncertain because the frequency spec- 
trum of the noise is not kcown. In the doubtful 
range, therefore, the spectrum should be deter- 
mined by analysis with the Type 1550-A Octave- 
Band Noise Analyzer or the Type 760-B Sound 
Analyzer. But because of the lack of adequate 
evidence, because of the variability among people, 
and because of the great differences resulting 
from the length and repetitiousness of the ex- 
posure, there will remain a considerable uncer- 
tainty regarding the level of danger for a given 
individual. 

Impact noises, such as those produced by drop 
forges, should be investigated by an octave-band 
analyzer and an oscillographic display to observe 
the peak levels and the duration of the peaks. 

Some industrial and governmental organiza- 
tions have set up a program that includes periodic 
hearing testss and records of noise exposure of 
their employees. The noise exposure records give 
the octave-band analysis of the noise to which the 
particular employee is exposed, the duration of 
exposure to the noise, and the protective meas- 
ures, such as ear protectors, used. Such a syste- 
matic approach is recommended for organizations 
having many employees exposed to high-level 
noise. 

As a preliminary aid to determining possible 
damaging noise level conditions, tentative rating 
charts are given in Section 7.4. 

*cf. Subcommittee on Noise in Industry of the Com- 
mittee on Conservation of Hearing, American Academy 
of Ophthalmology and Otolaryngology, "A Guide for 
Conservation of Hearing in Industry." 

5.7 SUMMARY 
Some of the measurement applications dis- 

CusseJ ;,I 111;s C I I : L ~ L ~ L  ale su i~~ l~ l~ l i i ec l  iii t l~ t '  
charts of Figures 5-8 and 5- 9 concerning en- 
vironmental noise and measurements on noisy 
devices. In addition, a summary of suggested 
steps in following apparatus test code require- 
ments and for evaluating product noise are given 
in the charts below. 

Steps in Following Apparatus Test Code 
Requirements 

Successive Steps See Section 
1. Selection of location (6.51) (6.53) 

for measurements 
2. Apparatus Mounting (6.57) 
3. Selection of Microphone (6.4) 
4. Location of Microphone (6.58) (6.51) 
5. Number of Measurements (6.58) 
6. Weightkg Characteristics 
7 .  Maintenance Checks 

(6.2) 

8. Background Noise 
(6.6) 

(6.53) (6.54) (6.55) (6.56) 
9. Measurement (6.52) (6.2) (6.3) 

10. Repeat of Maintenance Checks 
11. Recording Data 

(6.6) 
(6.8) 

The specific test code, of course, supersedes 
any suggestions made in the referenced sections. 

Steps in Evaluating Product Noise 

Title See Section 
1. Selection of location 

for measuremefits 
a. Outdoors, Large Room (8.3) (8.44) 
b. Reverberant Room, Room 

Constant (8.331) (8.441) 
2. Apparatus Mounting (6.57) 
3.  Selection of Microphone 
4. Measurement Locations 

(6 .4)  

for Microphone 
a. Points on Sphere or 

Hemisphere (8.41) 
b. Distance compared with 

source diameter and lowest 
frequency (8.223) 

5. Maintenance checks of sound- 
level meter and analyzer (6.6) 

6. Background Noise in each Band (6.53) 
(6.54) (6.55) (6.56) 

(For each microphone location) 
7 .  Measurement in each Band (8.41) 

(For each microphone location) 
8. Repeat Maintenance Check 
9. Recording Data 

(6 .6)  
(6.8) 

10. Calculation of Acoustic (8.42) (8.43) 
Power and Directivity (8.442) (8.443) 
Pattern for each Band 



ENVIRONMENTAL NOISE 

Environment - Street, Neighborhood, Office, Factory, Vehicle, etc. 

NOISE PROBLEM 
RELATED 

NOISE MEASUREMENT 
INSTRUMENT 

Compliance with Over-all noise level Sound-Level Meter 
Local Eloise Ordinances - (Sections 6.2; 6.5) or 

Hearing Loss from Survey measurement Sound-Survey Meter 
Noise Exposure (Sections 7.4; 6.51) 

(3.8; 5.6; 7.4) 
Neighborhood Noise Rand levels 1 Sound-Level Meter 

Criteria (7.5) (Sections 7.4; 6.3; 6.5) 

N o ~ s e  Rat~ng  Loudness level wlth 
(3.3, 3.6) (Sect~ons 7.2; 6.3; 6.5) 

N o ~ s e  Interference w ~ t h  Speech-~nterfere~ce levels Octave-Band Analyzer 
Speech Cornrtiun~cat~on (Sect~ons 7.3, 6.3; 6.5) 

(3.6) 

Figure 5-8. A summary of noise measurements as applied to environmental noise. (Pertinent 
sections are given in parentheses.) The arrows are used to suggest the noise measurements 
that may help in understanding the noise problem and in doing something about it. Factors 

other than level may also be of great importance, and some of these factors are discussed in 
the referenced sections. 

MEASUREMENTS ON NOISY DEVICES 

Truck, Bus, Automobile, Airplane, or Marine Engine 
Equipment Used by Ut i l i t ies  (Transformers, Gas Regulators, etc.) 
Consumer Appliances Industrial Machines Airplane Jets or Screws 

NOISE PROBLEM RELATED 
NOI'SE MEASUREMENT 

Noise Acceptance Over-AI l Noise level 
Specifications (Sections 6.2; 6.5) 

Noise Test Codes Power level and 
(5.31) Directivity pattern (Ch. 8) 

Noise Compari son Band levels 
Between Machines (Sections 6.3; 6.5) 

(5.33; 8) 

Prediction of Noise Speech-interference level 
Level i n  Room (Sections 7.3; 6.3; 6.5) 

(8.5) 

Noise Reduction Strongest Component 
(Ch. 9) (Sections 6.322; 6.5) 

Faulty Design or Frequency of Components 
Manufacture Shown (Sections 6.322; 6.5) 

by High Noise Levels 

INSTRUMENT 

Sound-Level Meter 

1 Sound-Level Meter 

I with 

Octave-Band Anolyzer 

Sound-Level Meter 

with 

Narrow-Band Analyzer 

Figure 5-9. A summary of measurements on noisy devices. (Pertinent sections are given in 
parentheses.) As above, the arrows suggest the noike measurements that may help in under- 
standing the noi.se problem and in doing something about it. 



CHAPTER Vl 

MEASUREMENT OF SOUND LEVEL 
AND SOUND- PRESSURE LEVEL 

G . l  ISTRODUCTION 
Most of the applications discussed in the 

previous chapter require a measurement of either 
sound-pressure level as a function of frequency 
or of sound level. These quantities are measured 
at a single point or at a number of points that 
are determined by the conditions of the applica- 
tion. The method of measuring these quantities is 
discussed in this chapter, while the procedure for 
determining from the measured data the cal- 
culated loudness level, the speech-interference 
level, and the possibility of hearing damage i; 
given in the next chapter. In Chapter 8, we dis- 
cuss the more difficult problem of predicting 
from the measured data the noise level that a 
noise source will produce when placed in any 
location. 

The basic procedure for measuring the sound 
level o r  the soucd-pressure level at a given point 
is to locate the sound-level meter microphone at 
that point and to note the reading of the sound- 
level meter. Some preliminary exploration of the 
sound field is usually necessary to determine that 
the point selected is the correct one, and this 
exploration is discussed later in this chapter. 
Other practical details regarding this measurement 
are also given in this chapter, but the actual 
manipulation of the individual instrument con- 
trols is discussed in the instruction books that 
are furnished with the instruments. 

W e  shall discuss the selection of the basic 
instruments for the job, the choice of microphone 
and auxiliary apparatus, the effects of extraneous 
influecces, the recording of adequate data, the 
calibration of the instruments, and the interpre- 

tation of the data. Finally, an example of a 
measurement problem is given. Much of this 
discussion is necessary because no ideal instru- 
ment o r  combination of instruments and acces- 
sories is zvailable that would be suitable for all 
conditions. For example, microphones of different 
types differ in uniformity of response, in 
susceptibility to damage, and in cost. 

G.2 JIEASUREMENT OF SOUND LEVEL- 
WEIGHTING NETWORIIS 

When a single reading of sound level is de- 
sired in conformance with the established stand- 
ard', the General Radio Type 1551 Sound-Level 
Meter should be used. For many applications, 
however, the Type 1555-A Sound-Survey Meter 
can be used instead to obtain an equivalent 
measurement. As explained in Section 3.31, the 
A and B weighting networks in these instruments 
are designed to approximate the frequency char- 
acteristics of the ear for pure tones as determined 
by equal loudness contours at 40 db for the A 
network and 70 d b  for the B network, while the 
C network has an approximately flat response." 
Typical frequency response curves for the two 
instruments, shown in Figures 6-1 and 6-2, illus- 
trate these characteristics. 

1 ASA, 224.3-1944 
2 T o  obtain an approximately flat response using the 

Rochelle-salt type crystal microphones normally sup- 
plied with General Radio sound-measuring equipment, 
the C network is used. When  n microphone with n 
truly flat response is employed with the General 
Radio Type 1551  Sound-Level Meter, the "20-kc" 
network should be used (see "20 kc" curve, Figure 
6-1).  



FREQUENCY IN CYCLES PER SECOND 

Figure 6- 1. Typical average acoustical and electr ical cal ibration curves 

for the Type 1551-A Sound-Level Meter. 

FREQUENCY IN CYCLES PER SECOND 

Figure 6-2. Typical  over-al l  free-f ield response characterist ics 

of the Type 1555-A Sound-Survey Meter. 



If a single sound-level reading (not sound- 
pressure level) is desired, it is customary to select 
the welght~ng posit~ons as follows: 

Sound-Level Range Weighting 
below 55 db A 
55-85 db B 
above 85 db C 

For example, on a particular noise, sound-level 
meter readings were as follows: 60 db with C 
weighting, 50 db with B weighting, and 40 db 
with A weighting. The quoted sound level is 
then 40 db, since neither of the first two read- 
ings fall within the specified ranges for that 
weighting. 

The weighting position used should always be 
recorded with the observed level. Some test codes 
specify the weighting network to be used regard- 
less of level, and, when tests according to such 
codes are made, that specification should be 
followed. 

When the noise is predominantly of low-fre- 
quency components, the selection method men- 
tioned above may become ambiguous. Then some 
experimenters have recommended the following 
schedule : 

Sound-Level Range Weighting 
below 45 db A 
45-65 db Average of A and B 
65-75 db B 
75-90 db Average of B and C 
above 90 db C 

(where "Average of A and B" indicate that the 
average in decibels of the readings obtained with 
the A and B weighting should be used) 

In general, it is recommended that readings 
on all noises be taken with all three weighting 
positions. This procedure avoids the ambiguities 
mentioned above, and, at the same time, the 
three readings provide some indication of the 
frequency distribution of the noise. If the level 
is essentially the same on all three networks, 
the sound probably predominates in frequencies 
above 600 cps. If the level is greater on the C 
network than on the A and B networks by 
several decibels, much of the noise is probably 
below 600 cps. 

A more complete statement of this approxi- 
mate analysis is given by the charts of Figure 6-3, 
which can be used to give an approximation of 
the sound distribution in three frequency bands. 
These charts should be used only as a guide for 
determining in a preliminary way what the 
spectrum might be, and they should not be 
regarded as obviating a complete octave-band an- 
alysis. There are occasions, however, when it is 
impractical to make more than this preliminary 
analysis, and then the charts of Figure 6-3 may 
help in making a more satisfactory decision about 

a noise problem than can be done with only one 
reading of a noise meter. 

L' 

Certain noises in which the energy is localized 
at one end or the other of the lower and middle 
bands of this approximate analysis cannot be 
analyzed using this method. This type of spectrum 
will usually give sound-level readings that do 
not fit on the charts. Similarly, the dotted por- 
tions of the curves are regions of poor accuracy 
of analysis. 

The level in the "high" band (above 600 
cycles), as determined from the charts of Figure 
6-3, is usually the most important, and for pre- 
liminary surveys one can estimate the speech- 
interference level as 6 db lower than this high- 
band level. This approximate speech-interference 
level can then be used according to the methods 
given in Section 7.3. 

In the measurement of the noise produced by 
distribution and power transformers, the dif- 
ference in readings of level with the C-weighting 
and A-weighting networks (LC-La) is fre- 
quently noted. This difference in decibels is called 
the "harmonic index". It serves, as indicated 
above, to give some idea of the frequency dis- 
tribution of the noise. 
6.3 MEASUREMENT OF  SOUND-PRESSURE 
LEVEL 

The sound-pressure level of a noise is measured 
with the sound-level meter operating with a uni- 
form ("flat") frequency-response characteristic. 
For most meters this means that the weighting 
network should be in position "C"; and this net- 
work is commonly called the "flat" network. The 
"C" network on the Type 1551-A Sound-Level 
Meter has an electrical response which drops 
noticeably at frequencies above 4 kc (see Figure 
6-2). This drop tends to compensate for some 
of the rise in response of the microphone supplied 
with the sound-level meter. When this regular 
microphone is used, the "C" network is recom- 
mended for measuring sound-pressure level. 
When a different microphone is used, particularly 
if its response is more uniform at high fre- 
quencies than the regular one, it is recommended 
that the "20  kc" position be used. The electrical 
response of the meter exclusive af the micro- 
phone is essentially flat from 20 cps to 20 kilo- 
cycles when the weighting switch is in this "20 
kc" position. 

6.31 Over-all Sound-Pressure Level: The 
sound-level meter with a "flat" over-all response 
is used independent of any frequency analyzer to 
determine the over-all sound-pressure level, given 
directly by the reading of the sound-level meter 
in decibels. This over-all level is adequate if 
the frequency distribution of the sound is of no 
importance or if it is a single, known frequency. 



Figure 6-3. Curves for calculating an approximate frequency analysis in three bands from 
level readings taken when using the three sound-level meter weighting networks. The mea- 
sured value of LC-LA is  entered at the abscissa of each graph, proceeding vertically to the 
curve labeled with the measured value of LC-LB, then horizontally to the ordinate value for 
each of the three bands corresponding to the difference between the individual band levels 
and the over-all level. (This method of analysis was developed by J. R. Cox, LibertyMutual 

Insurance Company.) 
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LC = Level reading obtained when using the C-weighting network = Over-all Level. 

LC- LA = Difference in readings of level with C-weighting and A-weighting networks. 

LC - LB = Difference in readings of level with C-weighting and B-weighting networks. 

LC- LI = Level to be subtracted from the C-weighting level to obtain "Low-Band" 
(20- 150 cps) level. 

LC - Lm = Level to  be subtracted from the C-weighting level to obtain "Middle-Band" 
(150-600 cps) level. 

LC- Lh = Level to be subtracted from the C-weighting level to obtain "High-Band" 
(600-8,000 cps) level. 



FREQUENCY IN CYCLES PER SECOND 

F igure  6-4. 
T y p i c a l  response char- 
ac te r i s t i cs  o f  the T y p e  

1550-A Octave-Band - 

No ise  Analyzer. 

101 most applications, however, a frequency an- frequencies of these bnnds are 20-75, 75-150, 
alyzer should be used with the sound-level meter, 150-300, 300-600, 600-1200, 1200-2400, 2100- 
and then this over-all level is commonly used 4800, and 4800-10000 cps. Typical response 
as the reference level for the levels in the various characteristics for this analyzer are shown in 
bands of the analyzer. Figure 6-4.  When this instrument is used with 

6.32 Frequency Spectrltm alld Band Levels: the sound-level meter, the sound-pressure levels 
An analyzer is required to obtain the frequency obtained in these bands are called octave-band 
spectrum, that is, the distribution of  sound pres- pressure levels. 
sure as a function of freil~iency. For field meas- As mentioned above, the sound-level meter 
urements either a Type 1550-A Octave-Band weighting is set for ur:iform response (usually 
Noise Analyzer or a Type 760-B Sound Analyzer the "C" position) when readings are taken on 
is commonly used. The analyzer is usually con- the eight bands of the octave-band analyzer. As 
nected to the output of the sound-level meter, a practical matter, sometimes measurements 
which is set for a uniform response characteristic. should also be made in the four upper bands 

6.321 Octave-Band Analyzer: The Type 1550-A (600-1200, 1200-2400, 2400-4800, 4800-10000) 
Octave-Band Noise Analyzer divides the audio with the sound-level meter in the A-weighting 
spectrum icto eight bands. Tile nolninnl cut-off position. This additional measurement should be 

F igure  6-5. 
A p l o t  o f  the  octave-band 

ana lys is  o f  no ise from a 

ca lcu la t ing  machine. 3 0 0  6 0 0  1 2 0 0  2400 4800 10,000 
OCTAVE BAND LIMITS IN cps 



FREQUENCY INCYCLES PER SECONDS 

Figure 6-6. Typical  response characterist ics of  the Type 760-B Sound Analyzer 
for three representative frequency settings. 

made if the level in any or,e of these four upper 
bands is 30 d b  or more below the over-all Icvel. 
Of course, in this A-weighting position, the at- 
tenuator on the sound-level meter needs to be 
reset to bring its meter on scale. This additional 
measurement provides more ~arige for analysis 
in the upper bands by reducing the inherent 
noise in the measuring system. If the levels in 
the upper four bands obtained by the two sets of 
measurements differ by more than 3 db, the 
lowest value is the one that is more nearly correct. 

It  is also good practice to check that the sum 
of the individual bnnd levels (see S-ction 2.4) 
is equal within 1 or 2 db to the over-all level. 
If this result is not obtained, an error exists, 
either in the summing or the measurement prc- 
cedure, because of faulty or incorrectly used 
equipment, or because the noise is of an impact 
type. Impact-type noises sometimes g i ~ e  over- 
all levels appreciably less than the sum of the 
levels in the individual bnnds even when the 
"FAST" pos~tion of the meter switch i s .  used. 
This result is obtained because of the inability 
of the meter to indicate the instantaneous lexrels 
occurring in very short ictervals. The  narrow- 
band levels at low frequencies tend to be nearer 
the peak value in those bands, while the over-all 
and high-frequency bands are significantly less 
than the peak value. When  this type of dis- 
crepancy is observed, an oscillographic measure- 
ment (see Section 6.73) is desirable. 

When a graph is made of the results of octave- 
bar,d pressure level measurements, a frequency 
scale is commonly provided by allowing equal in- 

tervals between the position designated for each 
band and the position for the band adjacent to 
it in frequency. The pressure level in each band 
is plotted as a point on each of these positions 
along the other axis. Adjacent points are then 
connected by straight lines. An example of a 
plot of this type is given in Figure 6-5. 

6.322 Narrow-Band A ~ ~ a l y z e r :  The Type 760-B 
Sound Analyzer is continuously tunable from 25 
to 7500 cps, in five ranges. Typical responses of 
this analyzer at some representative settings of 
the tuning control are shown in Figure 6-6. The 
calibration on the tuning control shows the fre- 
quency of maximum response, and the responses 
at frecluencies 1:: lower and 17; higher than 
this frequency of maximum respoxse are 3 db 
below the maximum response. The effective band 
width for random noise is about 35;, so that this 
analyzer divides the range from 25 to 7500 cps 
into about 190 bands. The detail of the analysis 
is consequently much finer and more information 
is obtained than for the octave bands, but the 
time required for this analysis is correspond- 
ingly much greater. Because of this time factor, 
it is becoming increasingly common for this 
narrow-band analysis to be made from a mag- 
netic-tape recording of the noise being inves- 
tigated. The  use of a recorder in this fashion is 
discussed in Section 6.713. 

The  sound-pressure levels obtained from this 
acnlyzer used on the output of 9 sound-level 
rneter are usually plotted as a function of fre- 
quency with the frequency coordinates on a 
logarithmic scale. An example of this type of 
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graph is shown in Figure 6-7. that reason a noise that is uniform in spectrum 
6.33 Spectrum Level: The spectrum level of a level over the frequency range will give higher 

noise is the level that would be measured if an level readings for high frequencies than for 
analyzer had an ideal response characteristic with lower frequeccies, with this analyzer. 
a band wiath of 1 cycle. The main use of this 6.34 Fluctuating Sounds: Two ballistic charac- 
concept is for comparing data taken with an- teristics are provided for the meter on the sound- 
alyzers of differect band widths. Charts for con- level meter. The "FAST" position is the one 
verting to this spectrum level from the band that should cormally be used. It will be noticed, 
levels obtained with the Type 1550-A and the however, that most sounds do not give a constant 
Type 760-B Analyzers are given in Figures 6-6 level reading. The reading fluctuates often over 
and 6-9. a rhnge of a few decibels and sometimes over 

This conversion has meaning only if the spec- a range of many decibels. The maximum and 
trum of the noise is continuous within the meas- minimum readings should usually be noted. Thesc 
ured band and if the noise does not contain levels can be entered on the data sheet as, say, 
prominent pure-tone components. For this reason 85-91 db or 88 -+3 db. 
the results of using this conversion should be When an average sound-pressure level is dc- 
interpreted with great care to avoid drawing sired and the fluctuations are less than 6 db, 2 
false conclusions. simple average of the maximum and minimum 

The sloping characteristic given for the Type levels is usually taken. If the range of fluctuation 
760-B Analyzer in Figure 6-9 results from the is greater than 6 db, the average sound-pressure 
fact that this acalyzer is a constant-percentage level is usually taken to be three decibels below 
band width analyzer, that is, its band width in- the maximum level. In selecting this maximum 
creases in direct proportion to the increase in level, it is also customary to ignore any unusually 
the frequency to which the analyzer is tuned. For high levels that occur infrequently. 

Sometimes it is convenient to use the "SLOW" 
Figure 6-8. Table giving number of decibels meter speed to obtain an average reading when 
to be from -rype 1550-A levels to the fluctuations on the "FAST" position are 

obtain spectrum level. rapid and variable. On steady sounds the reading 
of the meter will be the same for either the 

Geometric "SLOW" or "FAST" position, while on fluctuat- 
Band Decibels Mean ing sounds the "SLOW" position provides a 

Frequency long-time average reading. Usually, the reading 
in the "SLOW" position is nearly the same as 

39 c the average determined by the method given 
106 c in the previous paragraph. 
212 c For some impact soucds it is desirable to 
425 c know the value of the peak sound-pressure level 
850 C during the impact. This peak level should norm- 

1700 c ally be determined by oscillographic means as 
3400 c described in Section 6.73, since on drop-forge im- 
6900 c pacts, for example, the peak-sound pressure level 

20 c - 75 c 
75 c - 150 c 

150 c - 300 c 
300 c - 600 c 
600 c - 1200 c 

1200 c - 2400 c 
2400 c - 4800 c 
4800 c - 10 kc 

18 
19 
22 
25 
2 8 
3 1 
3 4 
3 8 
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Figure 6-9. Plot showing number of decibels to be subtracted 
from Type 760-B readings to obtain spectrum level. 

may be as much as 30 db above the maximum 
deflection observed on the sound-level meter even 
when using the " F A S T  position. Many sounds 
of this type, however, do not rise and fall as 
rapidly, so that the discrepancies are usually much 
less than 30 db. 
6.4 CHOICE OF MICROPHONE 

No single type of microphone is suitable for 
use under all the conditions encountered in noise 
measurement problems. The Rochelle-salt type 
microphones supplied with the Types 155 1-A 
Sound-Level Meter and 1555-A Sound-Survey 
Meter, nevertheless, are suitable for most applica- 
tions. When high temperatures are encountered, 
however, these microphones can not be used. 
In addition, the measurement of high sound 
levels, the use of long cablcs between the micro- 
phone and the sound-level meter, and the meas- 
urement of high-frequency sounds with good ac- 
curacy may require the use of different types of 
microphones. These problems, as well as others 
that influence the choice of the microphone are 
discussed in the following paragraphs. 

6.41 Low Sound Levels: A microphone used to 
measure low sound levels must have low "self- 
coise", and it must produce an output voltage 
sufficient to override the circuit noise of the 
amplifier in the sound-level meter. The Rochelle- 
salt type of microphone supplied with the sound- 
level meter is very good in this respect, and 
sound levels down to about 24db can be measured 
with it. The Type 759-P25 Dynamic Microphone 
Assembly is even better, provided there are no 
strong low-frequency electromagnetic fields pres- 
ent (See Section 6.5 5) .  The Type 155 1-Pl Con- 
denser Microphone System is not so suitable be- 
cause even under the best conditions its self 
noise is equivalent to about 40-db sound-prcssure 

level. 
Microphone manufacturers build some units 

that have a better signal-to-self-noise ratio than 
the microphones regularly used for noise measure- 
ments, but this advantage is obtained with a 
considerable sacrifice in uniformity of frequency 
response. Microphones of this type are then 
not strictly suitable for sound-level measure- 
ments, but they might be considered for some 
special low-level measuremects. 
6.42 High Sound Levels: The Rochelle-salt 

crystal microphone, the Type 759-P25 Dynamic 
Microphone Assembly, and the Type 15 5 1-P1 
Condenser Microphone System may be used for 
the measurement of sound-pressure levels that 
do not exceed about 140 db. For higher levels, a 
specially designed condenser microphone can be 
obtained for use with the Type 1551-PI Con- 
denser Microphone System. Alternatively, thc 
Massa Type M-141B can be used directly with 
the Type 1551-A Sound-Level Meter for sound- 
pressure levels up to 190 db. 
6.43 Low-Frequency Noise; The Rochelle-salt 

crystal type and the condenser type microphones 
are well suited for measuring low-frequency 
noise. In fact, with either of these two types of 
microphones, measurements may bc made down 
to only a few cycles per second if special amp- 
lifiers, such as that provided by the Type 761-A 
Vibration Meter, are used. The Type 1551-A 
Sound-Level Meter is designed to cover the 
frequency range down to 20 cps, and even ~t 
10 cps the response is down only 10 db. This 20- 
cps limit is adequate for almost all types of low- 
frequency noise. 

Thc Type 759-P25 Dynamic Microphone As- 
sembly is not usually suitable for measuring low- 
frequency noise. Its response, shown in Figure 



6-lob, drops abruptly below 35 cps so that im- 
portant low-frequc-ncy components may be ser- 
iously attenuated. 

G.44 High-Frequency Noise: The  primary re- 
quirements on the microphone for accurate 
measurement of high-frequency sounds are small 
size and uniform frequency response at high 
frequencies. The three microphones in the Gen- 
eral Radio Sound Measuring System arranged 
in the order of j ) ~ r i , e a ~ i ~ l g l y  good high-frequency 
performacce are: 1. Rochelle-salt microphone. 
2.  Dynamic microphone, and 3. Condenser micro- 
phone. This fact is brought out most clearly by 
comparing the three typical response curves of 
Figure 6-lea, 6-lob, and 6-lOc. 

Most machinery noises do not include strong 
high-frequency components so that for measuring 
over-all sound levels the high-frequency char- 
acteristic is not so important. In contrast, some 
noises have much energy in the high-frequency 
end of the spectrum. Examples of these are noises 
produced by high-speed production equipment, 
textile looms and knitters, braiders, wood-work- 
ing machinery, and jrt and air blasts. Then thc 
high-frequency performance determines the ul- 
timate accuracy to be expected from the measure- 
ment. Similarly, if good accuracy is required in 
the region above 2000cps in determining the 
frequency spectrum by analysis, the microphone 
performance must be good or accurately known. 
When such a frequency analysis is made, cor- 
rections can be applied for the frequency char- 
acteristic of the microphone as described in Sec- 
tion 6.63. , 

T h e  Type 155 1-P1 Condenser Microphone 
System can be used for measurements up to 
20,000 cps, and it is very rare that measure- 
ments necd to be made on air-borne sounds at 
frequer,cies higher than 20,000 cps. For some 
rcscarch investigations much higher frequencies 
have been measured by using microphones spec- 
ially des ign~d  for the purpose. 

G.45 High or Varying Tcmpcrature: While 
most noise measurements are made indoors at 
average room tcmperaturcs, some measurement 
conditions expose the microphone to n.1~~11 
hieher or lower tem~cmtures. When these con- - I 

ditions are encountereci, it is essent~al to !;now 
the temperature limitations of the equipment. 

The maximum safe operating temperature for 
Rochelle-salt crystal units is about 45'C ( 1  1 3 ° F ) .  
At 55.6"C (132°F) the Rochelle-salt crystal is 
irreversibly changed. It is, therefore, not safe to 
put a Rochelle-salt microphone in the trunk or 
back of a car that is to be left standing in the 
suq. 

The maximum safe operating temperature for 
the microphone probe of the Type 1551-Pl Con- 
d c ~ s e r  hlicrophone System is about 100 "C 

(212"F),  and the microphone in the Type 759- 
P25 Dynamic Microphone Assembly will operate 
at about 75°C (167°F).  - 

Fortunately, it is usually possible to keep the 
sound-level meter itself at more reasonable tem- 
peratures. Its behavior at extreme temperatures - 
is limited by the batteries. Temperatures of even 
130°F will result in much shortened battery life. 
Operation below -10°F is not ordinarily possiblc 
without using special low-temperature batteries. - 

The  calibration of microphones is usually made 
at normal room temperatures. If a microphone 
is operated at other temperatures, its sensitivity 
will be somewhat different, and a correction - 
should be applied. The correction for sensitivity 
for the Rochelle-salt crystal microphone as a 
function of its operating temperature is shown - 
in Figure 6-11. When the microphone is operated 
directly into the sound-level meter, the correction 
is relatively small. When  the microphone is at 
the er,d of a long cable, the correction becomes - 

large, because the capacitance of the microphone 
varies markedly with temperature as shown in 
Figure 6-11. This change in capacitance is rela- - 
tively unimportant when the microphone operates 
directly into the sound-level meter. But when a 
c-ble is used, the capacitance of the cable acts 
with the capacitive source impedance of the - 
crystal as a voltage divider. Since the crystal 
capacitance depends on temperature, the voltage 
division will also depend on temperature. - 

The sensitivitv of the dvnamic micro~hone  
I 

also varies with temperature, but the variation is 
not the same at all frequencies. The variation in 
sensitivity is not large for normal changes of - 
ambient temperature. Over much of the frequency 
range the variation for 50°F  change appears to 
be less than 1 db. 

The condenser microphoce used on the Type 
- 

155 1-PI Condenser Micro~hone  Svstem has a 
1 

temperature coefficient of sensitivity of about 
-0.04 db/OF. - 

G.46 Humidity: Long exposure of any rnicro- 
phone to very high humidity should be avoided. 
In particular, the chemical Rochelle-salt gradually 
dissolves if the humidity is too high (above - 
about 84%). The Rochelle-silt crystal unit in 
the microphone, however, is protected by a coat- 
ing so that it is relatively unaffected by high - 
humidity. Nevertheless, it is wise to avoid un- 
cecessary exposure. A Rochelle-salt microphonc 
should not be stored for long periods in a very 
dry atmosphere, since it can dry out. - 

The condenser microphone on the Type 1551- 
P1 Condenser Microphone System is not dam- 
aged by exposure to high humidity, but its opera- - 
tion may be seriously affected unless proper 
precautions are taken. For proper operation it is 
cssential th-t very little electrical leakage occur 
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Figure 6-10. Typical  response curves for three different microphones when used with the 
Type 1551-A Sound-Level Meter. (From top to bottom) (a) Rochelle-salt crystal microphone 
normally supplied w i h  the Type 1551-A; (b) the Type 759-P25 Dynamic Microphone; and (c) 
the Type 1551-P 1 Condenser Microphone. Random response assumes that the microphone is 

placed in a diffuse sound field. 

across the microphonc. The exposed insulating 
s u r f ~ c c  in the microphonc has been specially 
treated to maintain thls low le'lkage cven under 
conditions of high humidity. In spite of this 
precaution, the leakage may become cxcessivc 
under somc conditions. Then i t  may bc advisable 
to keep the microphone at a higher temperature 
than the surroundings to rcducc thc Icakage. In 
climates where thc humidity is nor~nally high, 
it is recommended that the microphonc itself be 
storcd in a small jar containing silica gel. 

The dynamic microphone is relatively unaf- 
fected by normal changes in humidity. 

G.37 Long Cables: Frequently, at the time of 
the measurement, it is impossible or inadvisable 

for the observer to be near the microphone, 
which must be placed at the poict where the 
sound-pressure level is desired. Then an cxten- 
sion cable is ordinarily used to connect the micro- 
phone to the instruments. If this cable is short, 
any of the microphones can be used. A correc- 
tion for level is necessary, however, when the 
Rochelle-salt type microphone is used with an 
extension cable as shown in Figure 6-11. This 
level correction depends on the temperature of 
the microphone (not the cable) at the time the 
mersurement is made. This correction can be 
determined from Figure 6-11 or by using ,the 
Type 1552-A Sound-Level Calibrator as described 
in Section 6.62. 



The Type 759-P25 Dynamic Microphone 
Assembly can be used with shielded, twisted-pair 
cables of almost any reasonable length. This 
cable is inserted between the microphone and the 
transformer unit; and when either the Type 759- 
P23 25-foot Cable or the Type 759-P22 100-foot 
Cable is used, no corrections are necessary. 

The Type 155 1-P1 Condenser Microphone 
System includes a 10-foot cable between the 
microphone base and the power supply. If more 
separation between the microphone and the 
sound-level meter is required, another cable, such 
as the Type 759-P30 Extension Cable, should 
be used between the Type 1551-P1 Power Supply 
and the Type 1551-A Sound-Level Meter. The 
use of this cable will result in a slight reduction 
in sensitivity at high frequencies as explained 
in the instruction book for the Type 1551-P1 
Condenser Microphone System. 

6.48 Direction of Arrival of Sound at the 
Microphone: Some microphones are designed to 
be directional at all frequencies. That is, the 
response of the microphone depends on the 
direction of arrival of the sound wave. Most of 
the microphones used for sound measurements, 
however, are essentially non-directional at low 
frequencies (below about 1 kc). At frequencies 
so high that the size of the microphone is com- 
parable to the wave length of the sound in air, 
even thesc microphones will show directional 
effects. This variation in response with direction 
should be considered in positioning the micro- 
phone for a measurement. The extent of thesc 

- 
Variation in response as a function of micro- 
phone temperature for the Rochelle-s-alt crys- 
tal microphone alone and with various lengths 
of cable between microphone and Type 1551-A 

Sound-Level Meters. 

variations is shown by the frequency response 
characteristics of the different microphones (see 
Figure 6-10). The microphone is usually posi- 
tioned so that the response to the incident sound 
is as uniform as possible. 

When sound-pressure level is measured in a 
reverberant room at a point that is not close to 
a noise source, the sound arrives at the micro- 
phone from a very large number of different 
directions. Then the orientation of the micro- 
phone is not critical, and the response is assumed 
to be that labeled "RANDOM" incidence. Under 
these conditions, nevertheless, it is usually de- 
sirable to avoid having the microphone pointing 
at a nearbv hard surface from which hi~h-f re-  

0 

quency sounds could be reflected to arrive per- 
pendicular (0" incidence) to the plane of the 
diaphragm. (For all the microphones used in 
the General Radio Sound Measurement System 
this perpendicular incidence is along the axis of 
cylindrical symmetry of the microphone. This 
axis is used as the 0" reference line.) If this 
condition cannot be avoided, the possibility for 
errors from this effect can be reduced by placing 
some acoustic absorbing material on the reflect- 
ing surface. 

When measurements are made in a reverber- 
ant room at varying distances from a noise 
source, the microphone should generally be 
oriented so that a line joining the microphone 
and the source is at an angle of a b u t  75O from 
the axis of the microphone. When the micro- 
phone is near the source most of the sound comes 
directly from the source, and a 75O incidence 
response applies. On the other hand, near the 
boundaries of the room the incidence is more 
nearly random, and the random-incidence res- 
ponse applies. These two response curves are 
nearly the same so that there is little change in 
the effective response characteristic as the micro- 
phone is moved about the room. This desirable 
result would not be obtained if the microphone 
were pointed at the noise source. 

6.5 ADDITIONAL EFFECTS ON MEASURED 
DATA 

6.51 Effect of Room and Nearby Objects: The 
sound that a. noise source radiates in a room is 
reflected by the walls, floor, and ceiling. Thc 



reflected sound will again be reflected when it 
strikes another boundary, with some absorption 
of energy at each reflection. The net result is 
that the intensity of the sound is different from 
what it would be if these reflecting surfaces were 
not there. 

Close to the source of sound there is little 
effect from these reflections, since the direct 
sound dominates. But far from the source, unless 
the boucdaries are very absorbing, the reflected 
sound dominates, and this region is called the 
reverberant field. The sound-pressure level in 
this region depends on the acoustic power radi- 
ated, the size of the room, and the acoustic 
absorption characteristics of the materials in the 
room. These factors and the directivity charac- 
teristics of the source also determine the region 
over which the transition between r,verberant 
2nd direct sound occurs. 

If we are interested in completely evaluating 
the characteristics of the source of noise, all 
these factors are important, and they will be 
considered more completely in Chapter VIII. If, 
in this evaluation, we are merely trying to follow 
a test code, the problem reduces to satisfying the 
strict requirements of the code and to arranging 
the rcom characteristics and other extraneous in- 
fluences so that the measurement is reliable and 
reproducible. For uniformity, then, it is custom- 
ary to insist that reflected sound should not 
contribute appreciably to the measured value. 
This requirement usually means that the rooni 
should be heavily treated with absorbing mate- 
rial. Acoustic absorbing material, however, is not 
uniformly absorbing over the full audio range, 
so that the effect of reflected sound may vary 
with frequency. 

In order to make certain that the room char- 
acteristics are satisfactory, the Americmz Stalzdard 
Test Code for Apparatus Noise Measz~rement, 
224.7-1950, requires the following: 

"3.1.1 . . . To insure that reflected sound does 
not contribute appreciably to the readings, the 
average sound level measured at the selected 
measuring points should be at least 8 db larger 
than the average sound level measured at more 
distant points from the sound-producing ap- 
paratus, where reflected sound predominates." 

This limit of 8 db means that on the average 
the contribution of reflected sound will be less 
than 1 db. 

A second effect of reflected sound is that 
measured sound does not necessarily decrease 
steadily as the measuring position is moved away 
from the source. At certain resonant frequencies 
of a live room, marked patterns of variations of 
so11nd pressure with position may be observed. 

Variations of up to 10 db are common and, in 
particular situations, much more may be found. 
These variations are usually of the following 
form: As the measuring microphone is moved 
away from the source, the measured sound press- 
ure decreases to a minimum, rises again to a 
maximum, decreases to a minimum again, etc. 
These patterns are called standing waves. They 
are noticeable mainly when the sound source has 
strong frequency components in the vicinity of 
one of the very many possible resonances of the 
room. They also are more likely to be observed 
when a frequency analysis is made; and the nar- 
rower the band width of the analyzer, the more 
marked these variations will be. 

The measurement room used for evaluating 
a noise source should be sufficiently well treated 
so that no appreciable standing wa;e exists. Any 
small standing wave pattern that remains can be 
ayeraged out by taking the average of the maxi- 
mum and minimum decibel readings if the dif- 
ferences are small. If the differences are more 
than 6 decibels, the level should be taken as 
3 decibels below the maximum readings that 
occur frequently. This standing-wave pattern, 
however, should not be confused with the normal 
decrease in level with distance from the source 
or with the directivity pattern of the source, 
which is considered in Chapter VIII. 

Objects in the room reflect the sound waves 
just as do the walls of the room. Consequently, 
all unnecessary hard-surface objects should be 
removed from the measurement room when a 
source is being measured. In general, no objects, 
including the observer, should be close to the 
microphone. If it is impractical to follow this 
pricciple, the objects should usually be treated 
with absorbing material. 

One troublesome but not frequent effect of 
nearby objects results from sympathetic vibra- 
tions. A large, thin metal panel if undamped 
can be set into vibration readily at certain fre- 
quencies. If one of these frequency components 
is present in the noise, this panel can be set into 
motion either by air-borne sound or by vibration 
transmitted through the structure. This panel 
vibration can seriously upset the noise field in its 
vicinity. One way of checking that this effect is 
not present to any important degree is to measure 
the sound field as a function of the radial dis- 
tance from the source. The sound should de- 
crease, when not very close to the source, about 
6 decibels as the distance is doubled. This pro- 
cedure also checks for reflections in general ; and, 
for careful measurements, the check should be 
made in each octave band when analyzing. 

When the acoustic environment is being meas- 
ured, no change should be made in the usual 
location of equipment, but the sound field should 
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Figure 6-12. The effect on the frequency response of using the microphone directly on the 
swivel post of the instrument with and without an observer present. The decibel readings 
were obtained using a single-frequency, plane, acoustic wave in  an anechoic chamber, and 
they are the differences between the response under conditions shown and the response of 

the microphone alone. 

be carefully explored to make sure that the 
selected location for the microphone is not in an 
acoustic shadow cast by a nearby object or is 
not in a minimum of the directivity pattern of 
the coise source. 

G.52 Effect of Observcr and Meter Case on 
Measl~red Data: As mentioned in the previous 
section, the observer can affect the measured data 
if he  is close to the microphone. When measure- 
ments are made in a live room and not close to 
a source, the effect is usually not important. But 
if measurements are made near a source, it is 
advisable for  the observer to stand well to the 
side of the direct path between the source and 
the microphone. For precise measurements in a 
very dead room, such as an anechoic chamber, it 
is customary to have the instruments and the 
observer in another room with only the source, 
the microphone, the extension cable, and a mini- 
mum of supporting structure in the dead room. 

For a wide variety of measurements, however, 
it is most convenient to be able to carry the 
sound-level meter or sound-survey meter around 
while making the measurement. Then there is a 
best way of holding the instrument with respect 
to the source of sound in order to have a mini- 
mum of error. The  sound-level meter should be 
held in  front of the observer with the sound 
coming in from the side. The  magnitude of the 

error that can be caused by the way the instru- 
ment is held can be evaluated from the data 
shown in Figure 6-12. These data show the dif- 
ference between the readings of the meter with 
and without the observer present, as a function 
of frequency. Two locations are shown: (1) the 
sound-level meter is between the observer and 
the noise source, (2 )  the noise source is located 
to one side of the observer, and the sound-level 
meter is held in  front of the observer. It  is 
apparent that if the instrument is held properly, 
little error in reading of the over-all level will 
occur for most noises. The only important cxcep- 
tions are those noises that have very strong high- 
frequency components. 

The  meter case itself may also disturb the 
sound field at the microphone as shown by the 
other characteristic curves in Figure 6-12. There 
is practically no effect below 1000 cps, and, again, 
on most noises, little error in measuring over- 
all level will result if the microphone is left on 
the instrument. When  an analyzer is used with 
the sound-level meter, however, it is advisable 
to separate the microphone from the instruments 
and to use an extensior, cable. This refinement is 
not necessary, however, if the only data that are 
of interest are below 1000 cps or if only com- 
parative data from one machine to a similar one 
are desired. 



Figure 6-13. 
Background noise correction 

for sound-level 
measurements. 

DB 

G.53 Effect of Backfi.round Noisc: Ideally, 
\\,hen a noise source is measured, the measure- 
ment should determine only the direct air-borne 
sound from the source, n.ithout any appreciable 
contribution from noise produced by other 
sources. In order to insure isolation from other 
sources, tile measurement room may need to be 
isolated from external noise and vibration. As 
a test to determine that this requirement has 
been met the Att~ericn)c Sicrtldard Test Code for. 
Appnr,niz/s Noise Alea.r?~r.et)le)~i, 224.7-1950, spe- 
cifies the following: 

"3.1.2 Ambient Sound. The ambient sound 
level at the test location should be at least 
8 db, preferably 10 db or more, lower than 
the sound level due to the apparatus. Corrcc- 
tions for ambient levels in factory tests are 
not generally permissible where erratic varia- 
tions occur frequently in the ambient noise." 
If the background noise level and the appar- 

atus noise level are steady, a correction may be 
applied to the measured data according to the 

- graph of Figure 6-13. The procedure is as fol- 
lows: After the test position has been selected 
according to the test code and after esploration 
of the field as outlined in Section 6.51, the 
background noise level is measured in the test 
position. Then the sound level is measured with 
the apparatus operating. The difference between 
the sound level with the apparatus operating 
and the background level determines the correc- 
tion to be used. If this difference is less than 
3 db, the apparatus noise is less than the back- 
ground noise; and the level obtained by us'ing 
the correction should be regarded as only indica- 
tive of the true level and not as an accurate 
measuremect. If the difference is greater than 

WFERENCE BETWEEN TOTAL N M E  AND BeiCKGROUND AWNE 

10 db, the effect of the hnckground noise can 
usually be neglected; and the rending with the 
apparatus operating is the desired level. An es- 
ample of a situntion intermediate between these 
two is as follows: The background noise level 
is 77.5 db, and the total noise wit11 the mnclline 
under test operClting is 83.5 db. The correction, 
from the graph of ITigure 6-13> for a 6.0-dS 
difference, is 1.2 db, so that the corrected I c ~ e i  
is 82.3 db. 

When appnratus noisc is analyzed, the back- 
ground noisc level in each band should also be 
analyzed to determine if correction for the level 
in each band is necessary and possible. The 
spectrum of the background noise is usually 
different from that of the noise to be measured, 
and the corrections in each band will be different. 

If this differecce between background level 
and total noise level is small, an attempt should 
be made to lower the background level. Usually 
the first step is to xvor!! on the source or sources 
of this background noise to reduce the noise 
directly. The second step is to work on the trans- 
mission path between the source and the point 
of measurement. This step may mean simply clos- 
ing doors and windows if the source is esternnl 
to the rcom or it may mean erecting barriers, 
applying acoustic treatment to the room, and 
openlng doors and windows if the source is in 
the room. The  third step is to improve the differ- 
ence by the method of measurement. It  may be 
possible to select a pairrt closer to the apparatus, 
or an exploration of the background noise field 
may show that the rneas~1rir.g position can be 
shifted to a minimum of this noise. This latter 
possibility is more likely when an analysis is be- 
ing made and the background level in a particular 



band is unusually high. It may also be possible 
to p i n t  the microphone at the apparatus to obtain 
an improl~ement nt high f r ~ q u ~ n c i ~ s  ( 5 e ~  F i p r ~  
6-10) ; it may be necessary to use a directional 
microphone; or it may be desirable to use a 
vibration pickup (see Section 6.74). 

6.54 Effect of Circuit Noise When Low Noise 
Levels are Measured: When low noise levels 
are to be measured, the inherent circuit noise 
may contribute to the measured level. This effect 
is usually noticeable in the range below 40 db 
when the Type 1551-P1 Microphone System is 
used or a Rochelle-salt crystal microphone is used 
on the end of a very long cable. If the Rochelle- 
salt microphone is directly on the sound-level 
meter, the level at which this effect may be im- 
portant is below 30 db if the C weighting is used 
or even lower if the A or B weighting is used. 
To measure the circuit noise the microphone may 
be replaced by a well-shielded capacitor of 6 
micromicrofarads for the Type 1551-P1 or of 
2000 micromicrofarads for the Rochelle-salt 
microphone. A correction can then be made for 
this noise, if necessary, by the same procedurc 
as outlined for background noise in Section 6.53. 
If the circuit noise is comparable to the noise 
being measured, some improvement in the mcas- 
urement can usually b: obtained by usicg an oc- 
tave-band analyzer. The circuit noise in each band 
should b: checked also to see if correction is 
necessary. (See also Section 6.32.) 

6.55 Hum Pickup: When noise is measured 
near electrical equipment, a check should be made 
that there is no appreciable pickup of clectro- 
magnetic field in the soucd-measuring system. 
This check is particularly important for the Type 
759-P25 Dynamic Microphone, and, if the field 
is strong, when an octave-band analyzer is used. 
The procedure depends on the directional charac- 
ter of the field. The orientation of the instru- 
ments should be changed to see if there is any 
sigcificant change in level. If an analyzer is used, 
it should be tuned to the power-supply frequency, 
usually 60 cps, which would be the 20 to 75 c 
band for the octave-band analyzer, when this test 
is made. If no analyzer is included the C-weight- 
ing should be used in this test to make thc effect 
of hum most noticeable, and a good quality pair 
of earphones with tight-fitting ear cushions 
should be used to listen to the output of the 
sound-level meter. 

Tests should be made with different orienta- 
tiocs of the microphone, with the microphone 
disconnected, and with the sound-level meter dis- 
connected from the analyzer. If there is pickup 
in the microphone, proper orientation may be 
adequate to make a measurement possible, or 
electromagnetic shielding may be necessary. 
Otherwise one should consider using the 

Rochelle-salt or condenser-type microphones, 
which are relatively free from hum pickup. 

Tf thp hum picklip is in thr instruments, they 
can usually be moved away from the source of 
the electromagnetic field, or, alternatively, a 
proper orientation is usually sufficient to reduce 
the pickup to a negligible value. 

When a-c operated instruments are used as 
part of the measuring setup, a check should be 
made for 120-cycle as well as GO-cycle hum. This 
hum may be in the instruments, or it may appear 
as a result of the interconnection of different 
instruments. These two possibilities may be dis- 
tinguished by checking the instruments indiv- 
idually. If they are separately essentially free 
from hum, different methods of grounding, bal- 
ancing, or shielding should be tried. Sometimes 
reversal of the power-plug connection to the line 
helps to reduce the hum. 

6.56 Microphonics at  High Sound Levels: All 
vacuum tubes are affected by mechanical vibra- 
tion. Those used in the sound-measuring equip- 
ment have been selected to be less se~sitive to 
vibration than the usual types. But at sufficiently 
high sound levels, even these tubes can be - 

vibrated to such an extent that they contribute 
an undesired signal to the output. Trouble from 
this effect, which is called microphonics, is not 
usually experienced until the sound levels arc 
above 100 db, unless the instruments are placed 
on supports that carry vibrations directly to the 
instruments. 

The usual test for microphonics is to discon- 
nect the microphone and observe whether or not 
the residual signal is appreciably lower than the 
signal with the microphone connected. For the 
octave-band analyzer, the input cord can be dis- 
connected to see if the indicakd level comes 
from the input signal or if it is generated within 
the instrument. The instruments can also be 
lifted up from the support on which they have 
been placed to see whether or not the vibrations 
are transmitted through the supports or if it is 
the air-borne sound that is causing the tube 
vibration. 

Possible remedies for microphonic troubles are 
as follows: 1. Place the instruments on soft rub- 
ber pads. 2. Remove the instruments from the 
strong field to another, room and interconnect 
with long cables. 3. Put in deadened sound bar- 
riers between the instruments and the sound 
source. 4. Mount the instruments in well sealed 
boxes with glass covers and tight-fitting drive 
shafts to manipulate the controls. 

Mechanical vibration also affects the micro- 
phone itself, in that the output of the microphone 
IS dependent on the air-borne and solid-borne 
vibrations that are impressed upon it. The effects 
of the solid-borne v~brations are not usually im- 



portant in the standard, sensitive microphones 
because of the type of construction used; but 
these vibrations are usually of great importance 
for the low-serlsitivity microphones used in the 
measurement of high smnd levels. A mcchan- 
icnlly soft mounting should generally be used for 
such a microphone in order to avoid trouble from 
these vibrations. Often merely suspending the 
microphone by means of its connecting cable is 
adequate. 

G.57 Mounti~lg of the Device under Test: It is 
common to notice that the noise level produced 
by a machine is highly dependent on its mount- 
ing. A loose mounting may lead to loud rattles 
~ n d  buzzes, and contact to large resonant surfaces 
of wood or sheet metal may lead to a sounding- 
:t,oard emphasis of various noise components. For 
t k s e  reasons particular care should be' given to 
t . 1 ~  method of mounting. In general, the mount- 
i1g should be as close to the method of final 
cse as possible. If the machine is to be securely 
bolted to a heavy concrete floor, it should be 
tested that way. If the actual conditions of use 
cannot be duplicated, the noise measurements 
may not be sufficient to predict the expected be- 
havior, because of the difference in transmission 
of noise energy through the supports. The usual 
alternative is to use very resilient mounting 
means so that the transmission of energy to the 
support is negligible. (See also ASA Standard 
224.7-1950, Section 3.1.3) 

6.58 Position of Microphone: In previous sec- 
tions of this chapter some comments have been 
made on various aspects of the problem of plac- 
ing the microphone in the most satisfactory po- 
sition for making the noise measurement. Because 
of the importacce of this placement, this section 
will summarize these comments. In general, the 
location is determined by the type of measure- 
ment to be made. For example, the noise of a 
machine is usually measured by locating the 
microphone near the machine according to the 
rules of a test code, or if its characteristics as a 
noise source are desired, a comparatively large 
number of measurements are made according to 
the methods and the placement given in Chap- 
ter VIII. 

General pricciples that should be followed in 
locating a microphone for a test code measure- 
ment are given in the An2erirmz S t a ~ z d n ~ d  Test  
Code for. Appalzrt~/s Noise illeas~/r~eme?zi, 224.7- 
1950. 

The locations specified in this standard (1/2 
to 3 feet) are typical of test codes, but they are 
generally too close to the source for use in 
determining the acoustic power radiated by the 
machine, and the requirements for that measure- 
ment will be given in Chapter VIII. 

This standard points out the importance of 

exploring the noise field before deciding on a 
definite location (see Section 6.51) for the 
microphone. It also mentions the necessity for 
using a large number of measurement locations 
for specifying the noise field, particularly if the 
apparatus produces a noise that is highly direc- 
tional. Further discussion of directionality will 
be given in Chapter VIII. 

The microphone should also be kept out of 
any appreciable wind, if possible. Wind on the 
microphone produces a noise, which is mainly 
a low-frequency noise. This added noise may 
seriously upset the measurement, particularly 
when using microphones that have a good low- 
frequency response. If it is not possible to avoid 
wind on the microphone, a wind screen should 
be used. This screen can be made up by putting 
a single layer of silk or nylon cloth on a wire 
frame that encloses the microphone. The frame 
should be much larger than the microphone. 

If the noise level is measured for calculation 
of the speech-interference level or loudness level 
or for determination of deafness risk, it is also 
important to explore the noise field to make sure 
that the measurement made is representative. The 
possible effects of obstacles in upsetting the 
distribution of sound, particularly at high fre- 
quencies, should be kept in mind when making 
this exploration. 

At first thought, it seems logical, when meas- 
urements regarding noise exposure are made, to 
mount the microphone at the operator's ear. Actu- 
ally, because of the variables introduced by the 
effect of the operator's head being close to the 
microphone, this technique is not used, except in 
certain scientific tests with special probe micro- 
phones. All ratings of speech-interference, loud- 
ness, and deafness risk are based on a measure- 
ment with no person in the immediate vicinity 
of the microphone. The microphone should, how- 
ever, be about where the operator's ear would 
normally be. 
6.6 CALIBRATION AND CORRECTIONS 

Satisfactory noise measurements depend on the 
use of measuring equipment that is kept in 
proper operating condition. Although the instru- 
ments are inherently reliable and stable, in time 
the performance of the instruments may change. 
In order to insure that any important changes 
will be discovered and corrected, certain simple 
checks have been provided for the General Radio 
line of sound-le-vel equipment, and these will be 
discussed in this section. These checks can be 
made as routine maintenance checks, and some 
of them (Sections 6.61 and 6.62) should usually 
be made before and after any set of noise meas- 
urements. 

In addition to these routine checks, more com- 
plete calibration of the system may be dcsirnblc 



Figure 6-14. Schematic diagram of  the sound-level meter electr ical cal ibration circuit.  For 
cal ibration the attenuator switch i s  turned to  the "CAL"  position. The weighting switch i s  

turned back and forth between "20 kc "  and "CAL", and the gain control o f  the amplifier i s  
is  then set so that the deflection of the indicating meter i s  the same for the two switch 

positions. 
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for accurate measurements, particularly above 
1000 cps. These calibrations are also discussed in 
this section. 

6.61 Electrical Circuit Calibration: In the Type 
1551-A Sound-Level Meter the electrical calibra- 
tion circuit, shown in simplified form in Figure 
6-14, permits standardization of the gain of the 
amplifier in terms of an attenuator provided in 
the instrument. This attenuator is set in the 
laboratory to give the correct check for the sensi- 
tivity of the microphone supplied with the sound- 
level meter. Incidentally, the use of a different 
microphone with a different sensitivity will re- 
quire that a correction for sensitivity be applied. 

The test is made by using the calibration cord 
to supply a voltage from the power line at the 
terminals provided on the instrument. The con- 
trols are set and adjustments made according to 
the method given in the icstruction book. This 
test is particularly important, before measure- 
ments are made, to insure that the calibration 
control has not been set incorrectly. 

This test does not check the sensitivity of the 
microphone and the indicating instrument. Tests 
which include the microphone and the indicating 
instrument are discussed in the next section. The 
indicating instrument is rugged and relatively 
unaffected by temperature changes. Its tempera- 
ture cozfficient is about -0.02 db/OF. 

6.62 Acoustic Calibration a t  400 cps: The Type 
1552-A Sound-Level Calibrator (see Figure 4-8) 
has been developed to provide a single calibra- 
tion of the over-all system at 400 cps. When 
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driven by a 400-cycle oscillator at a 2-volt level 
and mounted on the Rochelle-salt microphone 
supplied with the sound-level meter, this cali- 
brator produces an 85-db sound-pressure level. 
It can be used also on the Type 1555 Sound- 
Survey Meter, on the Type 759-P25 Dynamic 
Microphone (Altec Type 633), on the Brush 
BR-2S (used on some early Type 759-A Sound- 
Level Meters), and on the Type 1551-P1 Con- 
denser Microphone System (by means of an 
adaptor) ; but the level developed for each micro- 
phone type will be different. The level to be 
expected is stated in the instruction sheets for 
the calibrator or the microphone. 

When the calibrator is used, it is desirable to 
check the background noise level with the cali- 
brator in place but with no signal applied. This 
level should be 10 db or more below the level 
produced by the calibrator, or a correction should 
be applied (see Figure 6-13). If the total level 
with the signal applied to the. calibrator is not 
at least 4 db higher than the background level, 
the instrument should be moved to a quieter 
location for caIibration. 

Although this calibrator is unusually stable, 
considering its low cost, it should not be re- 
garded as completely unchangeable, and it should 
be handled with care. It does provide an extra 
check, so that one is not completely dependent 
on the microphone stability. If, after the electrical 
circuit calibration, the acoustic calibration agrees 
within about 1 decibel, including temperature, 
corrections, the system can be assumed to be 
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operating correctly. Then the routine corrections 
should be used and, usually, not the level indi- 
cated by the calibrator. If, however, the acoustic 
check differs by 2 or more db, the level deter- 
mined by the calibrator should be temporarily 
accepted as correct. Then as soon as possible an 
investigation should be made to find the cause 
of the discrepancy. If the reason for the discrep- 
ancy cannot be located, the problem should be 
discussed with the nearest branch office or the 
service department at the factory in Cambridge. 
If it is not convenient to bring the equipment to 
the office, they may suggest that the calibrator 
be sent in for a check, since it is relatively simple 
to ship the calibrator. 

In the interests of maintaining accuracy in 
sound measurements, another calibration service 
is provided for owners of General Radio sound- 
level meters and Sound-Survey Meters. If these 
instruments are brought in to one of the General 
Radio offices (in Cambridge, New York, Chi- 
cago, and Los Angeles) the level at 400 cps will 
be checked using an acoustic calibrator. This 
caiibration will usually show if the instrument 
is operating correctly. If there is a serious dis- 
crepancy, the situation will have to be handled 
as a regular service problem. Before bringing in 
an instrument, please call the office (the Service 
Department, if the call is to Cambridge) to make 
certain that someone will be available to make 
the calibration check. 

The calibrator can also be used to measure 
the microphone cable correction (see Section 
6.45) provided the background noise is suffi- 
ciently low. The procedure is as follows: 1.  After 
the fioise measurement has been made, the cali- 
brator is put on the microphone with the micro- 
phone at the end of the cable, and n level 
reading is taken on the sound-level meter. 2. The 
microphone is removed from the end of the cable 
and put directly on the sound-level meter. The 
calibrator is put on the microphone at the sound- 
level meter, and a second level reading is taken. 
3. The difference between these two level read- 
ings is the cable correction. 

6.63 Complete Microphone Calibration: The 
acoustic calibrator makes possible a test of the 
sensitivity at 400 cps. If this test shows the 
microphone to be operating normally, there is 
reasonable assurance that the microphone has not 
changed appreciably at other frequencies. For 
most noises the low-frequency components domi- 
nate, and then this check is usually helpful in 
making sure that an accurate measurement can be 
made. It must be realized, however, that this test 
is not a complete check of the behavior; and 
when the noise consists of strong high-frequency 
components, a more complete knowledge of the 
performance is necessary for maximum accuracy. 

The microphone is the element whose per- 
formance is less uniform with frequency than 
any other element of the sound system. In order 
to get high accuracy in measurements above 2000 
cps it is usually essential to have a calibration of 
the microphone response characteristic as a func- 
tion of frequency. When this calibration is avail- 
able and an analysis of a noise is made, correction 
can be made for the deviation from uniformity 
of the microphone frequency response character- 
istic. 

Making accurate calibrations of microphones 
over a wide frequency range is a difficult process. 
For example, it is relatively simple to make a 
calibration of a microphone over a wide fre- 
quency range with a given laboratory facility; 
but when the same microphone is calibrated in 
another laboratory, it is likely that discrepancies 
of two or three decibels will be found between 
the two calibrations at frequencies above 3000 
cps. Only when different laboratories have 
worked out different systems to the point that 
they give reasonably good agreement can onc 
expect that the calibrations are reliable. The 
National Bureau of Standards, the Bell Tele- 
phone Laboratories, and Harvard University are 
important calibration laboratories that have com- 
pleted this cross-checking process using Western 
Electric Type 640AA Condenser Microphones in 
a coupler calibration. These microphones are used 
as primary standards to calibrate other micro- 
phones, and this type of microphone is regarded 
as the standard for accurate measurements. (Inci- 
dentally, this type of microphone can be used by 
means of an adaptor on the Type 1551-Pl Con- 
denser Microphone System, but the microphone 
is difficult to obtain and is expensive.) In free- 
field calibration of a microphone using the W .  E. 
Type 640AA as a standard, serious difficulty s t  
high frequencies can occur, and only a few 
laboratories can provide satisfactory calibrations 
at present. 

6.64 Comparison Tests Among Different 
Sound-Level Meters: When measurements are 
made on the same noise using two different 
sound-level meters, it is commonly found that 
the readings differ by a significant amount. The 
preceding material in this chapter should indicate 
most of the possible sources of discrepancy be- 
tween the two. Differences in the microphone 
characteristics are usually the chief cause of this 
discrepancy. For example, if one sound-level 
meter uses a dynamic microphone and the other 
uses a Rochelle-salt microphone and if the noise 
contains strong low-frequency components, it is 
easily seen from the characteristics of Figure 6-10 
that large differences can occur. When these 
effects are understood, most of the discrepancies 
are readily explained. 



Another factor that can contribute to this dis- 
crepancy concerns the average level. For purposes 
of meeting certain tolerances the average level 
of an instrument made by one manufacturer may 
be set slightly differently from that made by 
another. 

If the instruments are not operating properly 
or if standing waves are not averaged out, serious 
discrepancies can, of course, be expected. 

In  order to set an upper limit to these differ- 
ences among sound-level meters, the "Amer.irai2 
Star~dnrd f o r  Sot~~zd Level Meters", 224.3-1944, 
sets certain tolerances on the prescribed frequency 
characteristics. Representative values are as fol- 
lows : 

6.7 OTHER AUXILIARY INSTRUMENTS 
In addition to the regular instruments in the 

General Radio Sound-Measuring System, other 
instruments have been mentioned in Chapter IV 
as useful auxiliary equipment. The use of thesc 
instruments will now be discussed. The instru- 
ments to be discussed have a multiplicity of con- 
trols, which must be properly set in order to 
obtain useful information. It is wise, therefore, 
to become thoroughly familiar with the instru- 
ments, by using known signals for practice, be- 
fore attempting to use them on a noise problem. 

6.71 Magnetic Tape Recorders: A magnetic 
tape recorder is a useful and convenient instru- 
ment for obtaining a permanent record of a 
noise, as discussed in Chapter IV. When meas- 
urements are to be made on the recorded noise, 
a high-quality instrumect must be used to insure 
accurate results. The recorder should have a flat 
frequency characteristic over a wide frequency 
range, low hum and noise Ievel, low non-linear 
distortion, constant speed drive, and good mech- 
anical construction, and it should be kept in 
good operating condition. A tape speed of 15 
inches/second is recommended, since these re- 
quired characteristics are more readily obtained 
and maintained at high tape speeds. 

The frequency response controls on the tape 
recorder should generally be set and left at the 
position giving the most uniform response. Cor- 
rections should be made for any non-uniformity. 

Thc gain of a magnetic tape recorder should 
be set, in general, according to the instructions 

- 

supplied with the recorder. If an impact type of 
noise is to be recorded, however, it is usually 
desirable to set the gain 10 to 30 db lower than 
normal in order to avoid overloading the system 

- 

on the peak of the impact. When possible, it is 
desirable to make a series of recordings of im- 
pact sounds at several different settings of the - 

gain control. 
6.711 Reference Signal: At the time the re-- 

cording of a noise is made, a signal of known 
sound-pressure level should also be recorded for -- 
the same setting of recorder gain, so that the 
absolute level of the recorded noise may be - 

determined. It is sometimes desirable to record - 

this reference signal several times during the 
course of the recording. The Type 1552-A 
Sound-Level Calibrator can supply this signal. I t  
should be used on the microphone that supplies - 
the electrical signal to the recorder, and at the 
time of recording the signal, the background 
noise level should be kept as low as possible. - 
The level of this reference signal can frequently 
be accurately determined on play-back even if the 
background noise is relatively high by using a 
narrow-band analyzer tuned to the calibrating - 
frequency of 400 cps. Alternatively, the octave- 
band analyzer set to the 300-600 cps band can 
be used. When a narrow-band analyzer is used - 
for this purpose, it is important to make certain 
that the fluctuations in speed (flutter) of the 
tape are sufficiently low and the band width of 
the analyzer sufficiently great that the signal is - 
accurately measured. For example, if the flutter 
of the tape is 0.3% rms, the apparent recorded 
400-cycle frequency will fluctuate over a total - 
range of about 3.4 cycles." The Type 760-B 
Sound Analyzer, when tuned to 400 cycles, is 
uniform in response to within 1 db of the peak 
value over a band of 4 cycles. Therefore its - 
response will be satisfactory for measuring this 
400-cycle signal with a flutter of 0.3%. 

6.712 Direct Connection of Microphone: When - 
a wide range of signal levels are to be recorded, 
or when analysis of the recorded noise is re- 
quired, direct cocection of the microphone out- 
put to the recorder is often desirable. This - 
connection avoids the circuit noise that invariabIy 
must reduce the dynamic range when a sound- 
level meter is inserted between the microphone - 
and the recorder amplifier. When the Type 1551- 
P1 Condenser Microphone System is used, the 
sound-level meter and the recorder can be con- 
nected in parallel using the two outputs provided - 
on the case for the Type 1551-PI. When this is 
done, however, the combined impedance of the 
two connecting cables and the input circuit of - 
the tape recorder should be kept as high as prac- 



tical. This usually means that short cables should 
be used. The effect on the measured sound level 
of adding the recorder circuit can usually be 
checked by noting the difference in measured 
noise level with and without the recorder plugged 
into the Type 1551-P1 power supply. 

6.713 A'nalysis of Recorded Noise: When an 
analysis is to be made of the recorded noise, it 
is usually desirable to select a number of repre- 
sentative samples from the tape. The length se- 
lected should usually be equivalent to at least sev- 
eral seconds. Each of these lengths is then spliced 
into an endless loop, and each in turn is analyzed 
by playing back the loop continuously through 
the recorder and acalyzing the output. If the 
absolute level needs to be known also, a sample 
of the recorded reference signal should be meas- 
ured with the same control settings that are used 
for the noise samples. 

If the recorded noise is sufficiently uniform 
with time, it is often simpler to make a long 
recording and analyze on playback directly with- 
out the use of a loop. An octave band analysis 
can be made directly even on short recordings 
by merely repeating the playback a few times. 
On each playback the level in one or more bands 
can usually be noted if the overall level is essen- 
tially constant- with each playback. 

The apparent convenience of merely recording 
the noise in the field and doing all subsequent 
measurements in the laboratory may lead one to 
assume that the field equipment should be limited 
to a magnetic tape recorder, a suitable micro- 
phone, and an acoustic calibrator. This assump- 
tion may be correct if the noise problem is already 
well understood. But in many situations it is 
desirable to analyze in the field to some extent 
to make certain that the desired data have been 
taken. Otherwise, subsequent analysis in the 
laboratory may show that the recordings are use- 
less, because they do not contain the required 
information. 

6.714 Subjectivc Comparisons: Magnetic tape 
recordings can be used for the subjective com- 
parison of various noises. The direct subjective 
comparison of noises may be impractical in some 
instances because the noises are not available at 
the same place or at times that permit compari- 
sons without long delays. When tape recordings 
are made of such noises, these recordings can be 
played back and compared with relative ease. 
These recordings may frequently be made of 
noise from a machine during different stages of 
work designed to quiet it, and then a subjective 
evaluation of the progress 1s possible. Binaural 
recordings seem to be more satisfactory for this 
comparison test than single channel recordings, 
because the noise seems to sound more realistic. 

Whenever noise is recorded for the purpose 
of making a subjective comparison, it is desirable 
also to record a known acoustic reference signal. 
Then on playback the output level for each 
recording can be set to the proper level without 
relying on complete stability of recording gain 
characteristics for all the recordings. 

6.72 Graphic Level Recorder: A graphic level 
recorder can be connected to the output of the 
sound-level meter or the octave-band analyzer to 
record the level of a noise as a function of Xmc. 
The resulting description of the fluctuations in 
level is then more complete than that obtained 
by noting a few readings of the meter; 2nd when 
observations over a long period are necessary, the 
recorder can be unattended for most of the time. 
A range of 40 or 50 db should ordinarily bc 
used on the recorder. 

6.721 Input Connections: If the input imped- 
ance of the recorder is less than 20,000 ohms, 
it is desirable to add enough series resistance at 
the output of the sound-level meter to bring it 
up to at least 20,000 ohms. If the gain of the 
recorder is adequate, even more series resistancc 
should be added, up to a maximum of 100,000 
ohms. The connection between the sound-level 
meter and the recorder should be made by means 
of a short, shielded line. 

6.722 Gain Setting: When the level recorder is 
connected to the output of a Type 155 1-A Sound- 
Level Meter, the gain of the recorder should 
usually be set so that a signal that is 0 db on 
the meter scale is recorded 20 db below the maxi- 
mum level that can be recorded. This setting 
can be made by using either the 60-cycle cali- 
brating signal or  the signal from a Type 1552-A 
Sound-Level Calibrator. The level from thesc 
signals ordinarily produces a deflection of thc 
meter different from 0 ci'b, and the recorded level 
should be correspondingly different. For example, 
if the meter reads +4, the recorded level with 
this signal should'be 16 db below the maximum 
level on the recorder. 

Before the recorder is used, it is desirable to 
apply an acoustic reference signal to the sound- 
level meter and to observe the recorded level as 
the setting of the attenuator of the sound-level 
meter is changed. The minimum observable level 
will be determined by the background noise in 
the system, and the maximum level should bc 
beyond full scale on the recorder provided both 
the recorder and the sound-level meter are in 
proper operating condition. Except near thesc 
two extremes the recorded level should shift by 
10 db each time the attenuator setting is changed 
by 10 db. This check should serve to determine 
that stray pickup is sufficiently low and that the 
instruments are operating normally. 



After this check has been made, the attenuator 
of the sound-level meter should be set so that 
the recorded signal will always be w~thln  thc 
maximum range of the recorder; that is, the sig- 
nal level should never exceed full scale on the 
meter of the sound-level meter by as much as 
l o  db. 

If the acoustic signal is an impact type, such 
as that produced by punch presses or drop forges, 
the maximum indicated level on the sound-level 
meter should usually be kept below 0 db on the 
scale. Maintaining this lower level reduces the 
possibility of overloading the output amplifier 
in the sound-level meter. 

6.723 Chart Scales: The recorder paper is 
usually divided so that the lines corresponding 
to 10 db intervals are accented. Then, when the 
recorder and sound-level meter have been set up 
by the steps given above, the top of the chart 
can be labeled as a sound-pressure level of 20 db 
higher than the sound-level meter attenuator set- 
ting. Successively lower 10 db  intervals are then 
labeled, and any recorded level can be read off 
according to these labeled ordinates. 

6.724 Recording the Frequency Spectrum: The 
graphic level recorder can also be used on the 
output of the Type 760-B Sound Analyzer to 
analyze the noise source by recording a curve of 
amplitude versus frequency. As the paper in the 
recorder is advacced, it is necessary to advance 
the tuning dial on the analyzer a corresponding 
:tmount. This synchronism is obtained either by 
a mechanical or an electrical link between the 
paper drive and a drive system for the analyzer. 
Sotne provisions for such linkages are incorpo- 
rated in graphic level recorders, acd if a large 
number of analyses are to be made, it is often 
worthwhile to prepare the necessary coupling 
system to achieve this synchronism. The manu- 
facturers of the recorders should be consulted 
concerning the linkages available as well as for 
special recording papers marked for synchronized 
instruments. 

6.73 Cathode-Ray Oscillograph: A cathode-ray 
oscillograph having a tube with a long persistence 
screen and a sweep range extending down to at 
least 2 seconds sweep time is the most useful 
type for acoustic measurements. A five-inch oscjl- 
lograph tube is ordinarily used when the wave 
form is to be photographed. Otherwise, for field 
use, one of the smaller oscillographs is frequently 
more convenient. 

6.731 Connections and Adjustments: The verti- 
cal-amplifier input terniinals of the cathode-ray 
oscillogr~ph should be connected to the output 
of the sound-level meter by means of a short, 
shielded cable. The controls on the oscillograph 
should usually be set as explained in the instruc- 
tion booklet for the oscillograph. The gain of 

the vertical amplifier can be set in a number of 
ways. For those who are inexperienced, the fol- 
lowing proccclulc may Le found uscful. 12 rcfcr- 
ence sine-wave signal should be applied to the 
sound-level meter, for example, the 60-cycle cali- 
brating signal or the 400-cycle signal from ihc 
Type 1552-A Sound-Level Calibrator. Note thc 
reading on the meter, and then adjust the vcrti- 
cal-ampl~fier gain to obtain a pea!<-to-peak (total 
vertical excursion) deflection according to the 
f o l l o ~ ~ i n g  schedule for a five-inch screen. 

Meter reading 
db 
0 
1 
2 
3 
4 
5 
G 
7 
8 
9 

1 0  

Peak-to-peak deflection 
inches 
1 
1.12 
1 .26 
1.41 
1.5 
1.78 
2.0 
2 .24 
2.51 
2.82 
3.16 

The gain control on the oscillograph should 
not be changed after this setting has been made, 
and only the attenuator on the sound-level meter 
is used to adjust the gain when the noisc signal 
is applied. 

The attenr~ator on the sound-level meter should 
be set so that the maximum deflection produced 
by the noisc signal is within the range shown 
on the above schedule. The decibel value cor- 
responding to this deflection is then obtained 
from the above schedule. The equivalent sine- 
warre level is sometimes given as that decibel 
value plus the setting of the sound-level-meter 
attenuator. The peak-to-peak sound-pressure level 
for the noise is then that decibel value plus the 
sound-level meter attenuator setting plus 9 db. 
The 9 db is added because the original calibra- 
tion is in terms of a sine wave, and the peak-to- 
peak value of a sine wave is 9 db higher than 
the r-m-s value used for the meter calibration. 
This difference between the peak-to-pea!; valuc 
as determined on an oscillograph and the value 
indicated on the meter will depend 017 the type 
of noise being measured. For most noises it will 
be in the range of 6 to 15 db, but for impact 
sounds it can be as high as 30 db. 

6.732 Wave Form Observations: The oscillo- 
graph is also useful for observing the wave form 
of the noise. For example, on an impact sound 
it is usually most important to know the peak 
level reached by the noise, but it is also impor- 
tant to know how rapidly this level is reached 
and how rapidly the level decays after the peak. 



Figure 6-15. 
The Type 759-P35 Vibration Pickup 
and Type 759-P36 Control Box used 
with the Type 1551-A Sound-Level 

Meter. 

r The time measurements that are required to de- 
termine this rate may be difficult, but a fairly 
good estimate can be made in many instances by - selecting a sweep rate that displays the wave 
form with good separation of the rise and decay 
transient. Then this sweep can be calibrated by 
using a sine-wave signal of known, frequency. 
Usually both of these displays should be photo- 
graphed in order that suitable length measurc- 
ments can be made. These length measurements 
are then related 'to amplitude and time by the 
calibration procedures suggested. An alternative 
timing signal can usually be put on the Z-axis 
(the beam intensity) as explained in the oscillo- 

r graph instruction book. When it can be used, 
this timing system is usually more accurate than 
one that depends on sweep stability. 

6.74 Vibration Measuring Instramcnts: Many 
rn 

air-borne sounds are produced as a result of the 
vibration of solid materials. The amplitude and 
spectrum of these sounds are determined in largc 

Figure 6-16. 
The Type 761-A Vibrat 

part by the vibrating system, but the relations 
between the vibration and the resulting sound 
are so complicated that computing one from the 
other is not usually attempted. Vibration measur- 
ing equipment, nevertheless, can be of consider- 
able help in solving some noise problems. 

One class of these problems concerns reduction 
of the noise radiated by machinery, appliances, 
and other equipment. The vibration amplitude 
of the parts of the equipment can be measured, 
and in that way the parts that need most atten- 
tion can usually be determined. The procedure 
for making these measuremefits is beyond the 
scope of this handbcok, but information on 
making vibration measurements using the Type 
759-P35 Vibration Pickup and Type 759-P36 
Vibration Control Box as accessories for thc 
Type 1551-A Sound-Level Meter or using the 
Type 761-A Vibration Meter is given in the 
General Radio booklet on vibration measurc- 
ments. 

Meter. 



Another noise measuring problem that can 
sometimes be solved by the use of a vibration 

is Lhe lollow;ng. '~ ' l l c  noise ou~pu l  01 
nearly identical machines must sometimes be 
compared as a production control. Frequently, 
the background acoustic noise is so high that no 
satisfactory acoustic measurement can he made. 
In contrast, it is sometimes possible by suitable 
vibration mounts to keep background vibration 
from other sources down to a sufficiently low 
level so that the vibration of the machine itself 
can be satisfactorily measured. Then a study of 
the problem may show that some significant 
vibration measurements can be made that provide 
the essential information needed for a noise com- 
parison of the machines. 

6.75 Earphones and Stethoscope: A pair of 
high-quality earphones with tight-fitting earphone 
cushions is a useful accessory for noise measure- 
ments, and high-impedacce dynamic or crystal- 
type phones are recommended. Good earphone 
cushions are essential to improve the low-fre- 
quency response and to help reduce the leakage 
of external noise under the earphone. 

When a measurement system is being set up, 
the earphones should be plugged into the output 
of the sound-level meter. Then a listening test 
should be made to determine that the noise heard 
in the earphones is the same type of noise heard 
without the earphones. It is possible to detect 
trouble from micro2honics (usually a ringing 
sound) or stray pickup in this fashion. 

When the noise level is high, say, 90 db or 
higher, the leakage of external noise under the 
carphone may be sufficient to mask the sound 
from the earphones. Then the earphone cushions 
should be checked for tightness of fit. In addi- 
tion the signal from the earphones can be in- 
creased by setting the attenuator of the sound- 
level meter to a value 10 db lower than that 
required for a satisfactory reading on the meter. 
This change of 10 db is usually not enough to 
overload the output, but a larger change should 
be avoided. It may also be desirable to have a 
long cord available so that it is possible to listen 
to the output of the earphones far from the noise 
source. 

The earphones can also be used on the output 
of the analyzer to detect troubles from micro 
phonics and stray pickup. In addition, a listening 
test may help one to determine which frequency 
bands contain the noise that is most objectionable 
in a given situ a t ' lon. 

When the noise level is very high, the ear- 
phones on the sound-level meter may be useful 
in improving speech communicatio~~ between ob- 
servers during a measurement run. One observer 
wears the earphones, then the other observer 
shouts ir:to the sound-level meter microphone. A 

defin~te improvement in speech communication 
usually results. 

A blmilar p~occclu~c using a non-rlect1ic'11, 
medical stethoscope is also poss~ble. One observer 
has the ear tips in plnce, and the other speaks 
into the receiver of the stethoscope. 

The stethoscope can also be useful for tracking 
down sources of noise on a machine, because 
with it the pickup of sound can be confined to 
a relatively small local area. 
6.8 RECORD O F  RlEASUREMENTS 

One important part of any measurement prob- 
lem is obtaining sufficient data. The use of data 
sheets designed specifically for a noise problem 
helps to make sure that the desired data will be 
taken and recorded, and sample data sheets are 
shown in Figures 6-17a and 6-17b. The follow- 
ing list of important items may be found helpful 
in preparing data sheets of this type: 

1. Description of space in which measure- 
ments mere made. 

Nature and dilnensions of floor, walls, 
and ceiling. 
Description and location of nearby ob- 
jects and personnel. 

2.  Description of device under test (primary 
noise source). 

Dimensions, came-plat; data and other 
pertinent facts including speed and 
power rating. 
I h d s  of operations and operating con- 
ditions. 
Location of device and type of mount- 
ing. 

3. Description of secondary noise sources. 
Location and types. 
Kinds of operations. 

4. Type and serial numbers on all micro- 
phones, sound-level meters and analyzers 
used. 

Length and type of microphone cable. 
5 .  Positions of observer. 
6. Positions of microphone. 

Direction of arrival of sound with tc- 
spect to microphone orientation. 
Tests of standing wave patterns and 
decay of sound level with distance. 

7. Temperature of microphone. 
8. Results of maintenance and callbration 

tests. 
9. Weighting network and meter speed used. 

10. Measured over-all and bacd levels at each 
microphone position. 

Extent of meter fluctuation. 
11. Background over-all and band levels 2t 

each microphone position. 
Device under test not operating. 

12. Cable and microphone corrections. 
13. Date and time. 



14. Name of observer. 3. Attempts at noise control and personnel 
When the measurement is being made to deter- protection. 

mine the extent of noise exposure of personnel, 4. Audiometric examinations. 
the following items are also of interest: Method of making examinations. 

1. Personnel exposed-directly and indirectly Keeping of records. 
2. Time pattern of the exposure. 

I 
ADDRE;S -- 

1P:STRKEiiTS USED -- 
SOPJD-LETJ,IIEL IZTER - TiPE  -- - I.:ODEL # 

MICP.OPHOil% . TE:"iP 2 d L E  ( ~ c n g t i l )  

A$iCXl'IEii - TTPE -- MODEL f A_--- 

IIOTE: If noise  i s  d i r ec t i ona l ,  record - Di8ti;nce of the  source, :nicrcphonc 
posi t ion ,  incidence on microphone ( H o ~ i l ,  Grazing, Xaniloi;) . 

IIJDUSTET -- TYPE OF KkCHIIJE 

blAClilNE ilOD% # NpUiEZ OF ~"U-CIIILIES 

LOCAT106 OF ;IC.CIaME IN R0Oi.f 

&VVIROIT.iE?IT ( T p e  of buildin-,  wal ls ,  c e i l i ng ,  e t c .  ; o%hes c p e r ~ .  t ions ,  z q r  

a t t enp i s  a t  sound coiltrol) 

PZRSOWiEL EXPOSED - DIRECTLY INDIRECTLY. 

EXPOSURE T I i Z  PBTTEBJ . -. 

ARE EAR PLUGS !:OR? - TYPE 

iia THEW 6UDIO:;LTZC ELJ.INuTIO&? --- 

PREPLIICBENT PERIODIC 

Note information as t o  ,tho mr.kes these  a;i jri~ii; t ior~,i ,  con, l i t icns  
mde r  ,ihich they a r e  : ~ d e ,  t h e  of dz:/  the:^ ;;e made, xhere records 
a r e  kept.  

Figure 6-17a. A two-page sound-survey data sheet courtesy of Loss Prevention Department, 
Liberty Mutual Insurance Company. 



/TEST NO . LOCATION SKETCH > 
DATE OPERATION 
METER 
ANALYZER 

. MICROPHONE 1 

Q E C O R D E B ~  o o o o o J 

.3 
COMMENTS, DURATION, HRS./ WK., NO. WORKERS ETC. 

I 

2 

3 
\ 1 

Figure 6- 17b. A noise-level field data sheet courtesy of l l linois Committee on Noise in In- 
dustry, sponsored by the Industrial Hygiene Unit, Factory Inspection Division, Illinois 

State Department of Labor. 

G.9 A NOISE PROBLEM 
In order to illustrate some of the procedures 

given in this chapter, this closing section will be 
an example of a noise problem. 

An oil pump, used in a production setup to 
supply oil at high pressure to a cumber of hy- 
draulic presses, was so noisy that the workmen 
objected to using it. This pump had been installed 
to speed up production with new presses, but 
the men preferred to use an earlier production 
method because it was not then necessary to use 
the noisy pump. The problem was to find out 
what should be done to make the noise less ob- 
jectionable. 

In this example, it was assumed that the pump 
itself could not be modified to reduce the noise, 
since correcting basic design faults would be a 
major problem. Errors in alignment or looseness 
of mounting, as the source of the high noise 
levels, however, should be taken into considera- 
tion. On that basis, the apparent procedure was 
to investigate these possibilities, to measure the 
noise produced by the machine, to measure the 
background noise level, and, then, to decide what 
recommendations should be made. 

The following instruments were collected to 
take to the factory: 

Type 1551-A Sound-Level Meter .(with regular 



Rochelle-salt microphone). 
Typc 1550-A Octave-Band Noise Analyzer. 
Type 15 55-A Sound-Survey Meter. 
Typc 760-B Sound Analyzer. 
Typc 759-P35 Vibration Pickup. 
Typ? 759-P36 Control Box. 
Pair of high-fidelity earphones. 
Type 759-P21 Tripod and Extension Cable 

(these were not actually used). 
Thermometer. 
Two Sponge Rubber Pads. 

Before going to the factory each instrument 
was given a maintenance check to see that it was 
operating properly, since it is easier to correct any 
faults at the home office than it is to correct them 
in a noisy factory where service facilities are 
limited. The procedure was as follows: 

1. All equipment was turned on. 
2. Batteries were checked. 
3. The  calibration cord was connected from 

the sound-level meter to the power line, and the 
callbration control was set. 

4. The  octave-band analyzer was connected 
to the sound-level meter, and with the 60-cycle 
signal from that instrument, its gain was set 
properly on  the over-all band. The band switch 
was set to the first three bands to see that the 
expected behavior at 60 cycles was obtained. 

5. The sound nnalyzer was connected to the 
sound-level meter, and the general procedure of 
Step 4 was repeated. 

6. A Type 1552-A Sound-Level Calibrator 
and a suitable osc~llator and voltmeter were used 
to check the over-all callbration of the sound- 
level meter. ( I t  was not thought necessary to 
take along an acoustic callbrator and associated 
equipment for three reasons. First, it was ex- 
pected that it would not be important to know 
the absolute level with high accuracy. Second, it 
wvould be relat~vely simple to recheck the calibra- 
tion at the home office shortly after the test at 
the factory. T h ~ r d ,  the equipment would be taken 
to the factory in an automobile so that all the 
instruments could be handled with care.) 

7.  The noise from a nearby noisy ventilator 
was measured with the octave-band analyzer to 
see that all the bands were operating properly. 

8. The earphones were connected ta the out- 
p ~ ~ t  of the sound-level meter. The  attenuator was 
set at 90 db, the approximate expected level of 
measurement. Then the case of the instrdmenl 
was gently tapped with one finger. Listening to 
the output indicated that the vacuum tubes werc 
not p k t i c ~ ~ l a r l ~  microphonic. 

The instruments were taken in an automobile 
to the factory, where they were loaded on a 
rubber-tired cart and taken to the noisy pump 
on the ground floor. Incidentally, this type of 

cart is a convenient support for instruments when 
making measurements. At the pump, the o b v i o ~ ~ s  
data were recorded. It  was rated at 5 gallons 
per minute at 3000 PSI, and it was 6" long and 
5%" in diameter with 7 knobs projecting from 
the outer cylinder. These knobs apparently cor- 
responded to the seven cams of the pump. The 
pump was driven through a three-pronged flex- 
ible coupling by a 10-HP, 60-cycle, 1730-RPh1, 
induction motor. This motor was air cooled. The  
oil storage and heat exchanger tank was about 
25" long and 15" in diameter. These three Innin 
items, the pump, the motor, and the tank, as 
well as a mounting board, some gages and a line 
switch, were mounted on a 37"-square, heavy, 
steel base. Steel I-beams were welded underneath 
as a part of this base and these were securely 
bolted to the floor, which was a reinforced 
cement slab. Four heavy, brass, pipe lines werc 
connected to the storage tank. Two of these werc 
for water cooling, and the other two were for 
the oil. These lines ran directly to the heavy 
masonry wall nearby, and they were securely 
anchored in many places to the wall as they ran 
to the different presses. 

The  factory itself was of heavy reinforced 
concrete construction with no acoustic treatment. 
Nurnerous small machines, benches, storage racks, 
cartons, and other items were arranged in orderly 
fashion throughout the large factory space where 
this oumD was located. 

1 I 

When the pump was turned on, it was c l ~ a r  
why the men complained. I t  was very noisy. 
There were no obvious rattles from loose pieces, 
homrever, and there seemed to be no mounting 
troubles. The  floor did not seem to be transmit- 
ting vibration, and this conclusion was verified 
later. The vibration in the oil lines could be felt 
by touch, but they did not seem to be an im- 
portant source of noise. For example, a check 
using the Sound-Survey Meter carried along near 
the lines showed that the noise level droppetl 
noticeably as one went away from the pump. The  
units mounted on  the steel frame appeared to be 
the main source of noise, and listening nearby 
indicated that the pump itself was the major 
source. 

A preliminary survey around and over the 
structure but some 5:feet away was made using 
the Sound-Survey Meter. As expected there was 
no obvious directional pattern, even with the A 
weighting. 

The  first measurement was made close to the 
pump. The microphone, only 16" from the pump 
shaft, was on  the sound-level meter, which ill 
turn was set on an empty cardboard packing case 
on the concrete floor. The octave-band analyzer 
was connected to the output of the sound-level 
meter. This first position was selected at this 
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Figure 6-18. Frequency analysis of the noise produced by a pump. Levels measured with 
the octave-band analyzer are shown together with components measured on the Type 760-B 
Sound Analyzer. Background band levels are shown by horizontal dashed lines; solid hori- 

zontal lines represent pump noise plus background. 

point to make certain that the background noise 
from other machines would not obscure any sig- 
nificant components. 

The 60-cycle calibrating cord, concected to 
the power line, supplied the signal for setting 
the level of both the sound-level meter and the 
analyzer. With the pump turned on, the output 
from the analyzer was monitored by the pair of 
earphones. In the over-all position, there was no 
indication of microphonics in the coise heard 
from the earphones. Listening to the output of 
the various bands showed that the noise in the 
600 to 1200 and 1200 to 2400 cps bands was 
the dominating part of the annoying, loud noisc 
heard from the machine. 

The complete analysis was made at this point 
as shown in the data sheet of Figure 6-18. Then 
the pump was turned off, and the, background 
noise was analyzed. In all frequency bands but 
the lowest (20-75 cps) , this background noise 
was so low that it could be neglected. It was 
obvious from this analysis that most of the noisc 
was in the range from 150 to 2400 cps. 

There were no apparect characteristic, pitched 
sounds in the noise heard from the machine, but 
it could be expected that some would be present. 
Just to make sure that something important would 
not be overlooked, an analysis of the noise was 
also made with the Type 760-B Sound Analyzer. 

The only discrete components (definite peaks in 
response as the acalyzer was tuned) that were 
observed are listed on the data sheet. Of tbese 
components, the one at 205 cps was the basic 
pumping rate of seven times the rotational speed. 
A comparison of the levels from this analysis 
with that in octave-bands showed that most of 
the energy in the range from 150 to 600 cps 
was from discrete components, but above that 
the noise was generally unpitched. 

The next step was to use a vibration test to 
find out if the mounting was satisfactory. The 
vibration pickup and control box were connectctl 
to the sound-level meter, and the sound analyzer 
was also used. Exploration with the pickup ant1 
the analyzer showed the following behavior. The 
pump itself was vibrating most strongly; thc 
high-frequency componects and the low-fre- 
quency ones were all present. The driving motor 
was not vibrating seriously. The storage tank 
vibrated most strongly at low frequencies. As 
the probe .was moved about the mounting base 
toward the concrete floor the amplitude of mo- 
tion decreased. At the floor the motion was insig- 
nificant. This vibration test confirmed that the 
mounting was not faulty. 

The final measurements were octave-band anal- 
yses at a number of points 5 feet from the pump 
and one point 1 2  feet away. The results of these 



analyses are shown in the data sheet of Figure 
6-19. 

The nearest workmen were about 7 feet from 
the pump, so that the levels at 5 feet were nearly 
representative of the conditions they encountered. 
A comparison of the levels from the pump with 
the background data and with the speech-inter- 
ference criteria given in the next chapter indi- 
cated that a 20-decibel reduction in noise level 
in the bands from 300 to 2400 cps would have 
been desirable. 

Therefore, as a solutioc to the problem, the 
following suggestions were made: 

One possible solution is to use a different 
pump based on a principle of operation that pro- 
duces less noise as a by-product. 

Another possible solution is to enclose the 
whole pump in a tight housing with lined ducts 
for air ventilation. The housing should be treated 

on the inside with acoustically absorbing mate- 
rials. The walls should not be resonant types, 
such as a single layer of plywood. 

A third solution is to move the pump to 2n- 
other location outside the working area, and this 
solution was adopted. The pump was movetl to 
a nearby boiler room. 

What had been accomplished by these measure- 
ments? First, they had ruled out the possibility 
of a simple solution, such as isolating the whole 
structure by vibration mounts, putting flexiblc 
couplicgs in the pipe lines, or using acoustic 
baffles. Second, they provided the data needed 
for a preliminary design of a housing, so that 
its probable cost could be weighed against other 
possible solutions. In short, these measurements 
provided the necessary data for a decision by 
management. 

/ 
12' TO PUMP 

DISTANCE MEASURED 
DIRECTLY TO PUMP 

ELEVATIONS WITH 
RESPECT 
TO FLOOR 

*Bkgd = Background 

Figure 6-19. A diagram of the several positions used in  making octave-band analyses of 
pump noise. Results obtained at the various locations are given in the table. 



CHAPTER VII 

LOUDNESS LEVEL, SPEECH INTERFERENCE, HEARING 

DAMAGE, AND NEIGHBORHOOD REACTION TO NOISE 

7.1 INTRODUCTION 
This section gives the specific details for calcu- 

lating the loudness level and the speech-interfer- 
ence level of noise. It also gives some suggested 
methods for estimating, from measured octave- 
band levels, the possibilities of hearing loss as a 
result of exposure to certain noises and for esti- 
mating the reactions of people to noise in a resi- 
dential area. 
7.2 LOUDNESS LEVEL 

The  chart of Figure 7-1 has been prepared to 
simplify the calculation of loudness level from 
octave-band levels. The procedure is as follows: 

1. The  bacd level in d b  for each of the eight 
bands is related by means of the corresponding 
line chart of Figure 7-1 to a transfer value (t .v.).  
These transfer values are used for certain sum- 
ming operations, and they have been empirically 
determined by using the Churcher-King cqual- 
loudness contours and by using the psychoacoustic 
data obtained by Pollack for bands of noise.::: 

2. The  total transfer value is then defined as 
the sum of the individual transfer values in the 
bands. 

3. This total transfer value can be converted to 
loudness level in phons by the line chart for the 
600-1200 cps band. 

T o  illustrate this procedure, consider the fol- 
lowing calculations using an analysis which was 
made of noise in a factory: 

If the sound to be measured is a pure tone, a 
more accurate calculation of loudness level can 
be made by the method of Section 3.43. 

For steady noises having a broad frequcncy 
spectrum, the calculated loudness level using the 
chart of Figure 7-1 agrees reasonably well with 
much psychoacoustic loudness-level data. But the 
calculated value is not to be cocsidered accurate 
for intermittent sounds or impact sounds. For 
that reason some workers have proposed that this 
calculated valuc be considered as separate from 
loudness level and be given a new name. T o  avoid 
errors of interpretation, therefore, it is desirable 
to  designate,any loudness level obtained in the 
above fashion as a "computed loudness level." 

If the measured levels are plotted on the chart 
of Figure 7-1, the relative positions of the points 
determine the relative contributions of the energy 
in the different bands to the total computed Ioud- 
ness level. These relative positions can then be 
used as one of the guides f o ~  deciding which 
regions of the frequency spectrum deserve most 
attention in a quieting problem. 
7.3 SPEECH-INTERFEREXCE LEVEL 

The  average of the band levels in d b  for thc 
three octave bands, 600-1200, 1200-2400, and 

":L. L. Beranek, J. L. Marshdl, A. L. Cudworth, an.1 
A. P. G. Peterson, "Calculation and Measurement of 
the Loudness of Sounds," J. Aro/~s f .  Sor. Am., Vol. 23, 
May, 1951, pp. 261-269. 

Band 

Level in d b  88 7 6  77  82 8 2  79  8 2  7 4  72 
Transfer value in each band 2.7 6.7 1 7  22 70 34 21 6.9 

Total Transfer Value=130 
Computed Loudness Level=103 phons 

(This level is high compared to office or residential noises and it  results from the high level of noise energy in thc 
middle bands. Most of this noise came from an oil pump five feet from the microphone.) 
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Frequency Bands (Random Incidence) 

Figure 7-1. Chart for calculating loudness level from an octave-band analysis of a noise. The 
noise has been assumed to be coming at the listener from many directions (random incidence). 



2400-4800 is called the speech-interference level. 
For example, in Section 7.2, the levels given in 
these bands for a factory noise are 79,  82,  and 
74 db, and thc spcc~h-interference level IS thcn 
78.3 db. 

7.31 Speech Intelligibility: For satisfactory 
speech intelligibility using difficult speech ma- 
terial, maximum permissible values of speech- 
interference levels for  men with average voicc 
strengths are given in Table 7-1. 

Table 7-1 
Speech-interference levels (in db re 0.0002 

microbar) should be less than the values given 
below in order to have reliable conversation a: 
the distances and voice levels shown. 
Distance Voice Level 

(Feet) Normal Raised Very Loud Shoutins 
0.5 7 1 7 7 8 3 8 9 

1 65 7 1 7 7 83 
2 59 65 7 1 7 7 
3 5 5 .  61 67 73 
4 5 3 5 9 65 7 1 
5 5 1 57 63 69 
6 49 5 5 61 67 

12 43 49 5 5 61 
? 4 37 43 49 5 5 

I t  is assumed in forming this chart that there 
are no reflecting surfaces nearby, that the speaker 
is facing the listener, and that the spoken ma- 
terial is not already familiar to the listener. For 
example, the speech-interference level of 78.3 db, 
computed above, is high, and the chart indicates 
that shouting is usually necessary and that the 
two people must be closer to each other than two 
feet in order to be understood sat:sfactorily. If 
the words spoken are carefully selected, and lim- 
ited in  number, then, intelligible speech will be 
possible at greater distances. 

If a number of conversations are to be held in 
the same reverberant rcom, the procedure is more 
complicated. This  chart cannot be used on the 
basis of the bacl~ground noise level before the 
cor:versstions are in progress, because a given 
conversation will be subject to interference from 
the noise produced by all the other conversations. 
The  general procedure for calculating a speech- 
interference level under those conditions has not 
been completely worked out. 

7.32 Telephone Usability in Noisy Areas: The  
speech-interference level can also be used to pre- 
dict the expected usability of a .telephone under 
the given noise conditions. The following sched- 
ule has been found generally satisfactory, when 
the F-1 Western Electric handset is used for long- 
distance or suburban calls. 

Speech-Interference Level Telephone Use 
less than 60 d b  Satisfactory 
60 to 75  db niffir~ilt 
above 75. db Impossible 

For calls within a s i ~ g l e  exchange, the permis- 
sible speech-interference levels are 5 d b  greater 
than those shown in the table. 

A suggested rating system for offices, based on 
a number of psychological and acoustical tests, is 
shown in Figure 7-2. The  curves on this graph 
relate the measured speech-interference level of 
the background noise and the subjective rating 
of the rloise' ranging from "very quiet" to "in- 
tolerably loud." The  two difierent rating curves 
illustrate that the environment influences the sub- 
jective rating. In  order to be rated "noisy" the 
noise level must be appreciably higher in a large 
office than in a private office. 

It  can be expected that the probability of rc- 
ceiving complaints about noise will be high for 
subjective ratings above "Moderately Noisy" and 
low for  levels that lead to a subjective rating be- 
low "Moderately Noisy". Furthermore, because 
of direct interference with transferring informa- 
tion, efficiency may be reduced for levels appre- 
ciably above.the criterion points marked A and B. 

Suggested criteria for coise control in terms of 
maximum permissible speech-interference level 
(SIL),  measured when the room is not in use, 
are given in the following table: 

Table 7-11. Criteria for  Noise Control 
Maximum Permissible SIL 

(measured when room 
is not in use) 

Type of Room 
Small Private Office 40 
Conference Room for 20 30 
Conference Rcom for 50 2 5 
Movie Theatre 30 
Theatres for Drama 

(500 seats, no amplification) 25 
Coliseum for Sports Only 

(Amplification) 50 
Concert Halls ( N o  amplification) 20 
Secretarial Offices (Typing) 5 5 
Homes (Sleeping Areas) 2 5 
Assembly Halls ( N o  amplification) 25 
School Rooms 2 5 

T h e  purpose of these criteria will be shown by 
the followicg example. Assume that we are to put 
a small conference room in a factory space. W e  
measure the speech-interference level at that loca- 
tion and find it to  be 64 db, whereas the sug- 
gested speech-interference level criterion for a 
small conference room is 30 db. The room must 
then be designed to attenuate the noise from the 
factory space by about 34 d b  in order to have a 



AVERAGE OF SOUND LEVELS IN BANDS 600-1200. 1200-2400,2400-4800 
(SIL) 

DECIBELS RE 0.0002 1BAR 

Figure 7-2. Rating chart for office noises. Data were determined by an octave-band analysis 

and correlated with subjective tests. (Courtesy Beranek and Newman.) 

conferecce room that will be satisfactory as far as 
background noise level is concerned (such an 
attenuation is provided by a double-plastered, 
three- or four-inch thick stud wall, or by a hol- 
low-tile wall plastered on one side). 

7.4 HEARING DAMAGE FROM EXPOSURE 
TO NOISE* 

As discussed in Sections 3.6 and 5.6, all noise 
ratings concerning the possibility of hearing dam- 
age are tentative at present. Many ratings have 
been suggested but so far no standards have 
gained acceptance, and all that can be done here 
is to indicate the order of magnitude of noise 
levels that arc beir,g considered as safe for life- 
time exposures.  ore complete information is 
necessary before a widely acceptable rating can 
be given. In addition, general agreement must be 
reached on the answers to the following ques- 
tions* : 
"(1) What  kind and amount of hearing loss 

*ASA Subcommittee 224-X-2, "The Relations of 
Hearing Loss to Noise Exposure," American Standards 
Association, 70 East 45th Street, New York. 1954. 

constitutes a sufficiect handicap to be considered 
undesirable? What  role should presbycusis play 
in the setting of such a figure? 

r r ( 2 )  What percentage of the people expoxd  
to industrial noise should a standard be designed 
to protect? In view of the large individual differ- 
ences in susceptibility to noise exposure, should 
a noise standard be aimed at preventing hearing 
losses in  50 percent, 90 percent, or even 99 per- 
cent of the population? 

'y3) H o w  should noises be specified and ex- 
posures measured? Since different noises are ap- 
parently not equally effective in producing hear- 
ing losses, agreement must be reached on a stand- 
ard specification of the spectral and temporal 
characteristics of the noise." 

The noise-level ratings to be given here apply 
only to continuous exposure during a regular 
working day for a number of years and to steady 
noises, not to impact or impulsive sounds, such 
as gunfire. Impact sounds are more difficult to 
measure adequately (see Sections 6.34 and 7.73), 
and less information regarding hearing damage 
from impact sounds is available. 



TE NTATlVE DAMAGE- RISK CHART 

(HEARING LOSS SERIOUS ENOUGH TO AFFECT SIGNIFICANTLY 
THE ABILITY TO UNDERSTAND SPEECH.) 
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Figure 7-3. Tentat ive damage-risk chart. T h e  ratings apply for continuous no ise  
for exposure every working day  for a lifetime and for suffering a loss  in hearing 
ser ious enough to affect significantly t h e  ability t o  understand speech.  T h e  zone 
of 20 d b  shown for "Wide-Band Noise " is to i l lustrate  some of the  uncertainty in 

th i s  rating. A similar uncertainty app l ies  to  t h e  "Pure Tone" curve. 

The ratings are limited to  continuous expos- 
ures, because evidence is givcn in the report* of 
the American Standards Association, Subcommit- 
tee Z24-X-2 that intermittent exposure results in 
less hearing loss than continuous exposure to the 
same type of noise, but the information is inade- 
quatc to show how this difference can be taken 
into account for a noise rating. 

One suggested preliminary test is based on the 
reading with the B-weighting network of the 
Sound-Sulvey Meter or a sound-level meter, as 
follows: A reading above 100 d b  with B weight- 
ing indicates that the noise is probably unsafe for 
everyday exposures, at least for some people, and 
noise reduction or ear protection is necessary. 
Readings below 80 d b  indicate that there is prob- 
ably no danger from the noise even if the noise 
is a pure tone. 

When the reading with the B weighting is 
above 80 db, analysis is necessary, and an investi- 
gation should be made using the Type 1551 

QASA Subcommittee 224-X:2, "The Relations of 
Hearing Loss to Noise Exposure," American Standards 
Association, 70 East 41th Street, New York, 1954. 

Sound-Level Meter and the Type 1550-A Octave- 
Band Analyzer. When this analysis is made, thc 
tentative ratings shown in Figure 7-3t can be 
used. 

For most factory noises the curve labelcd 
"WIDE-BAND NOISE" should be used. Whcn 
the sound is concentrated in a very narrow band, 
for example, a pure tone, the rating shown by the 
"PURE TONE" curve should be used. 

The  rating for "WIDE-BAND NOISE" is 
shown as a zone 20-db wide to illustrate some of 
the uncertainty involved in this rating. Thus, to 
insure that there would be negligible risk of 
suffering a loss in hearing serious enough to 
affect significantly the ability to understand 
speech, the noise levels should probably be lower 
than the lower limit of the zone shown in Fig. 
7-3. This rating would apply for exposure during 
every working day for durations up to retirement. 

$Adapted from Fig. 18.6 of W. A.  Rosenblith and 
K. N. Stevens, Handbook of Acou~tic Noise Control. 
Vol. 11, Noise and Nun, W A D C  Technical Report 52- 
204. (June, 1 9 5 3 ) ,  p. 219. That report is obtainable 
as PBl11,274 from Office of Technical Services, U. S 
Department of Commerce, Washington.25, D.C. 



7.5 RESIDENTIAL NOISE LEVELS 
Some factories, recreation halls, electrical sub- 

stations, trucks, and airplanes are so noisy that 
they annoy people living near them. The reactions 
of those that are annoyed may range from mild 
remarks to legal action. Those that are responsible 
for the noise would, naturally, like to avoid the 
expense of court action; and, in many cases, in 

- order to maintain the good will of the neighbor- 
hood, they are willing to put considerable effort 
into controlling the noise so as to avoid anything 
but mild annoyance. - In order to put this noise controI on a syste- 
matic basis, a nimber of engineering groups have 
analyzed the experiences obtained in manv differ- 

- ent situations. t h e y  have fopnd that reackons df 

annoyance cannot be successfully predicted on the 
basis of a single measurement, or even computed 
loudness ratings, but that many factors enter into 
the problem. In addition to the range of reactions 
to be expected from different individuals, some 
other factors are the following: The level and 
spectrum of the noise;'whether or not there are 
strong, pure-tone components; the time pattern 
of the noise, including the rate of repetition and 
the actual time of occurrence during the day; and 
the general background noise level in the residen- 
tial area affected. So far the data that is available 
.is limited primarilx to the reactions of people in 
residential areas of single-family houses surround- 
ing industrial plants. We can expect that, because 

Figure 7-4. Set of curves for assigning o level ronk to a residential noise. The 
octave-band levels of the noise are plotted on this chart. The highest of the al- 
phabetically labeled zones into which ony of the band levels penetrates is the 

level rank of the noise. 



of the conditioning to noises that occur in  multi- 
ple family dwellings, the reactions of the people 
there would be modified. 

A tentative rating* for these residential noise 
problems is obtained in the following way: The  
octave-band noise levels are measured in the 
neighborhood. Under difficult circumstances such 
a measurement may require surveys for  long 

periods of time, depending on the type of noise 
source and atmospheric conditions, particularly 
wind. These measured levels are then plotted on - 
the chart of Fig. 7-4 to determine a "level rank." 

For example, assume that the octave-band levels 
produced at night by a newly erected power sub- 
station at the nearest house in a suburban area - 
are as follows: 

Octave Band-cps 20-75 75 150 150-300 300-600 600-1200 1200-2400 2400-4800 4800-10000 
-\ 

Band Level-db 30 48 47 38 34 28 2 2 22 

Table 7-111 

List of Correction Numbers to be Applied to 
Level Rank 'to Give Noise Rating 

Pojjible Correction 
Injuencrng Facror Conditions Number 

Noise Spectrum Character Pure-tone components + 1 
Wide-band noise 0 

Peak Factor Impulsive $1 

Not Impulsive 0 

Repetitive Character Continuous exposures 
(about one-half minute to one per minute !1 
noise duration assumed) 

Background Noise 

10-60 exposures per Ilr. -1 

1-10 " " " -2 

4-20 " " day -3 

1-4 e ,  a .  ,, -4 

1 e *  t ,  ,, 
-5 

Very quiet suburban + 1 

Suburban 0 

Residential Urban -1 

Urban near some industry -2 

Area of heavy industry -3 

Time of Day Nighttime 0 

Daytime only -1 

Adjustment to Exposure N o  previous conditioning 0 

Considerable previous 
conditioning -1 

Extreme conditioning -2 

*W. A. Rosenblith and K. N .  Stevens, Op. cit., pp 
181-200. L. L. Beranek, Acoustics, McGraw-Hill: New 
York, 1954, Part XXXII. 

- 
When these levels are plotted on Figure 7-4, 

it is seen that, in this particular case, the level 
rank of the 150-300 cps band is the highest of 
any of the bands. The noise is then assigned that - 
rank. The  level rank of this assumed noise is then 
"C". This rank is then corrected by the numbers 
i n  Table 7-111, according to the factors listed. For - 
the assumed noise the spectrum has strong pure- 
tone components (+ 1) ; it is a steady noise (0 ) .  
not impulsive (O), in a suburban neighborhood 
( O ) ,  at nighttime as well as daytime (o) ,  and - 
we shall assume that this neighborhood has no 
previous conditioning to a noisy nighttime back- 
ground ( 0 ) .  The  net correction is then a shift - 
upward of one level to a corrected "level rank" 
or noise rating of "D". Then from the chart of 
Fig. 7-5 we predict that the reactior: to this noise 
will generally be mild complaints with a good - 
possibility of some strong complaints. If there 
were many houses in a region of this noise level, 
the power company would probably try to reduce 
the noise level in order to avoid losing the gcod 

- 
will of the neighborhood. 

This rating system can also be handled in the 
opposite sequence. Thus, we could decide on the - 
sort of response that we would be willing to have 
or to risk and proceed from that to the maximum 
allowable levels in each band. 

- 

Sometimes a noisy device is in a building where 
there are also bedrocms. The noise level produced 
by that device in the bedrooms should then be 
rated one rank higher than that given in Figure 

- 

7-4, since engineering experience indicates that 
the residents are less tolerant of noise generated 
within the same building. - 

The  procedure given here is intended mainly 
as a guide. As more experience is obtained in this 
held of neighborhood noise problems, it can be - 
expected that some revision of the numerical 
values will be found desirable. 
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CHAPTER Vlll 

NOISE SOURCE CHARACTERISTICS 

8.1 INTRODUCTION 
More and more apparatus is being rated for 

noise. This rating is usually intended to make 
possib!e the prediction of the noise level that the 
apparatus will produce when installed. In order 
for the rating to be adequate for this purpose, 
the total acoustic power radiated by the source 
and the acoustic directivity pattern of the source 
should be included as phrt of the rating. W e  
shall explain in this chapter how the power and 
directivity can be determined; but first we shall 
discuss the limitations of the usual method of 
noise rating. 

For example, an air compressor may be rated 
by the manufacturer as producing a noise level 
of 85 d b  at a distance of three feet. This level 
may have been obtained by taking the average 
of a few sound level readings three feet from 
the compressor. When it is installed and the 
level is measured, the new level may be, say, 
90 d b  at three feet. Naturally, the purchaser feels 
that he should com lain because the machine 
was incorrectly rate$ perhaps, he returns the 
compressor, o r  he  decides that he can no longer 
trust thc manufacturer. Actually, the manufact- 
urer may have been entirely correct in his noise 
measurements, but the rating was inadequate. 
The difference of 5 d b  may have been caused by 
incorrect installation, but usually such a diffcr- 
ence is a result of the acoustic characteristics of 
the factory space. By the use of an adequate 
rating system and a knowledge of acoustic room 
characteristics, i t  would have been possible to 
predict this effect. 

Another part of this same problem is the pre- 
diction of levels at places in the factory other 
than at the three-foot distance. For example; tho 

nearest worker may be 20 feet away, and the 
level at a distance of 20 feet is then more impor- 
tant than at 3 feet. Again, a knowledge of the 
acoustic power radiated and the acoustic char- 
acteristics of the factory space will be needed to 
predict the probable level at this distance. 

The  procedure suggested here for determining 
the power and directivity is based on measuring 
the sound-pressure level at a number of points 
around the noise source. The technique for meas- 
uring sound-pressure level has already been dis- 
cussed in Chapter VI. W e  shall discuss here the 
selection of the points at which the sound- 
pressure level is measured, the method of calcu- 
lating the power and directivity, and the require- 
ments on  the characteristics of the space in which 
the measurement is to be made. W e  shall intro- 
duce this discussion by considering the behavior 
of noise sources under various conditions. 

8.2 SOURCES IN FREE FIELD 
8.21 Simple Source in Free Field: 
8.211 Point Source: Any vibrating object will 

radiate sound into the air.-The amount of sound 
radiated depends on (1) the applitude of vibra- 
tion of each vibrating part, (2) the area of each 
part, and ( 3 )  the time pattern of the vibrations, 
including the telative time pattern compared to 
that of the other parts. 

T h e  simplest form of source is spherical in 
shape and vibrates uniformly over its entire sur- 
face. W e  can think of this source as a round 
balloon with air i n  it. W e  periodically pump 
some more air into it and then let the same 
amount of air out. If the surface of the balloon 
then expanded and contracted uniformly, tllc 
balloon would be asimple, spherical source. This  



TEMPERATURE -OF 

Figure 8-1. Corrections for temperature and barometric pressure to be applied when the equa- 
tions relating power level (PWL) and sound-pressure level (SPL) are used. The correction is 
to be added to, i f  positive, or subtracted from, i f  negative, the sound-pressure level computed 
by the equation from the power level. I f  the power level is  to be computed from a given sound- 
pressure level, the correction should be subtracted from, i f  positive, or added to, i f  negative, 

the given sound-pressure level before substituting the numerical value into the equation. 

source radiates sound .equally in all directions 
from an apparent center, which is the center of 
the balloon. It  then is like a "point" source, in- 
sofar as sound radiation is concerned. 

8.212 Free Field: If such a point (or spheri- 
cal) source is in the air far from any other ob- 
jects, including the ground, the sound-pressure 
produced by the source in evcry direction is the 
same at  equal distances from the point source. 
Furthermore, the sound pressure decreases by a 
factor of two for each doubling of distance from 
the point. This change is usually expressed as a 
decrease in sound-pressure level of 6 decibels. 
The sound field produced under these idealized 
conditions is called a free field; because it is 
uniform,' it is free from all bounding surfaces, 
and it is undisturbed by other sources of sound. 

8.213 Power Level in Free Field: Under free- 
field conditions, a single measurement of the 
sound-pressure level at a known distance from 
a point source is enough to tell us all about the 
sound field radiated by the source. For example, 
we can then predict the level at any other point, 
since the sound-pressure varies inversely as the 
distance from the source. W e  can also compute 
the total sound power radiated by the point 
source. .We shall d o  this calculation in terms of 
the power level re 10-l"att (PIVL) of the 
source (Section 2.1). Then the required relation 
to the sound-pressure level (SPL) is: 

PIVL = SPL + 20 log r. + 10.5 decibels 

where r is the distance in feet from the point 

source to the point where the sound-pressure 
level is measured. This relation is corrcct for a 
point source in a free ficld at normal room tem- 
perature and barometric pressure, that is. 68'1: 
and 30 inches of mercury. At other temperaturcs 
and pressures it is necessary to apply t h i  correc- 
tion shown in the graph of Figure 8-1. This 
correction is usually unimportant. 

As an example, suppose that we measured a 
sound-pressure Icvel ok 73.5 db r e  0.0002 micro- 
bar at a distance of 20 feet from a point source. 
Then 

PWL = 73.5 + 20 log 20 + 10.5 = 110 d b  
r G 0 - l a  watt. 

The  value for 20 log r can be found from a 
table of logarithms or from the decibel tables 
in the Appendix, where the columns labeled as 
pressure ratios should be used for this distance. 

The power level can be converted to actual 
acoustic power in watts as explained in Section 
2.1. For the example above, the 110 d b  cor- 
responds to an acoustic power of 0.01 watt. 

Instead of calculating this level from the equa- 
tion, we can use the straight line relation labeled 
"OPEN AIR" on the graph of Figure 8-3. This 
is a graph of the difference between the sound- 
pressure level and the power level as a function 
of the distance from the source. For example, at 
20 feet this difference is shown to be 36.5 db. 
So that we have 73.5 + 36.5 = 110 d b  power 
level, as we also found above. 

W e  can also use the equation or the graph to 



Figure 8-2. Contours of equal sound-pressure level around a large power-distribution transformer. 

predict sound-pressure levels at any distance in 
the free field if we know the acoustic power radi- 
ated. Thus, this point source radiating .01 watt, 
corresponding to a power level of 110 db re 
10-'"watt, produces a sound-pressure level of 
110-30.5=79.5 db re 0.0002 microbar at 10 
feet from the source. 

8.22 Directional Source in Free Field 

8.221 Directional Source: In actual practice, 
most noise sources are not as simple as point 
sources. The sound is not usually radiated uni- 
formly in all directions, either because the shape 
of the sound source is not spherical or because 
the amplitude and time phase of the vibrations 
of the different parts are not uniform or both. 
The net result is that more sound is zadiated in 
some directions than in others. 

8.222 Sound-Pressure Contours: In other 
words, the sound-pressure level is different in 
diffetent directions for a given distance. As an 
example, let us observe the sound field surround- 
ing a large 60-cycle power-distribution trans- 

former, as shown in Figure 8-2. This figure 
shows contours around the transformer that cor- 
respond to the values of sound-pressure level 
marked on the contour. This source is obviously 
directional, since the contours are not circular, 
which would be the shape obtained if the sound- 
pressure level were independent of direction. 

When such a directional sound source is far 
from any other objects, however, it behaves in 
some ways like a point source. For example, the 
sound-pressure l ee1  also decreases 6 decibels for 
each doubling of distance, provided we start our 
measurements at a distance away from the source 
that is several 'times the largest dimension of 
the source, and provided we move directly away 
from the source. For the example of the trans- 
former in Figure 8-2 we see that, at distances 
greater than several times the length of the trans- 
former, the contours are similar in shape and the 
levels decrease approximately 6 decibels for each 
doubling of distance. In actual practice this ideal- 
ized behavior is upset by the effects of variations 
in terrain and the interference of nearby objects. 



8.223 Near Field and Far Field: W e  can also 
see that at locations close to the transformer the 
sound level contours are different in shape from 
those at a distance. Furthermore, there is no 
apparent center from which one finds the 6 db 
drop for each doubling of distance. Consequently, 
this "near field" behavior can not readily be 
used to predict the behavior at a distance. The 
differences between the "near field" and "far 
field" can be described in part as follows. Assumc 
we have a source in which one part moves out- 
wardly while another moves inwardly and vice 
versa. The air pushed away by one part will then 
tend to move over to compensate for the decrease 
in air pressure at the inward moving part. If the 
air can move over quickly enough, there will be 
considerable motion of air between the two parts, 
without contributing much to radiation of sound 
away from the source. The time factor in this 
motion of air can be expressed as a relation 
between the distance to be covered and the wave 
length of the sound in air. The wave length, A , 
in feet at normal temperature is as follows: 

where f is the frequency in cycles per second. 
Then, in order that the "near field" effect should 
not be very important, one should be at least 
one wave length away from the source. This 
dimension should be determined on the basis of 
the lowest frequency of interest. For the example 
of the 60-cycle transformer, the lowest frequency 
of sound is 120 cycles which corresponds to a 
wave length of about 10 feet. 

Another factor that enters into the differences 
between the "near-field" and "far-field" behavior 
is the way the sound waves spread out from a 
source. The sound waves from a large source 
vary with distance differently from the way they 
vary when produced by a small source. But at a 
distance of several ( 3  to 4) times the size of 
the radiating source, "spherical spreading" is 
said to exist, and the behavior is then essentially 
independent of the size of the source. 

8.224 Measurement of Contours of Sound- 
Pressure Level:. When it is important to 'know 
both the characteristics of the near field and the 
far field, it is useful to make contour plots similar 
to those shown for the transformer. These con- 
tours should usually be made for each octave 
band, since the characteristics for the different 
frequency bands will be different. 

It is possible to determine these contours by 
measurements at a large number of fixed stations 
around the noise source. Often, however, after 
the data have been taken in this fashion, it is 
found that the number of points is not adequate 
to give assurance of satisfactory interpolation. A 

preferred procedure is to set up the measuring 
equipment on a small cart. First, explore in a 
large circle around the source to find the direc- 
tions of the maxima and minima. Then observe 
readings as the measuring station is moved radi- 
ally away from the noise source. At each point 
where the level reaches a desired value, the cor- 
responding distance on a steel tape laid out along 
the radial line is noted. A number of these read- 
ings should be taken along different directions. 
Many readings at relatively small intervals of 
sound-pressure level can be made in a short time 
when this procedure is possible. 

8.225 Directivity Factor: When we are inter- 
ested in sound-pressure levels beyond the imme- 
diate vicinity of the source, any sound can be 
treated as a point source prpvided we introduce 
a directivity factor. This factor takes into ac- 
count the variation in sound-pressure level with 
direction to the source. This directivity factor, 
which is a function of direction and frequency, 
is usually labeled Q. It can be expressed as the 
ratio of two acoustic powers. One of these powers 
is that which would be radiated by a point source 
in order to produce the observed sound-pressure 
level in the specified direction. The other power 
is the total acoustic power radiated by the actual 
source. 

8.226 Sound-Pressure Level for a Directional 
Source: When we know this directivity factor for 
the direction of interest, we can use it, in the 
earlier equation for a point source, as a multi- 
plying factor on the power. Expressed in terms 
of level the new equation is as follows: 

SPL = PWL + 10 log Q - 20 log r 
- 10.5 decibels 

This equation relates the power level of the 
source, the sound-pressure level in a given direc- 
tion at a distance r feet from the source, and the 
directivity factor for that direction. (This equa- 
tion is also subject to the minor corrections for 
temperature and pressure shown in Figure 8-1.) 

For example, let us assume that an auto horn 
whose measured power level is 104 db is sound- 
ed. We  are interested in the sound-pressure level 
at a distance of 20 feet in the horizontal plane 
of the horn, but at an angle of 20' from the 
principal axis of the horn. Along this direction 
of 20' from the axis the directivity factor is 5, 
say. Then we have 
SPL = 104 f 10 log 5 - 20 log 20 - 10.5 

= 74.5 decibels 

at 20 feet in the required direction. 

8.3 SOUND SOURCE INDOORS 
8.31 Sound Source in a Room: In most prac- 

tical situations the problem is complicated by 



DISTANCE FROM ACOUSTIC CENTER OF A NONDlRECTlONAL SOURCE IN FEET: r 

Figure 8-3. Chart showing the sound-pressure level, SPL, relative to the power level, PWL, 
for a non-directional source for different values of the room constant, R ,  as a function of the 

distance from the source. 

additional effects of nearby walls and objects. In 
particular, when apparatus producing noise is 
used in a room, the walls, floor, and ceiling 
reflect the sound that strikes them. As discussed 
in Section 6.51 this reflected sound upsets the 
simple picture presented for the free field case; 
standing waves are produced, and the sound- 
pressure level is different from that expected 
from the free-field equations. 

8.32 Standing Waves: In order to simplify thc 
analysis of the effect of the room, we shall as- 
sume that enough measurements are made so that 
the standing wave can be averaged out. If the 
room is large and irregular and if the noise 
source radiates sound containing many frequency 
components, the standing wave is usually small, 
and the average is simply the average of the 
observed levels. When  the sound-pressure level 
varies along a line from the source over ranges 
of more than 6 db, the average is taken to be 
3 d b  below the frequently occurring peaks of 
sound-pressure level. As it will be seen shortly, 

this averaging may have to be done on a graph 
of sound-pressure level versus distance from the 
source. One practical method of doing this aver- 
aging while making the measurement is to sus- 
pend the microphone from a cable fastened to 
the ceiling and then to swing it in  a circular 
path. 

8.33 Sound-Pressure Level in Room: When 
this averaging process is introduced, we can ob- 
tain a relatively simple relation Pmong the power 
level of the source, the average sound-pressure 
level, and the acoustic characteristics of the room. 
This relation is shown graphically in Figures 8-3 
and 8-4, where Figure 8-3 applies to the non- 
directional or simple source or to a directional 
source in the direction having a directivity factor 
of 1 (_O = I ) ,  and Figure 8-4 applies to the 
directions having the labeled values of directivity 
factor. In  this relation it is assumed that the 
source is not near any of the surfaces of the room. 

8.331 Room Constant: The symbol R on the 
curves is used for the room constant. At a given 



Figure 8-4. Chart showing the sound-pressure level, SPL, relative to the power level, PWL, 
for a directional source as  a function of fhe distance from the source. The  relation is  shown 

for three different values of the room constant, R, and for six different values of the direc- 
t ivity factor Q. 

frequency, the room constant is obtained from 
the following equation: 

where S =the  total area of the bounding sur- 
faces of the room in s uare feet. . 

surfaces of the room.* 
li where a = average absorption coe cient of the 

Since most rooms are not uniform in surface 
conditions, the value for a S is obtained by 
adding together the absorption for the individual 
areas. Thus, for a simple example, we have most 
of the wall area and all of the ceiling treated 
with 900 square feet of acoustical material of a 
particular type that has a coefficient of absorption 

of 0.70 at 512 cps (one of the standard test fre- 
uencies). The rest of the walls are 300 square 

Feet of lime plaster on wood lath ( a =  0 6 1 ) .  
The floor is 400 square feet of concrete ( a= 
.016). The total absorption is then as follows: 
as  = 0.70 x 900 + 0.061 x 300 4- .016 x 400 
= 655 absorption units at 512 cps. If people 
and furniture are also present, the appropriate 
absorption units should be added to the room 
absorption to obtain the total absorption. The 
average value for the absorption coefficient is 
then obtained by dividing the total absorption by 
the total surface area. In the above example we 
have 

The corresponding room constant is 

"Tables of values of absorption coefficients are given 
in books on architectural acoustics and in the references U S  
Listed under acoustical materials in the bibliography at  R = - = - =  655 1200 square feet. 
thc cnd of this handbook. I-a 1 - - 4 1  



ROOM VOLUME IN CUBIC FEET 

Figure 8-5. The relation between the room constant, R, and the volume of the room for fout . , 

different values of the average absorption, a,  in the room. For purposes of comparison, repre- 
sentative values of R for rooms used for various purposes are also shown. These values are 
indicated by placing the name at the level generally regarded as optimum acoustically for that 
class of service. Thus a broadcast studio used for music i s  usually designed to have a room 
constant of about 400 i f  it is  as small as 5000 cubic feet or a room constant of about 5000 i f  

it i s  as large as 100,000 cubic feet. 

At frequencies above about 2000 cps, the 
sound absorption in the air in a very large room 
is often enough to affect the room constant appre- 
ciably. This absorption increases with frequency, 
and it is also a function of humidity. The absorp- 
tion is a maximum at relative humidities in the 
range between 10 and 30 per cent. As an example 
of the extent of the effect, assume we have a 
room having a volume of 250,000 cubic feet. 
Then, at 6000 cps, air absorption alone could 
produce a room constant of up to about 10,000. 
Since the effective room constant thus produced 
varies approximately as the volume of the room, 
the effect in small, treated rooms is usually neg- 
ligible. 

8.332 Reverberant Field: The graphs of IGg- 
ures 8-3 and 8-4  show that close to the source 
the sound-pressure level tends to vary with the 
distance from the source as it does outdoors under 
free-field conditions ( R  =- m ) . But far from the 
source the sound-pressure level becomes inde- 
pendent of the directivity and the distance to the 
source. This region is called the reverberant field. 
Here the level is determined by the acoustic 
power radiated by the source and the acoustic 
characteristics of the room. The region over 
which the transition between the free-field be- 
havior and the reverberant field occurs is deter- 
mined by the directivity factor and the room 
constant. 



The behavior in the reverberant-field region 
can be interpreted as follows: The boundaries of 
the room absorb all the acoustic energy radiated 
by the noise source. Then the average sound- 
pressure level near the walls is determined by 
the average absorption coefficient and the power 
level of the source. The relation is as follows: 

S P L n  = P W L  - 10 log R + 6.5 db 

where SPL n is the average sound-pressure level 
in the region where it is essentially independent 
of the distance to the source. 

8.333 Sound-Pressure Level vs. Power Level 
in Room: The complete expression for the rela- 
tion shown in Figures 8-3 and 8-4 is as follows: 

In the derivation of the above formula it was 
assumed that the average absorption,a, was less 
than one-half, but when a approaches unity 
(complete absorption) the formula is again valid. 
This restriction on the range of a is of little 
practical concern, however, because in general 
only special measurement rooms have an average 
absorption greater than one-half. As implied pre- 
viously, the equation was derived for sound fields 
in large, irregular rooms. (See Section 8.32) 

8.4 MEASUREMENT PROCEDURE 
The source characteristics are obtained by using 

the principles discussed in the previous sections 
of this chapter. In general, we need to be able to 
determine the following characteristics: 

(1) The total sound power radiated by the 
source, as expressed by the power level, 
as a function of frequency. 

(2) The directional characteristics of the 
source, as expressed by the directivity fac- 
tor, as a function of direction and fre- 
quency. 

8.41 Measurement Positions 
8.411 Measurements Around the Source: If 

free-field conditions can be closely approximated, 
the power level and directivity can be calculated 
from the sound-pressure levels measured at a 
number of points. These measurements are made 
at points at equal distances from the source and 
all around the source. These points can be pic- 
tured as being on the surface of a hypothetical 
sphere surrounding the source. The radius of this 
sphere should be at least 3 to 4 times the largest 
dimension of the source; and, also, the radius 
should exceed the wave length that corresponds 

to the lowest noise frequency of interest. 
Fundamentally, the sound-pressure level over 

the entire surface of this sphere should be ex- 
plored. The practical procedure for approximating 
this exploration i s  to select a number of points 
on the sphere at which the basic measurement 
data is to be taken. Areas on the sphere are 
then associated with these points. These areas 
have the measuring points as their centers, and 
the extent of each area is determined by the 
nearness of the other measuring points. In the 
process of making the basic measurements, the 
variation in sound-pressure level over the asso- 
ciated areas should be determined by moving the 
microphone so that the full area is explored. 

If the variations in sound-pressure level in 
any particular area are greater than 2 db, say, 
it is advisable to select a number of additional 
measuring points in that area. If, however, no 
attempt is being made to obtain an accurate pic- 
ture of the directivity pattern, the extent of the 
variation in the area can be noted. Then, pro- 
vided the variation in level is less than 6 db, 
the average level can be used as a representative 
value for the area. 

8.412 Uniformly Distributed Measuring Points: 
The calculations for the radiated power are sim- 
plified if the basic measuring points are uni- 
formly distributed on the surface of the sphere. 
Because of the nature of the geometrical pattern, 
however, only six such sets of points are possible. 
These six sets have 2, 4, 6, 8, 12, and 20 uni- 
formly distributed points. The locations for the 
sets of 8, 12 and 20 points are shown in Figures 
8-6, 8-7, and 8-8. A particular orientation of the 
points has been selected, and a different orienta- 
tion may be found desirable for some particular 
applications. The areas associated with the 8, 12, 
and 20 points are regular spherical triangles, 
regular spherical pentagons, and regular spherical 
triangles, respectively. 

8.413 Hemispherical Measurements: When the 
device to be tested is normally mounted on a 
concrete foundation or the ground, it is fre- 
quently desirable to test it when mounted that 
way. Then the sound-pressure level measurements 
should be made at points on a hypothetical hemi- 
sphere surrounding the source. The sets of points 
that lead. to simple calculations of power level 
are now modified. A set of 4 points (one-half 
the set of 8) can be properly used, and a set of 
6 points (which corresponds to the f 2  for the 
sphere) can be used even though the set is not 
exactly uniformly distributed. A set of 12 can 
also be used, but then 4 of the set must bc 
weighted by a factor of one-half (or, three db is 
subtracted from the level at these four points). 
(See Figure 8-8) 



Figure 8-6. 
Plan view of eight paints uniformly 
distributed on a sphere of unit radius. 
Coordinates are given in terms o f  
distances from center along three 
mutual ly ~ e r ~ e n d i c u l a r  axes (x, y, 2). 

The "+" sign refers to  two points, 
one above the x-y reference plane 
and the other below. When measure- 
ments are to be made on a hemisphere, 
only the four points above the plane 

are used. 

Figure 8-7. 
Plan view of twelve points 
uniformly distributed on a 
sphere of uni t  radius. Coor- 
dinates cre given as in the 
previous figure. When mea- 
surements are to be made on 
a hemisphere, only the s ix 
points above the x-y refer- 
ence plane (posit ive values 

of Z) are used. 

Figure 8-8. 
'Plan view of twenty points 
uniformly distributed on a 
sphere o f  unit radius. Coor- 
dinates are given as in Fig-  
ure 8-6. When measurements 
are to  be made on a hemi- 
sphere, twelve points are 
used, eight above the x-y 
reference plane and four i n  
plane (z = 0, shown encir- 
cled). The four in the plane 
are weighted by a factor of 

i n  poweF (see text). 



When the hemisphere is used, the same pro- 
cedure for calculating powcr level should be 
followed as described for the sphere in Section 
8.42. But 3 decibels should be subtracted from 
the power lcvcl finally obtained, because the arca 
of the hemisphere is just onc-half that of the 
sphere. 

8.42 Calculation of Power Level: If explora- 
tion shows that the basic set of pointsAyield 
representative data, the calculations of power 
level and directivity factor can be made. For a 
uniformly distributed set of points, first, calculate 
the average level on a po\ver basis. If the total 
range of sound-pressure lcvcls is less than six 
decibels, a simple arithmetical average is usually 
adequate. The accurate method for any situation 
is as follows: Convcrt the dccibel readings at 
each of the points of measurement to power ratios 
by using the tables in the Appendix. Add these 
power ratios. Convert back to a decibel level. 
Subtract a decibel value corresponding to a powcr 
ratio numerically equal to the number of levels 
used. (For 8, 12, and 20 readings, subtract 9, 
10.8, and 13 d b  rcspcctively.) The r e s u x s  then 
the average level, which we shall call SPL.  Pro- 
vided free-field conditions exist, thc power IeveI 
is then calculated from the equation. 

PIVL = SZ + 20 log r. + 10.5 decibels 

where r is the radius in feet of thc measuring 
sphere. As explained in Section 8.213, the slop- 
ing line labeled "OPEN A I R  in Figure 8-3 can 
alternativcly be uscd for this calculation. 

8.43 Calculation of Directivity Factor: After 
the average sound-pressure level, S P L ,  has been 
determined, the directivity factor can also be 
calculated. If it is desired in a particular direc- 
tion, the sound-prcssure level on thc measuring 
sphere corresponding to that direction, SPL,,  is 
measured. The difference between this particular 

.level and the average level is called the directivity 
index, DI,. Thus, 

DI, = SPL, - s f  decibels 

Thc directivity factor, Q, is obtained from the 
directivity index by con~crt ing the value in deci- 
bels into a power ratio by using the decibel tablcs 
in the Appendix. Thus, P directivity index of 
-2 decibels corresponds to a directivity factor of 
0.63. 

8.44 Effect of Room on Measurements: The 
space in which power level and directivity are to  
be determincd must be carefull considered. L Sometimes, the mcasuremcnt can made out- 
doors far from other objects. If the device under 
test is normally mounted on the ground, this 
outdoor measurement may be ideal, provided a 

location that is free from interfering objccts and 
where the background noise level is sufficiently 
low can be used. 

8.441 Requirements on Room Constant: If the 
mcasuremcnt is to be made in a room, it should 
be a large room, and extensive acoustic trcatmcnt 
is usually necessary. Large acoustic absorption is 
particularly important if the directivity charactcr- 
istics must be accurately determincd. The graph 
of Figure 8-4 shows that for devices of moder- 
ate size, a room constant of over 20,000 is desir- 
able. Even with the major part of the surfaccs 
treated with good absorbing material, a room 
constant of this magnitude is obtained only in 
rooms having volumes of 100,000 cubic feet or 
more. (See Figure 8-5.) In order to obtain satis- 
factory results in smaller rooms, extraordinarily 
good acoustic treatment must be used. hlany of 
these special measurement rooms have been built, 
and some of them havc been describcd in thc 
Iournal of /be Acoustical Society of A,mevica. 

For most purposes, howcvcr, the situation is 
not so serious. Lack of adequate absorption in 
the room uscd for the measurements affects somc 
aspccts of the measurement more than it affects 
other aspects. For cxamplc, the greatest depart- 
ure from free-field conditions is always observed 
in those directions where the least acoustic powcr 
is radiated, as a study of Figure 8-4 will indicate. 
Usually, an accurate measurement in those direc- 
tions is not important, because their relative 
contributions to the total power radiated is not 
so much as for other directions. In addition, an 
approximate correction for the effects of the room 
can be made, as explained in Section 8.443. 

The  room constant need not be so large if 
only the acoustic power output is of interest. 
This situation exists if a noisy device is to be 
used in a large, reverberant room, and levels 
close to  the source are not important. In  order 
to make an accurate measurement of power in a 
room that is not heavily treated, however, it is 
necessary to  know the room constant accurately. 

Before any power measurement is attempted in 
a room, the room constant, R, which will be a 
function of frequency, should be calculated, as 
outlined previously in Section 8.331. Then the 
approximate effect of the room on the measure- 
ments can be  judged from the curves of Figures 
8-3 and 8-4. If the effect will be small, this 
calculated value can usually be used in making 
corrections for the effects as explained in Section 
8.443. If the calculation shows that the depart- 
ure from free-field conditions (& ) will be 
more than 2 or 3 d b  at the points of measure- 
ment, some consideration should be given to 
adding more acoustic treatment to the room. 

If the room effect is large, it  is usually de- 
sirable, for accurate determinations of power, to  



R (ROOM CONSTANT) 

Figure 8-9. The power level (re watt) of the source equals the sum of the measured 
sound-pressure level in the reverberant f ie ld  and the ordinate corresponding to  the room con- 

stant o f  the space in  which the measurement was made. 

make measurements to check the value of the 
room constant. One procedure for making this 
check requires the use of a small, non-directional 
source and consists of observing the rate of decay 
of sound-pressure level with distance from the 
source. Then the observed values are compared 
with the expected values of Figure 8-3. 

8.442 Correction for Large Room Effect: If the 
room effect is so large that the measurements are 
made essentially in the reverberant field, the 
power level can be calculated from the equation 
given in Section 8.332, which is 

P I V L  = S P L  R + 10 log R - 6.5 db 

This relation is also shown on the graph of 
Figure 8-9, and this graph can be used for 
making the calculation. The value of R measured 
at the frequency or band of frequencies at which 
the sound-pressure level measurements were made 
should be used here. 

Under idealized conditions the sound-pressure 
level in the reverberant field is independent of 
the position of the measurement, and then one 
measurement should be adequate. Actually, a 
number of measurements around the source 
should be made in the reverberant field. These 
measurements are then averaged as follows: If 
the range of values is less than 6 decibels, the 
average decibel value is taken. If the range is 

more than 6 decibels, a value 3 decibels below 
the maximum value is taken. If, however, the 
maximum value is unusually high compared to 
the other measurements, a further survey should 
be made to see whether or not it is so far out 
of line that it should be ignored. The averaged 
sound-pressure level is then used for S P L R  in 
the above equation. 

The variations in level in the reverberant field 
are not a result of the directivity pattern of the 
source. As explained before, calculation of the 
directivity pattern from measurements made in 
the reverberant field is not possible. 

8.443 Correction for Moderate Room Effect: If 
the expected difference between the measure- 
ments in a room and what would be obtained in 
a free field is less than about 5 db, the following 
method is suggested for correcting for the effect 
of the room. 

The average sound-pressure level S ~ L  is de- 
termined as described in Section 8.42. Then the 
approximate directivity factor is calculated for 
each measured point as if the measurements were 
made in a free field. Then the difference between 
free-field conditions and those for the given room 
constant are determined. This difference, 
A ( S P L ) ,  is given by the equation 

r -1 

A (SPL)  = l o  l og  1 + - 1 



or the difference may be estimated from the 
graphs of Figures 8-3 and 8-4. The measured 
sound-pressure levels are corrected by using this 
difference to give an approximate equivalent free- 
field sound-pressure level. A new average is 
obtained by using these equivalent levels, and the 
process is repeated to obtain a better approxi- 
mation. In each series of corrections it is impor- 
tant to note that the corrections are always ap- 
plied to the measured sound-pressure levels. 
Usually only two series of these steps are neces- 
sary to arrive at a satisfactory set of corrected 

- values. The final averagedcquivalent free-field 
sound-pressure level, f5PL),f, is used in the 
equations of Section 8.42 to find the power level 
of the source. The directivity factor is also de- 
termined from the free-field equivalent levels by 
the method described in Section 8.43. 

8.5 PREDICTING NOISE LEVELS 
When we know the acoustic power level and 

the directivity pattern of a device, we can predict 
with fair accuracy the noise levels it will produce 
under a wide variety of conditions. The predic- 
tions are based on the principles discussed in 
Section 8.3. 

If the noisy device is to be placed in a room, 
we must calculate the room constant (Section 
8.331). Then we can use the equation of Section 

8.333 or the graphs of Figure 8-3 and 8-4 for 
predicting the level. It should be noted, however, 
that these calculations assume that the room is 
large and irregular, and that the noise source is 
not close to any boundary of the room. 

If the room is regular, with parallel walls and 
with few objects in the room, marked standing 
waves may occur. Then the actual level at a 
specific location may be quite different from the 
average level predicted by the equations. A very 
marked standing wave pattern may not be found, 
however. Often, there are many objects and 
irregularities in a- room to diffuse the sound, and, 
the noisy device usually has many frequency 
components that help to smooth out the standing 
waves. 

If the noise source is placed close to a room 
boundary, the levels near the source are some- 
what different from those predicted by the 
methods of Section 8.3. This difference is a result 
of the effect of nearby large surfaces on the 
directivity pattern of the source. For example, a 
non-directional source mounted in the middle of 
a hard wall or floor has a directivity factor of 2 ;  
mounted in the middle of a cornei, the factor is 
4 ;  and mounted in the corner at the floor or ceil- 
ing, the factor is 8. These simple examples should 
permit an estimate of the effects of the boundaries 
in many practical situations. 



CHAPTER IX 

NOISE CONTROL 

9.1 INTRODUCTION 
When the problem at hand is to reduce noise, 

we usually begin by measuring the noise spectrum 
to obtain the quantitative information that is 
helpful in doing something about the problem. 
W e  compare the measured noise levels with the 
acceptable levels, which are often estimated by 
using one of the criteria given in Chapter VII. 
The difference between these two levels is then 
the noise reduction necessary. 

The  next step is to find out how .this noise 
reduction can be achieved most satisfactorily. A 
complete discussion of this problem is not poss- 
ible in this handbook. But since many of those 
using this book are just beginning to work on 
noise problems, a few introductory statements on 
the subject will be made. Useful information on 
this subject will be found in books on architec- 
tural acoustics, in books on mechanical vibrations, 
in some books on acoustics in general, in some 
articles in the Journal of the Acoustical Society 
of America, and in some articles in various trade 
journals. 

The general approach to noise reduction can 
be divided into two major parts as follows: 

(1) Reduction of noise at its source. 
( 2 )  Reduction of noise level at the ear of the 

listener by changes in the path from the source. 
9.2 CONTROL AT THE SOURCE 

It is usually wise to see first if the noise can 
be reduced at the source. A different type of 
source might be selected. For example, a process 
might be changed so that parts are welded instead 
of riveted together. A source of different basic 
cocstruction but of a similar type might be used. 
For example, a slower fan of many blades can 
sometimes be substituted for a high-speed two- 
bladed fan. Or, the construction of the particular 
source at hand might be modified, and this pro- 
cedure will be discussed briefly. 

When modification of a source is attempted, 
a decrease in the radiated power is usually the 
most important change that can be made. This 
reduction is usually achieved by reducing vibra- 
tion amplitudes and by reducing the radiation of 
sound produced by the vibration. W e  can sepa- 
rate this problem into three sections as follows: 

(1) Decrease the energy available for driving 
the vibrating system. 

(2)  Change the coupling between this energy 
and the acoustical radiating system. 

(3) Change the structure that radiates the 
sound so &hat less is radiated. 

In each of these sections it is usually helpful 
to track down the important sources of noiseand 
the path of transmission by using frequency 
analysis of the sound and vibration. The effects 
of changes in the source, for example, speed, 
structure, and mounting, on the spectrum should 
also help in finding the important elements. 

The sound energy may be reduced in a number 
of ways. If friction is the force producing the 
vibration, better lubrication may help to reduce 
it. But in some situations, adding friction or 
damping may absorb some of the energy in the 
vibration and thereby reduce it. Driven parts that 
fit poorly or that are badly worn may need cor- 
rection or tightening. Usually, the speed of all 
parts should be kept as low as possible to achieve 
a low noise level. Air streams should be of low 
velocity to keep noise energy down. The use of 
structural materials, such as some plastics, with 
inherent vibration-damping qualities may be pos- 
sible as another means of absor;bing the energy. 

Change in the coupling system frequently 
means the use of vibration isolation mounts. It 
may also mean decreased or even increased ~t i f i -  
ness in some members transmitting the vibration. 
O r  it may mean better fastening of some parts 
to massive, rigid members. Resonant structures 



are often troublesome coupling members. The 
resonance may be in the mechanical structure or 
in an air chamber. In either situation it is usually 
possible to shift the resonance by changes in the 
structure or to damp the resondnce by adding 
absorbing material. Mufflers may be needed on 
exhaust or intake systems. 

The changes in the radiating structure are 
often no more than reducing the external surface 
areas of the vibrating parts as much as possible. 
It may be posible to 'put holes in the radiating 
member to reduce the efficiency of radiation. Less 
stiffness of the part may help to reduce radiated 
sound by permitting sections to vibrate in differ- 
ent time patterns. Large surfaces near the vibra- 
ting parts should also be avoided, since these 
surfaces may increase the radiating efficiency of 
the vibrating parts. 

Another possible way of modifying the source 
to improve the noise situation is to change the 
directivity pattern of the radiated sound. When 
streams of air or other gases come out of an 
opening, they radiate sound that may be highly 
directional at high frequencies. Changing the 
direction of flow can shift this pattern. It may be 
posible to direct it in such a way that noise in 
certain directions is considerably reduced. 
9.3 CONTROL OF THE PATH OF SOUND 

The control of the noise by changes in the 
path of the sound can be analyzed into three 
sections as follows: 

(1) Change in relative position of source and 
listener. 

(2 )  Change in acoustic environment. 
(3)  Introduction of attenuating structures be- 

tween source and listener. 
9.31 Changes in position: Increasing the dis- 

tance between the noise source and the listener 
is often a practical method of noise control. Fur- 
thermore, merely rotating the source of noise 
may permit one to decrease the level if a change 
to a direction of low directivity factor is achieved. 
Both these procedures are effective only in the 
region where approximately free-field conditions 
exist. (See Section 8.33) 

9.32 Change in Environment: The most obvi- 
ous change that can be made in a room to reduce 
the noise level is to add acoustical absorbing 
material. A wide variety of commercial acoustical 
materials are available. These materials are often 
of great value in a noise reduction program, but 
the limitations of this treatment should be 
realized. These materials are mainly useful in the 
room where the noise originates, and there they 
help mainly to reduce the noise level at some 
distance from the source. The benefit that can 
be obtained by adding acoustic absorption can 
readily be estimated by the methods given in 
kclluu ll.33. Tlic ~ u i v c s  ol Figuic 8-3 slww ilia1 

at large distances a large reduction in level can 
be obtained by adding absorbing material if the 
room is originally "live." But at the same time 
cot much reduction is obtained at a distance of 
3 feet, say, which is a common distance between 
a machine and the o~erator 's  ear. 

9.33 Attenuating Structures: A number of dif- 
ferent types of at tenuatin~ structures are used for 
reducing the noise level for the listener. One of 
these is an ear defender, which may be an ear 
plug, waxed cotton, or earmuffs. Others arc 
walls, barriers, and total enclosures. Almost any 
degree of reduction of air-b0rr.e sound can be 
achieved by a total enclosure or a combination 
of several enclosures. But as the required attenu- 
ation increases so does the complexity, weight, 
and cost. In addition, great care must be taken 
that the attenuation gained by the enclosure is 
not lost by sound transmission through a venti- 
lating duct or by solid-borne vibration. Because 
of this possible flanking transmission in venti- 
lating Systems total enclosures frequently require 
carefully designed ventilating systems with ducts 
lined with absorbing material. These lined ducts 
are essentially mufflers for the air stream. 

When a door is required in a total enclosure, 
it should be built with air-tight seals at all ioints. 
A refrigerator-type door is usuallv satisfactorv 
when it can be used. A total enclosure should 
also be lined at least on part of the inside walls 
with absorbing material. This lining helps to 
keep the noise at the walls of the enclosure at 
the lowest practical level. 

A barrier is not as effective as a total enclosure, 
but it does help to shield high-frequency sound. 
Little attenuation of low-frequency sound is ob- 
tained unless the barriers are very large, and the 
attenuation of high-frequency sound is usually 
only a few decibels unless the opening that re- 
mains is relatively small. Here, too, absorbing 
material should cover the barrier to avoid exag- 
gerating the level bv reflections from the barrier. 

9.34 Illustrative Example: In order to illus- 
trate the possible noise reduction achieved by 
using vibration isolation, barriers, enclosures, and 
acoustic treatment, an example made up for the 
purpose is shown in a series of figures, Figures 
9-1 to 9-8. W e  intend to show here only the 
general nature of the noise reduction obtainable 
as given by changes in the octave-band spectrum 
and the speech-interference level (Section 7.3). 
Actual results will vary in detail, and situations do 
occur where the results differ materially from 
those shown because of factors not considered 
here. But, in general, the noise reduction shown 
in the figures can be considered typical. 

Figure 9-1 shows the octave-band analysis of 
the noise from the assumed mnchine. The sneech- 
itllerlercticc level is also shown. This machine Is 



a noisy one with a spectrum that shows appreci- 
able noise energy all over the audible range. All 
1 : e : ~ t e  :Lsbulllt'CI LU Le ~ll,ltle 
in the relative position shown for the m' ~cro- 
phone designated M on the figures. 

The use of vibration isolation mounts may be 
an important step in noise control. As shown in 
Figure 9-2, the initial result, however, is often 
only a moderate reduction of the low-frequency 
noise. The machine itself usually radiates most 
of the high-frequency noise directly to the air, 
and the amount radiated by the floor is small. A 
reduction in the vibration level at the floor only 
is then not important at high frequencies. At low 
frequencies, however, the machine may be too 
small to be effective in radiating sound, and then 
the floor may act as a sounding board to con- 
tribute materially to low-frequency sound radia- 
tion. 

It is even possible to iccrease the noise as a 
result of the use of vibration mounts. This result 
is usually found when the stiffness of the mount- 
ing is of such a value that some vibration mode 
is exaggerated by resonacce, but resonance can 
be avoided by proper design of the mounting. 
In the illustrative example it is assumed that the 
mounting is sufficiently soft that the basic vibra- 
tion resonance of the machine on the mounting 
system is below 20 cps. In this particular example 
no significant change in the speech-interference 
level is shown as a result of the use of vibration 
isolation mounts alone. 

The results shown in Figure 9-3 illustrate that 
a barrier is mainly effective at high frequencies, 
and there it produces only a moderate reduction 
in noise level. 

The novice in this field sometimes assumes 
that the materials used for sound absorption can 
also be used alone for sound isolation. If we 
build an enclosure solely of these materials 
mounted on a light framework. we would tvpi- 
cally find the result shown in Figure 9-4. Only 
at high frequencies do we have a noticeable re- 
duction in level, and even there it is a small 
reduction. 

A more satisfactory enclosure is built of more 
massive and rigid constructional materials. As- 
sume that we enclose the machine by a well- 
sealed, heavy, plasterboard structure. Then we 
might observe the result shown in Figure 9-5. 

Here an appreciable reduction is obtained over 
the middle and high-frequency range. The en- 
closure ;.; n i t  as e l f e c h e  :,\ i t  r r ~ ; ~ l ~ t  Le, Ilow- 
ever, because two important factors limit the 
reduction obtained. First, the vibration of the 
machine is carried by the supports to the floor 
and then to the whole enclosure. This vibration 
then may result in appreciable noise radiation. 
Second, the side walls of the enclosure absorb 
only a small percentage of the sound energy. 

The addition of a suitable vibration isolation 
mounting will reduce the noise transmitted by 
solid-borne vibration. This effect is illustrated in 
Figure 9-6. Here we see a noticeable imptove- 
ment over most of the audio spectrum. 

When the sound absorption within an en- 
closure is small, the noise energy from the mach- 
ine produces a high level within the enclosure 
Then the attenuation of the enclosure operaft-. 
from this initial high level. The level within the 
enclosure can usually be reduced by adding some 
sound absorbing material within the enclosure, 
with the result that the level outside the enclosure 
is also reduced. This effect is shown in Figure 
9-7, which should be compared with Figure 9-6. 

If even more noise reduction is required than 
that obtained by the one enclosure, a second, 
lined, well-sealed enclosure can be built around 
the first. The first enclosure is supported within 
the second on soft, vibration mounts. Then a 
noise reduction of the magnitude shown in Fig- 
ure 9-8 can be obtained. 

9.4 SUMMARY 
The approach to a noise reduction problem can 

be summed up as follows: 
( 1 )  Consider the source. 

Can a quieter machine be substituted? 
Can the noise energy be reduced? 
Can a useful change be made in the 

directivity pattern? 
Are resilient mounts of any use here? 
Can a muffler be used ? 

(2 )  Consider the path from the source to the 
listener. 

Can the source or the listener be readily 
moved to reduce the level? 

Is acoustic treatment a useful solution? 
Should barriers be erected ? 
Is a total enclosure required? 



ACOUSTICAL ABORBING MATERIAL 

ENCLOSURE OF ABSORBING MATERIAL, 

OCTAVE-BAND ANALYSIS 
OF NOISE 

loo s 
ORIGINAL .----/-'--T-- 

75 150 3 0 0  600 1200 2 4 0 0  4 8 0 0  9600 
FREQUENCY BAND 

20 7 5  150 3 0 0  6 0 0  1200 2 4 0 0  4 0 0 0  
7 5  150 3 0 0  6 0 0  1200 2 4 0 0  4 8 0 0  9600 
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75 150 3 0 0  6 0 0  1200 2 4 0 0  4800 9600 
FREQUENCY BAND 

Figures 9-1 to 9-4. Examples to i l lustrate the possible noise reduction effects of some noise 
control measures. 



RIGID, SEALED ENCLOSURE OCTAVE- BAND ANALYSIS 
OF NOISE 
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Figures 9-5 to  9-8. Examples to  i l lustrate the noise reduction possib leby the use ofenclosures. 
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DEFINITIONS 

This section on definitiohs ihtiddks mb'st. of the 
technical terms used in this handbook. Mast af 
the definitions are taken from the American 
Standard Acoustical Terminology (224.1-1951), 
and those definitions are marked with an aster- 
isk. Some of the others have been prepared espe- 
cially for this handbook, and the remainder have 
been adapted from definitions in Beranek's 
Acozlrtic Medsz/fements and the second volume 
of the Handbook of Acoustic Noise Co?zfrolt. 

A number of these definitions are very tech- 
nical in order to be precise. Some readers may 
then find it easier to refer to the discussion in the 
main text of this handbook for obtaining a gen- 
eral understanding of some of these terms. 

Absorption Coefficient 
Absorption coefficient for a surface is the fatio 
of the sound energy absorbed by a surface of 
a medium (or material) exposed to a sound 
field (or to sound radiation) to the sound 
energy incident on the surface. The stated 
values of this ratid are tq hold for an infinite 
area of the surface. The tbfiditiens under 
which the measurements of the absorption co- 
efficient are made are to be stated explicitly 
with all reported values. 

Analyzer 
An analyzer is a combination of a filter system 
and a system for indicating the relative energy 
which is passed through the filter system. The 
filter is usually adjustable so that the signal 
applied to the filter can be measured in terms 
of the relative energy passed through the filter 
as a function of the adjustment of the filter 
response-vs-frequency characteristic. This mea- 
surement is usually interpreted as giving the 
distribution of energy of the applied signal 
as a function of frequency. 

Audidgrarn (Threshold Audiogram)" 
An aridiogram is a graph showing hearing 
loss, percent hearing loss, or percent hearing 
aS a fuifttion of ffequency, 

+W. A. Rosenblith ~ n d  K. N. Stevens, Vol. II, 
Noire and Man, June, 1953, PBlt1274, WADC Tech- 
nical Report 52-24, Office of Technical Services, U. S. 
Depattment of Commerce, Washington 25, D.C. 

Audiometer* 
An audiometer is an instrument for measuring 
hearing acuity. Measurements may be made 
with speech signals, usually recorded, or with 
tone signals. 

Note: Specifications for pure tone audio- 
meter for general diagnostic purposes are cov- 
ered by American Standard Specifications for 
Audiometers for General Diagnostic Purposes, 
224.5-1951, or the latest revision thereof 
approved by the American Standards Associa- 
tion, Incorporated. 

Baffle* 
A baffle is a shielding structure or partition 
used to increase the effective length of the 
external tratlsmission path between two points 
in an acoustic system as, for example, between 
the front and back of an electroacoustic trans- 
ducer. 

Dead Room:: 
A dead room is a room which is characterized 
by an unusually large amount of sound ab- 
sorption. 

Decibel (db) 
The decibel is a dimensionless unit for ex- 
pressirlg the ratio of two powers. The number 
of decibels is 10 times the logarithm to the 
base 10 of the power ratio. With W,  and W, 
designating two powers, or two intensities, and 
n the number of decibels corresponding to 
their ratio, 

w, n (in db)=lO log,, -- 
W'2 

When the impedances are such that ratios of 
pressures are the square roots of the corre- 
sponding power ratios or intensity ratios, the 
number of decibels by which the correspond- 
ing powers or intensities differ is expressed by: 

where p,/p, IS the given pressure ratio. 
Directivity Factor" 

The directivity factor of a transducer used for 
sound emission is the ratio of the intensity 
of the radiated sound at a remote point in a 
free field on the principal axis to the average 



intensity of the sound transmitted through a 
sphere passing through the remote point and 
concentric with the transducer. The frequency 
must be stated. 

Note 1 :  The point of observation must be 
sufficiently remote from the transducer for 
spherical divergerice to exist. 

Note 2 :  This definition may be extended to 
cover the case of finite frequency bands whose 
spectrum must be specified. 

Directivity Index': (Directional Gain) 
The directivity index of a transducer is an 
expression of the directivity factor in decibels, 
viz, 10 times the logarithm to the base 10 of 
the directivity factor. 

Earphone (Receiver):: 
An earphone is an electroacoustic transducer 
intended to be closely coupled acoustically to 
the ear. 

Note: The term "receiver" should be avoid- 
ed when there is risk of ambiguity. 

Effective Sound Pressure (Root-Mean- 
Square Sound Pressure) :: 

The effective sound pressure at a point is the 
root-mean-square value of the instantaneous 
sound pressures, over a time interval at the 
point under consideration. In the case of peri- 
odic sound pressures, the interval must be an 
integral number of periods or an interval long 
compared to a period. In the case of non- 
periodic sound pressures, the interval should 
be long enough to make the value obtained 
essentially independent of small changes in 
the Iength of the interval. 

Note: The term "effective sound pressure" 
is frequently shortened to "sound pressure." 

Filter 
A filter is a device for separating components 
of a signal on the basis of their frequency. I t  
allows components in one or m0r.e frequency 
bands to pass relatively unattenuated, and it 
attenuates greatly components in other fre- 
quency bands. 

Free Field'" 
A free field is a field (wave or potential) in 
a homogeneous, isotropic medium free from 
boundaries. In practice it is a field in which 
the effects of the boundaries are negligible 
over the region of interest. 

Note: The actual pressure impinging on an 
object (e.g., electro-acoustic transducer) placed 
in an otherwise free sound field will differ 
from the pressure which would exist at that 
point with the object removed, unless the 
acoustic impedance of the  object matches the 
acoustic impedance of the medium. 

Frequency (in cycles per second, or cps) 
Prccluenc y i s  the time r.lte of ~eprtition of n 

periodic phenomenon. The frequency is the 
reciprocal of the period 

Hearing Loss (Deafness) :" 
The hearing loss of an ear at a specified fre- 
quency is the ratio, expressed iii decibels, of 
the threshold of audibility for that ear to the 
normal threshold. (See, also, American Stand- 
ard Specification for Audiometers for General 
Diagnostic Purposes, 224.5-1951, or the latest 
revision thereof approved by the American 
Standards Association, Incorporated.) 

Live R o ~ m : ~  
A live room is a room which is characterized 
by an unusually small amount of sound ab- 
sorption. 

Loudness" 
Loudness is the intensive attribute of an audi- 
tory sensation, in terms of which sounds may 
be ordered on a scale extending from soft to 
loud. 

Note: Loudness depends primarily upon the 
sound pressure of the stimulus, but it also 
depends upon the frequency and wave form 
of the stimulus. 

Loudness Contours:: 
Loudness contours are curves which show the 
related values of sound pressure level and fre- 
quency required to produce a given loudness 
sensation for the typical listener. 

Loudness Leve l  
The loudness level, in phons, of a sound is 
numerically equal to the sound pressure level 
in decibels, relative to 0.0002 microbar, of a 
simple tone of frequency 1000 cycles per 
second which is judged by the listeners to be 
equivalent in loudness. 

Loudspeaker (Speaker):: 
A loudspeaker is an electroacoustic transducer 
usually intended to radiate acoustic power 
effectively at a distance in air. 

Note: The term "speaker" should be avoid- 
ed when there is risk of ambiguity. 

Masking'% 
Masking is the amount by which the threshold 
of audibility of a sound is raised by the pres- 
ence of another (masking) sound. The unit 
customarily used is the decibel. 

Mep 
The me1 is a bnit of pitch. By definition, a 
simple tone of frequency 1000 cycles per 
second, 40 decibels above a listeher's thresh- 
old, produces a pitch of 1000 mels. The pitch 
of any sound that is judged by the listener to 
be n times that of a 1-me1 tone is n mels. 

Microbar, Dyne Per Square Centimeter:: 
A microbar is a unit of pressure commonly 
used in acoustics, One microbar is equal to 1 
dyne per square centimeter. 



Note: The term "bar" properly denotes a 
pressure of 10'; dynes per square centimeter. 
Urifortunately, in acousiics the bar was usecl 
to mean 1 dyne per square centimeter. It is 
recommended, therefore, in respect to- sound 
pressures that the less ambiguous terms "micro- 
bar" or "dyne per square centimeter" bc used. 

Microphone::: 
A microphone is an electroacoustic transducer 
which responds to sound waves and delivers 
essentially equivalent electric waves. 

Minimum Audible Field 
The minimum audible field is the threshold 
of audibility when the sound is presented to 
the listener as a freely traveling plane wave 
and the sound pressure in the plane progres- 
sive wave is measured at the position of the 
center of the listener's head before the listener 
enters the sound field. 

Noise" 
Noise is any undesired sound. By extension, 
noise is any unwanted disturbance within a 
useful frequency band, such as undesired elec- 
tric waves in any transmission channel or 
device.. 

N,oise Level" 
Noise level is the value of noise integrated 
over a specified frequency range with a speci- 
fied frequency weighting and integration time. 
It is expressed in decibels relative to a speci- 
fied reference. 

Note: In  air the acoustical noise level is 
usually measured with a sound-level meter 
(see American Standard Sound Level Meters 
for Measurement of Noise and Other Sounds, 
224.3-1944, or the latest revision thereof ap- 
proved by the American Standards Assocla- 
tlon, Incorporated), and hence is the same as 
the sound level ot the noise. For special pur- 
poses other measuring techniques are used 
and must be specified. 

Octa~e '~  
An octave is the interval between two sounds 
having a basic frequency ratio of two. By ex- 
tension, the octave is the interval between any 
two frequencies having the ratio 2 : 1. 

Note: The interval, in octaves, between any 
two frequencies is the logarithm to the base 
two (or 3.322 times the logarithm to the base 
l o )  of the frequency ratio. 

Oscillation (Vibration) :: 
Oscillation is the variation, usually with time, 
of the magnitude of a quantity with respect 
to a specified reference when the magnitude 
is alternately greater artd smaller than the 
reference. 

Period (Primitive Period) ::: 
The period of a periodic quantity is the small- 
est value of the increment of the independent 

variable for which the function repeats itself. 
Phon:Z 

; -1. lIle $on is the unit. ot iouclness level. (See 
Loudness Level.) 

Pitch:> 
Pitch is that attribute of auditory sensation 
in terms of which sounds may be ordered on 
a scale extending froin low to high, such as 

. .  . 
a musical scale. 

Note 1 :  Pitch depends primarily upon the 
frequency of the sound st~mulus, but it also 
depends upon the sound pressure and wave 
form of the stimulus. 

Note 2 :  The pitch of a sound may be dc- 
scribed by the frequency of that simple tone, 
having a specified sound pressure or loudness 
level, which seems to the average normal ear 
to produce the same pitch. 

Point Source 
See "Simple Sound Source." 

Power Level 
Power level is the ratio, expressed in decibels, 
of the total acoustic power (W) in watts to 
a reference power P,,. Thus: 

PW1L=l0 log,, (W/P,,,) 
P,,, is taken as a 1.0 x 1 0 - l ~  watt in this 
handbook. 

Presbycusis 
Presbycusis is the condition of hearing loss 
specit~cally associated with old age. 

Pressure Spectrum Level:: 
The pressure spectrum level of a sound at a 
specified frequency is the effective sound pres- 
sure level for the sound energy contained 
within a band 1 cycle per second wide, cen- 
tered at the specified frequency. Ordinarily 
this has significance only for sound having a 
continuous distribution of energy within the 
frequency range under consideration. The ref- 
erence pressure should be explicitly stated. 

Pure Tone 
See "Simple Tone." 

Random Noise 
Random noise is a noise whose instantaneous 
amplitudes as a function of time occur ac- 
cording to a normal (Gaussian) distribution 
curve. 

Response': 
The response of a device or system is a quanti- 
tative expression of the output as a function 
of the input under conditions which must be 
explicitly stated. The response characteristic, 
often presented graphically, gives the response 
as a function of some independent variable 
such as frequency or direction. 

Note: Modifying phrases must be prefixed 
to the term "response" to indicate explicitly 
what measure of the output or of the input is 
being utilized. 



Reverberation:: 
Reverberation is the persistence of sound at a 
given point after direct reception from the 
source has stopped. 

Note: This may be due (a) (as in the case 
of rooms) to repeated reflections from a small 
number .of boundaries or to the free decay of 
the normal modes of vibration that were ex- 
cited by the sound source, (b) (as in the case 
of underwater sound in the ocean) to scatter- 
ing from a large number of inhomogeneities 
in the medium or reflection from bounding 
surfaces. 

Room Constant 
Room constant is the name given to the ex- 
pression a S / 1 -  a ,  where S is the total area of 
the bounding surfaces of the room in square 
feet, and a is the average absorption coeffi- 
cient of the absorption present in the room. 

Sabin (Square Foot Unit of Absorption)':' 
A sabin is a measure of the sound absorption 
of a surface. It is the equivalent of 1 square 
foot of a perfectly absorptive surface. 

Simple Sound Source:: 
A simple sound source is a source which radi- 
ates sound uniformly in all directions under 
free-field conditions. 

Simple Tone (Pure Tone)" 
(a) A simple tone is a sound wave, the in- 
stantaneous sound pressure of which is a 
simple sinusoidal function of tbe time. 
(b) A simple tone is a sound sensation char- 
acterized by its singleness of pitch. 

Sone* 
The sone is a unit of loudness. By definition, 
a simple tone of frequency 1000 cycles per 
second, 40 decibels above a listener's thresh- 
old, produces a loudness of 1 sone. The loud- 
ness of any sound that is judged by the lis- 
tener to be n times that of the 1-sone tone is 
n sones. 

Note 1 : A millisone is equal to 0.001 sone. 
Xote 2:  The loudness scale is a relation 

between loudness and level above threshold 
for a particular listener. In presenting data re- 
lating loudness in sones to sound pressure 
level, or in averaging the loudness scales of 
several listeners, the thresholds (measured or 

, assumed) should be specified: 
Note 3 :  The term "loudness unit" has been 

used for the basic subdivision of a loudness 
scale based on group judgment on which a 
loudness level of 40 phons has a loudness of 
approximately 1000 Ioudness units. For ex- 
ample, see Figure 1 of American Standard for 
Noise Measurement, 224.2-1942. 

Sound': 
A. Sound is an alteration in pressure, stress, 

particle displacement, particle velocity, etc., 
which is propagated in an elastic material, or 
the superposition of such propagated altera- 
tions. 
B. Sound is also auditory sensation which is 
usually evoked by the alterations described 
above. 

Note: In case of possible confusion, the 
term "sound wave" or "elastic wave" may be 
used for concept (a), and the term "sound 
sensation" for concept (b) . 

Sound Intensity (Specific Sound-Energy 
Flux) (Sound-Energy Flux Density):: 

The sound intensity in a specified direction at  
a point is the average rate of sound energ); 
transmitted in the specified direction through 
a unit area normal to this direction at the point 
considered. The commonly used unit is the 
erg per second per square dentimeter, but 
sound intensity may also be expressed in watts 
per square centimeter. 

Sound Level:: 
The sound level, at a point in a sound field, 
is the weighted sound pressure level deter- 
mined in the manner specified in the Ameri- 
can Standard Sound Level Meters for Mcasure- 
ment of Noise and Other Sounds, 224.3-1944, 
or the latest revision thereof approved by the 
American Standards Association, Incorporated. 

Note: The meter reading (in 'decibels) cor- 
responds to a value of the sound pressure in- 
tegrated over the audible frequency range with. 
a specified frequency weighting and integra- 
tion time. 

Sound-Level Meter" 
A sound-level-meter is an instrument includ- 
ing a microphone, an amplifier, an output 
meter, and frequency weighting networks for 
the measuremect of noise and sound levels in 
a specified manner; the measurements are in- 
tended to approximate the loudness level 
which would be obtained by the more elabor- 
ate ear balance method. 

Note: Specifications for sound-level meters 
for measurement of noise and other sounds 
are given in American Standard Sound Level 
Meters for Measurement of Noise and Other 
Sounds, 224.3-1944, or the latest revision 
thereof approved by the American Standards 
Association, Incorporated. 

Sound Pressure Level 
The sound pressure level, in decibels, of a 
sound is 20 times the logarithm to the base 10 
of the ratio of the pressure of this sound to 
the reference pressure. The reference pressure 
shall be explicitly stated. 

Nole I ; The following rcfercnce pressures 



are in common use: 
(a) 2 x microbar 
(b) 1 microbar 

Referen'ce pressure (a) big h g ~  j~ R ~ R !  
use for mhsurements deql i~  gafiR 
6nd sound-level measurernea f s in aie an 9 
liquids, while (b) has gained widespread use 
for calibrations and many types of sound-level 
measurements in liquids. 

B h e  reference pressure used in this handbook 
is 2 x microbag 

Note 2 :  I t  is to be noted that in many sound 
fietds the sound pressure ratios are not the 
*IC < \ L a , < .  
sqw+$g rgots of the corresponding power ratios 
and hence cann~t 'be expressed in decibels in 
the strict sense; however, i t  is common prac- 
tice to extend the use of the decibel to these 
cases. 

Spectrum* 
The spectrum of a wave is the distribution in 
frequency of the magnitudes (and sometimes 
phases) of the components of the wave. Spec- 
trum also is used to sig~ify % cgr+tipyq~q fapge 
of frequencies, usually wide in extest, ~ i t h j q  
which waves have som specified copmoq 
characteristics, c,g., ad ie  freqwa~y spectrum, 
radio frequency spectrum, gtc.' 

Speech Interferenc6 Level ($&) 
The speech interference level of a noise la the 
average, in decibels, of the sound pressure 
levels of the noise in the tHree octave bands 
of frequency 600*12ESO, 1200-2400 and 2400- 
4800 cps. 

Standing Waves* 
Standing waves are periodic waves having a 
fixed distribution in space which is the resulr 
of interference of rogressive waves of the 
same frequency an $ kind. Such waves are 
characterized by the exicttncc of nodes or 
partial nodes and antinodes that are fixed In 
space. 

Threshold of Audjbility (Thresholcl 
of Detectability ) * 

The threshold of 2udibility for a spccifietl 
si nal is the minimum effcctlve s o ~ ~ n d  pressure 
o f the signal that is capable of evoking an 
auditory sensation in a specified fraction of the 
trials. The characteristics of the s~gnal, the 
manner in which it is presentcti to the I~stener, 
and the oint at which thc sound pressure i\ 
measure c f  must be specified. 

Note 1 : Unless otherw~se incitcdted, the 

I 

NO e ; The threshold may be expressed in BF RFPPQ. 
d ~ i b e l g  relative to 0.0002 microbar or to 1 ' 7 
miembar. ! 

Note 3 :  Instead of the method of constant 
stimuli, which is implied by the phrase "a 
specified fraction of the trials," another psy- 

fied) may be employed. 
? chophysical method (which should be speci- - 

7 
Threshold of FeeQng~ fw Disoanfsrt, 
Ti ' .4%" sx Pain$* ' I  

d 

$ threshald of feeling (or discomfort, 
tickle, or pain) for a specified signal is the 'i 
minimum effective sound pressure of that sig- - ! 
nal which, in a specified fraction of the trials, 
will stimulate the ear to a point at which there 
is the sensation of feeling (or discomfort, 
tickle, or pain). 

Note 1 :  Characterjstiq gf: the si ~ a l  and thc 

case. 
B measuring technique q ~ s t  be speci ed ip evgFg 

Na& 2 :  This threshold is customarily ex- 
n 

pressed in decibels relative to 0,0002 microbar 7 
or 1 microbar. I I 

ms* jr * 
I -- 

(I) A &qg is a sound $a;; capable of excit- 
ing an auditory sensation having pitch. 7 
(b) A tone is a soucd sensation having pitch. -! 

Transducer" 
A transducer isb+'device capable of being actu- 7 ated bv waves from one b r  more transmission , 
system"sr med~a and of supplying related 
raves to one or 9% other transmission VS- 
terns or media. 

Kate: The waves in either input or output 
may be of the same or different types (e.g., 
clectnc, mechanical, or acoustic). 

Transient Motion:: 
Translent motion is any motion which has not 
reached or has ceased to be a steady state. 

Ultrasonics '* 
Ultlasoriica is the general subject of sountl in 
tile frrqlirni y nnge above about 15 kil+!es 
per sccond. 

Vibration 
See ' Os~ill~ition." 

White Noise 
W h ~ t e  no! c is a noise whose spectrum is con- 
tinuous ,xnd un~form as a function of frc- 
qu'n")' 
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DECIBEL CONVERSION TABLES 
I t  is convenient in measurements and corresponding power and pressure ratios. 

calculations on communications systems Decibel - The number of decibels Ndb 
to express the ratio between any two corresponding to the ratio between two 
amounts of electric or acoustic power in amounts of power P1 and Pz is 
units on a logarithmic scale. The decibel 
(l/lOth of the bel)' on the briggsian or Ndb = 10 loglo- P I  
base-10 scale is in almost universal use pz 

(1) 

for this purpose. When two pressures El and Ez operate 
Table I and Table I1 on the following in the same equal impedances, 

pages have been prepared to facilitate 
making conversions in either direction El 

N d b  = 20 loglo- 
between the number of decibels and the EZ (2) 

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES 
Values outside the range of either Table I or Table I1 on the following pages can 

be readily found with the help of the following simple rules: 

TABLE I: DECIBELS T O  PRESSURE AND P O W E R  R A T I O S  

Number of decibels positive ( + ) : 
Subtract +20 decibels successively from 
the given number of decibels until the 
remainder falls within range of Table I. 
To  Jind the pressure ratio, multiply the 
corresponding value from the right-hand 
voltage-ratio column by 10 for each time 
you subtracted 20 db. T o  Jind the power 
ratio, multiply the corresponding value 
from the right-hand power-ratio column 
by 100 for each time you subtracted 20 db. 

Number of decibels negative (-) : 
Add +2O decibels successively to the 
given number of decibels until the sum 
falls within the range of Table I. For the 
pressure ratio, divide the value from the 
left-hand pressure-ratio column by 10 for 
each time you added 20 db. For the power 
ratio, divide the value from the left-hand 
power-ratio column by 100 for each time 
you added 20 db. 

Example - Given: 49.2 db Example - Given: - 49.2 db 
49.2 db - 20 db - 20 db = 9.2 db -49.2 db + 20 db + 20 db = -9.2 db 
Pressure ratio: 9.2 db --t 

2.884 X I0 X 10 = 288.4 
Pressure ratio: -9.2 db --t 

.3467 X 1/10 X 1/10 = .003467 

Power ratio: 9.2 db -+ Power ratio: - 9.2 db -+ 

8.318 X 100 X 100 = 83180 .l202 x l / l00 x l / l00 = .00001202 

TABLE II: PRESSURE R A T I O S  T O  DECIBELS 

For ratios smaller than those in Example-Given: Pressure ratio = .0131 
table - Multiply the given ratio by 10 -0131 = .131 = 

successively until the product can be 
found in the table. From the number of 
decibels thus found, subtract +20 decibels ''9 

for each time you multiplied by 10. 2.345 db - 20 db - 20 db = -37.655 db 



For ratios greater than those i n  Example--Given: Pressure ratio = 712 
table-Divide the given ratio by 10 712 = 71.2 1,10 = 7.12 
successively until the remainder can be 
found in the table. To the number of 
decibels thus found, add +20 db for each "9 -+ 

time you divided by 10. 17.050 db + 20 db + 20 db = 57.050 db 



TABLE I 

GIVEN: Decibels TO FIND: Power and Pressure Ratios 

T O  ACCOUNT'FOR THE SIGN O F  THE DECIBEL 
For positive (+) values of the decibel - Both For negative (-) values of the decibel-Both 
pressure and power ratios are greater than unity. pressure and power ratios are less than unity. Use 
Use the two right-hand columns. the two left-hand columns. 

I I Power I Pressure I 

1 1 Ratio 1 Example-Given: f 9.1 db. Find: ~~b - 
-9.1 db 0.1230 0.3508 

P ; z r ~ l  Power 
Ratio 

Pressure Power 
Ratio I I Ratio I Ratio 

.db+ 
I) 

db 

0 
.1 
.2 
.3 
4 

Pressure Power 
Ratio Ratio -- 
1.000 1.000 
1.013 1.023 
1.023 1.047 
1.035 1.073 
1.047 1.096 



TABLE I (continued) 

-db+ 
). I, 

Power Pressure Power Pressure Power 
Ratio Ratio 1 Ratio I d b  I Ratio 1 Ratio 

Pressurc 
Ratio 

Power Pressure 
Ratio I db I Ratio I 

Pressure 
Ratio 

3.162X 10-1 
10-1 

3.162XlO-2 
10-2 

Power 
Ratio 

10-1 
10-2 
10-3 
10-4 

10-5 
10-6 
1 0-7 
10-8 
10-9 

10-10 

Pressure 
d b  I Ratio 

Power 
Ratio 

10 
102 
103 
104 

105 
106 
lo7 
108 
109 

1010 
.- 

the range of this table, see page 96. To find ratios outside 



TABLE II 

TO FND: UeciLeIr 

POWER RATIOS 
To find the number of decibels one-half of the number of decibels thus 
corresponding to a given power found. 
ratio- Assume the given power ratio 
to be a pressure ratio and find the Example- Given: a power ratio of 3.41. 
corresponding number of decibels from Find: 3.41 in the table: 
the table. The desired result is exactly 3.41-+10.655 db X = 5.338 db 

Pressure 
Ratio 

1 .O 
1.1 
1.3 
1.3 
1.4 

1.5 
1.6 
1.7 
1.8 
1.9 

2.0 
3.1 
3.3 
3.3 
3.4 

3.5 
3.6 
3.7 
3.8 
3.9 

3.0 
3.1 
3.3 
3.3 
3.4 

3.5 
3.6 
3.7 
3.8 
3.9 

4.0 
4.1 
4.3 
4.3 
4.4 

4.5 
4.6 
4.7 
4.8 
4.9 

5.0 
5.1 
5.3 
5.3 
5.4 

5.5 
5.6 
5.7 
5.8 
5.9 
- 

a00 

.OOO 

.838 
1.584 
3.379 
3.933 

3.533 
4.083 
4.609 
5.105 
5.575 

6.021 
6.444 
6.848 
7.335 
7.604 

7.959 
8.399 
8.637 
8.943 
9.348 

9.542 
9.837 
10.103 
10.370 
10.630 

10.881 
11.136 
11.364 
11.596 
11.831 

12.041 
13.356 
13.465 
13.669 
13.869 

13.064 
13.355 
13.443 
13.625 
13.804 

13.979 
14.151 
14.330 
14.486 
14.648 

14.807 
14.964 
15.117 
15.369 
15.417 

.09 

.749 
1.511 
3.313 
3.860 
3.464 

4.038 
4.558 
5.057 
5.539 
5.977 

6.403 
6.809 
7.197 
7.568 
7.934 

8.366 
8.595 
8.913 
9.318 
9.513 

9.799 
10.076 
10.344 
10.604 
10.857 

11.102 
11.341 
11.573 
11.799 
13.019 

12.234 
13.444 
13.649 
13.849 
13.045 

13.336 
13.433 
13.607 
13.786 
13.963 

14.134 
14.303 
14.469 
14.633 
14.791 

14.948 
15.103 
15.354 
15.40% 
15.549 

.08 

.668 
1.438 
3.144 
3.798 
3.405 

3.973 
4.506 
5.008 
5.483 
5.933 

6.361 
6.769 
7.159 
7.532 
7.889 

8.333 
8.563 
8.881 
9.188 
9.484 

9.771 
10.049 
10.317 
10.578 
10.833 

11.078 
11.317 
11.550 
11.777 
11.998 

12.213 
13.434 
13.639 
13.839 
13.036 

13.217 
13.405 
13.589 
13.768 
13.945 

14.117 
14.387 
14.453 
14.616 
14.776 

14.933 
15.087 
15.339 
15.388 
15.534 

.O1 

.086 

.906 
1.656 
3.345 
3.984 

3.580 
4.137 
4.660 
5.154 
5.631 

6.064 
6.486 
6.888 
7.373 
7.640 

7.993 
8.333 
8.659 
8.974 
9.378 

9.571 
9.855 
10.130 
10.397 
10.655 

10.906 
11.150 
11.387 
11.618 
11.844 

12.063 
13.377 
13.486 
13.690 
13.889 

13.084 
13.374 
13.460 
13.643 
13.833 

13.997 
14.168 
14.337 
14.503 
14.664 

14.833 
14.979 
15.133 
15.384 
15.433 

1 .07 
pppp 

.588 
1.364 
3.076 
3.784 
3.346 

3.918 
4.454 
4.959 
5.437 
5.889 

6.319 
6.739 
7.131 
7.495 
7.854 

8.199 
8.530 
8.850 
9.158 
9.455 

9.743 
10.031 
10.391 
10.553 
10.807 

11.053 
11.393 
11.537 
11.754 
11.976 

12.192 
13.403 
13.609 
13.810 
13.006 

13.198 
13.386 
13.570 
13.751 
13.937 

14.100 
14.370 
14.436 
14.599 
14.760 

14.917 
15.073 
15.334 
15.373 
15.519 

.05 

.424 
1.314 
1.938 
3.607 
3.337 

3.807 
4.350 
4.861 
5.343 
5.801 

6.235 
6.649 
7.044 
7.431 
7.783 

8.131 
8.465 
8.787 
9.097 
9.396 

9.686 
9.966 
10.338 
10.501 
10.756 

11.005 
11.246 
11.481 
11.709 
11.933 

12.149 
13.361 
13.568 
13.770 
13.967 

13.160 
13.349 
13.534 
13.715 
13.893 

14.066 
14.336 
14.403 
14.567 
14.728 

14.886 
15.041 
15.193 
15.343 
15.490 

.04 

.341 
1.138 
1.868 
3.543 
3.167 

3.750 
4.397 
4.811 
5.396 
5.756 

6.193 
6.608 
7.008 
7.384 
7.748 

8.097 
8.433 
8.755 
9.066 
9.367 

9.657 
9.939 
10.311 
10.475 
10.731 

10.980 
11.339 
11.457 
11.687 
11.910 

12.128 
13.340 
13.547 
13.750 
13.948 

13.141 
13.330 
13.516 
13.697 
13.875 

14.049 
14.319 
14.387 
14.551 
14.713 

14.870 
15.036 
15.178 
15.338 
15.476 

.03 I 
.I72 
.984 
1.737 
3.411 
3.046 

3.637 
4.190 
4.711 
5.301 
5.666 

6.107 
6.537 
6.927 
7.310 
7.676 

8.038 
8.366 
8.691 
9.005 
9.308 

9.600 
9.883 
10.157 
10.433 
10.681 

10.931 
11.174 
11.411 
11.641 
11.866 

12.085 
13.398 
18.506 
12.710 
13.908 

13.103 
13.293 
13.479 
13.661 
13.839 

14.014 
14.185 
14.353 
14.518 
14.680. 

14.839 
14.995 
15.148 
15.398 
15.446 

.06 

.506 
1.389 
3.007 
3.671 
3.387 

3.863 
4.403 
4.910 
5.390 
5.845 

6.277 
6.689 
7.083 
7.458 
7.819 

8.165 
8.498 
8.818 
9.127 
9.436 

9.714 
9.994 
10.364 
10.537 
10.783 

11.039 
11.370 
11.504 
11.733 
11.954 

12.171 
13.383 
13.588 
13.790 
13.987 

13.179 
13.368 
13.553 
13.733 
13.910 

14.083 
14.353 
14.430 
14.583 
14.744 

14.903 
15.056 
15.308 
15.358 
15.505 

.03 

.257 
1.063 
1.798 
3.477 
3.107 

3.694 
4.244 
4.761 
5.349 
5.711 

6.150 
6.568 
6.966 
7.347 
7.713 

8.063 
8.399 
8.733 
9.036 
9.337 

9.629 
9.911 
10.184 
10.449 
10.706 

10.955 
11.198 
11.434 
11.664 
11.888 

12.106 
13.319 
le.527 
13.730 
13.928 

13.122 
13.313 
13.497 
13.679 
13.857 

14.031 
14.303 
14.370 
14.535 
14.696 

14.855 
15.010 
15.163 
15.313 
15.461 



TABLE I I (continued) 

Pressure 
Ratio 

6.0 
6.1 
6.2 
6.3 
6.4 

6.5 
6.6 
6.7 
6.8 
6.9 

7.0 
7.1 
7.3 
7.3 
7.4 

7.5 
7.6 
7.7 
7.8 
7.9 

8.0 
8.1 
8.3 
8.3 
8.4 

8.5 
8.6 
8.7 
8.8 
8.9 

9.0 
9.1 
9.3 
9.3 
9.4 

9.5 
9.6 
9.7 
9.8 
9.9 

To find ratios outside the range of this table, see page 96. q 

Pressure 
Ratio 

10 
30 
30 
40 

50 
60 
70 
80 
90 

100 

.00 

15.563 
15.707 
15.848 
15.987 
16.134 

16.358 
16.391 
16.531 
16.650 
16.777 

16.902 
17.035 
17.147 
17.366 
17.385 

17.501 
17.616 
17.730 
17.842 
17.953 

18.062 
18.170 
18.376 
18.383 
18.486 

18.588 
18.690 
18.790 
18.890 
18.988 

19.085 
19.181 
19.376 
19.370 
19.463 

19.554 
19.645 
19.735 
19.825 
19.913 

0 

20.000 
36.031 
39.543 
33.041 

33.979 
35.563 
36.903 
38.063 
39.085 

40.000 

1 

20.828 
36.444 
39.837 
33.356 

34.151 
35.707 
37.035 
38.170 
39.181 

- 

.08 

15.678 
15.830 
15.959 
16.096 
16.333 

16.365 
16.496 
16.635 
16.753 
16.877 

17.001 
17.133 
17.343 
17.361 
17.478 

17.593 
17.707 
17.830 
17.931 
18.040 

18.148 
18.355 
18.361 
18.465 
18.568 

18.670 
18.770 
18.870 
18.968 
19.066 

19.162 
19.357 
19.351 
19.444 
19.536 

19.637 
19.718 
19.807 
19.895 
19.983 

.09 

15.692 
15.834 
15.973 
16.110 
16.345 

16.378 
16.509 
16.637 
16.764 
16.890 

17.013 
17.135 
17.355 
17.373 
17.490 

17.605 
17.719 
17.831 
17.943 
18.051 

18.159 
18.366 
18.371 
18.475 
18.578 

18.680 
18.780 
18.880 
18.978 
19.075 

19.171 
19.366 
19.360 
19.453 
19.545 

19..636 
19.736 
19.816 
19.904 
19.991 

. 
21.584 
36.848 
30.103 
33.465 

34.330 
35.848 
37.147 
38.376 
39.376 

- 

.07 

15.664 
15.806 
15.945 
16.083 
16.318 

16.351 
16.483 
16.613 
16.739 
16.865 

16.988 
17.110 
17.331 
17.349 
17.466 

17.583 
17.696 
17.808 
17.919 
18.039 

18.137 
18344 
18.350 
18.455 
18.558 

18.660 
18.760 
18.860 
18.958 
19.056 

19.152 
19.347 
19.343 
19.435 
19.537 

19.618 
19.709 
19.798 
19.886 
19.974 

.01 

15.577 
15.731 
15.863 
16.001 
16.137 

16.373 
16.404 
16.534 
16.663 
16.790 

16.914 
17.037 
17.159 
17.378 
17.396 

17.513 
17.638 
17.741 
17.853 
17.964 

18.073 
18.180 
18.387 
18.393 
18.496 

18.599 
18.700 
18.800 
18.900 
18.998 

19.094 
19.190 
19.385 
19.379 
19.473 

19.564 
19.654 
19.744 
19.833 
19.921 

.03 

15.592 
15.735 
15.876 
16.014 
16.151 

16.385 
16.417 
16.547 
16.676 
16.803 

16.927 
17.050 
17.171 
17.390 
17.408 

17.534 
17.639 
17.753 
17.864 
17.975 

18.083 
18.191 
18.397 
18.403 
18.506 

18.609 
18.710 
18.810 
18.909 
19.007 

19.104 
19.300 
19.395 
19.388 
19.481 

19.573 
19.664 
19.753 
19.843 
19.930 

3 

22.279 
37.335 
30.370 
33.669 

34.486 
35.987 
37.366 
38.383 
39.370 

- 

.03 

15.606 
15.749 
15.890 
16.038 
16.164 

16.398 
16.430 
16.560 
16.688 
16.815 

16.939 
17.063 
17.183 
17.303 
17.430 

17.536 
17.650 
17.764 
17.875 
17.985 

18.094 
18.303 
18.308 
18.413 
18.517 

18.619 
18.730 
18.830 
18.919 
19.017 

19.114 
19.309 
19.304 
19.398 
19.490 

19.583 
19.673 
19.763 
19.851 
19.939 

.05 

15.635 
15.778 
15.918 
16.055 
16.191 

16.335 
16.456 
16.586 
16.714 
16.840 

16.964 
17.086 
17.307 
17.336 
17.443 

17.559 
17.673 
17.786 
17.897 
18.007 

18.116 
18.333 
18.339 
18.434 
18.537 

18.639 
18.740 
18.840 
18.939 
19.036 

19.133 
19.338 
19.333 
19.416 
19.509 

19.600 
19.691 
19.780 
19.869 
19.956 

.04 
-P--------- 

15.621 
15.763 
15.904 
16.043 
16.178 

16.313 
16.443 
16.573 
16.701 
16.837 

16.951 
17.074 
17.195 
17.314 
17.431 

17.547 
17.663 
17.775 
17.886 
17.996 

18.105 
18.313 
18.319 
18.433 
18.537 

18.639 
18.730 
18.830 
18.939 
19.037 

19.123 
19.319 
19.313 
19.407 
19.499 

19.591 
19.683 
19.771 
19.860 
19.948 

9 

25.575 
39.348 
31.831 
33.804 

35.417 
36.777 
37.953 
38.988 
39.913 

- 

4 

22.923 
37.604 
30.630 
33.869 

34.648 
36.134 
37.385 
38.486 
39.463 

- 

7 

24.609 
38.637 
31.364 
33.443 

35.117 
36.521 
37.730 
38.790 
39.735 

- 

.06 

15.649 
15.793 
15.931 
16.069 
16.305 

16.338 
16.469 
16.599 
16.736 
16.853 

16.976 
17.098 
17.319 
17.338 
17.455 

17.570 
17.685 
17.797 
17.908 
18.018 

18.127 
18.334 
18.340 
18.444 
18.547 

18.649 
18.750 
18.850 
18.949 
19.046 

19.143 
19.338 
19.333 
19.436 
19.518 

19.609 
19.700 
19.789 
19.878 
19.965 

8 

25.105 
38.943 
31.596 
33.635 

35.369 
36.650 
37.843 
38.890 
39.835 

- 

5 ~~~-~~~~~~ 
23.522 
37.959 
30.881 
33.064 

34.807 
36.358 
37.501 
38.588 
39.554 

- 

6 

24.082 
38.399 
31.136 
33.355 

34.964 
36.391 
37.616 
38.690 
39.645 

- 



TYPE 1551-A SOUND-LEVEL M E T E R  

USES: The TYPE 1551-A Sound-Level Meter 
is a new instrument, of advanced design, for 
the general measurement of sound fields. It is 
ideally suited to the sound-measuring prob- 
lems of commerce and industry. Manufac- 
turers of machines and appliances use it for 
measuring product noise both in the develop- 
ment laboratory and in production. For such 
plants, it provides a means of establishing 
noise standards, of accepting or rejecting 
products on the basis of noise tests, and of 
analyzing and correcting trouble in the re- 
jected units. 

Acoustical engineers also use the sound- 
level meter for determining noise levels from 
engines, machinery, and other equipment, and 
for investigating the acoustical properties of 
buildings, structures, and materials. 

Industrial hygienists and psychologists use 
it in surveys of the psychological and physio- 
logical effects of noise and for the establish- 
ment of acceptable noise levels and the deter- 
mination of satisfactory noise environments 
in factories and offices. 

Accessory equipment, such as frequency 
analyzers, graphic-level recorders, and mag- 
netic-tape recorders can be operated from the 
output of the Sound-Level Meter. 

I t  is also suitable -for use as a portable am- 
plifier for laboratory standard microphones, 
and, with a high-fidelity microphone, for 
measurements on high-fidelity sound systems. 

Although the low-cost crystal microphone 
supplied with the TYPE 1551-A Sound-Level 
Meter is satisfactory for the majority of appli- 
cations, special microphones can be used to 
full advantage. Among these are the TYPE 
1551-P1 Condenser Microphone System for 
high-fidelity work, the Western Electric 
640-AA where a reproducible standard is de- 
sired, and the TYPE 759-P25 Dynamic Micro- 
phone Assembly for use with a long cable. 

DESCRIPTION: The TYPE 1551-A Sound-Level 
Meter is an accurate, portable, low-priced 
meter for reading, in terms of a standard 
reference level, the sound level at  its micro- 
phone. 

It consists of a non-directional microphone, 
an amplifier, a calibrated attenuator, and an 
indicating meter. 

The complete instrument, including batter- 
ies, is mounted in an aluminum case with an 
easily removed cover over the panel. The 
microphone is mounted on a bracket and folds 
down into a panel recess when not in use. In 



this storage position of the microphone, bat- 
teries are automatically turned off. An a-c 
power supply unit is available. 

FEATURES: + Small, compact, and easily port- 
able - weighs only 11 pounds with batteries. 
+ Simple to operate. 
+ Meets all standards of the American Stand- 
ards Association, the American Institute of 
Electrical Engineers, and the Acoustical 
Society of America. 
+ Separate output systems for panel meter 
and output terminals. When a sound analyzer 

is used, meter can be used for monitoring. 
+ Two-speed meter movement permits meas- 
urement of either steady or fluctuating sounds. 
+ Wide range - from 24 to 140 db. 
+ Sub-miniature tubes in negative feedback 
amplifier circuits provide excellent stability. 
+ Batteries are readily available. 
+ Amplifiers and panel meter have wide fre- 
quency response, 20 cycles to 20 kilocycles. 
+ Low internal noise level. 
+ Internal calibration system for standard- 
izing amplifier gain. 

S P E C I F I C A T I O N S  

Sound-Level Range: From 24 db to 140 db above the 
standard sound pressure reference level of 0.0002 micro- 
bar (a pressure of 0.0002 dyne per square centimeter) at  
1000 cycles. 
Frequency Characteristics: Any one of 4 response 
characteristics can be selected by means of a panel switch. 
The first and second of these are, respectively, the 40 and 
70 db equal-loudness contours in accordance with the 
current standard specified by the American Standards 
Association. The third frequency response characteristic 
gives a substantially equal response to all frequencies 
within the range of the instrument and its microphone. 
This characteristic is used when measuring extremely 
high sound levels, when measuring sound pressures, or 
when using the instrument with the TYPE 760-B Sound 
Analyzer, the TYPE 736-A Wave Analyzer, or the TYPE 
1550-A Octave-Band Noise Analyzer. The fourth fre- 
quency response characteristic provides an amplifier 
which has essentially flat response from 20 cycles to 20 
kilocycles, so that full use can be made of extremely wide 
range microphones such as the W.E. 640-AA or the TYPE 
1551-P1 Condenser Microphone System. 
Microphone: The microphone is of the Rochelle-salt, 
crystal-diaphragm type with an essentially non-direc- 
tional response characteristic. Condenser and dynamic 
microphones are available as accessories. 
Sound-Level Indication: The sound level is indicated 
by the sum of the readings of the meter and an attenu- 
ator. The meter has a range of 16 db, and the attenuator 
has a range of 100 db in 10 db steps. 

TYPE 1552-A Sound-Level Calibrator (page 15) is 
available for making periodic checks on the over-all 
calibration, including microphone. 
Accuracy: The frequency response curves A, B, and C 
of the TYPE 1551-A Sound-Level Meter fall within the 
tolerances specified by the current ASA standards. When 
the amplifier sensitivity is standardized, the absolute 
accuracy of sound-level measurements is within f 1 
decibel for average machinery noises in accordance with 
the ASA standards. 
Tern peratu re and Hum id ity Effects: Readings are in- 
dependent (within 1 db) of temperature and humidity 
over the ranges of room conditions normally encountered. 
Batteries: Two 1%-volt size-D flashlight cells (Eveready 
950 or equivalent) ; one Eveready 467 B battery or equiva- 
lent. Batteries are supplied. The TYPE 1262-A A-C 
Power Supply is available if a-c operation is desired. (See 
price table below.) 
Tubes: Four CK-512-AX and three CK-533-AX are re- 
quired. A complete set is supplied with the instrument. 
Accessories Supplied: Power Cord (for calibration 
check), telephone plug. 
Other Accessories Available: See pages 12 to 15. 
Case: Shielded carrying case of aluminum construction. 
Dimensions: The over-all dimensions are approximately 
(height) 6% x (length) lo1% x (width) 8% inches. 
Net Weight: 11 pounds, with batteries. 

TYPE 1262-A POWER SUPPLY 

Output Terminals: A jack is provided, wllirl~ s~lpplics 
an  output of 1 volt across 20,000 ohms whet1 the panel 
meter reads full scale. This orltr)ut in suitable for use with 
the TYPE 760-B Sound ~nalyz-er, the TYPE 736-A Wave 
Analyzer, the TYPE 1550-A Octave-Band Noise Analyzer, 
a graphic level recorder, or a magnetic tape recorder. 

A SLOW-FAST switch makes available two meter 
speeds. With the control switch in the FAST position the 
ballistic characteristics of the meter simulate those of 
the human ear and agree with the current standards of 
the American Standards Association. In the SLOW posi- 
tion, the meter is heavily damped for observing the 
average level of rapidly fluctuating sounds. 
calibration : A &eans is provided for standardizing the 
sensitivity of the instrument in terms of any a-c power 
line of approximately 115 volts. 

The absolute level of all microphones is checked at The sound-level meter is supplied with batteries. For a-c 
several frequencies against a standard microphone, whose operation the TYPE 1262-A Power Supply attaches to the 
calibration is periodically checked by the National sound-level meter cabinet, as shown above. Input is 105 to 
Bureau of Standards. 125 volts, 50 to 60 cycles, 2 watts. 

(Licensed under patents of the American Telephone and Telegraph Company) 

T w e  Code Word Price 

. . . . . . . . . . . . . . . . .  Sound -Level Meter 
. . . . . . . . . . . . . . . . . . . . .  1262-A Power Supply 

1551-A I MIMIC 
MANLY 



TYPE 1555-A SOUND-SURVEY M E T E R  
USES: This pocket-size, inexpensive, sound- 
survey meter, of good accuracy, is designed 
for the many applications where the nature 
of the measurements does not require the 
accuracy of the TYPE 1551-A Sound-Level 
Meter. The TYPE 1555-A Sound-Survey Meter 
is well suited to a wide variety of general 
survey measurements, many of which are 
economically practical only with a low-cost 
meter. 

This handy, versatile device can be used 
for checking the level of reproduced sound 
from theatre systems, public-address systems, 
and other sound systems; and, on high- 
fidelity sound systems, for determining the 
response characteristics through the cross- 
over point and for measuring the dynamic 
range. It is also useful for checking levels at  
rehearsals and in speech and singing classes; 
for determining an acoustic reference level 
when recording; for preliminary field surveys 
by sales engineers for acoustical materials; 
for acoustic experiments in physics classes; for 
measuring the sine-wave response character- 
istics of loudspeakers and rooms; for prelimi- 
nary surveys to determine noise levels in 
homes, offices, factories, and other buildings, 
in streets and subways, and in vehicles; for 
determining levels from appliances, machin- 

and an indicating meter. The amplifier uses 
subminiature tubes in a negative feedback 
circuit. 

The entire assembly, including microphone 
and batteries, is mounted in a simple, two- 
piece, aluminum case. The controls for the 
attenuator and the weighting network selector 
are finger-tip-control discs. 

ery, and office equipment; and for preliminary 
checks of noise levels for estimating the possi- FEATURES: 3 Small enough to fit in trousers 
ble long-time effect on hearing of operating pocket. 6 x 3% x 2% inches, over-all. 
~eruonnel. + Weighs only 1 pound, 14 ounces with bat- 
- When compliance with noise test codes is teries. 
required or when analysis of the noise is de- + Indicating meter is conveniently located 
sired, or both, the TYPE 1551-A Sound-Level and read. 
Meter and its accessorv instruments are 3 Only two controls, both On face of instru- 
recommended. ment. + Can be used when set on a bench or table, 
DESCRIPTION: The TYPE 1555-A Sound- when mounted on tripod or when held in hand. 
Survey Meter indicates the level of noise and 3 Miniature in size, yet it uses standard and 
other sounds in terms of a standard reference well-tested components. 
level. It consists of a non-directional micro- 3 Meter can be read for either horizontal 
phone, a calibrated attenuator, an amplifier, or vertical orientation of microphone. 

Range: From 40 db to 136 db above the standard sound- 
pressure reference level of 0.0002 pbar. 
Frequency Characteristic: Three different frequency 
characteristics can be selected by the main control switch. 
In the C and C +30 db weighting positions substantially 
equal response to  all frequencies between 40 and 8000 
cps is obtained. This characteristic is ordinarily used for 
all levels above 85 db. 

The B weighting position is used for levels between 55 
and 85 db. Its response follows the 70 db contour estab- 
lished as the standard of weighting for sound-level meters. 
The A weighting position is usually used for levels be- 
tween 40 and 55 db. Its response follows approximately the 
40db contour established for sound-level meter weight- 

C A T I O N S  

ing. In addition to providing means for making the usual 
weighted level measurement, these characteristics permit 
one to estimate, by comparative measurements with dif- 
ferent weighting characteristics, the relative importance of 
low-frequency components in the sound being measured. 
Microphone: The crystal diaphragm-type microphone 
cartridge is mounted at the top of the instrument. 
Proximity of microphone to tube grid reduces the tem- 
perature coefficient to  the order of 0.03 db per degree F. 
Meter and Attenuator: For levels below 100 db the 
noise level is given by the sum of the readings of the meter 
and attenuator. 

For levels above 100 db the main control switch is set 
to  "C +30 db." Then the noise level is given by the sum 



r of the readings of the attenuator and the meter plus 30 d b  
' The ballistic characteristics of the rectifier-type meter 

are similar to those for standard soundllevel meters. 

r Stability: The amplifier and level indicator are stabilized 
by feedback. The change in gain with battery voltages is 
thereby reduced to moderate values. 

The behavior of the instrument is not noticeably 

r affected by temperature and humidity over the ranges 
of room conditions normally encountered. The maximum 
safe operating temperature is 115' F. Temperatures above 
130' F will permanently damage the Rochelle-salt crystal 

7 
in the microphone cartridge. 

1 

Accuracy: The gain of the amplifier is set initially so 
that the sensitivity of the instrument is correct a t  1000 
cps within f 1 db. The B and C frequency characteristics 
are essentially within the tolerances allowed by the 
American Standards Association specification on Sound- 

Level Meters. The A frequency characteristic is similar 
to that required by the ASA specification, but it provides 
only the low-frequency roll-off below 1000 cps. 

When the B and C weighting Are used, the reading of 
this meter, for almost all types of sounds, agrees with that 
of a meter meeting the ASA specification on sound-level 
meters to within the tolerances allowed by the standard 
but increased by 1 db. 
Batteries: One 1%-volt size-C flashlight battery 
(Eveready 935 or equivalent) and one 30-volt hearing-aid 
battery (Eveready 413E or equivalent) are supplied. 
Tubes: Two CK-512-AX and two CK-533-AX tubes are 
supplied. 
Cabinet: Aluminum, finished in organic black with 
standard W-20 threaded mount for tripod. Leather carry- 
ing case is available, see price list below. 
Dimensions: 6 x 3% x 2% inches, over-all. 
Net Weight: 1 pound, 14 ounces, with batteries. 

PATENT NOTICE. See Note 1, page vi. 

TYW Code Word Price 

S T A N D A R D  ACCESSORIES FOR THE TYPE 1 5 5 1 - A  

- 1555-A 

1555-Pl 

S O U N D - L E V E L  M E T E R  
The following accessories are available for it for specialized types of measurement. Many 

- use with the TYPE 1551-A Sound-Level Meter of these accessories can also be used with the 
to increase its field of application and to adapt older TYPE 759-B Sound-Level Meter. 

............... Sound-Survey Meter. 
Set of Replacement Batteries. ........ 
Case .............................. 

V I B R A T I O N  P I C K U P  A N D  C O N T R O L  B O X  
- .  - - -  

MISER $135.00 
MISERADBAT 1 1.53 

c ASER 10.00 

The low-frequency response of the  sound-level 
meter is sufficiently good to  permit vibration measure- 
ments a t  frequencies down to 20 cycles. Such measure- 
ments include the fundamental and harmonic fre- 
quency vibrations of machines rotating a t  1200 rpm 
or higher, as well as many structural resonances. 

S P E C I F I C A T I O N S  
Cali bration : The db readings of the sound-level meter 
can be converted into absolute values of displacement, 
velocity, or acceleration by means of calibration data. 
Range: The range of measurement of the pickup and 
control box when used with the TYPE 1551-A or the TYPE 
759-B Sound-Level Meter is approximately as follows: 

R-m-s Displacement - 30 micro-inches (minimum). 
R-m-s Velocity - 1000 micro-inches per second (mini- 

Over-all frequency response characteristic of the vibration 
The vibration pickup and control box plug into the sound- pickup, control box, and sound-level meter for con- - level meter in place of the microphone, as shown in the stant applied acceleration, velocity and displacement, 

photograph above. respectively. 



mum). The upper limit of velocity and displacement Net Weight: TYPE 759-P35 Vibration Pickup, 8 ounces 
measurements is dependent on the frequency and is (pickup only); pickup plus 7-foot cable and tips, 1 pound; 
determined by the maximum acceleration permissible TYPE 759-P36 Control Box, 1 pound, 13 ounces. 
before non-linearity occurs (10 g). 
R-m-s Acceleration - 0.3 to 3900 in./sec/sec (10 g). 

Frequency Characteristic: See plot. For frequencies 
below 20 cycles the TYPE 761-A Vibration Meter should Type Code Word Price 
be used. 
Mounting: Both control box and pickup are housedin 759-P35 $40.00 
metal containers, finished in black lacquer. 759-P36 I Control BOX . . . . . NANNY 50.00 I I 

D Y N A M I C  M I C R O P H O N E  A S S E M B L Y  
For some measurements, particularly where a long 

cable must be used between microphone and meter, or 
where large ranges of temperature and humidity 
are encounteretl, n dynamic mi(-rophone is p r~fe rah l~ .  
'I'he TYPE 759-P25 D\.n:urnic llicrophont~ Assc~mblv 
includes, in addition t o  the microphone, a 25-fodt 
cable, an input transformer, and a tripod. The trans- 
former plugs into the Sound-Level Meter in place of 
the standard microphone, and the microphone cable 
plugs into the transformer. 

S P E C I F I C A T I O N S  
Frequency Response: When the sound-level meter and 
dynamic microphone are adjusted to the correct level, 
the combination will meet the ASA specifications above 
40 cycles. The procedure for making this adjustment is 
described in the instruction book. Typical response 
curves are shown below. 
Sensitivity: Open-circuit output of typical microphone 
is 90 db below one volt per microbar, and of microphone 
plus transformer is 60 db below one volt per microbar. 
This sensitivity is satisfactory for use with both the TYPE 
1551-A and the TYPE 759-B Sound-Level Meters. 
Direct Use with Analyzers: This microphone assembly 
is suitable for supplying a signal directly to the TYPE 
1550-A Octave-Band Noise Analyzer and the TYPE 760-B 
Sound Analyzer provided the level of the measured com- 
ponents is above 70 db (re 0.0002 pbar). (A TYPE 1552-A 
Sound-Level Calibrator is then necessary to obtain 
absolute level.) 
Calibration : Output level is checked in our laboratories 
at  several frequencies against a standard microphone that 
is calibrated periodically by the National Bureau of 
Standards. The level a t  400 cycles is supplied. 

Maximum Safe Sound Pressure Level: Sound pres- 
sure levels above 140 db can damage the microphone. 
Cable Correction : No correction is necessary for the 
25-foot cable supplied or the TYPE 759-P22 100-foot 
cable. 
Net Weight: 4% pounds. 

(B) Microphone and transformer plug into the sound- 
level meter as shown above. 

Tvwe Code Word Prke 

Dynamic Microphone Assembly. . . . . . NABOR 
- 

759-P22 759-P25 I Extra 100-foot cable. . . . . . . . . . . . . . . NASAL 

T R I P O D  A N D  E X T E N S I O N  C A B L E  I 

For measurements where the microphone must be mounting the Rochelle-salt crystal microphone can be 
locatedat a distance from the meter, the TYPE 759-P25 supplied. With this cable a correction curve is fur- 
Dynamic Microphone is recommended (see above). nished, giving the cable correction as a function of - 
However, a 25-foot extension cable and tripod for temperature of the microphone. 

Type Code Word Price 

759-P21 1 Tripod and Extension Cable. . . . . . . . .I KIMBO 1 $18.50 - 



TYPE 1551-PI CONDENSER MICROPHONE SYSTEM 
THE TYPE 1551-P1 Condenser Microphone 
System is designed for use with the TYPE 
1551-A Sound-Level Meter. When the sound 
to be measured covers a wide frequency range 
or has much energy above 5 kc, the Condenser 
Microphone System is a better pickup for the 
Sound-Level Meter than either crystal or 
dynamic microphones. For high sound levels 
the Condenser Microphone System can be 
connected directly to an analyzer. 

The condenser microphone (Altec 21- 
TYPE) mounts on a small cylindrical base, 
which houses a subminiature pre-amplifier 
tube. A battery operated power supply, which 
can be fastened to the end frame of the Sound- 
Level Meter. provides filament and   late 
power for the Apre-amplifier and polaAzing 

View of the condenser microphone system and sound- for the microphone. A 10-foot exten- 
level meter, showing how power-supply assembly 
attaches to sound-level meter cabinet. Inset shows siOn a a 

nlicrophone, preamplifier and base, disassembled. and a leather carrying case are supplied. - - - 
S P E C I F I C A T I O N S  

Frequency Response: Useful range of the TYPE 1551-A Output Terminals: A short flexible output cable on the 
Sound-Level Meter with TYPE 1551-P1 Condenser Micro- power unit plugs into the microphone socket of the TYPE 
phone System is 20. cycles to  15 kilocycles. Typical fre- 1551-A Sound-Level Meter in place of the standard 
quency response curves are shown below. crystal microphone. In addition, a jack located on the 
Cali bration : The output level of the microphone system side of the power supply provides a direct connection to 
is measured a t  several frequencies against a standard the TYPE 760-B Sound Analyzer or the TYPE 1550-A 
microphone that  is calibrated periodically by the National Octave-Band Noise Analyzer. 
Bureau of Standards. The measured level a t  400 cycles is Batteries: One 1%-volt size-D flashlight cell (Eveready 
supplied. A Calibration Adaptor is provided for use with 950 or equivalent) and one 300-volt B battery (Eveready 
the TYPE 1552-A Sound-Level Calibrator. 493 or Burgess V-200) are supplied. 
Direct Use with Analyzers: This microphone assembly Tubes: One Raytheon TYPE CK-512-AX is supplied in 
is suitable for supplying a signal directly to  the TYPE the TYPE 1551-PI-25 Microphone Base. 
1550-A Octave-Band Noise Analyzer and the TYPE 760-B Mounting: Microphone on microphone base plugs into 
Sound Analyzer provided the level of the measured com- one end of 10-foot cable, which has fitting to  mount on 
ponents is above 70 db (re 0.0002 fibar). (A TYPE 1552-A the tripod. Other end of 10-foot cable connects to  power 
Sound-Level Calibrator is then necessary to obtain supply unit which fastens to  the end frame of the Sound- 
absolute level.) Level Meter. 
Maximum Sou nd-Pressu re Level : At levels above Dimensions: Microphone - (diameter) % x (length) 
140 db the output of the microphone becomes non-linear. 2j.44 inches; Microphone Base - (diameter) x (length) 
For levels up to 180 db the Altec TYPE 21-BR-200 can 3 inches; Power Supply - (height) 7 x (length) 3% x 
be used in place of the one supplied. (The TYPE 21-BR-200 (width) 7% inches. 
is not furnished as palt of the TYPE 1551-PI.) Leather carrying case with compartment for micro- 
Cable Correction: No correction is necessary for the phone and microphone base, power supply, 10-foot cable, 
10-foot cable supplied. and calibration adaptor has over-all outside dimensions 
Internal Noise Level: Under normal conditions the of approximately (height) 7 x (length) 5% x (width) 
noise level of the TYPE 1551-P1 Condenser Microphone 8% inches. 
System is low enough to  permit satisfactory measure- Net Weight: Altec Microphone, less than % oz. 
ments of sound-pressure levels as low as 50 db (re 0.0002 Microphone and Base, 1.2 oz. 
 bar). Power Supply, 3 lbs. 11 oz. 

Complete System in Carrying Case, 7 lbs. 6 oz. 
Type Code Word Price 

1551 -PI I Condenser Microphone System. . . . . . . ( NONAL 1 $260.00 
(Note: The TYPE 1551-P1 can be used with the older TYPE 759 Sound Level Meters within the frequency limits of the 
TYPE 759.) 
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TYPE 1552-A 'SOUND-LEVEL CALIBRATOR 

USES: The Sound-Level Calibrator provides a 
means of making an over-all acoustic check of 
the Sound-Level Meter calibration, including 
the microphone. I t  can be used to calibrate 
the TYPE 1551-A, TYPE 759-B, and TYPE 
759-A Sound-Level Meters; the TYPE 1551-P1 
Condenser Microphone System; as well as 

other instruments that use the 9898-type, the 
BR2S-type or the TYPE 759-P25 (633A) 
microphones. 

In conjunction with the internal calibration 
check on electrical circuits that is provided 
in the Sound-Level Meter the Sound-Level 
Calibrator makes it  possible to detect and to 
evaluate any long-period change in over-all 
sensitivity and to locate it either in the micro- 
phone or the electrical circuits. Such a check 
is invaluable where a series of measurements 
are to be taken over a long period, or where 
several meters are to be intercompared. 

This calibrator can also be used to make 
acoustic checks on the TYPE 1555-A Sound- 
Survey Meter, which has a built-in micro- 
phone, and to calibrate the TYPE 1550-A 
Octave-Band Noise Analyzer or the TYPE 
760-B Sound Analyzer when it is used di- 
rectly with dynamic microphone input or 
directly with the TYPE 1551-P1 Condenser 
Microphone System. It can also be used to 
supply an acoustic reference level for magnetic 
tape recorders, graphic level recorders, and 
oscillographs provided the signal for these 
instruments is supplied by one of the micro- 
phones mentioned above. 

DESCRIPTION: The calibrator consists of a 
small, stabilized, and rugged loudspeaker, 
mounted in an enclosure which fits over the 
microphone of the Sound-Level Meter. The 
enclosure is so designed that the speaker is 
always located a t  the correct distance from 
the microphone diaphragm. A standard 400- 
cycle voltage is required to operate the cali- 
brator (see specifications below). 

S P E C I F I C A T I O N S  

Input: 2.0 volts, 400 cycles; total harmonics must not Oscillator, (a battery-operated device that includes all 
exceed 5%. these elements) is recommended (see page 153). The 

Output: When in position on the 9898-type microphone 
TYPE 1214-A Unit Oscillator (a-c operated. see page 164) 

used on 1551-A and ,59-B Sound-Level Meters, is also satisfactory. For use with this oscillator, which 

the calibrator produces a sound pressure of 85 f 1 db an Output the can be a 

(above reference level of 0.0002 microbar) at the micro- Weston, Model 301, @3 volt, rectifier type, a-c voltmeter, 

phone diaphragm for rated input as specified above. 2000 ohms per volt. A vacuum-tube voltmeter, such as 
the TYPE 1803-A (page 184) can also be used. 

Terminals: Input terminals are TYPE 938-W Binding 
Posts. Dimensions: (Length) 4% x (diameter) 2% inches, 

over-all. 
Accessories Required : 400-cycle source, with output 
control and voltmeter. The TYPE 1307-A Transistor Net Weight: 12 ounces. 

Type Code Word Price 

Sound-Level Calibrator. . . . . . . . . . . . . NATTY $45.00 
1307-A Transistor Oscillator. . . . . . . . . . . . , . . . 1552-A 1 I OMEGA 1 88.00 - 



T Y P E  1307-A T R A N S I S T O R  O S C I L L A T O R  

- USES: The TYPE 1307-A Transistor Oscillator 
is a convenient battery-operated source for 
the TYPE 1552-A Sound-Level Calibrator (see 
page 15). Because it is so easy to carry and - use a t  any location, it is also useful in con- 
tinuity checks of audio systems, in setting 
operating levels, in checking the sensitivity 
of oscillographs, and in making other prelimi- - nary calibrations of electronic systems. In 
addition, it is a convenient power source for 
bridge measurements a t  400 and 1000 cycles. 

- DESCRIPTION: The TYPE 1307-A Transistor 
Oscillator uses a P-N-P junction-type transis- 

tor. The oscillator uses the Hartley circuit. 
The inductor of the tuned circuit contains an 
additional winding for supplying the output 
load, and a rectifier-type voltmeter is con- 
nected across this winding to indicate the 
voltage a t  the output terminals. 

FEATURES: 
+ Small and compact; easily carried in 
pocket. 
+ Battery operated. 
+ Meter indicates output voltage. 
+ Fits TYPE 1555-P1 carrying case. 

- S P E C I F I C A T I O N S  
Frequency: 400 and 1000 cycles accurate to f 3% a t  2 
volts output into a 600-ohm resistive load. The frequency 
decreases slightly with increase in output level. A re- 
active load will shift the frequency, since the load is 
coupled directly into the tuned circuit. 
Output: Adjustable. Maximum output is a t  least 2 volts 
across 600-ohm load. 
Distortion: Less than 5% at 400 c and at 2 volts across 
600-ohm load. I t  may be slightly higher at 1000 c. 
Voltmeter: 3 volts full scale, calibrated directly in volts 
a t  the output terminals. 
Output Circuit: The output cable is terminated in a 
274-MB double plug. No connection is made to the case. 
Batteries: Three mercury A batteries (Mallory RM-1 or 
equivalent) are supplied. 
Transistor: One P-N-P junction transistor (Raytheon 
T m e  721 or eauivalent) is suuulied. 
case: ~lumin;m, black finish.- Dimensions: 6 x 3% x 2% inches, over-all but excluding 
Carrying Case: A leather case with straps is available, output cable. 
TYPE 1555-PI. Net Weight: 1 pound, 14 ounces, with batteries. 

Type Code Word Price 

1 307 -A 
1555-Pl 

Transistor Oscillator . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Leather Carrying Case. 

OMEGA $88.00 
CASER 1 10.00 



TYPE 1550-A OCTAVE-BAND NOISE ANALYZER 

USES: The Octave-Band Noise Analyzer 
makes possible the simple and rapid analysis 
of noises having complex spectra. Operating 
from the output of a sound-level meter 
(page 9), i t  is more convenient than the 
Sound Analyzer for those applications where 
a knowledge of the individual frequency 
components is not required; and, in addition, 
is particularly suited for noise measurements 
on aircraft, vehicles, and machinery, for 
the analysis of office noise, where speech inter- 
ference level is the significant factor and for 
determination of the possible damaging effects 
of noise on hearing. Another important ap- 
plication is in determining the acoustical 
characteristics of rooms. It is particularly 
valuable in production testing and for noise- 
level acceptance tests. 

an amplifier, which drives both an indicating 
meter and a monitoring output. 

The filter is isolated by a resistance pad, 
which makes the filter characteristics inde- 
pendent of the source, provided the source 
impedance either is small compared to the 
20,000-ohm analyzer impedance or is constant 
over the audio-frequency range. 
FEATURES: + Small, compact, lightweight. 
+ Excellent attenuation characteristics. 
+ Monitoring output is provided. 
+ Meets A.S.A. standards. 
+ Operates from output of the TYPE 1551-A 
or the TYPE 759-B Sound-Level Meter as well 
as other sound-level meters with outputs 
adequately free from noise and distortion. 
+ Can be used directly with microphone for 
high sound levels. 
+-hplifier input jack permits amplifier to 

DESCRIPTION: The analyzer consists of a set be used alone. 
of band-pass filters with selection by means of + A-C power supply can be substituted for 
a rotary switch, followed by an attenuator and batteries for laboratory use. 

S P E C I F I C A T I O N S  
Range: 20 cycles to 10.000 cycles in 8 bands. venience in calibration against the sound-level meter. 

20 c to  75 c (low pass) 600 c to 1200 c l nput Level : Between 1-and 10 volts for normal range. 

75 c to  150 c 1200 c to 2400 c Levels below one volt reduce the range of reading; those 

150 c to 300 c 2400 c to 4800 c higher than 10 volts overload the filters. 

300 c to 600 c Input Impedance: 20,000 ohms. Input is isolated by a 
4800 to 10'000 (high pass) resistance pad, so that performance is independent of 

In addition, a band with a flat characteristic from 20 c source if source impedance is constant over audio range 
to 10 kc is available at two switch positions for con- or is small compared to 20,000 ohms. 



Source: Sound-level meter supplying analyzer input 
must have low hum, low internal noise, and low distor- 
tion. The TYPE 1551-A or the TYPE 759-B Sound-Level 
Meter is recommended. 
Direct Use with Microphone: The TYPE 1551-P1 
Condenser Microphone System can be used if the band 
levels exceed 60 db, or the TYPE 759-P25 Dynamic Micro- 
phone Assembly can be used if the band levels exceed 
70 db (re 0.0002 pbar). A TYPE 1550-P1 Microphone 
Adaptor Plug is required with the TYPE 759-P25 Dynamic 
Microphone Assembly. 
Level Indication: Meter calibrated in decibels from 
-6 to +10 db; attenuator covers 50 db in 10 db steps. 
Level is sum of meter and attenuator readings. 
Attenuation: Except for the lowest and highest bands, 
at  least 30-db attenuation is obtained at one-half the 
lower nominal cut-off frequency and twice the upper 
nominal cut-off frequency; at  least 50-db attenuation is 
obtained at one-fourth the lower nominal cut-off fre- 

I auencv and at four times the uoaer nominal cut-off 
f'requckcy. The 75-cycle low-pass fiitkr has at least 30-db supply (page 101) fits battery compartment. 
attenuation at 200 c and 50 db at 400 cycles. The 4800- r cycle high-pass filter has at least 30-db attenuation at Accessories Supplied: Shielded cable and plug assem- 

2400 cycles and 50 db at 1200 cycles. bly for connecting analyzer to sound-level meter. 

Tubes: Three 1U4 and one 1T4. all furnished. Dimensions: (Width) 11% x (height) 12% x (depth) 9 
Power Supply: Battery, Burgess 6TA60. Battery is inches, over-all. 
included in price. For a-c operation, TYPE 1261-A Power Net Weight: 27 pounds including battery. 

Type Code Word Price 

TYPE 760-B SOUND ANALYZER 

1550-A 
f 
I 1550-P1 

1261 -A 

I USES: This instrument has been designed as airplane and automobile engines, indus- 
particularly for analyzing the noises produced trial machinery, and household appliances. It 

7 
by electrical and mechanical equipment, such operates from the output of the Sound-Level 

I-- 

$535.00 
5.79 
4.00 

128.00 

. . . . . . .  Octave-Band Noise Analyzer 
. . . . .  Replacement Battery for above. 

. . . . . . . . . .  Microphone Adaptor Plug. 
Power Supply.. . . . . . . . . . . . . . . . . . . .  

ABEAM 
ABEAMADBAT 
MATOR 
NUTTY 



Meter and measures the amplitude of each 
individual frequency component, or pitch, in 
the noiae. Thia information ia valunble in 
tracing and locating the sources of noise. 

In the electrical laboratory, the Sound 
Analyzer can be used as a harmonic analyzer 
and as a selective bridge balance indicator. 

DESCRIPTION: The circuit is that of a three- 
stage degenerative selective amplifier having 
a bandwidth that is a constant percentage of 
the operating frequency, followed by a volt- 
meter. The frequency to which the amplifier 

- 

is tuned is indicated by a single dial and push- 
button multiplier. The amplitude of the 
o~lect~ed component, in indicaitcd dircctly on 
the meter scale. 
FEATURES: + External magnetic fields do not 
affect readings. 
+ Constant-percentage bandwidth is an ad- 
vantage for measurements on machines whose 
speeds fluctuate. 
+ Dial can be rotated continuously in either 
direction, so that the analyzer can be adapted 
for automatic recording. 

S P E C I F I C A T I O N S  

Frequency Range: From 25 to 7500 cycles per second, 
direct reading. This total range is covered in five complete 
turns of the tuning knob, the ranges on the various dial 
rotations being 25 to 75, 75 to 250, 250 to 750, 750 to  
2500, and 2500 to  7500 cycles. A push-button switch 
allows immediate change of the main control to any one 
of these ranges. 
Frequency Calibration Accuracy: f 1.5% of the fre- 
quency to which the dial is set or f 1.5 cycles per second, 
whichever is the larger. 
l nput Voltage Range: 1 millivolt to 10 volts for usable 
indications. The meter scale is calibrated for reading 
directly component tones down to  1% of the sound pres- 
sure (or voltage) of the fundamental or loudest compo- 
nent. Hence the input voltage a t  the loudest component 
or fundamental should be 0.1 volt or higher. 
Input  Impedance: Between 20,000 and 30,000 ohms, 
depending upon the setting of the sensitivity control. A 
blocking capacitor is in series with the input. 
Frequency Response: Flat within f 2 db over the 
entire range. At points where two ranges overlap, the 
sensitivity is the same on either range, within f l  db. 
Band Width : Relative attenuation is 3 db a t  1% off the 
peak to which the analyzer is tuned. 
Direct Use with Microphone: The TYPE 1551-P1 
Condenser Microphone System can be used if the com- 

ponent levels exceed 60 db, or the TYPE 759-P25 Dynamic 
Microphone Assembly can be used if the component levels 
exceed 70 db (re 0.0002 pbar). A TYPE 1550-PI Micro- 
phone Adaptor Plug is required with the dynamic micro- 
phone. 
Temperature and Humidity Effects: Under very 
severe conditions of temperature and humidity slight 
shifts in calibration, sensitivity, and bandwidth may 
occur. 
Meter: The indicating meter is calibrated in two ranges. 
For convenience in use the meter scale is calibrated with 
the 0 located 2 db below full scale on the meter, so that 
actual meter scales are +2 to  -30 db and -12 to -40 
db. Auxiliary percentage ranges of 0 to 120y0 and 0 to  
24% are provided. 
Output: A jack is provided on the panel for plugging in 
a pair of head telephones, in order to  listen to the actual 
component of the sound to  which the instrument is tuned. 
This is also useful when the analyzer is used as a bridge- 
balance indicator. 
Tubes: Three 1L4-type and one 1U4-type are used, to- 
gether with a neon pilot light (NE-48). All are supplied. 
Batteries: The batteries required are four Burgess 
No. 2FBP 1.5-volt batteries, or the equivalent, and three 
Burgess No. Z30NX 45-volt batteries, or the equivalent. 
A battery compartment is provided in the case of the 
analyzer. Batteries are supplied with instrument. 
Accessories Supplied : A shielded cable-and-plug assem- 
bly for connecting the analyzer to the sound-level meter. 
Case: Shielded carrying case of airplane-luggage con- 
struction. 
Dimensions: (Length) 18 x (width) 10 x (height) 11% 
inches, over-all. 
Net Weight: 36% pounds, with batteries. 

T y p e  Code Word Price 

760-B 1 Sound Analyzer. . . . . . . . . . . . . . . . . . .  
Set of Replacement Batteries for above. . . . . . . . . . . . . . .  

1550-P 1 1 Microphone Adaptor Plug . . . . . . . . . .  

ATTAR $520.00 
ATTARADBAT 12.02 
MATOR 1 4.00 

U.  S. Patent No. 2,173,426. 



Absorption Coefficient 75-77, 90 
Acceptable Noise Levels 64-69 
Accessories, Instrument 24, 52 

Sound-Level Meter 20-25 
Acoustic Absorbing Material 31, 75 ,  83 
Acoustic Calibration 50, 51 
Acoustic Calibrator 23 
Acoustic Power 3, 4, 30, 70-81 
Acoustic Treatment of Room for 

Measurement 45, 7 9  
Acoustical Standards 52, 87, 90 
Age Effects on Hearing 10-12, 65 
Altec Microphones 21, 41-43 
Ambient Sound (See Background Noise) 
American Standards Association 52, 87, 90 
Analysis 11, 15-17, 25, 29-31, 59-61, 62-69 

Comparison of Measurement Methods 40 
Impact-type Noise 39, 54 
Narrow Band 29, 39, 40 
Noise, approximate 37 
Octave Band 15, 29, 31, 35-40, 48, 59-69 
Recorded Sounds 5 3 

Analyzer, Continuous Tuning 22, 39 
General Considerations 21, 90 
Narrow Band 22, 39, 40 
Octave Band 15, 21, 22, 48 
Sound 2 2 
Wave 22 

Annoyance 15 
Apparatus Test Codes 29, 32, 45, 47, 49  
Application, Sound Level Meter 28 

Sound Measurement 26 
Sound Survey Meter 2 7 

Architectural Acoustics 27, 74-76, 79 ,  81, 83 
Articulation Index 16 
Atmospheric Pressure, Standard 3 
Attenuating Structures, Noise 83-85 
Audiometer 12, 32, 57, 90 
Auxiliary Instruments 52 
Average Absorption Coefficient 7 5 
Average Sound Pressure Level 40 
Axis, Reference 44 

Background Noise, ASA Test 'Code on 47 
Effect on Sound Measurement 44, 47,  50, 57 
Reduction of 47, 82-86 
Speech Interference Level Chart 64,  65 

Baffle 83, 85, 90 

Ballistic Characteristics, Sound Level Meter 40 
Band Levels 3 8 
Band Widths, Analyzer 3 8 
Barriers 83, 85 
Broad-Band Noise 12 

Cable Capacitance, Microphone 42, 43 
Cables 4 3  
Calculation, Loudness Level 14, 62, 63  

Speech Interference Level 16, 62-65 
Calibration, Acoustic (over-all) 23, 50, 51 

Cathode-ray Oscillograph 54 
Correction for Background Noise 50 
Coupler 5 1 
Electrical Circuit 5 0 
Free Field 5 1 
Microphone 5 1 
Sound Level 50, 51 
Sound Measuring Equipment 4 9  

Calibration Services 50, 51 
Calibration Temperature Corrections 5 0 
Calibrator, Acoustic 23, 50 

Internal Electrical 5 0 
Cathode-ray Oscillograph 24, 54 

Adjustment 54 
Calibration 54 
Connections 54 
Observations With 54 

Chart, Speech Interference Levels 64, 65 
Transfer Index for Loudness Levels 63 

Chart Recorder (See Graphic Level Recorder) 
Chart Scales (See Graphic Level Recorder) 
Choice of Microphone 41-44 
Churcher-King Loudness-Level Contours 62 
Circuit Noise-Effect on Sound Measurement 48 

Measurement of 48 
Codes, Apparatus Test 29, 32, 45,  47, 49  
Coefficient, Absorption 75-77, 90 
Combining Decibels G 
Comparison of Sound-Level Meters 51, 52 
Computed Loudness Level 62,  63 
Condenser Microphone 21, 41-43 
Contours, Sound Pressure Level 72,  7 3  
Contour Measurement, Sound Pressure Level 7 3  
Contours of Equal-Loudness, General 4 

Pure Tones 12, 13, 62 
Random Noise 12, 13 

Control of Noise (See Noise Control) 



Controlled Noise Measurement Conditions 8 
Conversion Tables, Decibel 96-101 

Octave-band Levels to Spectruln Levels 40 
Coupler Calibration 5 1 
Criteria, Hearing Loss from Noise 

Exposure 65, 66 
Noise in Buildings * 64, 68 
Noise in Office Spaces 64, 65 
Noise in Residential Areas 67-69 
Speech-Interference Levels 64, 65 

Crystal Microphone 20, 41-44 
Cut-off Frequency 3 8 

Data Records, Sound Measurement 56-58 
db (See Decibel) 
Dead Room 76 ,90  
Deafness 10-12, 17, 31, 65, 91 
Decibel 3-7, 90, 96-101 
Decibel Conversion Tables 96-101 
Decibels, Combining 6 
Definitions 90-94 
Detectable Change in Sound Level 16 
DI  (See Directivity Index) 
Differential Sensitivity for Intensity 16 
Differential Threshold 8 
Directional Sound Source 72, 73,  75,  79,  80 
Directivity Factor (Q) 73, 74,  79-81, 90 
Directivity Index 79, 91 
Directivity Measurements 77, 79 
Directivity of Microphones 44 
Directivity Patterns of Noise 30, 72,  79,  80 
Discomfort Threshold 9, 12 
Dycamic Microphone 21 ,  41-44 
Dyne per Square Centimeter (Microbar) 3, 91 

Ear Damage 17, 31, 65, 66 
Earphones 56, 91 
Effective Sound Pressure 9 1 
Electrical Circuit Calibration, Sound 

Level Meter 5 0 
Elcctro-Magcetic Fields 48 
Enclosures, Sound Attenuation 83-86 
Environmental Noise Summary 33 
Equal Loudness 8, 12 
EC~LI~I-Loudness Contours, General 4 

Pure Tones 12, 13, 62 
Random Noise 12, 13 

Eq~livalent Free-Field Levels 79, 80 
Errors in Sound Measurement, 

Background Noise 44, 47, 48 
Bandwidth of Analyzer 40 
Calibration 41, 49, 50, 51 
Circuit Noise 48 
Dynamic Range 38, 39, 41 
Fluctuating Sounds 40 
Frequency Response 41-43, 51 
High Sound Levels 41, 43, 49 
Humidity 42 
Hum Pickup 48 

Impact Noises 38, 40, 54 
Long Microphone Cables 4 3 
Microphonics 48, 4') 
Microphone Directivity 44 
Microphone Position 49 
Microphone Response 41-43, 51 
Mounting 49 
Near-by Objects 44-46 
Observer and Meter Case 46 
Reflecting Surfaces 44 
Room 44, 45, 73-81 
Room Reverberation 44, 45, 76,  77, 79, 80 
Source Size 7 3 
Standing Waves 44-46, 74  
Sympathetic Vibrations 45 
Temperature 42-44, 51 
Wind 49 

Factor, Directivity 73, 74, 77-81, 70 
Factory Noise Levels 66 
Far-Field Sound Pressure 73  
Feeling, Threshold of Discomfort, 

Tickle, and Pain 9, 12 
Field, Sound, Direct 44 

Far 7 3 
Free 70-81, 91 
Near 73  
Reverberant 45, 76, 77,  80 

FiIter 91 
Flanking Transmission 8 3 
Fletcher-Munson Curves 12, 13 
Fluctuating Sounds 40 
Flutter in Recorded Sounds 52 
Formulae, Absorption Coefficient 7 5 

Correction for Room Effect 80 
Directivity Index (DI)  79 
Power Level 4 
Power Level in Free Field 71 
Power Level in Reverberant Field 77 
Power Level with Spherically 

Distributed Points 79 
Room Constant (R) 75 
Sound-Pressure Level 4,  77 
Sound-Pressure Level for Directional 

Source 73 
Wavelength of Sound 73 

Free Field 70-81, 91 
Free Field Callbration 5 1 
Free Field Equivalent SPL 80 
Free Field Levels, Equivalent 79, 80 
Free Field Power Level 7 1 
Free Field Sound, Point Source 70 
Frequency Analysis of Sounds (See Analysis) 
Frequency Effects, Ear Damage 31, 65-66 

Hearing Loss 31 
Sound Absorption 75, 76 
Speech Interference Level 16, 31, 62-65 

Frequency Range of Speech 16 



Frequency Response, Analyzers 38, 39 
Microphone 41-43, 51 
Sound Level Meter 4,  6 ,  35, 41-43, 51, 52 
Sound Measuring Equipment 36-52 
Sound-Pressure Level Measurement 4 
Tolerances, ASA 5 1 
Weighting Networks 4 

Frequency Spectrum 38-40 
Recording 5 4 

Friction as a Noise Source 8 2 

General Radio Sound Measuring System 19-24 
Graphic Level Recorder 25, 53 

Chart Scales 53, 54 

Harmonic Index 36 
Hearing, Aging Effect 10-12, 65,  92 

Differential Sensitivity 16 
Frequency Range 9-12 
Loudness 12, 13 
Masking 15 
Pitch- 17 
Sensitivity 9-12 
Threshold 9,  17 

Hearing Damage 17, 31, 65 
Hearing Loss 17, 31, 65, 91 
Hearing Tests 3 1 
High-Frequency Microphones 41, 42 
High-Level Microphones 4 1 
High Temperature, Effect on Microphones 42 
Hum Pickup 4 8 
Hum Reduction 48 
Humidity Effect on Microphones 42 
Humidity Effect on Sound Absorption 75  

Impact Noise 31, 38, 40,  54, 62,  65 
Iinpact Noise, Ear Dama e from dfi 31,65 
Impact-type Noise Soun Pressure 

Levels 38, 40, 54 
Incidence, Angle of Sound 44 
Index, Articulation 16 

Directivity 79,  7 1  
Harmonic 3 6 

Icdoor Sound Source 73-81 
Information Required for Noise 

Measurement 56-58 
Information Sources About Noise 

Control 82, 87-89 
Intelligibility, Speech 64 
Intensity, Differential Sensitivity for 16 
Interference, Speech 16, 31, 62-65 

Level, Band Pressure 3 8 
Loudness 12-14, 31, 62,  63 
Power 3, 70-81 
Reference 3, 4, 7 
Sound 4, 7 ,  34-36, 70 ,  93 
Sound-Pressure 4 ,  7 ,  36-40, 70-81, 93 
Spectrum 40 

Speech-Interference 
Level Rank 
Linings in Ducts 
Live Room 
Location for Noise Source 

Measurement 
Logarithm 
Long Cables on Microphones 
Loops of Recorded Sound 
Loss of Hearing 
Loudness 
Loudness Contours, Equal 
Loudness Level 
Loudness Level, Calculation of 

Computed 
Loudness Rating of Sounds 
Low Frequency, Pickups 

Microphones 
Low-Lcvel Microphones 

Machinery Noise (See also Apparatus 
Test Codes) 30, 42 

Machinery Noise Ratings 70  
MAF (Minimum Audible Field) 9,  12 
Magnetic Tape Recorder 25, 52 
Maintenance of Sound Measuring Equipment 49 
Masking 14, 16, 91 
Massa Microphoce 41  
Measurement Data Records 56-58 
Measurement Methods, Summary of 33 
Measurement Position 34,  48, 49, 77 
Measurement Procedures for Noisy 

Device 29, 30, 32, 42, 45,  47, 49, 70-81 
Measurements, Analysis (See Analysis) 

Fluctuating Sounds 40 
High-Frequency Noise 42 
High Sound-Level 41, 48, 49 
Low-Frequency Noise 41 
Low Sound-Level 41 
Power-Level 4, 7 ,  7 1  
Records of 56-58 
Sound-Level 4 ,  7 ,  32, 34 
Sound-Pressure Level 4 ,  7 ;  36 

Measuring Points, Hemispherical Surface 7 7 ,  7 8  
Spherical Surface 77 ,  78  
Uniformly Distributed 77 ,  7 8  

Me1 17, 91 
Meter, 

Sound-Level 4 , 6 , 1 9 , 2 8 , 3 4 , 5 1 , 5 2 , 6 2 , 7 3  
Sound-Survey 10, 27, 34, 66 

Microbar 3, 7 1  
Microphone, Basic Consideration 20, 72  

Cable Capacitance Effects 42, 43 
Calibrator for 23 
Choice of 41-44 
Condenser 21, 41-43 
Connections for Recording Sounds 5 2 
Crystal 20, 41-43 



Directional 
Dynamic 
For High Frequencies 
For High Sound Levels 
For Low Frequencies 
For Low Sound Levels 
Frequency Response 
Humidity Limitations 
Position of 
Primary Standard 
Rochelle-Salt 
Temperature Limitations 

Microphonics, Detection of 
Effect on Sound Measurement 
Reduction of 

Minimum Audible Field 
Mountings of Device under Test 
Mufflers 

Narrow-Band Analyzer 22, 39, 40 
Narrow-Band Pressure Levels 39, 40 
Near-Field Sound Pressure 7 3  
Networks, Weighting 4, 6 ,  34 
Noise, (See also Sound) 92 

Ambient (See Background Noise) 
Control of Background (See Noise Control) 
Directivity Pattern 30, 72 ,  79 ,  80 
Effect on Hearing 17, 31, 65,  66 
Effect on Speech Intelligibility 16, 31, 64,  65 
Random 12, 24, 92 
Subjective Comparison 5 3 

Noise Analysis (See Analysis) 
Noise Control, Acoustical Absorbing 

Material 8 3 
Air Stream 82 
Attenuating Structures 83 
Barriers 83 
Couplings 82 
Damping 82 
Directivity Pattern 82, 83 
Doors 83 
Enclosures 8 3 
Environment Change 8 3 
Friction Effects 82 
General Considerations 67, 82 
Mechanical Vibration Isolation 82 
Mufflers 8 3 
Path of Sound 8 3 
Position of Source 83 
Radiating Surfaces 82 
Resonant Structures 8 2 
Speech Interferecce Levels 63-65 
Speed Effects 82 
Stiffness 82 
Vibration Isolation 8 3 
Walls 8 3 

Noise Exposure, Effects of 17, 31, 65 
Noise Generator 24 

Noise Level (See also Sound Levels) 92 
Acceptable 62-69 
Fartory 6 5 
Measurement (See Measurement) 
Predicting 8 1 
Residential 67-69 

Noise Meter (See Sound-Level Meter or 
Sound-Survey Meter) 

Noise Problem, A 58-61 
Noise Rating, Apparatus and Machinery 

(See also Apparatus Test Codes) 70  
Office 64, 65 

Noise Reduction, Example 83-86 
Methods 82-86 

Noise Test Codes 29, 32, 45,  47, 49 
Noisy Devices, Summary of Measurements on 33 
Normal Hearing Threshold 9-12 

Observer Reaction, Method of 
Psychoacoustic Testing 8,  9 

Octave 92 
Octave-Band Analysis 

13, 29, 31, 38-40, 48,  59-69 
Octave-Band Analyzer 15, 21, 22, 48 
Octave-Band Levels (See also Level) 62 
Octave-Band Pressure Levels 3 8 
Office Speech-Interference Level Ratings 64,  65 
Oscillator, Transistor, for Calibrator 23 
Oscillograph, Cathode-Ray 24, 54 
Oscillograph Sound Measurement and 

Observation 54 

Pain, Threshold of 9,  12 
Peak Sound-Pressure Level 40, 54 
Phon 12-14, 62, 63, 92 
Piezoelectric Microphone 20, 41-43 
Pitch 4, 17, 92 
Point Source of Sound 70,  71 ,  92 
Position of Observer and Meter Case 46 
Power, Acoustic 3, 70-81 
Power Level (PWL) 3, 7 ,  70-81, 92 

Calculation of 4, 70-81 
Temperature Correction 7 1  

Power Radiated 30, 70-81 
Power Reference Level 4, 7 
Prediction of Sound Levels 81 
Presbycusis 10-12, 65, 92 
Pressure, Standard Atmospheric 3 

Sound (See Sound Pressure) 
Units 3, 4, 7 

Pressure Level, Sound (See Sound- 
Pressure Level) 

Pressure Spectrum Level 40, 92 
Primary Standard Microphone 5 1 
PWL (See Power Level) 

Q (Directivity Factor) 



R (Room Constant) 74-81, 93 
Radiated Power, Acoustic 30, 70-81 
Radiating Surfaces as Noise Sources 82 
Radiation from Spherical Source 70-72 
Reduction of Noise (See Noise Control) 
Random Incidence 44 
Random Noise 12, 24, 92 
Random Noise Generator 24 
Ratings, Noise-Level for Hearing Damage 65,  66 

Noise Levels in Residential Areas 67-69 
Record Sheets, Sound Measurement 56-58 
Recorded Sounds, Allowable Flutter in 52 

Analysis of 5 3 
Reference Level for 5 2 

Recorder, Chart 25, 53 
Graphic Level 25, 53 
Magnetic Tape 25, 52 
Set-up 52 

Recording, Frequency Spectrum 5 4 

Tape "OOf 

5 3 
Recording o Data 56-58 
Reduction, Backgroucd Noise 47, 82-86 

Hum 48 
Microphonic 48 
Noise (See Noise Control) 

Reference Level 3, 7 
Recorded Sounds 52 

Reference Power Level 3, 7 
Reference Sound-Pressure Level 4 ,  7 
References 87-89 
Reflected Sounds 44, 45, 73-81 
Reflecting Surfaces 4 4  
Residential Noise Levels 67-69 
Resonant Structures as Noise Sources 82 
Response, Frequency (See Frequency Response) 
Reverberant Fields, Soucd Pressure 

Level 45,  76 ,  77 ,  80, 93 
Reverberant Room 44 
Rochelle-Salt Microphone 20, 41-43 
Room Characteristics, ASA Test Code 44 
Room Constant (R) 74-81, 93 
Room Effect, Correction for 79-81 
Room Reverberation 44 

Sabin 9 3 
Scale for Pitch of Sounds 17 
S-nsitivity, Differential 16 

Human Ear 9,  10 
Microphones 42 

Shure Brothers Microphone 20, 41-43 
Signal, Reference 52 
SIL (See Speech-Interference Level) 
Simple Source 70,  93 
Sone 14, 93 
Sound, Directional, Source in Far Field 72 ,  7 3  

Directional, Source in Free Field 72 ,  7 3  
Directional, Source in Near Field 72 ,  7 3  
Fluctuating 40 
Simple, Source in Free Field 70  

Sound Absorption, Coefficient 7 5 
Frequency Effect 75 ,  7 6  
Humidity Effect 76  

Sound Analyzer 22,33 
Sound Incidence, Angle of 44 

Parallel 4 4  
Random 44 

Sound Intensity 9 3 
Sound Level 2, 4,  7 ,  34-36 

Harmonic Index 3 6 
Sound-Level Calibration 50 
Sound-Level Measurement 4,  7 ,  34-36 
Sound-Level Meter 4,  6 ,  19, 28, 34, 51, 52, 62, 93 

Accessories 20-25, 38, 52 
Frequency Response 4 ,  6 ,  34-36, 41-43, 51, 52 
Frequency Tolerances 5 1 
Weighting Networks 4 ,  34 

Sound-Level Prediction ' 8 1  
Sound Measurement, Equip. Accessories 52-56 

Equipment Calibration 49-5 1 
General Radio Company 

Instruments 19-23, 102-112 
Instrument Position 34, 49, 77 
Procedure 33-61, 70-81 
Why 1 

Sound-Pressure Contours 72,  7 3  
Sound-Pressure Definition 4, 93 
Sound-Pressure Level 4 ,  7 ,  36-40, 70-81, 93 

Average (SPL) 40 
Band Level 3 8 
Contour Measuremect 7 3 
Directional Source 72 ,  73,  75 ,  79 ,  80 
Frequency Spectrum 3 8 
Impact-type 38, 40, 54 
Indoors 7 4  
Measurement 36-40 
Narrow-Band Analysis 3 9 
Octave-Band Analysis 3 8 
Over-all 3 6 
Peak (See also Impact Noise) 40, 54 

Sound-Reference Level 3 ,  7 
Sound Source, Indoors 73-81 
Sound-Survey Meter 19, 27, 34-36, 66 
Source, Simple (Point) 70,  93 
Source Size, Effect on Sound Measurement 73 
Spectrum 94 
Spectrum Level 40 
Speech, Frequency Range of 16 
Speech Intelligibility 16, 64  
Speech-Interference Level 16, 31, 62-65, 94 
Speech-Interference Level, Calculation 62-65 

Chart 64, 65 
Noise Control Criteria 64 
Telephone 64 

Suherical Spreading of Sound 7 3  
SPL (See Sound-Pressure Level) 
Standard Atmospheric Pressure 3 
Standard Microphone, Primary 5 1 
Standing Waves 44-46, 74 ,  81, 94 



Stethoscope 
Subjective Comparison, Noise 
Sun~rnaly '1'aLlcb ui N o L ~ ~  

Measurement Methods 
Sympathetic Vibrations 

Table, Conversion of Octave-band 
Levels to Spectrum Level 40 

Criteria for Noise Control 64 
Decibel Conversion 76-101 
Oscillographic Calibration 5 4 
Speech-Interference Levels 64 
Tolerances for Sound-Level Meters 5 1 

Tape Recorder, Magnetic 25, 52 
Telephone Usability 64 
Temperature, Microphone 42-44, 51 
Temperature Corrections, Calibration 42-44, 51 

Power-Level Calculation 7 1 
Terminology 90-94 
Test Codes, Noise 29, 32, 45, 47, 49 
Threshold, Differential 8 

Discomfort 9, 12, 94 
Normal 9-12, 94 
Hearicg 9-12, 17, 7 4  
Pain 9-12, 7 4  
Tickle 9-12, 94 

Time Factor 7 3  

- 

Tolerances for Sound Level Meter 
Frequency Response, ASA 51, 52 

'~'~a~lsclucc-~ 9 I 
Transfer Value for Loudness 

Level Calculation 62,  63 
Transformer Noise, Harmonic Index 36 
Transmission, Flanking 8 3 

Units, Pressure 3, 4 
Uses of Sound 

Measurement Data 1, 26, 61-70, s i ,  82 

Vibration, Damping 8 2 
Isolation 83 - 

Vibrations, Sympathetic 45 
Vibration Measurement, 

Instruments for 21, 41, 55 
Vibration Meter 41, 5 5  
Vibration Pickup 2 1 

Wave Analyzer 2 2 
Waveform Observations, Cathode-ray 

Oscillograph 54 
Wavelength Formulae, Sound 7 3  
Weighting Networks 4,  6, 12, 34 
White Noise 12, 94 
Wind, Effect on Sound Measurements 49 
Wind Screen 49 








