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CHAPTER 1 

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 that 
must be located in or near residential areas, have 
found that care must be taken in the construction 
and installation in order that noise levels do not 
annoy the residents. Trucking companies receive 
complaints when mufliers are inadequate or 
defective. Manufacturers 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 become a matter of serious concern to 
industrial corporations, labor unions, and insur-
ance 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, this 
equipment has many applications in measuring 

the performance of systems transmitting music 
and speech, in evaluating the characteristics of 
acoustical materials, in psycho-acoustical studies, 
and in many other fields of physical science, 
engineering, 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 contrasted with music and 
speech, which are usually desired sounds. When-
ever we study the effects of physical phenomena 
on human beings, we are working in a field 
where the interests of the psychologist and those 
of the physicist overlap. The result is usually a 
happy collaboration, and in no field has this col-
laboration been more fruitful than in the meas-
urement and evaluation of the effect of noise. 

The evolution of a system of measurement and 
interpretation involves the creation of a frame-
work of definitions and descriptive terms and 
also a standardized system of measuring in-
struments. 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 may be standardized. 
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 de-
scribe 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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Figure 2-1. Typical over-all sound levels measured with a sound-level meter (levels 
below 85 db are weighted according to the method given in Section 2.4). Sound-
level measurements give only part of the information usually necessary to handle 
noise problems, and are often supplemented by analysis of the noise spectra and by 

oscillographic studies. These values are taken from the literature. 
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CHAPTER 2 

THE DECIBEL-WHAT IS IT? 

2.1 SOUND PRESSURE 

Air-borne sound is a variation in normal at-
mospheric pressure. For a simple tone ( i.e., a 
sound characterized by a singleness of pitch), the 
number 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 frequency of 440 cycles per second ( frequently 
called "cycles" and abbreviated "cps," "c/s" 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 level, a reference level is implied. 
Usually, this reference value is a sound pressure 
of 0.0002 microbar (abbreviated 1.Lbar). For the 
present, the reference 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 are those produced by nearby 
airplanes, railroad trains, riveting machines, thun-

der, 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 "decibels", 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. 

Although 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. First, however, it is worth-
while to notice that the above quantities 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 de-
cibels or in some related term and that a refer-
ence power, pressure, or other quantity is stated 
or implied. 

2.2 POWER LEVEL 
Because the range of acoustic powers that are 

of interest in noise measurements is about one 
billion billion to one ( 10'`:1), it is convenient 
to relate these powers on the decibel scale, which 
is logarithmic. The correspondingly smaller range 
of numerical values is easier to use, and, at the 
same time, some calculations are simplified. 
The decibel scale can be used for expressing 

the ratio between any two powers; and tables for 
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converting from a power ratio to decibels and 
vice-versa are given in Appendix I of this book. 
For example, if one power is four times another, 
the number of decibels is 6; if one power is 
10,000 times another, the number 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 10-13 watt. Then the power level (PWL) is 
defined as 

PWL= 10 log — db re 10-13 watt 
10-13 

where IV 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 

PWL=.10 log W + 130 
since 10-'3 as a power ratio corresponds to —130 
db. The quantity 10 log W, which is the number 
of decibels corresponding 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 power level of 

—17+130= 113 db. 
Some typical power levels for various acoustic 
sources are shown in Figure 2-2. 
No instrument for directly measuring power 

level of a source is available. Power levels can 
be computed from the sound-pressure measure-
ments described in Chapter 7. 

2.3 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 
Appendix. 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 
(SPL) is 

P   SPL= 20 log 0.0002 db it, 0.0002 microbar 

where P is the root-mean-square sound pressure 

in microbars for the sound in question. For 
example, if the sound pressure is one microbar, 
then the corresponding sound pressure ratio is 

1 
0.0002 

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. 
The instrument used to measure sound-pressure 

level consists of a microphone, attenuator, am-
plifier, 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 according to 
the above equation. 

2.4 SOUND LEVEL 

The apparent loudness that we attribute to a 
sound 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 (Z24.3-1944) 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 are 
also referred to as "40-db", "70-db", and "flat", 
respectively. Responses A, B, and C selectively 
discriminate against low and high frequencies in 
accordance with certain equal-loudness contours, 
which will be described in a later section. It has 
been customary to use response A for sound 
levels below 55 db; response B between 55 and 
85 db, and, response C for levels above 85 db. 
When sounds are measured according to this 
practice, the reading 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. 

Values derived from the above procedure can 
be misleading or ambiguous, and we recommend 
that each noise be measured with all three weight-
ing networks. (Refer to paragraph 6.2.) For 
many noises, even this is only preliminary to 
further analysis. 

or 5000 
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ACOUSTIC POWER 

POWER 
(watts) 

100,000 

POWER LEVEL 
(db re 10' 13 watts) 

-180-

10,000 -170-

SOURCE 

RAM JET 

TURBO-JET ENGINE WITH AFTERBURNER 

TURBO-JET ENGINE, 7000-LB. THRUST 

1,000 -160-

4-PROPELLER AIRLINER 

100 -150-

75-PIECE ORCHESTRA PEAK RMS LEVELS IN 
10 -140- PIPE ORGAN 1/8-SECOND INTERVALS 

SMALL AIRCRAFT ENGINE 

1 -130-
LARGE CHIPPING HAMMER 

PIANO 
PEAK RMS LEVELS IN 

BB° TUBA 1/8-SECOND INTERVALS 

0.1 -120- BLARING RADIO 

CENTRIFUGAL VENTILATING FAN ( 13,000 CFM) 

0.01 -110- 4' LOOM 
AUTO ON HIGHWAY 

0.001 -100- VANEAXIAL VENTILATING FAN ( 1500 CFM) 
VOICE - SHOUTING (AVERAGE LONG-TIME RMS) 

0.0001 - 90-

0.00001 - 80- VOICE - CONVERSATIONAL LEVEL 
(AVERAGE LONG-TIME RMS) 

0.000001 - 70-

0.0000001 - 60-

0.000,000,01 0-

0.000,000,001 - 40- VOICE - VERY SOFT WHISPER 

Figure 2-2. Typical power levels for various acoustic sources. These levels bear no simple 
relation to the sound levels of Figure 2-1. See Chapter 7. 
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Figure 2-3. Frequency-response characteristics in the American Standard 
for Sound- Level Meters, Z24.3- I944. 

2.5 COMBINING DECIBELS 
There are a number of possible situations that 

require combining several noise levels stated in 
decibels. For example, we may want to predict 
the effect of adding a noisy machine in an office 
where there is already a significant noise level, 
to correct a noise measurement for some existing 
background noise, to predict the combined noise 
level of several different noise sources, or to 
obtain a combined level of several levels in 
different 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 the 
numbers of decibels to relative powers, to add or 

subtract them, as the situation may require, 
and then to convert back to the corresponding 
decibels. 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 ad-
dition is given in Figure 2-4. Although this 
chart is intended primarily for combining two 
levels, it can be applied successively to combine 
any number of levels. A similar chart for find-
ing differences is given in the section on back-
ground levels (Section 6.5.3). 

2.6 SUMMARY 

Reference levels and relations presented in 
this chapter included the following: 

2 3 4 5 6 7 8 9 10 II 12 

DIFFERENCE IN DECIBELS BETWEEN TWO LEVELS 

BEING ADDED 

Figure 2-4. Chart for combining noise levels. 

13 14 15 
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Reference sound pressure: 0.0002 microbar.* 

Reference power: 10-13 watt.** 

Power level (PWL): 

PWL, 10 log —10-13 db e 10-13 watt. 

where IV is the acoustic power in watts. 

Sound-pressure level (SPL): 

20 log — 0.0002 db re 0.0002 microbar 

where P is the root-mean-square sound 
pressure in microbars. 

(Logarithms are taken to the base 10 in both 
PWL and SPL calculations.) 

*At one time the reference for a sound-level 
meter was taken as 10-16 watt/square centimeter. 
For most practical purposes, this reference is 
equivalent to the presently used pressure of 
0.0002 microbar. This earlier reference value is 
not a reference for power, since it is power 
divided by an area. 
**A reference power of 10-12 watt is also 

used, but the reference power of 10-13 watt 
seems to be that most widely used. 

Note: The reference pressure and the refer-
ence power have been selected independently be-
cause they are not uniquely related. 

Important concepts that aid in interpreting 
noise measurement results can be summarized 
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 ( usu-
ally C-weighting or "flat"). 

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

Speed of sound in air: 

at 0°C is 1087 ft/sec 
at 20°C is 1127 ft/sec 

Pressure 

1 microbar 
1 pound/sq in. 
1 atmosphere 

or 331.4 m/sec 
or 343.4 m/sec 

Pressure Level 
re 0.0002 microbar 

74 db 
170.8 db 
194.1 db 
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CHAPTER 3 

MAN AS A NOISE-MEASURING INSTRUMENT 

3.1 WHY WE MEASURE NOISE 
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. Nor are we yet sure how the 
known factors can best be used. But a brief dis-
cussion of our reactions to sounds will serve to 
show some of the factors and their relative sig-
nificance. This information will be useful as a 
guide for selecting electronic equipment to make 
the most significant measurements for the prob-
lem at hand. 

3.2 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. Some of the conditions that have to be 
controlled and specified are the following: the 
physical environment of the observer, particularly 
the background or ambient noise level; the 
method of presenting the changing signals, in-
cluding the order of presentation, duration, fre-
quency, and intensity; the selection of the ob-
servers; the instructions to the observers; the 
experience of the observers in the specific test 
procedure; the normal hearing characteristics of 
the observers; the method of getting the re-
sponses; 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. 
The basic method used by the observer to pre-

sent his reaction 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 
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differ sufficiently so that he can tell the 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 is 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 think 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 physical 
measurements. In the normal course of events, 
if one's threshold of hearing is measured today, 
a similar measurement tomorrow should give 
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Figure 3-1. Thresholds 

the same threshold level within a few decibels. 
In the process of standardizing the measure-

ment conditions for the sake of reliability and 
stability, the experiments have been controlled 
to the point where they do not duplicate the 
conditions encountered in actual practice. They 
are then useful mainly as a guide in interpreting 
objective measurements in subjective terms, pro-
vided one allows for those conditions that seri-
ously affect the result. As a general rule, the 
trend of human reactions to changes in the sound 
is all that can be estimated with validity. A con-
servative approach in using psychoacoustic data 
with some margin as an engineering safety factor 
is usually essential in actual practice. 

3.3 THRESHOLDS OF HEARING AND 
TOLERANCE 
Many experimenters have made measurements 

of the threshold of hearing of various observers. 
When young persons with good hearing are 
tested, a characteristic similar to that labeled 
MAF (minimum audible field) in Figure 3-1 is 

usually obtained. This shows the level of the 
simple tone that can just be heard in an excep-
tionally quiet location under free-field conditions 

of hearing and tolerance. 
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(see Section 7.2.1.2 for an explanation of "free-
field") as a function of. the frequency of the 
tone. For example, if a simple tone having 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 12 db re 0.0002 microbar at 
the ear of the listener, it will usually be heard by 
a young person. In addition to the restrictions 
mentioned above there are a number of other 
factors that need careful attention. For example, 
what is meant by "can just be heard" needs 
definition. References on these experiments 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 average of a number of threshold meas-
urements will generally be consistent with the 
average of another set to within less than 5 db. 
The variability among individuals is, of course, 

much greater than the day-to-day variability 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-quieting problems, 
however, involve people whose hearing character-
istics, on the average, are only somewhat poorer 
than shown in Fig. 3-1. 
The threshold curve ( Figure 3-1) shows that 

at low frequencies the sound-pressure level must 
be comparatively high before the tone can be 
heard. In contrast we can hear tones' in the fre-
quency range from 200 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 frequency composition of the noise. 
For example, is it made up of a number of com-
ponents all below 100 cps? Or are they all be-
tween 1000 and 5000 cps? The importance of a 
given sound-pressure level is significantly differ-
ent in those two examples. 
The upper limit of frequency at which we can 

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

Figure 3-2. 

Presbycusis curves for women and men. These sets of curves show the average shifts with age of 
the threshold of hearing for pure tones. (ASA Subcommittee Z24-X-2, "The Relations of Hearing 

Loss to Noise Exposure," New York, 1954, pp 16-17). 
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The aging effect (called "presbycusis") has 
been determined by statistical analysis of hearing 
threshold measurements on many people. A re-
cent analysis of such data* has given the results 
shown in Figure 3-2. This set of curves shows, 
for a number of simple tones of differing fre-
quencies, 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 calibration is made 
with respect to a "normal" threshold. This " nor-
mal" level is somewhat different from the curve 
labeled MAF in 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. 

*American Standards Association Subcommittee Z24-
X-2, The Relations of Hearing LOSS to Noise Exposure, 
January, 1954, New York. 
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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. 

3.4 RATING THE LOUDNESS OF A SOUND 

Many psychoacoustic experiments have been 
made in which listeners have been asked to rate 
the loudness of a sound. As a result of these ex-
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 a 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, h9wever, to 
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Figure 3-3. Free-field equal-loudness contours for pure tones, determined by Robinson and Dad-

son at the National Physical Laboratory, Teddington, England. Piano keyboard helps identify the 
frequency scale. Only the fundamental frequency of each piano key is indicated. 
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rank a sound with satisfactory reliability accord-
ing to its loudness. For example, if sound A is 
judged louder than sound B and if sound B is 
judged louder than sound C, then, in general, 
sound A will also be judged louder than sound C. 

3.4.1 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 simple tones of various 
frequencies that sound just as loud to an observer 
as a 1,000-cps tone of a given sound-pressure 
level. The results of this determination by Robin-
son and Dadson are given as equal-loudness con-
tours in Figure 3-3. The number on each curve 
is the sound-pressure level of the 1,000-cycle tone 
used for comparison for that curve. To use the 
contours for determining the equally loud levels 
at other frequencies, we find the point on the 
curve 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 67-db level at 100 cycles is just 
as loud as a 60-db 1000-cycle tone. We can 
also interpolate to find that a 60-db 100-cycle 
tone is equal in loudness to a 51-db 1000-cycle 
tone. The corresponding sound-pressure level in 
db for the 1000-cycle tone has been defined as 
the loudness level in phons. Therefore, a 100-
cycle tone at a sound-pressure level of 60 decibels 
has a loudness level of 51 phons. 
The weighting networks for the standard 

sound-level meter are based on similar contours, 
developed much earlier by Fletcher and Munson. 
The "A" and "B" weighting characteristics are 
in accordance with the 40 and 70-phon Fletcher-

12 

Figure 3-4 

Equal-loudness contours for 

relatively narrow bands of 
random noise. The center 

frequency of the band is 
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) 

Munson contours, but with modifications to take 
into account the usually random nature of the 
sound field in a room. 
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 
defined pitch, such as characterizes a tone with 
the energy concentrated in components of defin-
ite frequencies. Rather, random noise has energy 
distributed over a band of frequencies. If the 
noise energy is uniform over a wide range, it is 
called "white noise", being analogous in spec-
trum characteristics to white light. When the 
energy is distributed over a very wide band, it is 
a sort of hishing sound. When the broadband 
noise has little energy 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-fre-
quency 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 simple tones (see Section 3.8.2). 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 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 
microbar, the indicated loudness level is about 
34 phons. 



3.4.2 Loudness and Loudness Level: Al-

though 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 several 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 curve shown in this figure relates the loud-
ness in sones to the sound-pressure level for a 
1000-cycle simple tone. This relation was de-
veloped as a useful engineering approximation 
by Stevens as a result of his analysis of the data 
reported by many experimenters, who used a 
wide variety of techniques. He also performed 
a series of experiments in which the loudness 
estimates were made on an unusually direct basis, 
and these experiments confirmed the relation 
shown. Robinson has also suggested this rela-
tion, which is published as a Recommendation of 
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the International Jtanaaras vrgainzation. oce 
Appendix. 
Above a sound-pressure level of 40 db ( re 

0.0002 p.bar), the relation shown in Figure 3-5 
approximates that given in the former American 
Standard for Noise Measurement, Z24.2-1942, 
so that, over most of the useful range, values ob-
tained from the new relation will not differ 
greatly from those previously obtained. 

Incidentally, the relation shown in Fig. 3-5 
tends to refute the point of view that the decibel 
is used in acoustics because we respond to sound 
pressure in a logarithmic manner. Actually, the 
loudness is approximately proportional to the 
sound pressure raised to the 0.6 power. 

3.4.3 Loudness Level Calculations from 

Measurements: If the sound to be measured is 
known to be a simple tone, the procedure for de-
termination of loudness level is relatively easy. 
The sound-pressure level and the frequency of 
the tone are determined, and the equal-loudness 
contours of Figure 3-3 then indicate the loudness 
level. Since the weighting networks on a sound-
level meter approximate two of the equal-loud-
ness contours, a determination of the weighted 
level (sound level) can be used to give an es-
timate of the loudness level of a simple tone. 
Thus, the sound level ( see Section 6.2) is ap-
proximately the loudness level when a simple 
tone is being measured. 

For any other type of sound, however, the 
measured sound level will be lower than the 
loudness level. The error in estimating loudness 
level will depend on the type of sound; and the 
error for many noises is more than 10 phons. For 
example, if we have a uniform wide-band noise 
from 20 to 6000 cps of 80 db sound-pressure 
level, the sound level would be about 79 db, 
whereas the actual loudness level of such a noise 
is about 92 phons. Here we see that the sound 
level is not only misleading, but is farther from 
the loudness level than is the sound-pressure 
level. This result, for most noises, illustrates the 
fact that we 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 sub-
jective effect than we can by knowing just its 
sound pressure level. One of the ways such 
knowledge is used is in the calculation of loud-
ness level. 

For steady, wide-band noises, a technique 
developed by Stevens has been found to give 
good results. The sound is divided by an analy-
zer into frequency bands covering the audio spec-

Figure 3-5. Loudness versus sound- pressure 
level for a pure tone of 1000 cps. 
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trum. The loudness level is then calculated 
according to the procedure given in Section 8.2. 

.As progress is made in the study of loudness 
we can expect the development of new tech 
niques in the translation of measured data into 
reliable indications of human reaction. 

3.5 MASKING 
It is common experience to have one sound 

completely drowned out when another, louder 
noise occurs. For example, during the early eve-
ning when a fluorescent 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. Actu-
ally, the noise level produced by the ballast may 
be the same in the two instances. But psycholog-
ically the noise is louder at night, because there 
is less of the masking noise that reduces its ap-
parent loudness. 

Experimenters have found that the masking 
effect of a sound is greatest upon those sounds 
close to it in frequency. At low levels the mask-
ing 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 frequen-
cies 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. 

3.6 "WHAT NOISE ANNOYS AN OYSTER?" 
No adequate measures 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 extent 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 
justifiable, this assumption is sometimes helpful 
because 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 are lower-frequency sounds of the 
same sound-pressure level. Therefore, when it is 
determined, by methods to be explained later, 
that a significant portion of the noise is in the 
higher frequency bands, considerable effort at 
reducing these levels from the viewpoint 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", reverberant. 
The noise from any office machinery then is 
reflected back and forth, and the workers are im-
mersed 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 feel that the noise 
is coming directly from the machine. This lo-
calized 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 experi-
enced in noise problems. 

3.7 SPEECH-INTERFERENCE LEVEL 
It is becoming relatively common to be in a 

place so noisy that conversation is difficult or im-
possible. Because of the annoyance of interfer-
ence with speech and also because noise inter-
feres with work where speech communication is 
necessary, a noise rating based on the speech-
interference level is frequently useful. We 
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. How this 
can be done will appear from a consideration of 
how noise interferes with speech. 

Noise interference with speech is usually a 
masking process (see Section 3.5). 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 sdunds necessary for satis-
factory 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 
particular sound, and the relative frequency dis-
tribution of the sound and of the noise. 

The energy of the various speech sounds is 
distributed over the frequency range from below 
100 to above 10,000 cps. The actual instantane-
ous 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 "ce" 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 
intelligibility. A number of experimenters have 
shown that nearly all the information in speech 
is contained in the frequency region from 200 to 
6000 cps. 
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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 on the intelligibility of speech 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 to only 15 
decibels, the contribution will be about 50 per-
cent, 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 contribution to 
speech intelligibility is equal to the average of 
the contributions from the individual bands. 
This quantity is called the articulation index, 
because it is a measure of the percentage of the 
total possible information which we might have 
perceived of importance to speech intelligibility. 

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 level. 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 meth-
ods for making these determinations are given in 
Section 8.3. 

3.8 ADDITIONAL HEARING 
CHARACTERISTICS 

In addition to the characteristics already de-
scribed, numerous others have been investigated, 
and a few of these are of interest in noise-meas-
urement problems. Therefore, we shall discuss 
briefly differential sensitivity for intensity and 
the pitch scale. 

3.8.1 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 a one-decibel 
change significant, or does it need to be twenty 
decibels?" This question is partially answered in 
the section on loudness, but there is additional 
help in the following psychoacoustic evidence. 
Psychologists have devised various experiments 
to determine what change in level will usually be 
noticed. When two different levels are presented 
to the observer under laboratory conditions with 
little delay between them, the observer can notice 
as small a difference as 1/4 decibel for a 1000-
cycle tone at high levc1s. 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 one-
decibel change in level is likely to be the mini-
mum detectable by an average observer. On the 
basis of these tests, we can conclude that 1 deci-
bel total change in level is hardly worth much, 
although 6 is usually significant. It should be re-
membered, however, that many noise problems 
are solved by a number of small reductions in 
level. There is also the importance of a change 
in character of the noise. For example, the high. 
frequency level of a noise may be reduced mark-
edly by acoustic treatment, but, because of strong 
low-frequency components, the over-all level may 
not change appreciably. Nevertheless, the re-
sultant effect may be very much worth while. 
This example illustrates one reason for making a 
frequency analysis of a noise before drawing 
conclusions about the noise. 

3.8.2 Pitch and Mels: Just as they have done 
for loudness, psychologists have experimentally 
determined a scale for pitch. The unit for this 
scale is the "mel" (from "melody"), and a 1000-
cycle tone at a level 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. 

3.9 EFFECTS OF NOISE ON WORK OUTPUT 
Noise can influence work output in many 

ways; there is the obvious interference with 
communication (paragraph 3.7), the occasional 
condition where noise is useful as a means of 
masking distracting conversations, and the de-
terioration in quality of work output that can 
occur when the background noise level is above 
90 db. 

Broadbent and others have found that the 
effects of noise on work output depend greatly 
upon the nature of the work; a long-term job 
requiring constant vigilance is especially sus-
ceptible. The effect of noise is more likely to 
be a higher rate of errors and accidents than an 
actual reduction in total output. This result and 
other findings lead to the interpretation that 
attention wanders from the work at hand more 
often as the noise level increases. 
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From the standpoint of noise reduction, two 
findings are worth noting: first, noise is more 
likely to lead to increased errors in susceptible 
tasks if it is above 90 db; and second, high-
frequency audible noise seems more harmful in 
this respect than does low-frequency noise. 
3.10 HEARING LOSS FROM NOISE 
EXPOSURE* 

Exposure to intense noises may lead to a loss 
in hearing, which will appear as a shift in the 
hearing threshold. Some of the loss is usually 
temporary with partial or complete recovery in 
some minutes, hours, or days. Any remaining 
hearing loss that persists indefinitely is called 
.'permanent". The extent of the permanent loss 
will depend on many factors: the susceptibility of 
the individual; the duration of the exposure, in-
cluding the time patterns; the intensity of the 
noise; the spectrum of the noise; the type of 
noise ( impact, random, or simple-tone) ; and 
the nature of the ear protection used, if any. 

*ASA Subcommittee Z24-X-2, The Relations of 
Hearing Loss to Noise Exposure, January, 1954. 

Because of the many complicating factors, it is 
not possible to set up a single, simple relation 
between hearing loss and exposure to noise. Fur-
thermore, adequate data regarding comparative 
audiograms and a complete history of exposure 
including noise levels, type of noise, time pat-
tern, and frequency characteristics are not avail-
able. It should be remembered also that noise 
is not the only cause of permanent hearing loss. 
There is the normal loss of hearing with age 
(refer to Section 3.3), and some types of infec-
tion may produce permanent hearing loss. 

Nevertheless, because of the importance of 
the problem, certain tentative ratings are given 
in Section 8.4. These suggested ratings should 
be revised when a better understanding of the 
damage problem is available. 

For those concerned with the problem of noise-
induced hearing loss, we recommend that they 
request the latest information on this subject 
from the Research Center, Subcommittee on 
Noise of the Committee on Conservation of 
Hearing of the American Academy of Ophthalm-
ology and Otolaryngology, 327 South Alvarado 
St., Los Angeles, California. 
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CHAPTER 4 

DESCRIPTION OF GENERAL RADIO 

SOUND-MEASURING SYSTEM 

4.1 GENERAL 
The General Radio sound-measuring system 

comprises a general-purpose sound-level meter 
and an ever-growing list of associated equipment. 
In addition, the extremely small, lightweight and 
low-cost Sound-Survey Meter is available. 
The functional relation among the various 

instruments of the system is shown in Figure 4-2. 
A brief description of each instrument is given 
below (for complete descriptions and specifica-
tions, see latest General Radio Catalog), and 
the applications are discussed in Chapter 5. 
4.2 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 5, 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, hand 
held, or placed on table or bench with equal 
facility. Readings and settings are easily made 

Figure 4-1. The Type I555-A 
Sound- Survey Meter. 

with microphone in vertical or horizontal posi-
tion. 
4.3 THE SOUND-LEVEL METER 
(TYPE 1551-B) 
The basic instrument of the General Radio 

sound-measuring system is the Type 1551-B 
Sound-Level Meter. This instrument conforms 
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MICROPHONES 
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SALT 

• CRYSTAL 

SUPPLIED WITH SOUND-LEVEL 
METER. FOR NORMAL USE UNDER 
REASONABLY CONSTANT CONDI-
TIONS OF TEMPERATURE AND 
HUIUDITY. USABLE UP TO 115 F, 
AND AT LEVELS UP TO 160 DB. 

CONDENSER 

TYPE 1551-P1 CONDENSER MICRO-
PHONE SYSTEMS-INCLUDES POWER 
SUPPLY, PRE-AMPLIFIER, AND 
TRIPOD. FOR HIGH-FIDELITY 

MEASUREMENTS. 

.t DYNAMIC 
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LLf 

TYPE 759-P25 DYNAMIC MICRO-
PHCNE ASSEMI3LY INCLUDES TRANS-
FORMER, CABLE, AND TRIPOD. 
FOR USE WHERE LONG CABLE IS 
NECESSARY BETWEEN MICRO-
PHONE AND SOUND-LEVEL METER. 
USABLE UP TO 140 DB. 

VIBRATION PICKUP 

PICKUP AND CONTROL BOX CON-
NECT TO METER IN PLACE OF 
MICROPHONE FOR MEASUREMENT 
OF SOLID-BORNE VIBRATIONS. 

• 

 • 

CALIBRATOR 

CALIBRATED LOUDSPEAKER 

ACOUSTIC CALIBRATOR FITS 
OVER MICROPHONE TO CHECK 
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DRIVE IT. 
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MENT FOR PRELIMINARY SURVEYS 
AND FIELD WCRIT,WHERE NO ANAL-
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4111 

4  
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ANALYZERS 

OCTAVE BAND 

FOR RAPID SPECTRUM ANALYSIS 
OF BROAD-BAND NOISES AND THE 
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SPEECH INTERFERENCE LEVEL. 
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FOR MEASUREMENTS OF NOISE 
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FREQUENCIES. 

CONSTANT BAND-WIDTH 
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FREQUENCIES ARE VERY CONSTANT. 

CATHODE-RAY TUBE 

USEFUL FOR ESTIMATING CHAR-
ACTER OF SOUNDS AND FOR MEAS-
URING PEAK AMPLITUDES. 

IMPACT 

4  

MEASURES CHARACTERISTICS OF 
IMPACT SOUNDS, WHICH CANNOT 
BE MEASURED WITH CONVENTION-
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RECORDERS 
GRAPHIC LEVEL 

1 OR RECORDING AMPLITUDE-FREQUENCY   i • .1%1 •we i MI 
.ffla-ll,' 

CHARACTERISTICS f 
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NOME CAN BE PRESERVED FOR 
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WM1 A REFERENCE NOISE SOURCE. 

Figure 4-2. Basic sound-measuring instrument, with accessories commonly used in acoustic measurements. 



Figure 4-3. The Type 1551-8 

Sound- Level Meter. 

to the requirements set forth in the ASA Ameri-
can Standard for Sound-Level Meters for the 
Measurement of Noise and Other Sounds (Z24.3 
-1944)'. It is an accurate, portable, low-priced 
meter for reading in terms of a standard refer-
ence level (0.0002 microbar at 1000 cps) the 
sound level at its microphone. Fundamentally, 
the instrument consists of a non-directional mi-
crophone, a calibrated attenuator, an amplifier, an 
indicating meter, and weighting networks. 
The amplifier uses subminiature tubes, is sta-

bilized by means of inverse feed-back, and has a 
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 

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

position which permits use of wide-band or high-
fidelity microphones at its input, with the over-
all frequency response being determined by the 
microphone. 

ACCESSORIES FOR THE 
SOUND-LEVEL METER 

4.4 MICROPHONES 
Three different types of microphones are avail-

able for use with the sound-level meter. The 
one most suitable for a given application should 
be selected on the basis of the characteristics of 
the different microphones. 

4.4.1 Rochelle-Salt Microphone: The micro-
phone regularly supplied with the Type 1551-B 
Sound-Level Meter is of the Rochelle-salt crystal 
diaphragm type. This is a low-cost device which 
meets the requirements for a sound-level meter 

19 



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 cable or when high 
temperatures and humidity are encountered, the 
Rochelle-salt microphone becomes a less satis-
factory pickup. Its capacitance varies consider-
ably as the temperature changes, so that the loss 
added by a long cable is markedly a function of 
temperature. These characteristics are discussed 
in Chapter 6. 

4.4.2 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 use of a dynamic microphone. 
A suitable dynamic microphone for use with the 
Type 1551-B Sound-Level Meter is available, in 
combination with a transformer, cable, and tri-
pod. 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 instrument. Its output level is 
about —90 db re 1 volt per microbar compared 
with a level of —60 db for the crystal micro-
phone, so that a transformer with a turns ratio of 
30:1 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. (Refer 
to Section 6.5.5). The cable furnished is 25 feet 
of shielded, double conductor with vinylite 
sheath. A 100-foot cable is also available. Re-
sponse characteristics are given in Chapter 6. 

4.4.3 Type 1551-P1 Condenser Microphone 
System: The amplifier, attenuator, and meter 
frequency-response characteristics of the Type 
1551-B 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 ex-
cellent response characteristics well beyond 10 
kilocycles. They are small in size and so 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 acoustical investi-
gations. 

Two such microphones are used in the Type 
1551-P1 Condenser Microphone System, which 
is an assembly of preamplifier, power supply, 
microphone, and tripod. The Altec Type 21-
BR- 150 Microphone, used with Type 1551-P1L 
System, is capable of measuring levels up to 150 
db; and the Altec Type 21-BR- 180 Micro-
phone, used with the Type 1551-P1H System, is 
capable of measuring levels up to 170 db. Both 
systems have excellent frequency response from 
20 cycles to 20 kc. 

4.4.4 Vibration Pickup: The Type 1560-P51 
Vibration Pickup is an inertia-operated barium 
titanate device which generates a voltage pro-
portional to the acceleration of the vibrating 
body. By means of integrating networks in the 
Type 1560-P21 Control Box, voltages proportion-
al to the velocity or the displacement as well as to 
the acceleration of the vibrating body may be de-
livered to the input of a sound-level meter. This 
combination, called the Type 1560-P11 Vibration 
Pickup System, 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. 

4.5 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 in-
dicated by a sound-level meter tells nothing about 
the frequency distribution of the noise. It is true 
that by judicious use of the weighting networks 
in a sound-level meter one can learn something 
about the frequencies present, but this knowledge 
is only qualitative. For most important prob-
lems 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-B 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. 

4.5.1 Octave-Band Noise Analyzer (Type 
1550-A): The Type 1550-A Octave-Band Noise 
Analyzer makes possible the simple and rapid 
analysis of noises having complex spectra. It 
operates directly from the output of a sound-
level meter and is more convenient to use than a 
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Figure 4-4. The Type 1550-A 

Octave- Band Noise Analyzer. 

narrow-band analyzer such as the Type 736-A 
Wave Analyzer. It can be used for all frequency 
analyses, except those requiring a detailed knowl-
edge 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 
meter, the analyzer can be driven directly from 
the Type 759-Fi25 Dynamic Microphone Assem-
bly or the Type 1551-P1 Condenser Microphone 
System when noise levels in the pass bands ex-
ceed 70 db but are less than 140 db. 

4.5.2 Sound and Vibration Analyzer (Type 

1554-A): The Type 1554-A Sound and Vibration 
Analyzer is a battery-operated, continuously tun-
able voltmeter. Used with a Sound-Level Meter 
or Vibration Meter, it can be tuned to any third-
octave band or to any eight-percent frequency 
bandwidth between 2.5 and 25,000 cps. The 
frequency is indicated by a single dial and a 
multiplier switch. 

Since the bandwidth is always a constant per-
cent of the center frequency, one can readily 
measure characteristics of machines that do not 

run at constant speed. An output jack permits 
connection to headphones or to a recorder such 
as the Type 1521-A Graphic-Level Recorder. 
This recorder can also be chain-connected to 
drive the Analyzer's frequency dial and thus to 
plot (on special chart paper) the spectrum of the 
input signal. 
When component sound levels are in the range 

of 70 to 140 db, the Analyzer can be driven di-
rectly by the Type 759-P25 Dynamic Microphone 
Assembly or the Type 1551-P1 Condenser Mi-
crophone System. 

4.5.3 Impact-Noise Analyzer (Type 1556-A): 
The Type 1556-A Impact-Noise Analyzer oper-
ates directly from the output of a sound- level 
meter to measure significant properties of impact 
noise, such as its peak level and duration. It is 
also useful as an accessory for spectrum analyzers, 
such as the Type 1550-A Octave-Band Noise 
Analyzer, for magnetic tape recorders, and for 
the Type 761-A Vibration Meter. 
Through the use of electrical storage systems, 

three characteristics are measured by the analyzer 
for every impact noise. They may be read indi-
vidually on the same mete,r by means of a selector 
switch. A RESET position of the selector switch 
restores the meter to its initial condition. 
The three characteristics of an impact noise 

that the analyzer measures are the maximum in-
stantaneous level, an average level, and a continu-

Figure 4-5. 
The Type I554-A Sound and Vibration Analyzer 
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Figure 4-6. The Type I556-A 
Impact- Noise Analyzer. 

ously indicating measure of the peak sound levels. 
The duration of the impact sound can be es-
timated from the difference of the maximum in-
stantaneous level reading and the average level 
reading and from the position of a time constant 
selector switch. 

This battery-operated instrument rapidly and 
conveniently measures characteristics of impact 
noises that heretofore required extensive labora-
tory equipment. 

4.5.4 Wave Analyzer (Type 736-A): The 
Type 736-A Wave Analyzer is an a-c operated 
heterodyne-type vacuum-tube voltmeter. The in-
termediate-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 the laboratory 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 for convenient use 
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 fre-
quency the analyzer becomes difficult to use at 
the upper audio frequencies. For this reason 
the Type 1554-A Sound and Vibration Analyzer 
is better suited for noise measurements. The 
difference in selectivity curves for the degenera-
tive and the heterodyne-type analyzers is shown 
in the Vibration Section of this book. 

4.6 ACOUSTIC CALIBRATOR (TYPE 1552-B) 
The Type 1552-B Sound-Level Calibrator is 

a simple and convenient means for making an 

over-all acoustical check, at 400 cycles, of the 
sensitivity of a sound-level meter including its 
microphone. An internal calibration system is 
included within the Type 1551-B Sound-Level 
Meter and conveniently permits standardization 
of the electrical circuits, but this does not include 
a check on microphone sensitivity. It was to in-
clude the microphone in the calibration that the 
Type 1551-B Acoustic Calibrator was devised. 
It comprises a small, stabilized, and rugged loud-
speaker mounted in an enclosure which fits over 
the microphone of the sound-level meter. The 
chamber is so designed that the acoustic coupling 
between loudspeaker and microphone is fixed and 
can readily be repeated. The level is high enough 
so that readings are unaffected by normal back-
ground noises. 

The calibrator can be operated from any audio 
oscillator having reasonably good wave form 
(harmonic content should be 5ri- or less) and 
capable of supplying 2 volts at 400 cycles across 
an impedance of 600 ohms. Most users find that 
they have available 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 voltmeter and a connecting cord that 
plugs into the terminals of the Calibrator. 

Figure 4-7. 

The Type 736-A Wave Analyzer. 
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4.7 GRAPHIC LEVEL RECORDER 

(TYPE 1521-A) 

The Type 1521-A Graphic Level Recorder 
makes a permanent chart record of the level 
of an electrical signal supplied to it. In the 
field of noise measurement, such a signal is 
usually obtained from the output of a sound- level 
meter. The recorder can be used to record over 
periods of time the sound level near highways, 
airports, industrial sites, or other locations where 
maximum or minimum levels are being investi-
gated. It is also extensively used to trace fre-
quency response curves and to measure reverb-
eration time. 

Used with a sound analyzer, the recorder can 
plot the curve of amplitude vs frequency of a 
noise source. For this and other applications, 
special chart papers are imprinted with the fre-
quency scales of several General Radio instru-
ments. The combination of recorder and Type 
1304-B Beat-Frequency Oscillator, for example, 
produces records having a true logarithmic fre-
quency scale, and is ideal for plotting frequency 
characteristics of analyzers, recording systems, 
networks, filters, and equalizers, as well as of 
loudspeakers, microphones, vibration pickups, 
and other transducers. The combination of re-
corder and Type 1554-A Sound and Vibration 
Analyzer permits rapid analysis of sound spectra, 
and response measurements on networks excited 
by white noise. 

4.8 RANDOM-NOISE GENERATOR 
(TYPE 1390-B) 

The Type 1390-B Random-Noise Generator is 
a source of high-level, broad-band electrical noise, 
which can be converted to acoustical noise by 
means of a loudspeaker or earphone. Such acous-
tical noise is useful in psychoacoustic experi-
ments, in the measurement of reverberation and 
noise transmission, in loudspeaker and micro-
phone response measurements, in microphonic 
testing, and for calibration procedures. 
The output of the Random-Noise Generator 

can also be converted to a random mechanical 
motion by an electromechanical shaker. Random 
motion is used in the mechanical testing of com-
ponents and structures. 

4.9 MAGNETIC TAPE RECORDER 

The magnetic tape recorder has become a very 
useful tool for the acoustical engineer both in re-
search and in development. It 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-

Figure 4-8. The Type 1552-8 Sound- Level Cal-
ibrator placed on the microphone of a sound-

level meter for calibration. 

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

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

4.10 CATHODE-RAY OSCILLOSCOPE 
The cathode-ray oscilloscope is part of the 

equipment of 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 oscilloscope shows the amplitude of the sig-
nal as a function of time; in other words, it gives 
a time display of the signal. It is particularly use-
ful for observing short-duration or impact noises. 
It can be used to measure the peak amplitude, the 
rate of decay, and the shape of a wave. 
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CHAPTER 5 

APPLICATIONS FOR GENERAL RADIO 

SOUND-MEASURING SYSTEM 

5.1 INTRODUCTION 

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 
4-2). 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 interested simply in comparing the noise 
in one office with that- in another, the 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 automo-
bile engine, a sound-level meter and an analyzer 
must be used. Similarly, we may want a meas-
ure 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 char-
acteristic, and for each of these we must use a 
certain instrument or combination of instruments. 
It will be helpful in considering these possible 
end results to review the uses for the Sound. 
Survey Meter and the sound-level meter. Al-
though 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 hospital area. 
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5.2 USES FOR THE TYPE 1555 SOUND-
SURVEY METER 

5.2.1 In Industry: There are many places 
where a sound survey is needed. For example, an 
industrial 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. 
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 

e!ectrical 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. 

5.2.2 By Architects: The architect finds the 
Sound-Survey Meter useful in studying sites for 
office buildings, homes, and factories. He 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 
or 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. 

5.2.3 By Engineers and Consultants: Engi-

neers and consultants use the Sound-Survey Me-
ter as a preliminary guide to later, more detailed, 
measurements of sound fields. The meter is a 
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rapid means of collecting statistical data on a 
noise where a detailed knowledge of the spec-
trum is not needed. 

5.2.4 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 
theaters and other sound systems. Sine-wave re-
sponse characteristics of loudspeakers and rooms 
can be measured. On high-fidelity divided-speak-
er sound systems the survey meter is useful for 
determining the response characteristics through 
the crossover point and for measuring the dy-
namic range. 

5.2.5 In Schools: Simple Sound-Survey-Me-
ter measurements will indicate whether the noise 
in the classrooms is likely to affect the efficiency 
of the teachers. If the noise levels exceed ap-
proximately 40 db with "A- weighting, the stu-
dents may have difficulty in understanding their 
teacher. 
Two other effects influence the acoustical qual-

ity of a classroom. In a highly reverberant room, 
the speech syllables 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 physircs 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. 

5.2.6 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. 
The Sound-Survey Meter and its uses are de-

scribed in the nontechnical, easy-to-read "Primer 
of Noise Measurement," available on request 
from General Radio Co. 

5.3 USES FOR THE TYPE 1551 SOUND. 

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

cision instrument used to measure noise and 
other sounds accurately. It can be used in the 
same way that the Sound-Survey Meter is used, 
because it includes the same type of weighting 
networks and is nearly as simple to use. Further-
more, it is more stable, and it is built to closer 
tolerances than is the Sound-Survey Meter. It 
meets the requirements of the American Stand-
ard Specification for Sound-Level Meters. In 
addition it supplies a low-distortion output sig-
nal, 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 intercomparing 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 other 

Figure 5-4. Hand-held 
operation of the sound-

level meter. 
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Figure 5-5. 
The General Radio Sound- Level Meter, being 
used to measure noise level of drill presses in 

a machine shop. 

similar motors are sufficiently quiet to meet the 
production, standards. As another example, the 
noise due to the operation of a particular jet 
engine test cell in the vicinity of a manufactur-
ing plant may be measured frequently to see that 
wind and operating conditions do not cause the 
sound to exceed an acceptable level. 

5.3.1 Noise Test Codes: Some special groups 
have prepared test codes for making noise meas-
urements on various devices. Examples of these 
devices are fans, blowers, water-cooling towers, 
transformers and airplanes. Almost invariably 
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, Z24.3-1944. When 
a device must be tested according to such a code, 
it is recommended that the Type 1551 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, Z24.7-1950', gives typical 
conditions. 

It is usually important for reliability of meas-
urement as well as from the standpoint of ob-
taining a favorable result to test in as anechoic 
(dead) a room as practical and to have the back-
ground noise level low. Paragraphs 6.5.1 and 
6.5.3 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, however, 
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 7. 

5.3.2 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 

'American Standards Association, 10 East 40th Street, 
New York 16, 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 narrow-band type of analyzer 
(Type 1554-A Sound and Vibration 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 produce marked peaks of energy in 
the spectrum, when the noise source is a multiple 
one that includes strong pitched components. and 
when the levels from separate sources of different 
frequencies are required. The octave-band-type 
analyzer (Type 1550-A Octave-Band Noise An-
alyzer) 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. Ex-
amples of this type are ventilating systems, oil 
burners, jets, blowers, cooling towers, looms, 
tumbling mills. It is also useful when more in-
formation about a noise is required than can be 
given by a sound-level meter directly, but when a 
more detailed analysis than eight band levels 
cannot be justified because of the time required. 
Furthermore, the sound-pressure levels deter-
mined in the eight bands,form the basis for the 
approximate calculation of the loudness level of 
a noise, and they give the speech-interference 
level. Refer to paragraphs 8.2 and 8.3. 
As another example, the background noise in 

an auditorium 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. 

5.3.3 Quieting Machine Noises: In the devel-
opment of a new machine it may be necessary 
to determine accurately the noise components 
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that are radiated by the machine and that are 
principally 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 1554-A, 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 predominate, the Engi-
neering Design Department can quiet them. 
Here the Type 1521-A Graphic Level Recorder 
is a great help in plotting the spectra produced 
by the machine before and after modifications. 
In this example it is not necessary, from the en-
gineer's standpoint, to know the magnitude of 
the sound pressure or the total acoustic power ra-
diated by the device. He needs to know only 
which are the loudest components and how many 
decibels he must reduce them to make them no 
more intense than other noises from the ma-
chine. 

Impact noises, such as those produced by 
punch presses, drop forges, hammers, typewrit-
ers, trippers, chain drives, and riveters, should 
be measured with the Type 1556-A Impact-
Noise Analyzer at the output of the Type 1551-B 
Sound-Level Meter. Then the engineer can quick-
ly determine the effect of various treatments or 
design modifications on the peak level of the 
noise. 
A common use for the sound-level meter is 

to determine the noise level produced by competi-
tive machines. If the machines are of similar 
design so that they radiate sound in much the 
same manner, it is necessary only that the micro-

Figure 5-6. 
Another example of the 
sound-level meter in use: 
measuring over-all noise 
level in a commercial 

office. 

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 a sound an-
alyzer. An example of noise spectra measured 
with an octave-band analyzer is shown in Fig-
ure 6-5. 

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 meas-
urement will be discussed in Chapter 7. 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 de-
pendent principally on the spectrum of the acous-
tic power from the machine, the size of the room, 
the acoustical absorption in the room, 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 15 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 that is 
not highly reverberant, the directivity pattern of 
the noise becomes important and must be deter-
mined. By the directivity pattern we mean the 
acoustic power radiated by the machine in vari-
ous directions. Obviously, there is no point in 
reducing the noise if the people who are sub-
jected to it are at such an angle from the ma-
chine that very little acoustic power is radiated 
toward them. 
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5.3.4 Measurements of Acoustical Properties 
of Rooms, Studios, Acoustical Materials: The 
General Radio Type 1551 Sound-Level Meter is 
an important tool for physicists or engineers who 
wish to measure the acoustical properties of 
rooms and studios. It can be used, for instance, 
to measure the noise level built up in a room by 
a source of known power output, or to determine 
the uniformity of sound distribution in a room. 

If the output of the Sound-Level Meter is fed 
to the Type 1521-A Graphic Level Recorder, 
the decay rate or reverberation time can be plot-
ted. The addition of an analyzer to the array 
enables the user to plot amplitude-vs-frequency 
of a noise source, the sound-pressure spectrum of 
the ambient noise in a room, and many other 
amplitude-vs-frequency ileasurements so import-
ant to complete acoustical evaluation. Special 
linkages connect the Type 1521-A Graphic Level 
Recorder to the Type 760-B Sound Analyzes and 
Type 1554-A Sound and Vibration Analyzer, so 
that the frequency scale of the Analyzer will be 
effectively reproduced on the chart paper. 

5.3.5 Graphic Presentation of Noise Levels: 
The Type 1521-A Graphic Level Recorder can 
be used to record not only the frequency spectrum 
of a noise, but also noise levels over a period of 
time. Such use is often helpful in the investiga-
tion of residential noise problems, such as those 
caused by vehicular traffic, airplanes, electrical 
substations, and factories. 

5.4 LOUDNESS AND LOUDNESS LEVEL 

A number of workers in noise measurements 
have found it useful to translate their noise 

Figure 5-7. 
Determining noise level of 
a gear-cutting machine. 

measurements 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 paragraph 
3.4.3 the procedure for calculating the loudness 
level from measured levels in octave bands. 
These levels are determined by use of the Type 
1550-A Octave-Band Noise Analyzer, and the 
calculation procedure is given in detail in Sec-
tion 8.2. 

5.5 SPEECH-INTERFERENCE LEVEL 
Most of us have been in locations where it was 

impossible to hear over a telephone because the 
noise level was too high; and, in order to hear, 
production machinery had to be turned off, result-
ing in time and money lost. Even direct discus-
sions can be difficult and tiring because of exces-
sive noise. Excessive noise may make it impos-
sible 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 condi-
tion can be determined by the speech- interfer-
ence level as described in Section 3.7. 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, 
by means of the Type 1550-A Octave-Band 
Noise Analyzer. The methods for using this 
level are discussed in Section 8.3. 
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noise 

Environment 

NOISE PROBLEM 

Compliance with 
Local Noise Ordinances 

Hearing Loss from 
Noise Exposure 
(3.10; 5.6; 8.4) 

Neighborhood Noise 
Criteria (8.3.4) 

Noise Rating 
(3.4; 3.7) 

Noise Interference with 
Speech Communication 

(3.7) 

Figure 5-8. 
are used to 

NOISE PROBLEM 

Noise Acceptance 
Specifications 

Noise Test Codes 
(5.3.1) 

Noise Comparison 
Between Machines 

(5.3.3; 7) 

Prediction of Noise 
Level in Room 

(7.6) 

Noise Reduction 
(Ch. 9) 

Faulty Design or 
Manufacture Shown 

by High Noise Levels 

Figure 5-9. A summary 
measurements that may help 

ENVIRONMENTAL NOISE 

— Street, Neighborhood, Office, Factory, 

RELATED 
NOISE MEASUREMENT 

Over-all noise level 
(Sections 6.2; 6.5) 

Survey measurement 
(Sections 8.4; 6.5.1) 

Band levels 
(Sections 8.4; 6.3; 6.5) 

Loudness level 
(Sections 8.2; 6.3; 6.5) 

Speech- interference levels 
(Sections 8..; 6.3; 6.5) 

Vehicle, etc. 

INSTRUMENT 

Sound-Level Meter 
or 

Sound-Survey Meter 

Sound-Level Meter 

with 

Octave- Band Analyzer 

A summary of noise measurements as applied to environmental noise. The arrows 
suggest the noise measurements that may help in understanding the noise problem 

and in doing something about it. 

MEASUREMENTS ON NOISY DEVICES 

Truck, Bus, Automobile, Airplane, or Marine Engine 
Equipment Used by Utilities (Transformers, Gas Regulators, etc.) 

Consumer Appliances — Industrial Machines — Airplane Jets or Screws 

RELATED 
NOISE MEASUREMENT 

Over-All Noise level 
(Sections 6.2; 6.5) 

Power level and 
Directivity pattern (Ch. 7) 

Band levels 
(Sections 6.3; 6.5) 

Speech- interference level 
(Sections 8.3; 6.3; 6.5) 

Strongest Component 
(Sections 6.3.2.2; 6.5) 

Frequency of Components 
(Sections 6.3.2.2; 6.5) 

of measurements on noisy devices. As above, 
in understanding the noise problem 

about it. 

INSTRUMENT 

Sound- Level Meter 

Sound- Level Meter 

with 

Octave-Band Analyzer 

Sound- Level Meter 

with 

Narrow-Band Analyzer 

the arrows suggest the 
and in doing something 
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5.6 HEARING LOSS FROM EXPOSURE TO 
NOISE 
As described in Section 3.10, the noise near 

some machines is intense enough to cause per-
manent hearing damage if the exposure to the 
noise continues for months or years. Noises of 
the same over-all level but with different amounts 
of energy in various frequency bands differ in 
ability to produce hearing loss. Therefore, a 
thorough frequency analysis of the noise is 
usually necessary if the noise level is high. 

For an initial survey a Type 1555-A Sound-
Survey Meter or a Type 1551-B Sound-Level 
Meter can be used to measure the noise level at 
the person's ears. With these instruments alone 
there will be a considerable range of level for 
which predictions about damage will be uncer-
tain, because the frequency spectrum of the noise 
is unknown. 

In the doubtful range, therefore, the spectrum 
should be determined by analysis with the Type 
1550-A Octave-Band Noise Analyzer or the Type 
1554-A Sound and Vibration Analyzer. 

Impact noises, such as those produced by drop 
forges, should be measured with an impact-noise 
analyzer, such as the Type 1556-A (refer to 
paragraph 4.5.3), or with a cathode-ray oscil-
loscope, to determine the magnitude and dura-
tion of the peak levels. 

As a preliminary aid to determining possible 
damaging noise level conditions, tentative rating 
charts are given in Section 8.4. 

5.7 SUMMARY 
Some of the measurement applications dis-

cussed in this chapter are summarized in the 
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 
1. Selection of location for measurements 
2. Apparatus Mounting 
3. Selection of Microphone 
4. Location of Microphone 
5. Number of Measurements 
6. Weighting Characteristics 
7. Maintenance Checks 
8. Background Noise 
9. Measurement 

10. Repeat of Maintenance Checks 
11. Recording Data 

Steps in Evaluating Product Noise 
Title 

1. Selection of location for measurements 
a. Outdoors, Large Room 
b. Reverberant Room 

2. Apparatus Mounting 
3. Selection of Microphone 
4. Measurement Locations for Microphone 

a. Points on Sphere or Hemisphere 
b. Distance compared with source di-

ameter and lowest frequency 
5. Maintenance checks of sound-level meter 

and analyzer 
6. Background Noise in each Band 

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

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

10. Calculation of Acoustic Power and Direc-
tivity Pattern for each Band 

31 



CHAPTER 6 

MEASUREMENT OF SOUND LEVEL 

AND SOUND- PRESSURE LEVEL 

6.1 INTRODUCTION 

Most of the applications discussed in the pre-
vious 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, and in Chapter 7 we 
discuss 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 procedure for determining from 
the measured data the calculated loudness level, 
the speech-interference level, and the possibility 
of hearing damage is given in Chapter 8. 
The basic procedure for measuring the sound 

level or the sound-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 ex-
ploration is discussed later in this chapter. Other 
practical details regarding this measurement are 
also given in this chapter, but the actual manipu-
lation of the individual instrument controls is 
discussed in the instruction books that are fur-
nished with the instruments. 
We shall discuss the selection of the basic in-

struments for the job, the choice of microphone 
and auxiliary apparatus, the effects of extraneous 
influences, 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 instal-
ment or combination of instruments and acces-
sories is available that would be suitable for all 
conditions. For example, microphones of differ-
ent types differ in uniformity of response, in 
susceptibility to damage, and in cost. 

6.2 MEASUREMENT OF SOUND LEVEL — 
WEIGHTING NETWORKS 

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. 

Typical frequency response curves for the two 
instruments, shown in Figures 6-1 and 6-2, illus-
trate the characteristics provided. 

If a single sound-level reading (not sound 
pressure level) is desired, it has been-customary 
to select the weighting position according to 
level, as follows: for levels below 55 db, A 
weighting; for levels from 55 to 85 db, B weight-
ing; and for levels above 85 db, C weighting.= 

'ASA, Z24.3-1944. 

2When the noise is predominantly of low-frequency 
components, this method may become ambiguous. Then 
some experimenters have recommended the following 
schedule: 

Sound Level Range 
below 45 db 

45-65 db 
65-75 db 
75-90 db 

above 90 db 

Ireighting 
A 

Average of A and B 

Average of B and C 
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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, the only reading that falls into the 
range specified for the weighting network used. 
The weighting position used should always be 

recorded with the observed level. 
Some test codes specify the weighting network 

to be used, and when tests according to such a 
code are made, that specification should be fol-
lowed. There are also applications where specific 
weighting networks should be used, regardless of 
level. 

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 tile 
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 spec-
trum might be, and they should not be regarded 
as obviating a complete octave-band analysis. 
There . are occasions, however, when it is im-
practical 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. 

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 by this method. This type of spectrum 
will usually give sound- level readings that do 
hot 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 8.3. 

In the measurement of the noise produced by 
distribution and power transformers, the differ-
ence in readings of level with the C-weighting 
and A-weighting networks (L,.—La) is frequent-

ly 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 meas-
ured with the sound-level meter operating with 
a uniform ("flat") frequency-response character-
istic. For most meters this means that the weight-
ing network should be in position "C"; and this 
network has been called the " flat" network. The 
electrical response of the "C" network on the 
Type 1551-B Sound-Level Meter drops noticeably 
at frequencies above 4 kc (see Figure 6-1). This 
drop tends to compensate for some of the rise 
in response of the microphone supplied with 
the sound-level meter. When this regular micro-
phone is used, the "C" network is recommended 
for measuring sound-pressure level. When a dif-
ferent microphone is used, particularly if its 
response is more uniform at high frequencies 
than the regular one, it is recommended that the 
"20 kc" position be used. The electrical re-
sponse of the meter exclusive of the microphone 
is essentially flat from 20 cps to 20 kilocycles 
when the weighting switch is in this "20 kc" 
position. 

6.3.1 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-presstère level, given 
directly by the reading of the sound-level meter 
in decibels. This over-all level is adequate if 
the frequency distribution o the sound is of no 
importance or if it is a single, known frequency. 
For most applications, however, a frequency an-
alyzer should be used with the sound-level meter, 
and then this over-all level is commonly used 
as the reference level for the levels in the various 
bands of the analyzer. 

6.3.2 Frequency Spectrum and Band Levels: 
An analyzer is required to obtain the frequency 
spectrum, that is, the distribution of sound pres-
sure as a function of frequency. For field meas-
urements either a Type 1550-A Octave-Band 
Noise Analyzer or a Type 1554-A Sound and 
Vibration Analyzer is commonly used. The 
analyzer is usually connected to the output of the 
sound-level meter, which is set for a uniform 
response characteristic. 

6.3.2.1 Octave-Band Analyzer: The Type 

1550-A Octave-Band Noise Analyzer divides 
the audio spectrum into eight bands. The nom-
inal cut-off frequencies of these bands are 20-75, 
75-150, 150-300, 300-600, 600-1200, 1200-2400, 
2400-4800, and 4800-10,000 cps. Typical re-
sponse characteristics for this analyzer are shown 
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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 measured value 
of L, - L,, is entered at the abscissa of each graph, proceeding vertically the curve labeled with 
the measured value of -I, 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, Jr.) 
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TYPICAL RESPONSE CHARACTERISTIC OF GENERAL RADIO TYPE 1550-A CCTIVE BAND ANALYZER 
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in Figure 6-4. When this instrument is used with 
the sound-level meter, the sound-pressure levels 
obtained in these bands are called octave-band 
pressure levels. 
As mentioned above, the sound-level meter 

weighting is set for uniform response (usually 
the "C" position) when readings are taken on 
the eight bands of the octave-band analyzer. 

It is good practice to check that the sum of the 
individual band levels ( see Section 2.5) 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 procedure, 
because of faulty or incorrectly used equipment, 
or because the noise is of an impact type. Im-
pact-type noises sometimes give over-all levels 

Figure 6-5. A plot of the 

octave- band analysis of 
noise from a calculating 

machine. 

Graph paper for plotting 

octave and one-third- oc-
tave-band levels is avail-

able from CODEX Book 
Co., Inc. Norwood, Mass., 

31460 and 31462, respec-
tively. 

Figure 6-4. Typical re-
sponse characteristics of 

the Type 1550-A Octave-

Band Noise Analyzer. 

appreciably less than the sum of the levels in the 
individual bands even when the "FAST" posi-
tion of the meter switch is used. This result is 
obtained because of the inability of the meter to 
indicate the instantaneous levels occurring in 
very short intervals. 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 discrepancy is 
noted, the Type 1556-A Impact-Noise Analyzer 
should be used. 
When a graph is made of the results of octave-

band pressure level measurements, the frequency 
scale is commonly divided into equal intervals 
between the position designated for each band 

=TOTAL 

70 

TOTAL NOISE 

60 

— BACK-
GROUND 

50 

40 
BACKGROUND NOISE 

' -- -- 1 

30  

LL 
75 150 300 600 1200 

OCTAVE BAND LIMITS IN cps 

UU 

2400 4800 10,000 

36 



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 con-
nected by straight lines. An example of a plot 
of this type is given in Figure 6-5. 

6.3.2.2 Third-Octave and Narrow-Band An-
alyzer: The Type 1554-A Sound and Vibration 
Analyzer is continuously tunable from 2.5 to 
25,000 cps, in four ranges. A third-octave band 
and a narrower band are provided, and typical 
responses of this Analyzer at some representative 
settings of the tuning control are shown in the 
Vibration Section of this handbook. 
On the tuning dial, the calibration shows the 

frequency of maximum response, and the dots 
show the location of the standardized third-
octave center frequencies ( American Standards 
Association S1.6 — 1960). 
The third-octave band divides each 10-to-1 

tuning range into ten bands. In each band, the 
ratio of the upper cut-off frequency to the lower 
cut-off frequency is 1.26 to 1. The narrower 
band in effect divides the range into about three 
times as many 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 correspondingly 
greater. 

Figure 6-6. Plot of one-third 
octave- band analysis of noise 

from calculating machine. 
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The sound-pressure levels obtained from this 
analyzer used on the output of a sound-level 
meter are usually plotted as a function of fre-
quency with the frequency coordinates on a 
logarithmic scale. An example of this type of 
graph is shown in Figure 6-6. 

6.3.3 Spectrum Level: The spectrum level 
of a noise is the level that would be measured if 
an analyzer had an ideal response characteristic 
with a bandwidth of 1 cycle. The main use of 
this concept is for comparing data taken with 
analyzers of different band widths. Charts for 
converting to this spectrum level from the band 
levels obtained with the Type 1550-A and the 
Type 1554-A Analyzers are given in the accom-
panying table and in Figure 6-7. 

Geometric 
Band *Decibels Mean 

Frequency 

20 c 
75 c 
150 c 
300 c 
600 c 
1200 c 
2400 c 
4800 c 

- 75 c 
- 150 c 
- 300 c 
- 600 c 
- 1200 c 
- 2400 c 
- 4800 c 
- 10 kc 

18 
19 
22 
25 
28 
31 
34 
38 

39 c 
106 c 
212 c 
425 c 
850 c 

1700 c 
3400 c 
6900 c 

*To be subtracted from Type 1550-A readings to obtain 
spectrum level. 
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Figure 6-7. Plot showing number of decibels to be subtracted from Type I 554-A readings to 

obtain spectrum level. 

This conversion has meaning only if the spec-
trum of the noise is diontinuous within the meas-
ured band and if the noise does not contain prom-
inent pure-tone components. For this reason the 
results of using this conversion should be in-
terpreted with great care to avoid drawing false 
conclusions. 

The sloping characteristic given for the Type 
1554-A Analyzer in Figure 6-7 results from the 
fact that this analyzer is a constant-percentage-
bandwidth analyzer; that is, its bandwidth in-
creases in direct proportion to the increase in 
the frequency to which the analyzer is tuned. For 
that reason a noise that is uniform in spectrum 
level over the frequency range will give higher-
level readings for high frequencies than for 
lower frequencies, with this analyzer. 

6.3.4 Fluctuating Sounds: Two ballistic char-
acteristics are provided for the meter on the 
sound-level meter: The "FAST" position is 
normally used. It will be noticed, however, that 
most sounds do not give a constant level reading. 
The reading fluctuates often over a range of a 
few decibels and sometimes over a range of many 

decibels, particularly in analysis at low frequen-
cies. The maximum and minimum readings 
should usually be noted. These levels can be en-
tered on the data sheet as, say, 85-91 db or 
88+3 db. 
When an average sound-pressure level is de-

sired and the fluctuations are less than 6 db, a 
simple average of the maximum and minimum 
levels is usually taken. If the range of fluctua-
tion is greater than 6 db, the average sound-
pressure level is usually taken to be three decibels 
below the maximum level. In selecting this maxi-
mum level, it is also customary to ignore any 
unusually high levels that occur infrequently. 

The "SLOW" meter speed should be used to 
obtain an average reading when the fluctuations 
on the " FAST" position are more than 3 or 4 db. 
On steady sounds the reading of the meter will 
be the same for either the "SLOW" or "FAST" 
position, while on fluctuating sounds the 
"SLOW" position provides a long-time average 
reading. Usually, the reading in the "SLOW" 
position is nearly the same as the average de-
termined by the method given in the previous 
paragraph. 
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6.3.5 Graphic Level Recorder: The Type 
1521-A Graphic Level Recorder can be con-
nected to the output of a sound-level meter or 
analyzer to record the level of a noise as a func-
tion of time or frequency. The resulting infor-
mation is more complete than that obtainable 
from a few readings of the meter; and when ob-
servations over a long period are desired, the 
recorder can be unattended for most of the time. 
The range of levels that can be recorded de-

pends on which of three plug-in potentiometer 
assemblies is used. For most level recordings, the 
40-db unit, supplied with the recorder, should be 
used. 

For the recording of sound-pressure level vs 
time the recorder can be connected either to a 
sound-lev91 meter or, if the levels are high 
enough, directly to a microphone. The Type 
759-P25 Dynamic Microphone and Type 1551-
PI Condenser Microphone can be used directly 
with the recorder at levels above 80 db. A series 
resistance may be necessary to avoid distortion at 
high levels. 
When the recorder is used to record the output 

of a Type 1551-B Sound-Level Meter, a short, 
shielded wire should be used to interconnect the 
two instruments, as isolation against hum and 
other extraneous noise. 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 full 
scale on the chart. This setting can be made by 
means of the built-in calibrating signal of the 
Type 1551-B or the signal from a Type 1552-B 
Sound-Level Calibrator. The level from these 
signals usually produces a meter deflection of 
other than 0 db, and the difference should be 
taken into account. For instance, if the meter 
indicates +4 db, the recorded level with this 
signal applied should be 16 db below full scale 
on the recorder chart paper. 

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 switch (of the 
sound-level meter) is changed. The minimum 
observable level will be determined by the 
amount of background noise present, and the 
maximum level should be beyond full scale on 
the recorder. Except near these extremes, the 
recorded level should shift 10 db as the attenua-
tor setting is changed by 10 db. This check will 
serve to determine that stray pickup is low 
enough and that the instruments are operating 
satisfactorily. The attenuator on the sound-level 
meter should then (for recording) be set so that 
the recorded signal will be within the range of 
the recorder; the signal level should never be 
allowed to exceed full scale by as much as 10 db. 
The chart paper supplied with the recorder 

(Type CTP-505) has a linear time base, with a 

division every 1/4 inch. There are 40 divisions 
on the level scale, with every fifth line accented. 
Thus, with the 40-db potentiometer in use, each 
division on the level scale equals 1 db. The top 
division should be labeled as a sound-pressure 
level 20 db higher than the attenuator setting on 
the sound-level meter. 

The recorder offers a choice between fast and 
slow writing speeds. For most recordings, the 
fast (20 in./sec) speed should be used. How-
ever, the slower writing speed can often be used 
to advantage as a means of filtering out abrupt 
changes in level. 

Several paper speeds, from 2.5 inches per 
minute to 75 inches per hour (with a slow-speed 
motor) are available to the user, and choice will 
be based on the application at hand. Slow paper 
speeds can be used for long-period studies of 
noise produced by traffic, office machinery, in-
dustrial processes, etc. 
The recorder can also be used to plot the outs 

put of a sound analyzer, thereby recording a 
curve of the amplitude vs frequency of a noise 
source. Special link units couple the recorder to 
the Type 1304-B Beat-Frequency Audio Gen-
erator, Type 760-B Sound Analyzer, and Type 
1554-A Sound and Vibration Analyzer. Also 
available are chart papers specially calibrated for 
use with these analyzers. 

6.3.6 Impact Sounds: For many impact sounds 
it is desirable to know the value of the peak 
sound-pressure level that occurs as a result of the 
impact. This peak level should be measured by 
the Type 1556-A Impact-Noise Analyzer since 
on drop-forge impacts, for example, the peak 
sound-pressure level may be as much as 30 db 
above the maximum deflection observed on the 
sound-level meter. The metering system of the 
Type 1556-A Impact-Noise Analyzer is specially 
designed to indicate the peak levels. The ampli-
fier of the Impact-Noise Analyzer drives three 
measuring circuits simultaneously. Two of these 
circuits include storage capacitors, so that the 
signal can be stored electrically for a number of 
seconds. This arrangement makes possible the 
use of an ordinary indicating instrument for 
measurements on sounds whose levels rise and 
fall very rapidly. 
The Impact-Noise Analyzer will measure the 

output signal from a sound-level meter, an 
octave-band analyzer, or a magnetic-tape recorder. 
The controls of any of these instruments should 
be set so that the peak of the impact sound is 
within the normal operating range of the in-
strument. This setting cannot always be esti-
mated from the maximum reading of the in-
dicating meter on the instrument, because the 
peak value may be 30 db above that reading. 
If the Impact-Noise Analyzer is used at the time 
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of occurrence of the impact sound, it can be used 
to check that level. 

If a tape recorder is used in the field without 
an Impact-Noise Analyzer, the level controls 
should be set so that the indicating instrument 
reads at least 20 db (0.1) below full scale during 
the impact noise. Unless such a setting is used, 
the recorded signal may be seriously distorted 
and the value of the peak level measured will be 
too low. (See paragraph 6.7.1.) 

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 1551-B 
Sound-Level Meter and 1555-A Sound-Survey 
Meter, nevertheless, are suitable for most ap-
plications. When high temperatures are encoun-
tered, however, these microphones cannot be 
used. In addition, the measurement of high 
sound levels, the use of long cables between the 
microphone and the sound-level meter, and the 
measurement of high-frequency sounds with 
good accuracy may require the use of different 
types of microphones. These problems, as well 
as others that influence the choice of the micro-
phone, are discussed in the following para-
graphs. 

6.4.1 Low Sound Levels: A microphone used 
to measure low sound levels must have low " self-
noise", and it must produce an output voltage 
sufficient to override the circuit noise of the am-
plifier 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 24 db can be measured with 
it. The Type 759-P25 Dynamic Microphone 
Assembly is equally good, provided there are no 
strong low-frequency electromagnetic fields pres-
ent ( see paragraph 6.5.5). The Type 1551-P1L 
Condenser Microphone System is not so suitable 
because even under the best conditions its self 
noise is equivalent to about 40-db sound-pressure 
level. 

Microphone manufacturers build some units 
that have a better signal-to-self-noise ratio than 
the microphones regularly used for noise meas-
urements, 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 measurements, 
but they might be considered for some special 
low-level measurements. 

6.4.2 High Sound Levels: The Rochelle-salt 
microphone, supplied with the Type 1551-B 
Sound-Level Meter, and the Type 155I-PIL Con-
denser Microphone System can be used for the 
measurement of sound pressure levels up to 

150 db. The Type 759-P25 Dynamic Micro-
phone Assembly should not be used above 140 
db. The Type 1551-P1H System can be used up 
to 170 db. Certain blast microphones (such as 
those made by Atlantic Research Corporation, 
Alexandria, Va.; Chesapeake Instrument Cor-
poration, Shadyside, Md., and Massa Labora-
tories, Hingham, Mass.) can be used directly with 
the Type 1551-B Sound-Level Meter for sound-
pressure levels up to about 190 db. 

6.4.3 Low-Frequency Noise: The Rochelle-
salt-crystal-type and the condenser-type micro-
phones are well suited for measuring low- fre-
quency noise. In fact, with either of these two 
types of microphones, measurements may be 
made down to only a few cycles per second if 
special amplifiers, such as that provided by the 
Type 761-A Vibration Meter, are used. The 
Type 1551-B Sound-Level Meter is designed to 
cover the frequency range down to 20 cps, and 
even at 10 cps the response is down only 10 db. 
This 20-cps limit is adequate for almost all types 
of low-frequency noise. 
The Type 759-P25 Dynamic Microphone As-

sembly is not usually suitable for measuring low-
frequency noise. Its response, shown in Figure 
6-8b, drops abruptly below 35 cps so that im-
portant low-frequency components may be seri-
ously attenuated. 

6.4.4 High-Frequency Noise: The primary 
requirements 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 high-frequency performance are: 
1. Condenser microphone, 2. Dynamic micro-
phone, and 3. Rochelle-salt microphone. This 
fact is brought out most clearly by comparison 
of the three typical response curves of Figure 
6.8. 

Most machinery noises do not include strong 
high-frequency components, so that for measur-
ing over-all sound levels the high-frequency 
characteristic is not so important. In contrast, 
some noises have much energy in the high-fre-
quency end of the spectrum. Examples of these 
are noises produced by high-speed production 
equipment, textile looms and knitters, braiders, 
wood-working machinery, and jet and air blasts. 
Then the high-frequency performance deter-
mines the ultimate accuracy to be expected from 
the measurement. Similarly, if good accuracy is 
required in the region above 2000 cps in de-
termining the frequency spectrum by analysis, 
the microphone performance must be good or 
accurately known. When such a frequency analy-
sis is made, corrections can be applied for the 
frequency characteristic of the microphone as 
described in paragraph 6.6.3. 
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The Type 1551-P1 Condenser Microphone 
System can be used for measurements up to 
20,000 cps, and measurements rarely need to be 
made on air-borne sounds at frequencies higher 
than 20,000 cps. For some research investiga-
tions much higher frequencies have been meas-
ured by use of microphones specially designed 
for the purpose. 

6.4.5 High or Varying Temperature: Al-
though most noise measurements are made in-
doors at average room temperatures, some meas-
urement conditions expose the microphone to 
much higher or lower temperatures. When these 
conditions are encountered, it is essential to know 
the temperature limitations of the equipment. 
The maximum safe operating temperature for 

Rochelle-salt crystal units is about 45°C ( 113°F). 
At 55.6°C ( 132°F) the Rochelle-salt crystal is 
permanently 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 
sun. 
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The maximum safe operating temperature for 
the microphone probe of the Type 1551-P1 Con-
denser Microphone System is about 100°C 
(212°F), and the microphone in the Type 759-
P25 Dynamic Microphone Assembly will operate 
to 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 possible 
without special low-temperature batteries. 

Microphones are usually calibrated at normal 
room temperatures. If a microphone is operated 
at other temperatures, its sensitivity will be some-
what different, and a correction should be ap-
plied. The correction for sensitivity for the 
Rochelle-salt crystal microphone as a function of 
its operating temperatures is shown in Figure 6-9. 
When the microphone is operated directly into 
the sound-level meter, the correction is relatively 
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Figure 6-8. Typical response curves for three different microphones when used with the Type 
I 551-13 Sound-Level Meter. (Top left) (a) Rochelle-salt crystal microphone normally supplied with 
the Type 155I-B; (fop right) (c) the Type 1551- PI L Condenser Microphone; (bottom) (b) the 

Type 759-P25 Dynamic Microphone. Random response assumes that the microphone is placed 
in a diffuse sound field. 
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small. When the microphone is at the end of a 
long cable, the correction becomes large, as 
shown in Figure 6-9, because the capacitance of 
the microphone varies markedly with tempera-
ture. This change in capacitance is relatively 
unimportant when the microphone operates di-
rectly into the sound-level meter. But when a 
cable 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 sensitivity of the dynamic microphone 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 frequen-
cy range the variation for 50°F change appears 
to be less than 1 db. 
The condenser microphone used on the Type 

1551-P1 Condenser Microphone System has a 
temperature coefficient of sensitivity of about 
- 0.02 db/°F. 

6.4.6 Humidity: Long exposure of any micro-
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 percent). The Rochelle-salt crystal 
unit in the microphone, however, is protected by 
a coating so that it is relatively unaffected by 
high humidity. Nevertheless, it is wise to avoid 
unnecessary exposure. A Rochelle-salt micro-
phone 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 

essential that very little electrical leakage occur 
across the microphone. The exposed insulating 
surface in the microphone has been specially 
treated to maintain this low leakage even under 
conditions of high humidity. In spite of this 
precaution, the leakage may become excessive 
under some conditions. Then it may be advi-
sable to keep the microphone at a temperature 
higher than the ambient temperature to reduce 
the leakage. In climates where the humidity is 
normally high, it is recommended that the micro-
phone itself be stored in a small jar containing 
silica gel. 
The dynamic microphone is relatively unaf-

fected by normal changes in humidity. 
6.4.7 Hum Pickup: Dynamic microphones can 

readily pick up undesired electrical signals by in-
duction from the external magnetic field of 
equipment such as transformers, motors, and 
generators ( see paragraph 6.5.5). 

6.4.8 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 point where the sound-
pressure level is desired. Then an extension 
cable is ordinarily used to connect the microphone 
to the instruments. If this cable is short, any of 
the microphones can be used. A correction for 
level is necessary, however, when the Rochelle-
salt type microphone is used with an extension 
cable, as shown in Figure 6-9. This level correc-
tion depends on the temperature of the micro-
phone ( not the cable) at the time the measure-
ment is made. This correction can be determined 
from Figure 6-9 or by use of the Type 1552-B 
Sound-Level Calibrator as described in para-
graph 6.6.2. 
The Type 759-P25 Dynamic Microphone As-

sembly can be used with shielded, twisted-pair 
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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 1551-P1 Condenser Microphone 
System includes a 10-foot cable between the mi-
crophone 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-B Sound-Level Meter. 
The use of this cable will result in a slight re-
duction in sensitivity at high frequencies as ex-
plained in the instruction book for the Type 
1551-P1 Condenser Microphone System. 

6.4.9 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 nondirectional 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 these 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 these 
variations is shown by the frequency response 
characteristics of the different microphones (see 
Figure 6-8). 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 many different directions. Then the 
orientation of the microphone is not critical, and 
the response is assumed to be that labeled "RAN-
DOM" incidence. Under these conditions, never-
theless, it is usually desirable to avoid having 
the microphone pointing at a nearby hard sur-
face from which high-frequency sounds could 
be reflected to arrive perpendicular (0° in-
cidence) 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 sym-
metry 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 some acoustic absorbing 
material placed on the reflecting surface. 
When measurements are made in a reverberant 

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 about 70° from the axis of the 
microphone. When the microphone is near the 
source most of the sound comes directly from the 
source, and a 70° incidence response applies. 
On the other hand, near the boundaries of the 
room the incidence is more nearly random, and 
the random-incidence response applies. These 
two response curves are nearly the same so that 
there is little change in the effective response 
characteristic as the microphone 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 

6.5.1 Effect of Room and Nearby Objects: 
The sound that a noise source radiates in a room 
is reflected by the walls, floor, and ceiling. The 
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 boundaries 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 ab-
sorption 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 reverberant 
and 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 7. 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 room 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 does not con-
tribute appreciably to the measured value. This 
requirement usually means that the room should 
be heavily treated with absorbing material. Acous-
tic absorbing material, however, is not uniform-
ly 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 American Standard 
Test Code for Apparatus Noise Measurement, 
Z24.7-1950, requires the following: 
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3.1.1 . . . To insure that reflected sound 
does not contribute appreciably to the read-
ings, 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 apparatus, where re-
flected 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 doe3 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 
sound 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 pres-
sure 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 bandwidth 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 wave exists. If 
any small standing-wave pattern remains, the av-
erage of the maximum and minimum decibel 
readings should be taken. If the differences are 
more than 6 db, the level should be taken as 
3 db below the maximum readings that occur 
frequently. This standing-wave pattern, how-
ever, 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 7. 

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. In gen-
eral, no objects, including the observer, should 
be close to the microphone. If it is impractical 
to follow this principle, the objects should usu-
ally 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 
readily be set into vibration at certain frequen-
cies. 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 
distance from the source. The sound should de-
crease, when not very close to the source, about 
6 db as the distance is doubled. This procedure 
also checks for reflections in general; for careful 
measurements, the check should be made in each 
octave band. 
When the acoustic environment is being meas-

ured, no change should be made in the usual 
location of equipment, but the sound field should 
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 
noise source. 

6.5.2 Effect of Observer and Meter Case on 

Measured 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 ob-
server in another room with only the source, the 
microphone, the extension cable, and a minimum 
of supporting structure in the dead room. 

For many measurements, however, it is most 
convenient to be able to carry the sound-level 
meter or sound-survey meter around. When held 
in the hand, 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 6-10. These data show the 
difference 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 
occu,r for most noises. The only important excep-
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 6-10. There 
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Figure 6-10. Effect on fre-
quency response as a result 
of using the microphone di-
rectly on the swivel post of 
the instrument ( in two posi-
tions) without an observer 
present and the extent of the 
effect with an observer pres-
ent. The decibel readings 
were obtained using a single-
frequency, plane, acoustic 
wave in an anechoic cham-
ber, and they are the differ-
ences between the response 
under conditions shown and 
the response of the micro-

phone 3Ione. 
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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 extension 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. 

6.5.3 Effect of Background Noise: Ideally, 
when a noise source is measured, the measure-
ment should determine only the direct air-borne 
sound from the source, without any appreciable 
contribution from noise produced by other sourc-
es. In order to insure isolation from other 
sources, the measurement room may need to be 
isolated from external noise and vibration. As 
a test to determine that this requirement has been 
met the American Standard Test Code for Ap-
paratus Noise Measurement, Z24.7-1950, spe-
cifies the following: 

"3.1.2 Ambient Sound. The ambient sound 
level at the test location should be at least 

100 200 mo 2000 

FREQUENCY IN CYCLES PER SECOND 

10000 

8 db, preferably 10 db or more, lower than 
the sound level due to the apparatus. Correc-
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 6-11. The procedure is as fol-
lows: After the test position has been selected 
according to the test code and after exploration 
of the field as outlined in paragraph 6.5.1, 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 use of 
the correction should be regarded as only indica-
tive of the true level and not as an accurate 
measurement. If the difference is greater than 
10 db, the background noise has virtually no 
effect; and the reading with the apparatus op-
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erating is the desired level. An example of a 
situation intermediate between these two is as 
follows: The background noise level is 77.5 db, 
and the total noise with the machine under test 
operating is 83.5 db. The correction, from the 
graph of Figure 6-11, for a 6.0-db difference, is 
1.2 db, so that the corrected level is 82.3 db. 
When apparatus noise is analyzed, the back-

ground noise 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 dif-
ferent from that of the noise to be measured, and 
the corrections in each band will be different. 

If this difference 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 work on the source or sources 
of this background noise to reduce the noise di-
rectly. The second step is to work on the trans-
mission path between the source and the point of 
measurement. This step may mean simply closing 
doors and windows if the source is external to the 
room or it may mean erecting barriers, applying 
acoustic treatment to the room, and opening 
doors and windows if the source is in the room. 
The third step is to improve the difference by 
the method of measurement. It may be possible 
to select a point closer to the apparatus, or an 
exploration of the background noise field may 
show that the measuring position can be shifted 
to a minimum of this noise. The latter possibility 
is more likely when an analysis is being made and 
the background level in a particular band is un-
usually high. It may also be possible to point 
the microphone at the apparatus to obtain an 
improvement at high frequencies (see Figure 
6-8) ; it may be necessary to use a directional mi-

to 

Figure 6-11. Background 

noise correction for sound-
level measurements. 

crophone; or it may be desirable to use a vibra-
tion pickup (see paragraph 6.7.3). 

6.5.4 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 
700 micromicrofarads for the Rochelle-salt mi-
crophone on the Type 1551-B. A correction can 
then be made for this noise, if necessary, by the 
same procedure as outlined for background noise 
in paragraph 6.5.3. If the circuit noise is com-
parable to the noise being measured, some im-
provement in the measurement can usually be 
obtained by use of an octave-band analyzer. The 
circuit noise in each band should be checked also 
to see if correction is necessary. (See also para-
graph 6.3.2.) 

6.5.5 Hum Pickup: When noise is measured 
near electrical equipment, a check should be made 
that there is no appreciable pickup of electro-
magnetic field in the sound-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 

46 



significant 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 the 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-
tions 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 Ro-
chelle-salt or condenser-type microphones, which 
are relatively free from hum pickup. 

If the hum pickup is in the 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 60-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 a check of the instruments indiv-
idually. If each is 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. 

6.5.6 Microphonics at High Sound Levels: 
All vacuum tubes are affected by mechanical vi-
bration. Those used in the sound-measuring 
equipment have been selected to be less sensitive 
to vibration than the usual types. But at suf-
ficiently 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 are 
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 indicated 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 effect! 
of the solid-borne vibrations are not usually im 
portant in the standard, sensitive microphone 
because of the type of construction used; bu 
these vibrations are usually of great importance 
for the low-sensitivity microphones used in the 
measurement of high sound levels. A mechan-
ically 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. 

6.5.7 Humidity Effects: High humidity can 
affect the operation of some microphones (see 
paragraph 6.4.6) and of some instruments. Of 
those instruments regularly used in noise meas-
urements, only the Type 1554-A Sound and 
Vibration Analyzer is seriously affected by hu-
midities ordinarily encountered. In relative hu-
midity over 65 percent, this instrument may not 
function properly on the lowest range (2.5 to 
25 cps). 

6.5.8 Mounting of the Device under Test: 
It is common to notice that the noise level pro-
duced by a machine is highly dependent on its 
mounting. A loose mounting may lead to loud 
rattles and buzzes, and contact to large resonant 
surfaces of wood or sheet metal may lead to a 
sounding-board emphasis of various noise com-
ponents. For these reasons particular care should 
be given to the method of mounting. In general, 
the mounting should be as close to the method of 
final use 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 measure-
ments may not be sufficient to predict the ex-
pected behavior, because of the difference in 
transmission of noise energy through the sup-
ports. The usual alternative is to use a very 
resilient mounting so that the transmission of 
energy to the support is negligible. (See also 
ASA Standard Z24.7-1950, Section 3.2.) 

6.5.9 Position of Microphone: In previous 
sections of this chapter some comments have 
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been made on various aspects of the problem of 
placing the microphone in the most satisfactory 
position for making the noie measurement. Be-
cause of the importance of this placement, this 
section will summarize these comments. In 
general, the location is determined by the type 
of measurement to be made. For example, the 
noise of a machine is usually measured with the 
microphone placed 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 accord-
ing to the methods and the placement given in 
Chapter 7. 

General principles that should be followed in 
locating a microphone for a test code measure-
ment are given in the American Standard Test 
Code for Apparatus Noise Measurement, Z24-7-
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 7. 

This standard points out the importance of 
exploring the noise field before deciding on a 
definite location ( see paragraph 6.5.1) 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 7. 
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 the microphone has 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 of 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 im-
portant also 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 during 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, 
however, 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 in-
struments 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 Gen-
eral Radio line of sound-level equipment, and 
these will be discussed in this section. These 
checks can be made as routine maintenance 
checks, and some of them (paragraphs 6.6.1 and 
6.6.2) should usually be made before and after 
any set of noise measurements. 

In addition to these routine checks, more com-
plete calibration of the system may be desirable 
for accurate measurements, particularly above 
1000 cps. These calibrations are also discussed 
in this section. 

6.6.1 Electrical Circuit Calibration: All Gen-
eral Radio sound-level meters have built-in cal-
ibration circuits for checking amplifier gain. The 
method used in earlier models required voltage 
from a power line, but the Type 1551-B sim-
plifies the procedure by an internal comparison 
method. In each case the gain of the amplifier 
is compared with the attenuation of a stable, 
resistive attenuator. 

This test does not check the sensitivity of the 
microphone and the indicating instrument; these 
tests are discussed in the next section. The in-
dicating instrument is rugged and relatively un-
affected by temperature changes. Its tempera-
ture coefficient is about — 0.02 db/°F. 

6.6.2 Acoustic Calibration at 400 cps: The 
Type 1552-B Sound-Level Calibrator (see Fig-
ure 4-8) provides a single calibration of the 
over-all system at 400 cps. When 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 calibrator produces 
a 120-db sound-pressure level. It can be used 
also on the Type 1551-A Sound-Level Meter, 
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-PI Condenser Microphone System; but the 
level developed for each microphone type will 
be different. The level to be expected is stated 
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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 6-11). 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 calibration. 

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 elec-
trical circuit calibration, the acoustic calibration 
agrees within about 1 db, including temperature 
corrections, the system can be assumed to be 
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 West Concord. 

In the interests of maintaining accuracy in 
sound measurements, another calibration service 
is provided for owners of General Radio sound-
level meters ancl Sound-Survey Meters. If these 
instruments are brought in to one of the General 
Radio offices, the level at 400 cps will he checked 
by means of an acoustic calibrator. This calibra-
tion will usually show if the instrument is op-
erating correctly. If there is a serious discrepancy, 
the situation will have to be handled as a regular 
service problem. 
The calibrator can also be used to measure 

the microphone cable correction (see paragraph 
6.4.8) provided the background noise is suffi-
ciently low. The procedure is as follows: 1. 
After the noise measurement has been made, the 
calibrator is put on the microphone with the mi-
crophone at the end of the cable, and a 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 readings is the cable correctión. 

6.6.3 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 
dominate, 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 performance of the microphone is less 

uniform with frequency than that of any other 
element of the sound system. For high accuracy 
in measurements above 2000 cps, it is usually es-
sential to have a calibration of the microphone 
response characteristic as a function of frequency. 
When this calibration is available and an analysis 
of a noise is made, correction can be made for 
the deviation from uniformity of the microphone 
frequency-response characteristic. 

The accurate calibration of a microphone in 
terms of sensitivity vs frequency requires elabor-
ate facilities. Only a few laboratories (e.g., 
The National Bureau of Standards) offer such 
calibration as a regular service. General Radio 
Company will calibrate response vs frequency 
only for those microphones that it supplies. Such 
calibration is less expensive if included in the 
original order for the microphone than if the 
microphone is returned for calibration. (The 
frequency-response characteristic of the Type 
1551-P1 Condenser Microphone is supplied with 
the microphone, at no additional cost.) 

At General Radio, a free-field perpendicular-
incidence calibration is made by comparison 
with laboratory-standard condenser microphones 
(American Standard Specification for Laboratory 
Standard Pressure Microphones, Z24.8-1949), ac-
cording to the methods given in American Stand-
ard Method for the Free-Field Secondary Cali-
bration of Microphones, Z24.11- I954. The work-
ing standard microphones are periodically com-
pared with a condenser microphone that has been 
calibrated at the National Bureau of Standards. 
They are also periodically calibrated on an ab-
solute basis by the reciprocity method given in 
American Standard Method for the Pressure 
Calibration of Laboratory Standard Pressure Mi-
crophones Z24.4-1949. 

Since the sound-level-meter standard ( Ameri-
can Standard Sound-Level Meters for Measure-
ment of Noise and Other Sounds, Z24.3-1944) 
is based on a random-incidence specification, 
data for converting the perpendicular-incidence 
calibration to random incidence and to grazing 
incidence are included with calibrations sup-
plied by General Radio. 
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6.6.4 Comparison Tests Among Different 
Sound-Level Meters: When measurements are 
made on the same noise with 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 6-8 
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 pur-
poses of meeting certain tolerances the average 
level of an instrument made by one manufac-
turer 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, seri-
ous discrepancies can, of course, be expected. 

In order to set an upper limit to these differ-
ences among sound-level meters, the "American 
Standard for Sound Level Meters", Z24.3-1944, 
sets certain tolerances on the prescribed frequen-
cy characteristics. Representative values are as 
follows: 

Frequency-cps 
25 
60 

300 to 1100 
2000 
3000 
5000 

Tolerances-db 
— 9.5 

+3, — 3 
+2, — 2 
+3, — 4 
+4, — 5.5 
+5, — 7.5 

8000 +6, — 9.5 

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 4 
as useful auxiliary equipment. The use of these 
instruments will now be discussed. The instru-
ments to be discussed have many controls, which 
must be properly set in order to obtain useful in-
formation. It is wise, therefore, to become thor-
oughly familiar with the instruments, by using 
known signals for practice, before attempting to 
use them on a noise problem. 

6.7.1 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 4. When meas-
urements are to be made on the recorded noise, 
a high-quality instrument must be used to insure 
accurate results. The recorder should have a flat 

frequency characteristic over a wide frequency 
range, low hum and noise level, low nonlinear 
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 required 
characteristics are more readily obtained and main-
tained 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 nonuniformity. 
The 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. 

6.7.1.1 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 de-
termined. It is sometimes desirable to record this 
reference signal several times during the course 
of the recording. The Type 1552-B Sound-Level 
Calibrator can supply this signal. It should be 
used on the microphone that supplies the elec-
trical 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 accu-
rately determined on playback, even if the back-
ground noise is relatively high, by use of 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 bandwidth 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 ( 2 '/ x 0.003 x 400). 
The Type 1554-A Sound Analyzer, when tuned 
to 400 cycles, is uniform in response to within 
1 db of the peak value over a band of 16 cycles. 
Therefore its response will be satisfactory for 
measuring this 400-cycle signal with a flutter of 
0.3 e . 

6.7.1.2 Direct Connection of Microphone: 
When signal levels over a wide range are to be 
recorded, or when analysis of the recorded noise 
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is required, direct connection of the microphone 
output to the recorder is often desirable. This 
connection avoids the circuit noise that invariably 
must reduce the dynamic range when a sound-
level meter is inserted between the microphone 
and the recorder amplifier. When the Type 1551-
PI Condenser Microphone System is used, the 
sound-level meter and the recorder can be con-
nected in parallel, by means of the two outputs 
provided on the case for the Type 1551-P1. 
When this is done, however, the combined im-
pedance of the two connecting cables and the 
input circuit of the tape recorder should be kept 
as high as practical. This usually means that 
short cables should be used. The effect on the 
measured sound level of adding the recorder cir-
cuit is indicated by the difference in measured 
noise level with and without the recorder plugged 
into the Type 1551-P1 Power Supply. 

6.7.1.3 Analysis 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 
several seconds. Each of these lengths is then 
spliced into an endless loop, which is played 
back continuously through the recorder, and the 
output is analyzed. If the absolute level is de-
sired, a sample of the recorded reference signal 
should be measured with the same control set-
tings 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 
if the playback is repeated a few times. On each 
playback the level in one or more bands can 
usually be noted if the over-all level is essentially 
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 limit-
ed 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. 

6.7.1.4 Subjective Comparisons: Magnetic 
tape recordings can be used for the subjective 
comparison of various noises. The direct sub-
jective comparison of noises may be impractical 
in some instances because the noises are not avail-
able at the same place or at times that permit 

comparisons without long delays. When tape re-
cordings are made of such noises, these record-
ings can be played back and compared with rela-
tive 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 is possible. 
Binaural recordings seem to be more satisfactory 
for this comparison test than single-channel re-
cordings, 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 re-
cording can be set to the proper level without 
relying on complete stability of recording gain 
characteristics for all the recordings. 

6.7.2 Cathode-Ray Oscilloscope: A cathode-
ray oscilloscope having a tube with a lorg-per-
sistence 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 oscilloscope is ordinarily used when the 
wave form is to be photographed. Otherwise, 
for field use, one of the smaller oscilloscopes is 
frequently more convenient. 

6.7.2.1 Connections and Adjustments: The 
vertical-amplifier input terminals of the cathode-
ray oscilloscope should be connected to the out-
put of the sound-level meter by means of a short, 
shielded cable. The controls on the oscilloscope 
should usually be set as explained in the instruc-
tion book for the oscilloscope. The gain of the 
vertical amplifier can be set in a number of ways. 
For those who are inexperienced, the following 
procedure may be found useful. A reference 
sine-wave signal should be applied to the sound-
level meter (for example, the calibrating signal 
in the sound-level meter or the 400-cycle signal 
from the Type 1552-B Sound-Level Calibrator). 
Note the reading on the meter, and then adjust 
the vertical-amplifier gain to obtain a peak-to-
peak ( total vertical excursion) deflection accord-
ing to the following schedule for a five-inch 
screen. 

Meter reading Peak-to-peak deflection 
db inches 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
1.12 
1.26 
1.41 
1.59 
1.78 
/.0 
2.24 
2.51 
2.82 
3.16 
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The gain control on the oscilloscope 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 noise signal 
is applied. 
The attenuator on the sound-level meter should 

be set so that maximum deflection produced by 
the noise signal is within the range shown on 
the above schedule. The decibel value corres-
ponding to this deflection is then obtained from 
the above schedule. The equivalent sine-wave 
level is sometimes given as that decibel value 
plus the setting of the sound-level-meter attenu-
ator. 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 rms value used for the meter calibration. This 
difference between the peak-to-peak value as de-
termined on an oscilloscope and the value in-
dicated on the meter will depend on 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. 
The most convenient means of measuring im-

pact noises is by use of the Type 1556-A Impact 
Noise Analyzer (see paragraph 6.3.6). 

6.7.2.2 Wave-form Observations: The oscil-
loscope 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 im-
portant to know how rapidly this level is reached 
and how rapidly the level decays after the peak. 
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 
selection of a sweep rate that displays the wave 
form with good separation of the rise and decay 
transient. Then this sweep can be calibrated by 
use of a sine-wave signal of known frequency. 
Usually both of these displays should be photo-
graphed in order that suitable length measure-
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-
scope instruction book. When it can be used, this 
timing system is usually more accurate than one 
that depends on sweep stability. 

6.7.3 Vibration Measuring Instruments: Many 
air-borne sounds are produced as a "result of the 
vibration of solid materials. The amplitude and 
spectrum of these sounds are determined in large 
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 the solution of 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 measurements is given in the 
Vibration Section of this handbook. 

Another noise-measuring problem that can 
sometimes be solved by the use of a vibration 
pickup is the following. The noise output of 
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 be 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 vibration meas-

Figure 6-12. The Type 1560-P11 Vibration 
Pickup System used with the Type 1551-B 

Sound-Level Meter. 
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urernents will provide the essential information 
needed for a noise comparison of the machines. 

6.7.4 Earphones and Stethoscope: A pair of 
high-quality earphones with tight-fitting earphone 
cushions is a useful accessory for noise measure-
ments, and high-impedance 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 microphonics (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 
earphone 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 use of an attenuator setting on the 
sound-level meter 10 db lower than that required 
for a satisfactory reading on the meter. This 
change of 10 db is usually not enough to over-
load 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 situation. 
When the noise level is very high, the ear-

phones on the sound-level meter may be useful 
in improving speech communication between ob-
servers during a measurement run. One observer 
wears the earphones, then the other observer 
shouts into the sound-level meter microphone. A 
definite improvement in speech communication 
usually results. 
A similar procedure using a nonelectrical, 

medical stethoscope is also possible. One obser-
ver has the ear tips in place, 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 OF MEASUREMENTS 
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 6-13a and 6-13b. 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 were made. 

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

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

Dimensions, name-plate data and other 
pertinent facts including speed and 
power rating. 
Kinds 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 re-
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 calibration 

tests. 
9. Weighting network and meter speed used. 

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

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

each microphone position. 
Device under test not operating. 

12. Cable and microphone corrections. 
13. Date and time. 
14. Name of observer. 

When the measurement is being made to de-
termine the extent of noise exposure of person-
nel, the following items are also of interest: 

1. Personnel exposed—directly and indirectly 
2. Time pattern of the exposure. 
3. Attempts at noise control and personnel 

protection. 
4. Audiometric examinations. 

Method of making examinations. 
Keeping of records. 
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SOUND SURVEY  
DATE 

ASSURED 

ADDRESS 

INSTRIBOITS USED  
SOUND—LEVEL METER — TYPE  MODEL #  

MICROPHONE  TEMP   CABLE (Length) 

ANALYZER — TYPE  MODEL # 

OTHERS  

NOTE: If noise is directional, record — Distance of the source, microphone 
position, incidence on microphone (Normal, Grazing, Random). 

INDUSTRY  TYPE OF MACHINE   

MACHINE MODEL #  NUMBER OF MACHINES   

LOCATION OF MACHINE IN ROOM   

ENVIRONMENT (Type of building, walls, ceiling, etc.; other operations, any 
attempts at sound control) 

PERSONNEL EXPOSED — DIRECTLY INDIRECTLY   

EXPOSURE TIME PATTERN   

ARE EAR PLUGS WORN   TYPE  

ARE THERE AUDIOMETRIC EXAMINATIONS   

PREPLACEMENT  PERIODIC   

Note information as to who makes these examinations, conditions 
under which they are made, time of day they are made, where records 
are kept. 
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Figure 6-I3a. A two-page sound-survey data sheet courtesy of Loss Prevention Department Lib-
erty Mutual Insurance Company. 
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(TEST NO 
DATE 
METER 

ANALYZER 
MICROPHONE 

\fIECORDEPBY  

LOCATION 
OPERATION 

O 

SKETCH 

0 0 0 

TIME 

TEST NO. SEbOND SHEálT NO. 0 0 REC.0,13Y 
0 

Decibel Range Re 0 0002 Microbar- C Network- Fast Position  
u— .. veraii TO 75 75 - 150 150- 300 300-600 600- 1200 1200-2400 2400-4800 4800 UP 

I 

2 

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

I 

2 

3 
\--

Figure 6-136. A noise-level field data sheet courtesy of Illinois Committee on Noise in Industry, 
sponsored by the Industrial Hygiene Unit, Factory Inspection Division, Illinois State Department 

of Labor. 

6.9 A NOISE PROBLEM 
In order to illustrate some of the procedures 

given in this chapter, this closing section will 
describe how an industrial noise problem might 
be handled. 
An oil pump, used in a production setup to 

supply oil at high pressure to a number of hy-
draulic presses, was so noisy that the workmen 
objected to using it. This pump had been, in-

stalled 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 
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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 chosen to 

take to the factory: 

Type 1551 Sound-Level Meter (with regular 
Rochelle-salt microphone) . 

Type 1550-A Octave-Band Noise Analyzer. 
Type 1555-A Sound-Survey Meter. 
Type 1554-A Sound and Vibration Analyzer. 
Type 759-P35 Vibration Pickup.* 
Type 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 Sound-Level Meter was calibrated by 

means of its own built-in calibration cir-
cuits. 

4. The octave-band analyzer was connected 
to the sound-level meter, and, with the 
1000-cycle signal from that instrument, its 
gain was set properly on the over-all band. 
The band switch was switched through the 
bands to see that the expected behavior 
was obtained. 

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

6. A Type 1552-B Sound-Level Calibrator 
and a Type 1307-A Transistor Oscillator 
were used to check the over-all calibration 
of the sound-level meter. 

7. The noise from a nearby ventilatort was 
measured with the Octave-Band Analyzer 

*Now superseded by Type 1560-P11 Vibration Pickup 
System, comprising Type 1560-P51 Vibration Pickup 
and Type 1560-P21 Control Box. 

the noise source used for this check has strong 
low-frequency components, a difference of 2 to 3 db 
may occur between the readings of the sound-level 
meter and the over-all level on the Octa%e-Band Noise 
Analyzer. Such a discrepancy is caused by the drop in 
the response of the Octave-Band Noise Analyzer at very 
low frequencies ( see Figure 6-4). 

to see that all the bands were operating 
properly. 

8. The earphones were connected to the out-
put of the Sound-Level Meter. The attenu-
ator was set at 90 db, the approximate ex-
pected level of measurement. Then the 
case of the instrument was gently tapped 
with one finger. Listening to the output 
indicated that the vacuum tubes were not 
particularly 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 dur-
ing measurements. At the pump, the obvious 
data were recorded. It was rated at 5 gallons 
per minute at 3000 psi, and it was 6 inches 
long and 51/2 inches in diameter with seven 
knobs projecting from the outer cylinder. These 
knobs apparently corresponded to the seven 
cams of the pump. The pump was driven 
through a three-pronged flexible coupling by a 
10-hp, 60-cycle, 1730-rpm, induction motor. This 
motor was air cooled. The oil storage and heat ex-
changer tank was about 25 inches long and 15 
inches in diameter. These three main 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-inch-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 were connected to 
the storage tank. Two of these were 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 dif-
ferent presses. 
The factory itself was of heavy reinforced 

concrete construction with no acoustic treatment. 
Numerous small machines, benches, storage racks, 
cartons, and other items were arranged in orderly 
fashion throughout the large factory space where 
this pump was located. 
When the pump was turned on, it was clear 

why the men complained. It was very noisy. 
There were no obvious rattles from loose pieces, 
however, 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 dropped 
noticeably as one went away from the pump. The 
units mounted on the steel frame appeared to be 
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Figure 6-14. 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 I 554-A Sound 
and Vibration Analyzer. Background band levels are shown by horizontal dashed lines; solid hor-

izontal lines represent pump noise plus background. 

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 inches from 
the pump shaft, was on the Sound-Level Meter, 
which in 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 point to make certain that the 
background noise from other machines would not 
obscure any significant components. 
The calibrating signal from the Sound-Level 

Meter was used to calibrate the analyzer as well. 
With the pump turned on, the output from the 
analyzer was monitored by the pair of ear-
phones. In the over-all position, there was no 
indication of microphonics in the noise 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 noise 
heard from the machine. 
The complete analysis was made at this point 

as shown in the data sheet of Figure 6-14. 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 noise 
was in the range from 150 to 2400 cps. 

There were no apparent 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 nothing important would 
be overlooked, an analysis of the noise was also 
made with the Type 1554-A Sound and Vibra-
tion Analyzer in the narrow-band mode. The 
only discrete components (definite peaks in re-
sponse as the analyzer was tuned) that were ob-
served are listed on the data sheet. Of these 
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. 
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WA LL 

PUMP 

12' TO PUMP 

ELEV = 3' 

DISTANCE MEASURED 
DIRECTLY TO PUMP 

ELEVATIONS WITH 
RESPECT 
TO FLOOR 

MICROPHONE 
LOCATION SOURCEA 

OVER- 
ALL 

20 
75 

75 
150 

150 
300 

300 
600 

600 
1200 

1200 
2400 

2400 
4800 

4800 
10000 

A Pump + Bkgd* 86 72-76 78 76 80 78 81 76 74 

A Bkgd 76-78 72-76 72 65 61 58 58 62 63 

B Pump + Bkgd 89 72-76 74-78 81 85-86 81-83 82-83 76 75 

B Bkgd 76 70-74 66 62 61 59 64 70 66 

C Pump + Bkgd 88 74-78 76-78 80 84 82 82-83 77-78 75 

C Bkgd 76-78 72-74 72-74 60 57 56 56 62 62 

D Pump + Bkgd 87-88 72-76 75=77 82 82 79 82 74 72 

E Pump + Bkgd 84-85 70-74 74 78 80 76 76 72 71 

*Bkgd = Background 

Figure 6-15. 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. 

The next step was to use a vibration test to 
find out if the mounting was satisfactory. The 
vibration pickup and control box were connected 
to the sound-level meter, and the sound analyzer 
was also used. Exploration with the pickup and 
the analyzer showed the following behavior. The 
pump itself was vibrating most strongly; the 
high-frequency components 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 in-
significant. 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 12 feet away. The results of these 
analyses are shown in the data sheet of Figure 
6-15. 
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 Chapter 8 indicated that 
a 20-db reduction in noise level in the bands 
from 300 to 2400 cps would have been desirable. 

Therefore, as a solution 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 
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for air ventilation. The housing should be 
treated on the inside with acoustically absorbing 
materials. 
A third solution is to move the pump to an-

other location outside the working area, and 
this solution was adopted. The pump was moved 
to a nearby boiler room. 
The use of earplugs, sometimes a solution to 

noise problems, was not adopted here because of 
the need for communications and the reluctance 
of personnel to wear such devices except as a 
last resort. 

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 flexible 
couplings 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. 

59 



CHAPTER 7 

NOISE SOURCE CHARACTERISTICS 

7.1 INTRODUCTION 
More and more apparatus is being rated for 

noise. This rating is usually intended to make 
possible 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 part of the rating. We 
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 db at a distance of three feet. This level 
may have been calculated by an averaging 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 db 
at three feet. Naturally, the purchaser feels that 
he should complain because the machine was in-
correctly rated; perhaps he returns the compres-
sor, or he decides that he can no longer trust 
the manufacturer. Actually, the manufacturer 
may have been entirely correct in his noise meas-
urements, but the rating was inadequate. The 
difference of 5 db may have been caused by in-
correct installation, but usually such a difference 
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 char-
acteristics, it would have been possible to predict 
this effect. 

Another part of this problem is the prediction 
of levels at places in the factory other than at 
the three-foot distance. For example, the near-
est worker may be 20 feet away, and the level at 

a distance of 20 feet is then more important than 
at 3 feet. Again, a knowledge of the acoustic 
power radiated and the acoustic characteristics 
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 measure-
ments of the sound-pressure level at a number of 
points around the noise source. The technique 
for measuring sound-pressure level has already 
been discussed in Chapter 6. We shall discuss 
here the selection of the points at which the 
sound-pressure level is measured, the method of 
calculating the power and directivity, and the re-
quirements on the characteristics of the space in 
which the measurement is to be made. We shall 
introduce this discussion by considering the be-
havior of noise sources under various conditions. 

7.2 SOURCES IN FREE SOUND FIELD 
7.2.1 Simple Source in Free Field: 
7.2.1.1 Point Source: Any vibrating object 

will radiate sound into the air. The amount of 
sound radiated depends on ( 1) the amplitude of 
vibration of each vibrating part, (2) the area of 
each part, and ( 3) the time pattern of the vi-
brations, including the relative time pattern com-
pared with that of the other parts. 
The simplest form of source is a sphere that 

vibrates uniformly over its entire surface. We 
can think of this source as a round balloon with 
air in it. We 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, the balloon would be a 
simple, spherical source. This source radiates 
sound equally in all directions from an apparent 
center, which is the center of the balloon. It then 
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Figure 7-1. 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, if positive, or subtracted from, if negative, the sound- pressure level computed by 
the equation from the power level. If the power level is to be computed from a given sound-
pressure level, the correction should be subtracted from, if positive, or added to, if negative, 

the given sound- pressure level before the numerical value is substituted in the equation. 

is a -point" source, insofar as sound radiation 
is concerned. 

7.2.1.2 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 every direction is the 
same at equal distances from the point source. 
Furthermore, the sound pressure is halved for 
each doubling of distance from the point. This 
change is usually expressed as a decrease in 
sound-pressure level of 6 db. The sound field 
produced under these idealized conditions is 
called a free sound field or, simply, a free field; 
because it is uniform, it is free from all bounding 
surfaces, and it is undisturbed by other sources 
of sound. 

7.2.1.3 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. We can also compute 
the total sound power radiated by the point 
source. This calculation is usually made in terms 
of the power level re 10-'" watt (PWL) of the 
source ( Section 2.2). Then the required relation 
to the sound-pressure level (SPL) is: 

PWL, SPL+ 20 log r+ 10.5 db 

where r is the distance in feet from the point 
source to the point where the sound-pressure 
level is measured. This relation is correct for a 
point source in a free field at normal room tem-
perature and barometric pressure, that is, 68°F 
and 30 inches of mercury. At other temperatures 
and pressures it is necessary to apply the correc-
tion shown in the graph of Figure 7-1. This 
correction is usually unimportant. 

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

PWL = 73.5+ 20 log 20+10.5 = 110 db 
re 10-11 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 
2.2. For the example above, the 110 db cor-
responds to an acoustic power of 0.01 watt. 
We can also use the equation to predict sound-

pressure levels at any distance in the free field if 
we know the acoustic power radiated. Thus, this 
point source radiating 0.01 watt, corresponding to 
a power level of 110 db re 10-'3 watt, produces 
a sound-pressure level of 110 — 30.5 = 79.5 db 
re 0.0002 microbar at 10 feet from the source. 
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Figure 7-2. Simplified contours of equal sound- pressure level around a large 

power-distribution transformer. 

7.2.2 Directional Source in Free Field 
7.2.2.1 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 radiated in 
some directions than in others. 

7.2.2.2 Sound-Pressure Contours: In other 
words, the sound-pressure level for a given dis-
tance is different in different directions. As an 
example, let us observe the sound field surround-
ing a large 60-cycle power-distribution trans-
former, as shown in Figure 7-2. The contours 
around the transformer correspond to the in-
dicated values of sound-pressure level. This 
source is obviously directional, since the contours 
are not circular. 
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 level decreases 6 db 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 transformer 
in Figure 7-2 we see that, at distances greater 
than several times the length of the transformer, 
the contours are similar in shape and the levels 
decrease approximately 6 db for each doubling 
of distance. In actual practice this idealized be-
havior is upset by the effects of variations in ter-
rain, atmospheric conditions, and the interference 
of nearby objects. 

7.2.2.3 Near Field and Far Field: We 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. Con-
sequently, this "near field" behavior cannot read-
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uy 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: 
Assume we have a source in which one part 
moves outwardly 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 wavelength of the sound in air. The 
wavelength, ?\., at normal temperature is as 
follows: 

1130  
feet 

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 
wavelength away from the source. This dimen-
sion 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 
wavelength of about 10 feet. 

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

7.2.2.4 Measurement of Contours of Sound-

Pressure Level: When it is important to know 
the characteristics of both 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 ensure 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 directions of the 
maxima and minima. Then observe readings as 
the measuring station is moved radially away 
from the noise source. At each point where the 

level reaches a certain value, the corresponding 
distance on a steel tape laid out along the radial 
line is noted. A number of these readings 
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. 

7.2.2.5 Directivity Factor: When we are in-
terested in sound-pressure levels beyond the im-
mediate vicinity of the source, any sound can be 
treated as a point source provided 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 ra-
diated by the actual source. 

7.2.2.6 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-1- 10 log Q — 20 log r — 10.5 db 

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 7-1.) 

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+10 log 5 — 20 log 20 — 10.5 
74.5 db 

at 20 feet in the required direction. 
7.2.3 Simulated Free Field: The free-field 

condition does not occur in practice, because of 
the effects of sound reflected from the ground or 
floor, from nearby objects, and from walls and 
ceiling. As described in paragraph 6.5.1, the 
result of these reflections is that the sound-pres-
sure level measured at a distance from the source 
is different from that predicted by the free-field 
equations. The reflections can be reduced by 
acoustic absorbing materials applied to the re-
flecting surfaces. By the proper design and ap-
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Figure 7-3. Plan view of eight 
points uniformly distributed on a 
sphere of unit radius. Coordinates 
are given in terms of distances 
from center along three mutually 
perpendicular axes (x, y, z). The 
"12-" 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 hemi-
sphere, only the four points above 

the plane are used. 

Figure 7-4. Plan view of 
twelve points uniformly dis-
tributed on a sphere of unit 
radius. Coordinates are given 
as in the previous figure. 
When measurements are to be 
made on a hemisphere, only 
the six points above the x-y 
reference plane (positive val-

ues of z) are used. 

Figure 7-5. Plan view of twen-
ty points uniformly distributed 
on a sphere of unit radius. Co-
ordinates are given as in Fig-
ure 7-3. When measurements 
are to be made on a hemi-
sphere, twelve points are used, 
eight above the x-y reference 
plane and four in plane (Z = 
0, shown encircled). The four 
in the plane are weighted by 
a factor of 1/2 in power (see 

text) 



plication of this treatment, one can produce in a 
room a limited space having the essential char-
acteristics of a free field over a wide frequency 
range. Many such rooms, called "anechoic" or 
"free-field" rooms, have been built and are de-
scribed in the literature. When accurate meas-
urements of the radiated sound power and di-
rectivity are required, the measurements should 
be made in such an environment. 

7.2.4 Measurement Procedures: The source 
characteristics are obtained by use of the prin-
ciples discussed earlier in this chapter. Gener-
ally, the following characteristics must be de-
termined: 

(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 
factor, as a function of direction and 
frequency. 

7.2.4.1 Measurement Positions: 
7.2.4.1.1 Measurements Around the Source: 

If free-field conditions can be closely approx-
imated, the power level and directivity can be 
calculated from the sound-pressure levels meas-
ured at a number of points. These measurements 
are made at points at equal distances from the 
source and all around the source. The points can 
be considered as being on the surface of a hypo-
thetical sphere surrounding the source. The ra-
dius of this sphere should be at least three times 
the largest dimension of the source, and should 
exceed the wavelength corresponding to the 
lowest noise frequency of interest ( refer to para-
graph 7.2.2.3). 

Theoretically, the sound-pressure levels over 
the entire surface of the sphere should be meas-
ured. The practical procedure for approximating 
this exploration is to select a number of points at 
which measurements will be made. Areas on the 
sphere are then associated with these points. 
These areas have the measurement points as 
their centers, and the extent of each area is 
determined by the nearness of the other measur-
ing points. In the process of making the basic 
measurements the microphone should be moved 
around to determine the variation in sound-
pressure level within each area. If the variations 
in sound-pressure level within any one area are 
greater than 2 db, it is advisable to select addi-
tional measuring points in that area. However, 
if no attempt is being made to obtain an accu-
rate picture of the directivity pattern, the extent 
of the variation can be noted. Then, provided the 
variation is less than 6 db, the average level can 
be used as a representative value for the area. 

7.2.4.1.2 Uniformly Distributed Measuring 
Points: The calculations for the radiated power 

are simplified if the measuring points are uni-
formly distributed on the surface of the sphere. 
Because of the nature of the geometric pattern, 
only six such sets of points are possible. These 
six sets have 2, 4, 6, 8, 12, and 20 uniformly 
distributed points. The locations for the seis 
of 8, 12, and 20 points are shown in Figures 
7-3, 7-4 and 7-5. The particular orientation of the 
points shown was first published in the 1953 
edition of this handbook; these are now gener-
ally used, although a different orientation with 
respect to the ground plane may be found de-
sirable for some particular applications. The 
areas associated with the sets of 8, 12, and 20 
points are regular spherical triangles, regular 
spherical pentagons, and regular spherical tri-
angles, respectively. 

7.2.4.1.3 Hemispherical Measurements: When 
the device to be tested is normally mounted on a 
concrete foundation or on the ground, it is often 
desirable to test it while it is so mounted. Then 
the sound-pressure level measurements should be 
made at points on a hypothetical hemisphere sur-
rounding the source. The sets of points that 
lead to simple calculations of power level are 
now modified. A set of four points ( half the 
set of eight) can be properly used, and a set of 
six points ( half the set of 12) can be used even 
though the distribution is not exactly uniform. 
A set of 12 can also be used, but then four of 
the set must be weighted by a factor of one-half 
(or, 3 db is subtracted from the levels at these 
four points). ( See Figure 7-5.) 
When the hemisphere is used, the procedure 

for calculating power is the same as that described 
for the sphere ( paragraph 7.3). But 3 db should 
be subtracted from the power level finally ob-
tained, because the area of the hemisphere is just 
one-half that of the sphere. 

7.2.4.1.4 Rotation of Source: Another way 
of simplifying the calculations is to rotate the 
source, with the microphones placed on the sur-
face of a hypothetical sphere surrounding the 
source, so that the projections of their positions 
on the axis of rotation are uniformly distributed. 
A variation of this method, practiced by the Bell 
Telephone Laboratories, calls for the rotation of 
a set of microphones about a stationary source. 

7.3 CALCULATION OF POWER LEVEL 
7.3.1 General: If exploration shows that the 

basic set of points yields representative data, 
the calculations of the power level and direc-
tivity factor can be made. For a uniformly dis-
tributed set of points, first calculate the average. 
level on a power basis. If the total range of 
sound-pressure levels is less than 6 db, a simple 
arithmetical average is usually adequate. The ac-
curate method for any situation is as follows: 

65 



Con% ert the decibel readings at each of the points 
of measurement to power ratios by using the 
tables in the Appendix, add these power ratios, 
and convert back to a decibel level. Then subtract 
the decibel value corresponding to a power ratio 
numerically equal to the number of levels used 
(for 8, 12, and 20 readings subtract 9, 10.8, and 
13 db respectively). The result is then the 
average level, which we shall call SPL. Pro-
vided free-field conditions exist, the power level 
is then calculated from the equation: 

SPL + 20 log r ± 10.5 db 

where r is the radius, in feet, of the measuring 
sphere. When the rotating source or rotating 
microphones are used as described in paragraph 
7.2.4.1.4, the average energy during a complete 
rotation as well as for all the microphone posi-
tions should be taken, and the corresponding 
average sound-pressure level used in the above 
formula. 

7.3.2 Calculation of Directivity Factor: After 
the average sound-pressure level, SPL, has been 
determined, the directivity factor can also be cal-
culated. If it is desired for a particular direction, 
the sound-pressure level on the measuring sphere 
corresponding to that direction, SPL„ is meas-
ured. The difference between this level and the 
average level is called the directional gain, DG,. 
Thus, 

DG1— SPL,—SPL db 

To determine the directivity factor, 0, con-
vert the DG, value in decibels into a power ratio 
by using the decibel tables in the Appendix. 
Thus, a directional gain of — 2 db corresponds 
to a directivity factor of 0.63. 

7.3.3 Effect of Room on Measurements: 

The space in which power level and directivity 
are to be determined must be carefully consid-
ered. As explained previously and in paragraph 
7.3.3.1, the measurement should ordinarily be 
made in an anechoic chamber. Sometimes the 
measurement can be made outdoors, far from 
other objects. If the device under test is normally 
mounted on the ground, this outdoor measure-
ment may be ideal, provided that the location is 
free from interfering objects and the background 
noise level is low enough. 

7.3.3.1 Requirements on Room Characteris-

tics: If the measurement is to be made in a 
room, it should be a large room, with extensive 
acoustic treatment. The measurement points 
should not be closer to the acoustic treatment 
than one-fourth wavelength at the center fre-

quency for the lowest required band (approxi-
mately 5 feet for the lowest standard octave). 
Large acoustic absorption is particularly im-
portant if the directivity characteristics must be 
accurately determined. In order to obtain satis-
factory results in moderate-sized rooms, extra-
ordinarily good acoustic treatment must be used. 
Many of these special anechoic chambers have 
been built, and some of them have been described 
in the Journal of the Acoustical Society of Amer-
ica. 

7.4 SOUND SOURCE IN A 
REVERBERANT ROOM* 

All sources that radiate sound as discrete tones 
or as very narrow-band components and all sourc-
es whose directivity must be determined can be 
measured only by the above "free-field" pro-
cedure. The total power radiated by a source 
whose sound energy is distributed over a wide 
band of frequencies can, however, be determined 
in a reverberant room — that is, a room with 
hard walls, floor, and ceiling. 

7.4.1 Measurements in a Reverberant Room: 

In a reverberant room, sound power can be de-
teamined from measurements of average sound 
pressure in the room and of the total absorption. 
The absorption is determined from a measure-
ment of the rate at which a transient sound in 
the room decays. The procedure is as follows: 
The sound source in the room is turned on and 
the sound is allowed to reach a steady value. 
The sound is picked up by the microphone of a 
Type 1551-B Sound-Level Meter whose output 
is recorded en a Type 1521-A Graphic Level Re. 
corder. The sound source is abruptly turned off, 
the sound in the room decays, and this decay is 
plotted by the Graphic Level Recorder. The 
initial slope of the decay curve in db per second 
is the rate of decay, D. 

For a highly reverberant room, that is, where 
D is small (say 50 db/sec or less), the sound 
power level of the source is then given by the 
following expression. 

PWL SPL+ 1.0 log V+10 log D — 37 .3 

where V is the volume of the room in cubic feet 
and SPL is the average sound-pressure level in 
the reverberant field. The numerical value of 

*The procedures given in Sections 7.4 and 7.5 are based 
to a great extent on R. W. Young, "Sabine Reverbera-
tion Equation and Sound Power Calculations", Journal 
Acoust Soc Am, Vol 31, No. 7, July, 1959, pp 912-
921; H. C. Hardy, "Standard Mechanical Noise Sourc-
es," Noise Control, Vol 5, No. 3, May, 1959, pp 22-
25; and on the work of Am Stds Assoc Committee 
SI-W-25, F. M. Wiener, Chairman. 
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Figure 7-6. Variation of numerical constant 
in equation relating power level and sound-

pressure level for a reverberant room. 

37.3 in the above formula varies with atmospher-
ic pressure, as shown in Figure 7-6. For most 
measurements at sea level the value of 37.3 can 
be used. 

7.4.2 Room Requirements: In order for the 
measurement to be accurate, the room must 
satisfy the following conditions: 

1. If the source has a broad spectrum and the 
measurements are made in octave bands, the 
smallest dimension of the room should be at 
least equal to a wavelength at the center frequen-
cy of the lowest octave band of interest. 

2. No two dimensions of the room should be 
alike. A ratio of 3:4:5 for the height, width, and 
length is often recommended. 

3. Large, hard objects should be near the 
boundaries of the room to help diffuse the sound. 

4. The absorption should be small so that the 
decay rate is less than about 50 db/sec for a room 
of 1000 cubic feet, and less than about 30 db/sec 
for a room of 10,000 cubic feet. For the lowest 
frequency band, these decay rates may be dou-
bled. 

5. The source should be mounted on the floor 
or other surface if normally used that way. 
Otherwise, it may be suspended in the room, but 
not in the center, at least one-fourth wavelength 
from the walls. 

7.4.3 Sampling and Averaging Procedure: 
The desired sound-pressure level is an average 
taken at several positions about the source but at 
a distance from the source at least equal to the 
largest dimension of the source and yet not closer 
to any wall than one-fourth wavelength. The 
measurement positions should also be at least 
one-half wavelength apart. The average sound-
pressure level should be determined on an energy 
basis, as described in paragraph 7.3.1. 

The initial decay rates at the same set of meas-
urement positions should be averaged for each 
measured band. If the ultimate measurements are 
to be in octave bands, an octave-band noise 
source should be used; for instance, the Type 
1390-B Random Noise Generator, filtered by the 
Type 1550-A Octave-Band Noise Analyzer, may 
be used as the source. The decay rate for a given 
set of room conditions will remain constant over 
a considerable time, except at the high audio 
frequencies where air absorption is critically de-
pendent on relative humidity. 

In a well designed reverberation room fewer 
measurement points are needed than for the 
free-field measurement. If the source is not 
highly directional only one microphone position 
may be used satisfactorily, if large rotating vanes 
are used to alter the standing-wave pattern dur-
ing the measurement. This procedure in effect 
averages the sound-pressure level over a large 
area. The single-microphone method is not rec-
ommended, however, unless extensive experience 
has shown that the results are the same as those 
obtained with several microphone positions. 

Another method of exploring the sound field 
to obtain an average is to swing the microphone 
around a wide area. Still another is to rotate the 
source. 

7.5 COMPARISON METHOD 
The _procedures given above require special 

rooms for the measurement of radiated power. 
When such measurements must be made in an 
ordinary room, a different technique has been 
proposed by Hardy, Wiener, Wells, and others. 
This is a comparison method, in which a stand-
ard sound source similar to that to be measured 
is used as a reference. The radiated power of this 
standard source must have been determined by 
one of the preceding techniques. 

7.5.1 Measurement l'rocedure: The measure-
ment procedure is as follows: 

1. The standard source is turned on in the 
room. Sound-pressure level is measured at sever-
al places around the source at a distance from 
the source equal to at least the maximum dimen-
sion of the source. The measurements are usually 
made in octave bands. The measured levels are 
averaged on an energy basis for each band. 

2. The unknown source is operated in place 
of the standard source. The sound-pressure lev-
els are measured at the same points as before and 
averaged for each octave band. 

3. For each octave band the difference in 
average level between the standard and the un-
known is applied to the known power level of 
the standard to obtain the power level of the 
unknown source. 
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7.5.2 Requirements for Standard Source: 
The standard source should produce a stable and 
reproducible sound. Such sources have been de-
veloped for the Compressed Air and Gas Insti-
tute and for the fan and blower industry. The 
spectrum and directional properties of the stand-
ard source should be nearly the same as those of 
the unknown source. 

7.5.3 Requirements for Room: The measure-
ment room should be large, and its characteristics 
should approach those of a reverberant room. No 
obstructing object should be in the immediate 
vicinity of the source or the microphone posi-
tions. 

7.6 PREDICTING NOISE LEVELS 
When the acoustic power output and the di-

rectivity pattern of a device are known, the noise 
levels that it will produce under a variety of con-
ditions can be predicted on the average with fair 
accuracy. These predictions are based on the 
principles discussed earlier in this chapter. 

If a noisy device is placed in a room that is 
not anechoic, it is desirable to measure the decay 
rate of sound, D, in the room; and then the fol-
lowing formula, adapted from one by Young, 
can be used to predict the average level of sound 
in that part of the room where the reverberant 
field dominates: 

SPL = PWL — 10 log V -- 10 log D -F 37.8 

where V is the volume of the room in cubic feet, 
PWL is the source power level, and the constant 
37.8 varies with atmospheric pressure ( to de-
termine the variation add 0.5 db to the values 
shown in Figure 7-6). 
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Close to the source the level is almost as if the 
free-field conditions existed. The level decreases 
with increasing distance from the source and 
the average approaches the reverberant field level. 
Here standing waves will exist, and it is only 
the average level that can ordinarily be predicted. 
At points less than one-fourth wavelength from 
the hard wall, the level will be higher than the 
average in the reverberant field. Very near a 
hard wall the increase may be as much as 3 db; 
very close to an edge, 6 db; and right at the 
vertex of a corner, 9 db. 

When the decay rate in the room cannot be 
measured, it can be estimated from a detailed 
knowledge of the room and its surface conditions. 
The procedures are given in books on architectu-
ral acoustics. There the calculation procedure is 
normally given for reverberation time, T. The 
decay rate, D, is then easily obtained as follows: 

D ,*70/ 

The sound-pressure level produced by the 
source is also affected by its position in the room 
— that is, if it is suspended in the middle of the 
room, or mounted on the floor, wall, or ceiling, 
or in a corner. It is often very difficult to predict 
the exact effect, however. Ordinarily the level 
is higher where the source is very near a hard 
surface than when it is in the middle of the room, 
and, as explained earlier, if the source is gen-
erally mounted on a hard surface it should be 
measured that way so that the effect on the source 
is taken into account. Then the levels in another 
room can be predicted with better accuracy. 



CHAPTER 8 

LOUDNESS LEVEL, SPEECH INTERFERENCE, HEARING 

DAMAGE, AND NEIGHBORHOOD REACTION TO NOISE 

8.1 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 es-
timating the reactions of people to noise in a 
residential area. 

8.2 LOUDNESS LEVEL 

The chart of Figure 8-1 has been prepared to 
simplify the calculation of loudness level from 
octave-band levels. The procedure is as follows: 

1. The band level in db for each of the eight 
bands is first used to determine a band loudness. 
The measured sound-pressure levels in three of 
the bands are entered directly on the appropriate 
lines of the chart in Figure 8-1 to determine the 
values of loudness for these bands. The remain-
ing band levels are changed according to the 
table of Figure 8-1, and the shifted levels are 
then entered on the 1000-cycle line chart to ob-
tain a loudness for each of the five remaining 
bands. (Because of the variability of loudness 
judgments, accurate interpolation on the charts 
is not ordinarily necessary.) 

2. The loudness of the noise is then the loud-
ness of the loudest band plus 0.3 times the sum 
of the loudnesses of the remaining bands. 

3. This total loudness can be converted to 
loudness level in phons by the 1000-cycle line 
chart of Figure 8-1. 

For steady noises having a broad frequency 
spectrum, the loudness calculated by means of 
the chart of Figure 8-1, which is based on Ste-
vens's' method, agrees reasonably well with di-

'S. S. Stevens, "Calculating Loudness," Noise Control, 
vol 3, No. 5, September, 1957, pp 11-22. 
S. S. Stevens, "Measurement of Loudness", Journal of 
the Acoustical Society of America, vol 27, No. 5, 
September, 1955, pp 815-829. 

rect assessments made by loudness balances 
against a 1000-cps tone. But the calculation will 
probably give too low a value for the loudness of 
intermittent or impact sounds when the band 
levels are measured with an "averaging" meter 
of the type commonly employed. 

To illustrate this procedure, consider the fol-
lowing calculations based on octave-band meas-
urements of the noise in a factory: 

Octave 
Band 
cps 

Band Add to 
Level Level 
db db 

Shifted Band 
Level Loudness 
db S 

20- 75 
75- 150 

150- 300 
300- 600 
600-1200 
1200-2400 
2400-4800 
4800-9600 

76 — — 4 

77 8 
82 17 

82 + 1 83 19 
79 +1 80 16 

82 + 3 85 23 
74 +8 82 18 
72 + 11 83 19 

ES= Sum of Band Loudnesses 124 
—S„, = —Maximum Band Loudness= — 23 

— Sin= 101 

0.3 (r,S — S.) 30.3 
+S. = + 23 

0.3 (ES — S„,) + S,,, = 53.3 
sones 

(computed 
loudness) 

or computed loudness level= 98 
phons 

The loudness value obtained by the method 
given in previous editions of this handbook is in 
general much higher than that obtained by Ste-
vens's method described here. The loudness 
levels given by the two methods, however, fre-
quently agree reasonably well. 
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lob Test Nn. 

Description 

Observer 

Over-all L 
Background db 

db S db S db S 

- 100 110-- 100 - 100 

r 80 80 - 80 

110-e-
60 - 60 100-60 

ilY)-7 

H40 I-40 40 

100-
H 30 -30 30-30 

db or 
phonj Sones 

11 

100 

9 

100 

80 

60 

40 

30 

- 20  20 —,- 20 2G 

90 -- 80--
80 

10 - - 10 — 10 1111 10 
704-8 

70-1_ 

80-- 6 -6 - -6 6 

70-

,r4  4 60 4 
60-d-

-3 -3  -3 3 

70- 
-2 -2 50 2 

60-

50-

-1 -1  -1 404-1 
_r 

-.8 -.8 .8 
6C-\_ 

or computed loudness level = phons 
 -.6 50--.6 40-/-•6 .6 

-.5 -.5 -.5 30 .5 

20 75 150 1000-cycle 
75 150 300 *(also 300 - 600, 600 - 1200. 1200 - 2400. 2400 - 4800 

and 4800 - 9600 when observed level is shifted by Frequency Bands 
(Random Incidence) amounts given in the third column of table) 

Octave 
Band 
cps 

Band 
Level 
db 

Add to 
Level 

db 

Shifted 
Level* 

db 

b'qini 
Lcuin,2s:: 

S 

20-75 -- --
1 

75-150 -- --

150-300 - --

300-600 +1 * 

600-1200 +1 * 

1200-2400 +3 * 

2400-4800 +8 * 

4.800-9600 +11 * 

= Sum of Band Loudnesses 

= -Maximum Band Loudness = - 

ES - Sm = 

0.3(ES - Sm) = 

Sm = 

Sm + 0.3(ES - Sm) = sones 

Figure 8-1. 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). 
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8.3 SPEECH-INTERFERENCE LEVEL 

The average of the band levels in db for the 
three octave bands, 600-1200, 1200-2400, and 
2400-4800, is called the speech-interference level. 
For example, in Section 8.2, the levels given in 
these bands for a factory noise are 79, 82, and 
74 db, and the speech-interference level is then 
78.3 db. 

8.3.1 Speech Intelligibility: For satisfactory 
intelligibility of difficult speech material, max-
imum permissible values of speech-interference 
levels for men with average voice strengths are 
given in Table 8-1. 

Table 8-1. 
Speech-interference levels (in db re 0.0002 

microbar) should be less than the values given 
below in order to have reliable conversation at 
the distances and voice levels shown. 

Voice Level 
Distance Very 
(Feet) Normal Raised Loud Shouting 

0.5 71 
1 65 
2 59 
3 55 
4 53 
5 51 
6 49 
12 43 
24 37 

77 
71 
65 
61 
59 
57 
55 
49 
43 

83 
77 
71 
67 
65 
63 
61 
55 
49 

89 
83 
77 
73 
71 
69 
67 
61 
55 

It is assumed in this chart that there are no 
reflecting surfaces nearby, that the speaker is fac-
ing the listener, and that the spoken material is 
not already familiar to the listener. For example, 
the speech-interference level of 78.3 db, com-
puted 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 satisfactorily. If the 
words spoken are carefully selected, and limited 
in number, intelligible speech will be possible at 
greater distances. 

If a number of conversations are to be held in 
the same reverberant room, the procedure is more 
complicated. This chart cannot be used on the 
basis of the background noise level before the 
conversations 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. 

8.3.2 Telephone Usability in Noisy Areas: 
The speech- interference level can also be used to 
predict the expected usability of a telephone 
under given noise conditions. The following 
schedule 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 db Satisfactory 
60 to 75 db Difficult 
above 75 db Impossible 

For calls within a single exchange, the permis-
sible speech-interference levels are 5 db greater 
than those shown in the table. 

8.3.3 Criteria for Indoor Noise Levels: 
A suggested rating system for offices, based on 
a number of psychological and acoustical tests, is 
shown in Figure 8-2. The curves on this graph 
relate the measured speech-interference level of 
the background noise and the subjective rating 
of the noise ranging from "very quiet" to "in-
tolerably loud." The two different 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 re-
ceiving complaints about noise will be high for 
subjective ratings above "Moderately Noisy" and 
low for subjective ratings below "Moderately 
Noisy." Furthermore, because of direct interfer-
ence with transferring information, efficiency may 
be reduced for levels appreciably above the cri-
terion points marked A and B. 

Suggested criteria for noise 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 8-2. Criteria for Noise Control 

Maximum Permissible SIL 
Type of Room (measured when room 

is not in use) 

Small Private Office 
Conference Room for 20 
Conference Room for 50 
Movie Theatre 
Theatres for Drama 

(500 seats, no amplification) 
Coliseum for Sports Only 

(Amplification) 
Concert Halls (No amplification) 
Secretarial Offices (Typing) 
Homes (Sleeping Areas) 
Assembly Halls (No amplification) 
School Rooms 

40 
30 
25 
30 

25 

50 
20 
55 
25 
25 
25 

The purpose of these criteria will be shown by 
the following example. Assume that we are to 
put a small conference room in a factory space. 
We measure the speech-interference level at that 
location 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 
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Figure 8-2. Rating chart for office noises. Data were determined by an octave-band analysis 
and correlated with subjective tests. (Courtesy Beranek and Newman.) 
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Figure 8-3. Chart for estab-
lishing " Noise Criterion" (NC) 
value by octave-band analysis. 
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factory space by about 34 db in order to have a 
conference 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). 
When a complete octave-band analysis is 

made, the noise can be rated by the use of a 
"Noise Criterion" (NC) rating. A number of 
these have been developed, and the chart shown 
in Figure 8-3 is based on the work of Beranek 
and his associates. The measured octave-band 
levels are plotted on this chart, and the noise is 
rated according to the highest NC value in any 
band, as shown by a peak on the chart. The 
numerical values of the criteria shown in Table 
8-2 apply for this system of noise rating also. 
Thus, for example, a rating of NC25 or less is 
recommended for school rooms. Because this 
system takes into account the noise energy in 
the lower-frequency bands as well as in the SIL 
bands, it should be a more reliable method of 
rating. It will be obvious from the data plotted 
on the chart what regions of the frequency spec-
trum need most attention in a noise-control 
program. 

8.3.4 Residential Noise Levels: Some fac-
tories, recreation halls, electrical substations, 
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 ex-
pense of court action; and, in order to maintain 
the good will of the neighborhood, they are often 
willing to put considerable effort into controlling 
the noise so as to avoid anything but mild an-
noyance. 

In order to put this noise control on a sys-
tematic basis, a number of engineering groups 
have analyzed the experiences obtained in many 
different situations. They have found that re-
actions of annoyance cannot be successfully pre-
dicted on the basis of a single measurement, or 
even of 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 com-
ponents; the time pattern of the noise, including 
the rate of repetition and the actual time of oc-
currence during the day; and the general back-
ground noise level in the residential area affected. 
So far the data that is available is limited pri-
marily to the reactions of people in residential 
areas of single-family houses surrounding indus-
trial plants. We can expect that, because of the 
conditioning to noises that occur in multiple-

family dwellings, the reactions of the people 
there would be modified. 
A tentative rating2 for these residential noise 

problems is obtained in the following way: The 
octave-band noise levels are measured in the 
neighborhood. Under difficult circumstances, de-
pending on the type of noise source and atmos-
pheric conditions, particularly wind, such a meas-
urement may require surveys for long periods of 
time. These measured levels are then plotted on 
the chart of Figure 8-4 to determine a "level 
rank." 

For example, assume that the octave-band lev-
els produced at night by a newly erected power 
substation 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 

List 

Table 

Band Level-db 

30 
48 

47 
38 
34 
28 
22 
22 

8-3 

of Correction Numbers Applied 

Level Rank to Give Noise Rating 

to be to 

Possible 
Influencing Factor Conditions 

Noise Spectrum Character 

Peak Factor 

Repetitive Character 
(about one-half minute 
noise duration assumed) 

Background Noise 

Time of Day 

Adjustment to 

Correction 
Number 

Pure-tone components + 1 
Wide-band noise 0 
Impulsive + I 
Not Impulsive 0 
Continuous exposures 
to one per minute 0 

10-60 exposures per hr —1 
1-10 exposures per hr —2 
4-20 exposures per day —3 
1-4 exposures per day —4 
I exposure per day —5 
Very quiet suburban + 1 
Suburban 
Residential Urban —1 
Urban near some 
industry —2 

Area of heavy industry —3 
Nighttime 
Daytime only —1 

Exposure No previous 
conditioning o 

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. 
K. N. Stevens, W. A. Rosenblith, and R. H. Bolt, 
"A Community's Reaction to Noise: Can It Be Fore-
cast?", Noise Control, Vol 1, No. 1, January, 1955, 
pp 63-71. 
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When these levels are plotted on Figure 8-4, 
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 in Table 8-3, according to the factors 
listed. For the assumed noise the spéctrum has 
strong pure-tone components (+ 1) ; it is a 
steady noise (0) not impulsive (0), in a subur-
ban neighborhood (0), at nighttime as well as 
daytime ( 0), and we shall assume that this 
neighborhood has no previous conditioning to a 
noisy nighttime background (0). The net correc-
tion is then a shift upward of one level to a cor-
rected "level rank" or noise rating of "D": Then 
from the chart of Figure 8-5 we predict that 
probably only a few people would complain 
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about this noise. 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 good will of the neigh-
borhood. 

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 bedrooms. The noise level pro-
duced by that device in the bedrooms should then 
be rated one rank higher than that given in Fig-
ure 8-4, since engineering experience indicates 
that the residents are less tolerant of noise gen-
erated within the same building. 
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Figure 8-4. Set of curves for assigning a level rank to a residential noise. The octave-band lev-
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which any of the band levels penetrates is the level rank of the noise. 
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The procedure given here is intended mainly 
as a guide. As more experience is obtained in 
this field of neighborhood noise problems, it can 
be expected that some revision of the numerical 
values will be found desirable. 

8.4 HEARING DAMAGE FROM EXPOSURE 
TO NOISE 

As described in Sections 3.9 and 5.6, all noise 
ratings concerning the possibility of hearing dam-
age are tentative at present. Many ratings have 
been suggested but no standards have yet gained 
acceptance, and all that can be done here is to 
indicate the order of magnitude of noise levels 
that are being considered as safe for lifetime 
exposures. More complete information is neces-
sary before a widely acceptable rating can be 
given. In addition, general agreement must be 
reached on answers to the following questions.3 

(1) What kind and amount of hearing loss 
constitutes a sufficient handicap to be considered 
undesirable? What role should presbycusis play 
in the setting of such a figure? 

(2) What percentage of the people exposed 
to industrial noise should a standard be designed 
to protect? In view of the large individual dif-
ferences in susceptibility to noise exposure, 
should a noise standard be aimed at preventing 

'ASA Subcommittee Z24-X-2, The Relations of Hear-
ing Loss to Noise Exposure, American Standards As-
sociation, 70 East 45th Street, New York, January, 
1954. 

RESPONSE 

VIGOROUS 
COMMUNITY 
ACTION 

THREATS OF 
COMMUNITY 
ACTION 

WIDESPREAD 
COMPLAINTS 

SPORADIC 
COMPLAINTS 

NO OBSERVED 
REACTION 

A 

hearing loss in 50, 90, or 99 percent of the popu-
lation? 

(3) How should noises be specified and 
exposures measured? Since different types of 
noises are apparently not equally effective in 
producing hearing losses, agreement must be 
reached on a standard specification of the spec-
tral 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 ( refer to paragraphs 6.3.6 
and 6.7.2), and less information regarding hear-
ing damage from impact sounds is available. 
One suggested preliminary test is based on the 

reading of a Sound-Survey Meter or Sound-
Level Meter with the B weighting network. A 
reading above 100 db indicates that the noise is 
probably unsafe for everyday exposures, at least 
for some people, and noise reduction or ear pro-
tection is necessary. Readings below 80 db in-
dicate that there is probably no danger from the 
noise even if it is a simple tone. 
When the reading with the B weighting net-

work is above 80 db, analysis is necessary, and an 
investigation should be made with the Type 1550 
Octave-Band Noise Analyzer. When this analysis 
is made, the following tentative criteria may be 
applied: If the octave-band pressure level in any 
of the bands from 300 to 4800 cycles per second 
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exceeds 85 db, hearing-conservation procedures 
are recommended. The more these band levels 
exceed 85 db, the more urgent is the need for 
noise reduction and ear protection. This cri-
terion is limited to years of everyday exposure; 
evidence reported by the American Standards As-
sociation Subcommittee Z24-X-2 indicates that 
intermittent exposure causes less hearing loss 
than does continuous exposure to the same type 
of noise. This information is inadequate for 
formulation in terms of noise rating; however, 
an estimate has been made that if the daily ex-
posure is only five minutes, for instance, a level 
of 105 db can be used as the criterion level. More 
evidence is needed before a widely accepted 
standard is available. 
Some industrial and governmental organiza-

tions have set up a program that includes periodic 
hearing tests4 and records of noise exposure of 
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their employees. The noise-exposure records give 
the octave-band analysis of the noise to which 
the particular employee is exposed, the duration 
of the exposure, and the protective devices — 
such as ear protection — used. Such a systemat-
ic approach is recommended for organizations 
having employees exposed to high-level noise. 

For those concerned with the problem of noise-
induced hearing loss, we recommend that they 
request the latest information on this subject from 
the Research Center, Subcommittee on Noise of 
the Committee on Conservation of Hearing of 
the American Academy of Ophthalmology and 
Otolaryngology, 327 S. Alvarado St., Los An-
geles 57, California. 

'A Guide for Conservation of Hearing in Industry, 
Subcommittee on Noise of the Committee on Conser-
vation of Hearing, American Academy of Ophthal-
mology and Otolaryngology. 



CHAPTER 9 

NOISE CONTROL 

9.1 INTRODUCTION 
When we want to reduce noise, we usually 

begin by measuring the noise spectrum to ob-
tain the quantitative information that is helpful 
in doing something about the problem. We com-
pare the measured noise levels with the acceptable 
levels, which are often estimated by use of one 
of the criteria given in Chapter 8. The differ-
ence 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 pos-
sible 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 Noise Control, 
published by the Acoustical Society of America, 
in books on architectural 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 ar-
ticles 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 
construction 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 
usually means a reduction of vibration amplitudes 
and of the radiation of sound produced by the 
vibration. We can separate this problem into 
three sections: 

(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 that less is radiated. 

In each of these sections it is usually helpful 
to track down the important sources of noise and 
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 can 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 
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inherent vibration-damping qualities may be pos-
sible as another means of absorbing the energy. 

Change in the coupling system frequently 
means the use of vibration isolation mounts. It 
may also mean decreased or even increased stiff-
ness in some members transmitting the vibration. 
Or it may mean better fastening of some parts to 
massive, rigid members. Resonant structures are 
often troublesome coupling members. The reso-
nance may be in the mechanical structure or in an 
air chamber. In either situation it is usually pos-
sible to shift the resonance by changes in the 
structure or to damp the resonance by adding 
absorbing material. Mufflers may be needed on 
exhaust or intake systems. 
Changing the radiating structure often means 

nothing more than reducing the external surface 
areas of the vibrating parts as much as possible. 
It may be possible 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 sur-
faces 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 possible 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: 

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

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

tween source and listener. 
9.3.1 Changes in Position: Increasing the 

distance between the noise source and the lis-
tener is often a practical method of noise control. 
Furthermore, 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 7.4.) 

9.3.2 Change in Environment: The most 
obvious change that can be made in a room to 
reduce the noise level is to add acoustical ab-
sorbing material. A wide variety of commercial 
acoustical materials is available. These materials 
are often of great value in a noise reduction pro-
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gram, 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. But at the same time 
not much reduction is obtained at a distance of 
2 feet, say, which is a common distance between 
a machine and the operator's ear. 

9.3.3 Attenuating Structures: A number of 
different types of attenuating 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 are 
walls, barriers, and total enclosures. Almost any 
degree of reduction of air-borne 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 ven-
tilating duct or by solid- borne vibration. Be-
cause of this possible flanking transmission in 
ventilating 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 
joints. A refrigerator-type door is usually satis-
factory 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 by reflections from the barrier. 

9.3.4 Illustrative Example: In order to illus-
trate the possible noise reduction achieved by use 
of 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. We 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 8.3). 
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. 
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Figure 9-1 shows the octave-band analysis of 
the noise from the assumed machine. The speech-
interference 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 
the noise measurements are assumed to be made 
in the relative position shown for the micro-
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 
contribute materially to low-frequency sound 
radiation. 

It is even possible to increase the noise as a 
result of the use of vibration mounts. This re-
sult is usually found when the stiffness of the 
mounting is of such a value that some vibration 
mode is exaggerated by resonance, 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 ex-
ample no significant change in the speech-inter-
ference 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 typi-
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 is not as effective as it might be, however, 
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 improve-
ment over most of the audio spectrum. 
When the sound absorption within an enclo-

sure is small, the noise energy from the machine 
produces a high level within the enclosure. Then 
the attenuation of the enclosure operates from 
this initial high level. The level within the en-
closure can usually be reduced by the addition 
of some sound-absorbing material within the en-
closure, 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 Figure 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 muflier 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? 
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CHAPTER 10 

INTRODUCTION TO VIBRATION MEASUREMENTS 

10.1 GENERAL 

Vibration is the term used to describe continu-
ing or steady-state periodic motion. The motion 
may be simple harmonic motion like that of a 
pendulum, or it may be very complex like a ride 
in the "whip" at an amusement park. The mo-
tion may involve tiny air particles that produce 
sound when the rate of vibration is in the audible 
frequency range (20 to 20,000 cps), or it may 
involve, wholly or in part, structures found in 
vacuum tubes, bridges, or battleships. Usually 
the word vibration is used to describe motions 
of the latter types, and is classed as solid-borne, 
or mechanical, vibration. 
Many important mechanical vibrations lie in 

the frequency range of one or two cps to 2,000 
cps (corresponding to rotational speeds of 60 to 
120,000 rpm). In some specialized fields, how-
ever, both lower and higher frequencies are im-
portant. For example, in seismological work, 
vibration studies may extend down to a small 
fraction of a cycle per second, while in loud-
speaker cone design and studies of subminiature 
vacuum-tube elements, vibrations up to 20,000 
cps must be studied. Electrical, electronic, and 
mechanical components of guidance systems of 
space probes, missiles, and supersonic airplanes 
must withstand severe vibrations at frequencies 
extending from below 10 cps to above 20 kc. Vi-
brations of electrical and mechanical auxiliaries 
aboard ships must be kept to a minimum to 
ensure service-free and silent operation. Sev-
eral important effects of unwanted vibration in 
mechanical systems make it desirable to study 
vibration and, if possible, to reduce it. 

(1) Noise is created by the transmission of 
solid-borne audio-frequency vibrations to air. 
Hence, the process of quieting a machine or de-
vice includes a study of the mechanical vibra-
tions involved. 

(2) High-energy acoustical noise, generated 
by very powerful jet or rocket engines, produces 
vibrations that may weaken structural members 
of a vehicle or cause failure of an electrical or 
electronic component. 

(3) Human discomfort and fatigue result 
when a vehicle subjects the passenger and op-
erator to excessive vibration. Hence, vibration 
studies are an essential part of the development 
program for trains, buses, boats, airplanes, and 
automobiles. 

Vibration then, is not only a source of noise, 
annoyance, and discomfort, but often a source of 
danger. The present refinement of high-speed 
planes, ships, and automobiles could never have 
been achieved without thorough measurement 
and study of mechanical vibration. 

There are, on the other hand, many important 
applications of controlled vibration. Tiny vi-
brators attached to instrument panels are used to 
overcome pivot friction of indicating meters. 
Electrical and pneumatic vibrators of numerous 
shapes and sizes are used as hopper shakers in 
material-handling applications. Electrodynamic 
shakers or vibration exciters are made in sizes 
ranging from small units to calibrate small vibra-
tion pickups and to excite lightweight specimens 
such as subminiature vacuum tubes, to giant six-
ton units used to test large assembled mechan-
isms and heavy components. In addition, small 
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piezoelectric shakers are used to test small com-
ponents and to calibrate vibration pickups. Also, 
electromechanical shakers using electric-motor-
driven off-balance weights generate vibrations of 
components weighing up to 200 or 300 pounds, 
and hydraulic shakers are used to test very large 
machines. 

In the design and adjustment of these vi-
brating systems it is necessary to make the same 
types of measurements as are made in the study 
of unwanted vibrations. 

10.2 VIBRATION TERMS 
10.2.1 Displacement, Velocity, and Accelera-

tion: Vibration can be measured in terms of dis-
placement, velocity, and acceleration. The easiest 
measurement to understand is that of displace-
ment, or the magnitude of motion of the body 
being studied. When the rate of motion ( fre-
quency of vibration) is low enough, the displace-
ment can be measured directly with the di gauge 
micrometer. When the motion of the body is 
great enough, its displacement can be measured 
with the common scale. 

In its simplest case, displacement may be con-
sidered as simple harmonic motion, that is, a 
sinusoidal functio% having the form 

x , A sin wt (1) 

where A is a constant, w is 27 times the frequen-
cy, and t is the time as shown in Figure 10-1. 
The maximum peak-to-peak displacement (a 
quantity indicated by a dial gauge) is 2A, and the 
rms' displacement is A/ V2(=0.707A). The 
average ( full-wave rectified average) value of 
the displacement is 2A/7(=0.636A), while 
the -average double amplitude- (a term occa-
sionally encountered) would be 4A/7 
1.272A). Displacement measurements arc sig-
nificant in the study of deformation and bending 
of structures. 

In many practical problems, however, dis-
placement is not the important property of the 
vibration. A vibrating mechanical part will ra-
diate sound in much the same way as cines a loud-
speaker. In general, velocities of the radiating 
part ( which corresponds to the cone of the loud-
speaker) and the air next to it will be the same, 
and if the distance from the front of the part to 
the back is large compared with one-half of the 
wavelength of the sound in air, the actual sound 
piessure in air will be proportional to the velocity 
of the vibration. The sound energy radiated by 
the vibrating surface is the product of the 
velocity squared and the resistive component of 
the air load. Under these conditions it is the 

1root-mean-square 

velocity of the vibrating part and not its dis-
placement that is of greatest importance. 

Velocity is the time rate of change of dis-
placement, so that for the sinusoidal vibration 
in equation ( 1) the velocity is: 

v = w A cos e (2) 

Thus velocity is proportional to displacement 
and to frequency of vibration. 
The analogy cited above covers the case where 

a loudspeaker cone or baffle is large compared 
with the wavelength of the sound involved. In 
most machines this relation does not hold, since 
relatively small parts are vibrating at relatively 
low frequencies. This situation may be compared 
to a small loudspeaker without a baffle. At low 
frequencies the air may be pumped back and 
forth from one side of the cone to the other with 
a very high velocity, but without building up 
much of a pressure or radiating much sound en-
ergy because of the very low air load, which has 
a reactive mechanical impedance. Under these 
conditions an acceleration measurement provides 
a better measure of the amount of noise radiated 
than does a velocity measurement. 

In many cases of mechanical vibration, and 
especially where mechanical failure is a consid-
eration, the actual forces set up in the vibrating 
parts are important factors. The acceleration of 
a given mass is proportional to the applied force, 
and a reacting force equal but opposite in direc-
tion results. Members of a vibrating structure, 
therefore, exert forces on the total structure that 
are a function of the masses and the accelerations 
of the vibrating parts. For this reason, accelera-
tion measurements are important when vibrations 
are severe enough to cause actual mechanical 
failure. 

Acceleration is the time rate of change of 
velocity, so that for a sinusoidal vibration. 

a=-0):= A sin wt (3) 
It is proportional to the displacement and to the 
square of the frequency or to the velocity and the 
frequency. 

10.2.2 Nonsinusoidal Vibrations: Equations 
(1), ( 2), and ( 3) represent only sinusoidal vi-
brations, but as with other complex waves, com-
plex periodic vibrations can also be represented as 
a Fourier series of sinusoidal vibrations. These 
simple equations may therefore be expanded to 
include as many terms as desirable in order to 
express any particular type of vibration. For a 
given sinusoidal displacement, velocity is propor-
tional to frequency and acceleration is propor-
tional to the square of the frequency, so that the 
higher-frequency components in a vibration are 
progressively more important in velocity and ac-
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celeration measurements than in displacement 
readings. 

10.2.3 Summary: Displacement measure-
ments are used only in instances where the actual 
amplitude of motion of the parts is important. 
This would include those instances where the 
dynamic loading due to the operating machinery 
in a factory may cause unsafe deflections in floor-
ing and walls, or where the large amplitude of 
motion might actually cause parts to strike to-
gether causing damage or serious rattle. The 
deflections observed at the center of a wall panel 
or a beam, for example, can give useful informa-
tion about the stresses acting in these members. 
The displacement is not directly a measure of 
surface strain of the member but is rather an 
integrated indication of the strain. The strain 
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measured by the usual strain gauge is a minute 
elongation or compression of material between 
points an inch or so apart. In contrast, the dis-
placement measurement referred to above is the 
blending of material over a distance of several 
feet. 

Velocity measurements are generally used in 
noise problems where the radiating surfaces are 
large compared with the wavelength of the 
sound. 

Acceleration measurements are applied to prob-
lems where actual mechanical failure of the 
parts involved is important, and they are also 
applied to many noise problems, especially those 
involving small machinery. A general-purpose 
vibration meter, therefore, must be able to meas-
ure all three vibration characteristics. 



CHAPTER 11 

DESCRIPTION OF VIBRATION-MEASURING INSTRUMENTS 

11.1 THE VIBRATION METER (Type 761-A) 

The Type 761-A Vibration Meter takes ad-
vantage of the wide frequency range of the 
piezoelectric type of pickup. The response ex-
tends smoothly from 2 to 1000 cycles per second. 
The meter is calibrated directly in terms of rms 
displacement, velocity, and acceleration; and 
these are indicated in microinches, microinches 
per second, and inches per second per second, 
respectively. 

Figure I I- I. Type 76I-A Vibration Meter. 

Since the vibration pickup used with this meter 
is of the acceleration' type, two stages of elec-
trical integration are necessary to provide the 
various types of response. The integrating cir-

'In this type of pickup, the piezoelectric element is de-
flected by its own inertia when the pickup is subjected 
to vibration. The voltage generated is proportional to 
the actual force exerted on the element, which is pro. 
portional to acceleration. 
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Figure 11-2. Electrical frequency response of the Type 761-A Vibration Meter showing effects 

of integrating circuit. 

cuits are built in as part of the amplifier. This 
allows more freedom in the design, and better 
performance is possible than with the control-box 
attachment used with the sound- level meter ( see 
paragraph 11.2). 

Figure 11-2 shows the electrical frequency 
characteristics of the Vibration Meter, excluding 
the pickup. Figure 11-3 shows the over-all char-
acteristics in terms of response for a constant-
displacement vibration as a function of frequency. 
The peak above 1000 cycles is caused by the 
natural resonance of the pickup. The instru-
ment is direct-reading up to about 1000 cycles 
per second, but can be used for relative indica-
tions up to 2000 cycles per second. These curves 
show how the integration process attenuates the 
higher frequencies with respect to lower fre-
quencies. 
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Figure 11-4 shows the effect of the electrical 
integration on a square wave. The square wave-
form of Figure 11-4A, after two steps of in-
tegration, approaches a sinusoidal waveform 
(Figure 11-4C). 

11.2 VIBRATION PICKUP SYSTEM 
(Type 1560-P11) 

Vibration measurements can be made with a 
sound-level meter when a vibration pickup is sub-
stituted for the microphone. With the Type 
1551-B Sound-Level Meter, the Type 1560-P51 
Vibration Pickup and the Type 1560-P21 Con-
trol Box are used. The pickup itself is of the 
inertia-operated piezoelectric type.1 The control 
box, which is connected between the meter and 
the pickup, converts the response so that the 
meter indicates velocity and displacement as well 
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A 

Figure 11-4. Oscillograms illustrating the operation of the integrating circuits in the 
vibration meter. In (A) a square wave is shown as transmitted by the amplifier when 

set for acceleration measurements; (B) shows the wave after one stage of electrical 
integration for velocity measurements; and (C) shows the result of two stages of in-

tegration as used for displacement measurements. 

as acceleration. The combination of pickup and 
control box, called the Type 1560-P11 Vibration 
Pickup System, provides a convenient and in-
expensive way for owners of Sound-Level Me-
ters to make vibration measurements within the 
audio-frequency range. However, the Sound-
Level Meter circuits respond down to only 20 
cycles, and consequently the combination is not 
suitable for measuring lower-frequency vibra-
tions. The Type 761-A Vibration Meter must 
be used where low frequencies are important. 
The Sound-Level Meter is calibrated in de-

cibels, which must be converted to vibration am-
plitude, velocity, or acceleration. The calibration 

chart supplied with each Vibration Pickup Sys-
tem gives the proper conversion factors for that 
system when it is used with a particular Sound-
Level Meter. By means of these data, plus the 
decibel table in the Appendix (also supplied in 
the instruction book for the Vibration Pickup 
System), the readings may be readily converted 
to inches (displacement), inches per second (vel-
ocity), or inches per second per second (accelera-
tion). 

11.3 ANALYZERS 
11.3.1 General: The Vibration Meter meas-

ures the displacement, velocity, or acceleration 

Figure 11-5. Type 1560-P11 
Vibration Pickup System. 

(Also see Figure 6-12, page 52.) 
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Figure 11-6. Over-all frequency response of the vibration pickup, control box, and sound-
level meter for constant applied acceleration, velocity, and displacement. 

of a vibration in terms of the rms value of the 
waveform. Unless the waveform is substantially 
sinusoidal, however, the Vibration Meter by it-
self gives little information about the frequencies 
of the individual vibration components.2 An 
analyzer, therefore, is desirable and often is a 
necessity. As with noise, the analysis of vibration 
provides clues to the sources of the vibration 
components and information necessary in the 
suppression of the vibration. 

Vibration, like noise, may be classified into 
two types — pitched, which consists of a funda-
mental and its harmonics or subharmonics, all 
of which will vary in frequency by the same 
percentage that the machine speed varies; and 
unpitched, which is caused by shock excitation, 
turbulence, friction, and the like, and which oc-
curs over bands of frequencies. 
A number of analyzers can be used with the 

Vibration Meter or with the Sound-Level Meter 
— Vibration Pickup System combination to 
extend the range of usefulness of these instru-
ments. These analyzers vary in complexity and 
ease of operation. The relative usefulness of 
each analyzer depends on the vibration problem 
to be solved. 

11.3.2 Sound and Vibration Analyzer (Type 
1554-A): The Type 1554-A Sound and Vibra-
tion Analyzer is a portable, battery-operated, 
continuous-spectrum instrument. Operation is 
simple, and the entire frequency range of the 
instrument can be quickly scanned. Any one of 
four decade frequency ranges can be selected, and 

'For sinusoidal vibrations, the frequency can be calcu-
lated from readings of displacement and velocity. As 
shown in equations ( 1) and ( 2), the frequency will be: 
f = v/27rx, where the displacement ( x) is in inches, 
and the velocity ( v) is in inches per second. 

the frequency is indicated on a single dial. Cir-
cuit elements consist of only resistors and capaci-
tors, and the case is electrostatically shielded so 
that the instrument is unaffected by ordinary elec-
tromagnetic and electrostatic fields. 
The Sound and Vibration Analyzer covers the 

frequency range from 2.5 to 25,000 cycles per 
second. The meter scale is calibrated in decibels 
for use with the Sound-Level Meter — Vibration 
Pickup System combination, and in linear units 
for use with the Type 761-A Vibration Meter. 
In combination with the Type 761-A Vibration 
Meter, this Analyzer provides a convenient 
means for measuring not only the over-all vi-
bration level but also the amplitudes of the com-
ponents of the complex waveform. 
The selecti% ity characteristics are shown in 

Figure 11-7. The shape of the selectivity curve 
is constant in terms of percentage of the resonant 
frequency over the entire range. 

Either of two bandwidths is selected by means 
of a panel switch. The ONE-THIRD OCTAVE 
position is helpful in locating components quick-
ly in a fast sweep over the spectrum and in 
checking amplitudes of random vibrations. It 
is also used to measure frequency and amplitude 
of components when the frequency is drifting 
rapidly or is fluctuating about a mean frequency. 
Otherwise, the final determination of frequency 
and amplitude is made with the bandwidth 
switch in the NARROW position. 

11.3.3 Wave Analyzer (Type 736-A): The 
Type 736-A Wave Analyzer is an ac-operated 
heterodyne-type vacuum-tube voltmeter. This is 
a fairly complex instrument, better suited to lab-
oratory use than to portable or field use. It can, 
however, provide a great deal of information 
about the frequency spectrum. The bandwidth is 
fixed with a 4-cycle flat top and high rejection 
outside the pass band. For vibration measure-
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Selectivity characteristics of Types I 554-A and 736-A Analyzers. 

ments above about 50 cycles per second, the fixed 
bandwidth is narrower than the bandwidth of 
the Type 1554-A Analyzer; therefore, unless the 
higher-frequency components are stable in fre-
quency this analyzer becomes difficult to use. At 
low frequencies ( see Figure 11-7), the fixed 
bandwidth of a heterodyne-type analyzer may be 
too wide to be usable; thus the Type 1554-A 
Sound and Vibration Analyzer is much better 
suited for vibration measurements even though 
its rejection outside the pass band does not ap-
proach that of the Type 736-A Wave Analyzer. 

11.3.4 Octave-Band Noise Analyzer (Type 
1550-A): This analyzer, designed for the rapid 
analysis of compleï noises, operates directly from 
the output of the vibration meter or sound-level 
meter and is easier to use than are the narrow-
band analyzers. Although it does not operate 
down to tie low frequencies desired in many 
vibration measurements, it is useful in those 
vibration measurements made in connection with 
noise reduction problems. Of course, the easier 
operation of this analyzer is gained at some sac-
rifice of detail in frequency analysis. 

The Type 1550-A Analyzer consists of a set of 
8 band-pass filters, with selection by means of a 
rotary switch. These bands are 20-75 cps, 75-
150 cps, 150-300 cps, 300-600 cps, 600-1200 
cps, 1200-2400 cps, 2400-4800 cps, and 4800-
10,000 cps. Only the first five bands, however, 

2000 

are within the useful range of the Type 761-A 
Vibration Meter. 

The instrument is powered by means of a self-
contained battery. An ac 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 separately. 

11.3.5 Impact-Noise Analyzer (Type 1556-A): 
Impact-type waveforms, such as those produced 
by punch presses or drop hammers, cannot be 
properly evaluated by a vibration meter or vi-
bration meter — spectrum analyzer combination. 
A cathode-ray oscilloscope can be used to study 
such waveforms, but measurement is complicated 
and often cannot be carried out at the site of the 
vibratory disturbance. The instrument recom-
mended for studying impact or impulse-type 
waveforms is the Type 1556-A Impact-Noise 
Analyzer. This Analyzer operates directly from 
the output of a vibration meter to measure the 
peak level and duration of the impact waveform. 
The Type 1554-A Sound and Vibration Analyzer 
or a magnetic tape recorder can be used as 
auxiliary equipment. 

Through the use of electrical storage systems, 
three characteristics are measured by the analyzer 
for each impact: a peak instantaneous level, av-
erage level, and a continuous indication of peak 
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vibration level. (The duration of the impact can 
be determined from the difference between peak 
instantaneous level and average level.) Any one 
of the three characteristics can be switch-selected 
for presentation on the meter. 

11.4 VIBRATION CALIBRATOR 
(Type 1557-A) 
The Type 1557-A Vibration Calibrator is a 

small, single-frequency calibrator useful for 
checking the over-all operation of a vibration-
measuring system. The calibrator consists of a 
resiliently supported cylindrical mass, driven by 
a small, transistorized, electromechanical oscil-
lator mounted within the cylinder. Small accel-
erometers are mounted on either of two disk-
shaped platforms attached to the shaker. Large 
accelerometers are mounted in place of the disk-
shaped platforms. To calibrate an accelerometer, 
the LEVEL control is adjusted for a meter read-
ing corresponding to the mass added to the mov-
ing system of the calibrator. The accelerometer 
is then being driven at an acceleration of 1 g. 
The excursion of the calibrator can be adjusted 
for 1 g acceleration with any pickup weighing up 
to 300 grams. 

11.5 STROBOSCOPES 
11.5.1 General: Although it cannot measure 

directly the magnitude of vibration in rotating 
or moving parts, the stroboscope is valuable in 
many vibration studies because it permits rotating 
or reciprocating objects to be viewed intermit-
tently and produces the optical effect of slowing 
down or stopping motion. For instance, an 
electric fan revolving at 1800 rpm will apparently 
stand still if viewed under a light that flashes 
uniformly 1800 times per minute. At 1799 
flashes per minute the fan will appear to revolve 
at 1 rpm, and at 1801 flashes per minute it will 
appear to rotate backwards at 1 rpm. Because 
the eye retains images for an appreciable fraction 
of a second, no flicker is seen except at very low 
speeds. The apparent slow motion is an exact 
replica of the higher-speed motion, so that the 
motion of the high-speed machine can be ana-
lyzed with the stroboscope under normal op-
erating conditions. This type of instrument can 
be used to measure the speeds where vibrations 
occur in most rotating or reciprocating ma-
chines. Displacements in vibrating parts can of-
ten be measured accurately with the aid of a 
microscope if a fine reference line is scribed on 
the part. This technique has been used to con-
firm the calibration of vibration calibrators, and 
automotive engineers have used it to measure 
crankshaft whip and vibration. 
The high-speed performance of fans and 

propellers and of other rotating devices can be 

studied by means of the slow-motion effect of 
the stroboscope, and sources of vibration and 
noise due to misadjustments, misalignment or 
wear can be readily detected. 

11.5.2 Strobotac® (Stroboscopic Tachometer; 
Type 1531-A): The Strobotac® is a small, port-
able stroboscope calibrated to read speed directly 
in revolutions per minute. The light source is a 
strobotron tube, mounted in a parabolic reflector. 
The frequency of an internal electronic pulse 
generator determines the flashing speed, which 
can be adjusted by means of a direct- reading 
dial. Normal flashing range is from 110 to 
25,000 rpm. Speeds above and below this range 
can be measured by use of flashing rates that are 
simple multiples or submultiples of the speed to 
be measured. As the flashing rate of the Strobo-
tacW is decreased below 600 per minute, the 
flicker becomes pronounced due to the inability 
of the human eye to retain successive images long 
enough to give the illusion of continuous mo-
tion. 
Of especial use in vibration measurements is 

the provision for connecting an external syn-
chronizing signal to the Strobotac®. Thus the 
light flashes can be triggered directly by the vi-

w- -

Figure 11-8. Type 153I-A Strobotac.i, 
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Figure I 1-9. 
Type 1532-B Strobolume. 

brating motion, as detected by one of the vi-
bration pickup systems described earlier. For in-
stance, the Type 1560-P11 Vibration Pickup 
System can be used with the Type 1551-B Sound-
Level Meter to send triggering impulses to the 
Strobotac®. Filtering will be necessary between 
the Sound-Level Meter and the Strobotac®. The 
Type 1550-A Octave-Band Noise Analyzer or 
the Type 1554-A Sound and Vibration Analyzer 
could be used to provide such filtering. 

11.5.3 Strobolume (Type 1532-B): The Strob-
olume is a source of very bright light that is 
triggered by an external device, such as the Type 
1531-A Strobotac®. It is useful where the am-
bient light level is high or where large areas 
must be illuminated. The Strobolume produces 
brilliant white flashes continuously at rates up 

Figure 11-10. Type 1521 -A 

Graphic Level Recorder. 
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to 60 per minute or for short periods at rates up 
to 1200 per minute. It also produces flashes of 
shorter duration (and of about the same inten-
sity as those produced by the Type 1531-A) up 
to 3000 per minute. 

11.6 GRAPHIC LEVEL RECORDER 
(Type 1521-A) 
The Type 1521-A Graphic Level Recorder 

produces a permanent chart record of the level 
of an applied ac signal. For vibration measure-
ments, this signal is usually obtained from the 
output of a Vibration Meter (Type 761-A), 
Vibration Pickup System (Type 1560-P11) — 
Sound-Level Meter (Type 1551-B) combination, 
or a Sound and Vibration Analyzer (Type 1554). 
The Graphic Level Recorder can be used to 

record the vibration levels of building floors or 
walls, bridges, airframes, or other structures over 
periods of time. Levels can also be recorded as 
a function of frequency, and such recordings are 
used to show frequency response curves of trans-
ducers and other instruments. 
Used with a Type 1554-A Sound and Vibra-

tion Analyzer, the Recorder can plot the fre-
quency spectrum of a vibrating object ( i.e., its 
displacement, velocity, or acceleration vs fre-
quency). The Analyzer-Recorder combination 
can also be used in response measurements of 
shaker-driven components excited by sine waves 
or random noise, or of networks excited by 
white noise. Mechanical linkages and special 
chart papers reproduce the frequency scale of 
the Analyzer at the Recorder. 
The Recorder can be used with an oscillator 

(such as the Type 1304-B Beat-Frequency Audio 
Generator) to plot frequency characteristics of 
analyzers, recording systems, networks, filters, 
equalizers, vibration pickups, and other trans-
ducers. 



11.7 RANDOM-NOISE GENERATOR 
(Type 1390-B) 

The Type 1390-B Random-Noise Generator is 
a source of high-level, broad-band, electrical 
noise. This noise can be converted to a random 
mechanical motion produced by an electrome-
chanical shaker. Random motion is widely used 
in mechanical reliability testing of components 
and structures of all types 3,4. For example, 
randomly driven vibration shakers are used for 
structural tests of components and assemblies in 
rocket- and jet-engine-driven devices and for 
microphonic tests of vacuum tubes. 

11.8 CATHODE-RAY OSCILLOSCOPE 
A cathode-ray oscilloscope is a useful means of 

observing the waveform of a vibration signal 
from the vibration meter. It can be used to meas-
ure the peak amplitude of a wave, and after some 
experience the observer can, by adjusting the 
sweep frequency, tell something about frequency 
components by looking at the waveform. In 
addition, the oscilloscope makes possible the 
study of the instantaneous values of a vibratory 
motion. In contrast with the vibration analyzer 
and other wave analyzers that present information 
in terms of frequency, the oscilloscope presents 

'J. Robbins, "Standardized White-Noise Tests," Elec-
tronic lnduitries and Tele-Tech, Vol 16, No. 2, Feb. 
1957, pp 68-69. 
'A. N. Crandall, Editor, "Random Vibration", Cam-
bridge, Massachusetts, The Technology Press of MIT, 
1958. 

Figure H- I I. Type 1390-B 

Random- Noise Generator. 

information as a function of time. This time 
representation is often of great assistance in the 
solution of vibration problems. Because the 
oscilloscope presents information instantly and 
continuously and because its frequency response 
is not a limiting factor it is useful in the study 
of any vibration waveform. 

For vibration measurements an oscilloscope 
with slow sweep rates, long-persistence screen, 
and dc amplifier is recommended. Many oscil-
loscopes have provision for the addition of a 
camera, which makes possible the permanent rec-
ord of the vibration wave shape being studied. 

11.9 MAGNETIC TAPE RECORDER 

The magnetic tape recorder is used in vibration 
measurements to perform the following func-
tions: 

(1) To preserve vibration signals for later 
analysis and display or for comparison with vi-
bration measurements after adjustments or chang-
es have been made in the equipment or machine 
being measured. 

(2) To store a sample low-frequency vibra-
tion signal, which can be played back at higher 
tape speeds for analysis with conventional audio-
frequency analyzers. 

(3) To store shock- or impact-type vibration 
signals for reverse playback to determine peak 
amplitudes. Conventional meters can then be 
used to follow the decay slope in reverse even 
though the response time is much too slow to 
indicate peak values when the signal is played 
back in a forward or correct direction. 
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(4) To record low-frequency vibrations with 
fiat response from dc to 3000 cps by special fm 
carrier techniques for seismic explorations5. For 
accurate analyses the recorder selected should 
have a flat frequency characteristic, low hum and 
noise levels, low nonlinear distortion, wide dy-
namic range, and constant speed. 

11.10 RECORDING GALVANOMETER 
The recording galvanometer is very useful in 

applications where the vibration to be measured 
is transient in nature. Also, for steady-state vi-
brations, the recording galvanometer produces a 
permanent record of a vibration waveform for 
future study and analysis. Most of the many 
models of recording galvanometers can be used 
at the output of the Type 761-A Vibration Meter. 
The fidelity of recording is limited by the char-
acteristics of the galvanometer. 

Direct-writing galvanometers may write with 
ink on paper, with special styli on heat-sensitive 
or voltage-sensitive paper, or with a pointed 
stylus on waxed paper. The pen motors usually 
have relatively low resonant frequencies and re-
quire dc amplifiers when used with the vibration 
meter. Most manufacturers of pen motors also 
make the corresponding dc amplifiers. Compen-
sation is sometimes added to extend the flat re-
sponse range of the pen motor. Pen motors with 
compensating amplifiers are useful from dc up to 
about 100 cps. 

Another type of galvanometer moves a tiny 
mirror which reflects a light beam onto a pho-
tographic paper or film. Here sensitivity and 
resonant frequency can be increased because the 
mirror can be tiny with little mass, and the light 
path from the mirror to the recording surface can 
easily be made relatively long. Flexibility is in-
creased because galvanometers varying widely in 
sensitivity and frequency range can be readily in-

'Kenneth P. Booth, "Tape Recording for Telemetering 
and Data Analysis", Teletech, May and June, 1952. 

terchanged. Many of these galvanometers can 
be operated from the output of the vibration 
meter with the use of a resistive pad and no 
extra amplification. Units with resonant fre-
quency as high as 3000 cps are available. Since 
the record is produced on a photographic film 
or paper, and is not always immediately avail-
able, this type of recording galvanometer is not as 
convenient as the direct-writing type. To reduce 
the time lag between tests and viewing or in-
terpretation of data, several companies manu-
facture compact photo record processors for paper 
oscillograms and other rolled-paper photo rec-
ords. The units require no darkroom for op-
eration and can be used at the testing site with-
out connection to an external source of water. 
In addition, at least two companies have intro-
duced light-beam-type recorders using a high-
intensity light source and specially sensitized 
paper to produce a trace that becomes visible 
almost immediately. 

11.11 VIBRATION SHAKERS 
As noted in Section 10.1, several types of vi-

bration shakers are widely used. One of the most 
versatile is the electrodynamic shaker. These 
shakers, produced in a wide range of sizes, are 
used by vibration engineers in many ways to help 
evaluate performance of instruments, compon-
ents, and structures. Typical uses are: endurance 
or fatigue testing of electrical and mechanical 
structures, testing of resilient or shock mounts, 
shake testing of electrical components such as 
switches, relays, or amplifiers, determination of 
damping characteristics of materials, and calibra-
tion of vibration pickups. 
Some tests use sine-wave motion, with the fre-

quency either set at a resonance of the device 
under test or swept over a specified band. Ran-
dom motion is becoming widely accepted in vi-
bration testing, with a random-noise generator 
(see Section 11.7) used as the signal source, and 
an adjustable band-pass filter used to shape the 
noise spectrum. 
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CHAPTER 12 

APPLICATIONS FOR VIBRATION - 

MEASURING EQUIPMENT 

12.1 GENERAL 

All designers of airplanes, ships, and other 
expensive or elaborate structures, particularly 
where vibration may be dangerous, carefully cal-
culate the vibratory conditions as a part of the 
design work. Such calculations generally involve 
assumptions that cannot always be rigidly justi-
fied, and measurements are usually necessary on 
the completed structure to check the calculations 
and to make minor readjustments. 
With small machinery it is sometimes more 

economical to build a sample and measure the 
vibration than to spend too much time on labori-
ous calculations. The vibration meter, therefore, 
is not a substitute for thorough theoretical analy-
ses, but should be used to supplement and check 
such analyses. Its use will often simplify the 
calculations and reduce the number that are 
necessary. 
The vibration meter is also an invaluable tool 

in checking finished equipment for vibration and, 
indirectly, for noise. Noise tests can be, carried 
on under unfavorable conditions of ambient noise 
level, after noise meter and vibration tests are 
correlated on a few sample machines. 

Engineers have often approached vibration 
problems, sometimes satisfactorily, by wasteful 
"cut and try" or intuitive experiments. This 
procedure is not necessary or recommended, and 
is often completely unsuccessful. Suitable vibra-
tion measuring equipment and techniques should 
be used to analyze and evaluate vibration prob-
lems. The analysis usually will provide the in-
formation necessary to solve the problem. 

The General Radio Type 761-A Vibration 
Meter has been a very useful tool for many re-
search and development engineers faced with 
vibration problems. Noise levels from fans and 
large room air circulators have been reduced to 
acceptable levels by use of information gained 
by vibration measurements on fan blades and 
circulator housings. Similar techniques have been 
used in the development of room air-condition-
ers. Ball-bearing manufacturers use the vibration 
meter to test assembled ball bearings as they 
come off the production line. If a unit is defec-
tive, analysis of waveforms will indicate correc-
tive measures to be taken at the high-speed auto-
matic machines shaping or forming the part. 
The vibration meter is widely used in the test-

ing and evaluation of resilient vibration mount-
ings. A manufacturer of rubber products uses the 
Type 761-A Vibration Meter and a vibration 
analyzer to measure shock-absorbing qualities of 
its products. For example, the equipment is used 
to measure the amount of vibration absorbed by 
their automobile tire ( Figure 12-1) 1 and to 
measure the shock-absorbing qualities of special 
power transmission belts ( Figure 12-2) 1 or 
power take-off wheels. 
The engineering department of a company 

manufacturing Diesel engins uses the Type 761-
A Vibration Meter and a vibration analyzer to 
measure, in the field, the torsional vibration char-

'Bumps Take a Beating," Research in Action sec-
tion of Gater Employees Progress News, August, 1953, 
p. 9, The Gates Rubber Company Denver, Colorado. 
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acteristics of marine and stationary engine instal-
lations. 2 In these installations it is essential that 
no criticals ( excessive torsional vibrations) occur 
within the operating range. 

The examples listed above illustrate the wide 
range of activities in which the General Radio 
Vibration Measuring equipment has proved use-
ful. Although the list is by no means complete, 
these examples indicate the versatility of the 
measuring instruments. 

12.2 EXAMPLES OF TYPICAL VIBRATION 
MEASUREMENTS 

12.2.1 General: The following accounts of 
vibration measurements were written by engi-
neers who used General Radio Vibration-Meas-
uring Equipment to help them in solving vibra-
tion problems. The examples cited here do not 
illustrate all possible uses of the equipment, nor 
do they illustrate unique solutions to the prob-
lems presented. The imagination, ingenuity, and 
skill of the engineer faced with a particular vi-
bration problem are still as important as are the 
tools used to arrive at a satisfactory solution. 

Trescott S., "Taking the Mystery Out of Tor-
sional Vibration", Bulletin No. EM-B7, Enterprise 
Engine and Machine Company, 18th and Florida Streets, 
San Francisco 10, California. 

Figure 12-1. The vibration meter and analyzer are used here to determine the amount of 
vibration absorbed by a new Gates tire. The tire is taking extreme punishment from a 

cleat on the large wheel, which is traveling so fast that the cleat cannot be seen. 

12.2.2 Resonant Vibration in Large Engine 
Foundation (By G. M. DEXTER3 and M. K. 
NEwmAN4). Vibration in a large concrete foun-
dation that was in near resonance with the gear 
mesh frequency of a pinion on a large Corliss en-
gine was analyzed successfully with the aid of a 
General Radio vibration meter and sound analy-
zer. The problem arose on mill engine No. 2 on 
the grinding tandem of the U. S. Sugar Corp., 
Clewiston, Florida. This grinding tandem con-
sists of a set of revolving knives, a two-roll 
crusher, and seven three-roll, 78-inch mills. 

Engine No. 2 is a 36- by 60-inch Corliss en-
gine that operates at 40 to 70 rpm, depending on 
the amount of sugar cane being crushed and on 
its fiber content. Its concrete foundation was 
vibrating badly and the amount of vibration in-
creased with the load on the grinding tandem and 
with the speed of the engine. 

The engine is one of three on a large concrete 
foundation, about 145 ft long, 40 ft wide, and 
11 ft thick for over one-half its width. This en-
gine drives three mills of the grinding tandem 
through a set of five large gears and three pin-

'Engineer for Bitting, Inc., New York, N. Y., Super-
visory Managers, U. S. Sugar Corp. 

'Physics Dept., Columbia University, New York, N. Y. 
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ions. The foundation is on the typical muck on 
sand on porous rock of the Everglades, where 
the water level is about three feet below the 
surface. The unusual nature of the soil made the 
problem more difficult. Although there is a 
definite friction against lateral movement of 
water, an irregular lateral movement does take 
place in the soil. 
The first reaction to the vibration problem was 

that the concrete foundation, by settling unequal-
ly, was causing misalignment of gears that pro-
duced vibration. Four deep wells nearby drew 
about 550 gallons per minute and caused a cone 
of depression in the ground water level that ex-
tended under the concrete foundation. Weekly 
level readings on various control points on the 
concrete foundation and ground water level were 
taken to determine whether any settlement was 
actually taking place. An analysis of the load on 
the soil from the foundation and its machinery 
showed that the load was fairly well distributed 
and was about 0.8 ton per square foot. This 
amount is well within the limit that experience 
has shown to be safe for Everglades conditions 
where drainage ditches are in use. 

While the preceding work was under way, a 
General Radio vibration meter and sound or 
wave analyzer were brought into use by Mr. M. 
K. Newman. He found that the vibration of the 

mill engine foundation could be broken down 
with the sound analyzer into several frequencies, 
one of which was identical with the frequency of 
the gear mesh of the main pinion on engine No. 
2, the others being multiples of this frequency. 
All frequencies in the foundation varied with the 
speed of engine No. 2. The vibration meter 
measured amplitudes of vibration, velocities, and 
accelerations at each frequency. The frequency 
spectrum of the amplitudes showed that the most 
important effect was that due to the single-mesh 
frequency of the main pinion on engine No. 2. 
This vibration existed throughout the founda-
tion. A complete response characteristic of the 
foundation was taken up to the highest engine 
speeds used, and a definite resonance peak was 
found for a constant vibrating force at a fre-
quency corresponding to an engine speed of 
about 68 rpm. 

This fact immediately suggested that the pin-
ion might be at fault. Measurements showed 
that the pinion was in poor alignment with the 
two large gears it drove. Plaster of Paris casts 
of the teeth of the pinion and the two gears it 
drove showed they were worn. 
A calculation of the foundation modulus by 

means of a method developed by M. A. Biot for 
an infinite beam on an elastic foundation and 
the use of methods outlined by S. Timoshenko in 

Figure 12-2. Shock-absorbing qualities of the Gates Super Rope are measured with the 
equipment shown here. Readings are taken at both the motor and the driven machine 

to determine how much vibration is absorbed by the belt. 
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-Vibration Problems in Engineering- showed 
that the mill-engine foundation had several nat-
ural frequencies that were very close to the fre-
quency of the gear mesh of the main pinion on 
engine No. 2. The forced vibration problem was 
solved for a beam on an elastic foundation. The 
nine lowest modes of vibration were found to 
contribute appreciably to the resulting vibration, 
with the second harmonic in bending predomi-
nant because of near resonance. The resulting 
distribution of amplitude of vibration showed 
the same typical form that was obtained with a 
Davey Vibrometer. These data supported the 
conclusion reached with the General Radio instru-
ments: the mill- engine foundatioo was in near 
resonance with the gear-mcsh frequency of that 
pinion. In other words, the amplitudes of the 
vibration of the concrete foundation were greatly 
magnified. 
The level readings also showed that two or 

three points near engine No. 2 on the foundation 
settled at high speeds of that engine but did not 
at low speeds. This confirmed the conclusion 
that settlement was because of vibration. Ampli-
tude of vibration was a little more than 0.001 

98 

inch at a frequency of about 30 cycles per second. 
Numerous other studies were made, such as 

possible wobble of the flywheel of engine No. 2, 
possible loose foundation bolts in the base plate 
of the engine, stresses in gear teeth due to the 
heavy load on the grinding tandem, etc. 
The successful use of General Radio vibration 

measuring equipment in this problem opened a 
new field of investigation on the behaviour of 
concrete foundations under vibrating loads. This 
account was probably the first description of the 
application of a vibration meter and analyzer to a 
problem in the resonant vibration of a concrete 
foundation. With this equipment, it was possible 
to analyze the problem so definitely that the 
cause and cure of the vibration could be given 
with considerable certainty. 

12.2.3 Analysis of Vibration Problem in Pow-
er Plant Building: This report presents the 
measurements made and the conclusions arrived 
at in an investigation of a vibration problem in 
connection with the power plant of a building in 
New England. Briefly, the problem can be sum-
marized as follows: Two new steam-driven re-

Figure 12-3. The grinding tandem of the U.S. Sugar Corporation at 

Clewiston, Florida. Mill engine No. 2 is the center unit. 
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Figure 12-4. Compound amplitudes at engine No. 2 as measured on 
concrete foundation with the Type 76I-A Vibration Meter. 

ciprocating ac power generating machines had 
recently been installed in the power plant build-
ing. When the new steam engines were in opera-
tion, excessive vibration was noticeable through-
out the entire building. The two electric power 
generators were to be used in connection with a 
new building to be constructed about 200 feet 
from the power house. In addition to analyzing 
the local vibration problem in the power plant 
proper, it was necessary to investigate the an-
ticipated vibration conditions in the new building 
owing to operation of the steam engines in the 
power plant. 
The power house contained four large power 

generating steam engines, two large boilers, and 
many smaller engines on the ground floor. Other 
facilities of the institution occupied the second 
and third floors of the building. The power 
house was built before 1900, and the flooring in 
the area above the steam engines was of wood 
construction. The building sat on a foundation of 
sand and water, with the water level 10 feet 
below the surface. The basement floor of the 
proposed new building was to be about five feet 
below the water level. 
The four reciprocating steam engines in the 

power plant consisted of ( 1) a four-valve, one-

cylinder engine running at 180 rpm, generating 
250 kilowatts of dc power; (2) a piston-valve, 
one-cylinder engine operating at 270 rpm and 
developing 100 kilowatts of dc power; ( 3) two 
recently installed two-cylinder, vertical-type en-
gines directly coupled to a 600-kilowatt ac gen-
erator operating at 327 rpm. 

Each of the new engines was on a separate 
concrete slab 12 by 18 by 7 feet deep and 6 feet 
in the ground. This slab formation was isolated 
from the main floor slab by a one-inch, mastic-
filled gap. The two-cylinder engine had a piston 
diameter of 181/2  inches and a stroke of 16 inch-
es. It operated with a steam pressure of 175 
lb/sq in. on the intake and exhausted into a line 
set at 5 lb/sq in. Each engine had a separate 
steam line from the boiler. This feed line was 
eight inches in diameter and made several 90° 
bends over a distance of about 50 feet between 
the boilers and the engine. The exhaust pipe for 
each new engine was 12 inches in diameter and 
split into two 12- inch branches immediately after 
leaving the engine. One branch from each en-
gine went directly to the roof of the power house 
and operated as a bleeder. The other exhaust 
branches made about three 90° bends before go-
ing under the floor between the two engines. Im-
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mediately under the floor the two exhausts joined 
together and traveled for a distance of 75 to 100 
feet to a pump room at the other end of the 
building. The pipe then rose vertically about 
15 feet to an oil separator tank and to the radia-
tor supply for the main building of the institu-
tion. An atmospheric bleeder, mounted on the 
roof of the power house, immediately followed 
the oil separator tank. Most of the steam lines 
in the power house were mounted on hangars 
attached rigidly to the ceiling of the first floor. 

Measurements and Results: 

A series of vibration measurements was taken 
at and around the power plant to determine the 
source of the disturbing vibrations and to deter-
mine the vibration levels that could be expected 
in the proposed new building. These measure-
ments were taken with a Type 761-A Vibration 
Meter and a Sound and Vibration Analyzer. 

Vibration measurements were made on the 
foundation of one of the new engines while it 
was operating to determine its amplitude of vi-
bration. Because the two cylinders in the steam 
engine were operated 180° out of phase and were 
double-acting, it was expected that considerable 
rotational vibration (see Section 12.3) might 
exist in the slab on which the engine rested. 
However, measurements indicated that there was 
almost no rotational vibration and that all the 
vibration was translational. The vertical transla-
tional vibration of the slab under this engine 
showed a peak-to-peak displacement of only 1.5 
mils ( 0.0015 inch). This maximum displace-
ment of 1.5 mils occurred at frequencies of both 
5 and 10 cps, depending on the location with 
respect to the engine. The vertical displacement 
of the isolated floor slab right next to the engine 
foundation had a displacement of about 1 mil. A 
12- inch-square building stanchion was erected 
between the two new engines at the time the en-
gines were installed to reinforce the floor above. 
This vertical stanchion was found to have a 
maximum horizontal displacement of 1.5 mils. 
The wooden floor directly above this stanchion 
had a vertical displacement of 3 mils. The floor 
vibration was in the 6- to 10-cycle region. A 
check on the acceleration showed that this floor 
had an rms acceleration of 1 ft/sec2 (.031 g). 
Personnel working in an office on the southeast 
corner of the third floor had complained about 
vibration when the two new steam engines were 
in operation. It was interesting to note that the 
vibrations on the floor in this office were sub-
stantially the same most of the time ( about 3 
mils) whether or not the two new engines were 
operating. However, when the phasing of the 
two new engines was just right, the displacement 
of the floor in this office became as high as 10 
mils. It was further determined that the bleeder 
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or exhaust pipes for the new engines were tied to 
the building structure immediately under this 
third floor office. 
Near the top of the engines, where the supply 

and exhaust pipes connected with the engine, the 
engine rocked back and forth with a maximum 
displacement of 6 mils. The 8-inch steam supply 
line for each of the engines was hung on rigid 
hangers from the wooden floor above. At one 
of these hangers about a third of the way back 
to the boiler it was found that the rigid hanger 
had a vertical displacement of 12 mils. On the 
12-inch exhaust pipe there were horizontal dis-
placements of 8 mils, just 6 feet from the engine. 
As stated before, the exhaust pipe from the two 
engines traveled in a pit underground along the 
long axis of the building, practically to the other 
end of the building (a distance of 75 to 100 
feet), whereupon it made a bend into a vertical 
run. At this bend, which occurred in the pump 
room, the pipe was found to be elongating 
through a horizontal displacement of 30 mils. 
Also in the pump room a small turbine pump fed 
into the common exhaust line. The small pipe 
connected with the pump was set into sympathetic 
vibration, with a displacement of over 100 mils, 
by the 10-cycle pulses in the steam line from the 
new engines. 

Measurements were made on soil conditions 
and in the ground at various distances from the 
new engines. As stated earlier, it was found that 
the foundation of one engine had a vibration 
amplitude of 1.5 mils. This amplitude decreased 
to 0.18 to 0.3 mil at points 300 feet from the 
power house at the position of the nearest wing 
of the proposed new building. From studies of 
the engine and soil conditions it was determined 
that the engine should produce an amplitude of 
vibration in the soil of about 1 mil. It was also 
found, from calculations based upon the size and 
weight of the foundation and upon measured 
characteristics of the soil, that the natural fre-
quency of each new engine with its foundation 
in combination with the soil was between 8.5 and 
11.2 cps (operating frequency 10 cps). 
The vibration measurements made on the walls 

and floors of the building and on the piping 
system indicated that the piping was responsible 
for the excessive vibration experienced in the 
power plant building itself. On the other hand, 
the measurements indicated that the residual vi-
bration levels at 300 feet were coming from the 
base of the engine. 

It was concluded that the vibrations should not 
be objectionable in the new main building unless 
a direct concrete or masonry tie were made be-
tween the two buildings. It was recommended 
that steam tunnels between the power plant and 
the new buildings should have mastic vibration 
breaks at several points along their lengths and 



that steam and water pipes should be rigidly 
clamped at some point in the tunnel in order that 
vibrations would not be transmitted to the new 
buildings from the power house. 

Possible modification of the engine founda-
tions was prepared in case it was necessary, at a 
later date, to move the resonant frequency of 
engine, slab, and soil combination away from the 
10-cps operating frequency. The proposal would 
increase the mass of the engine foundations and 
would tie the two foundations together so they 
would act as a single unit. Calculations on the 
proposed modification indicated that the reso-
nant frequency would be lowered by a factor of 
1.4 and that the amplitude of vibration trans-
mitted to the ground might be decreased by as 
much as 6 to 1. 
To confirm that the vibrations in the walls and 

the upper floors of the power house were induced 
by the vibrations of the pipes and not by vibra-
tions traveling through the foundations of the 
engines, the following experiment was per-
formed: A vibration-isolating sleeve was in-
stalled in the steam intake pipe and a second 
vibration-isolating sleeve was installed in the 
steam exhaust pipe. The two new engines were 
decoupled from the wall of the power house by 
removal of expansion joints between the piping 
and the blow-off valve mounted on the wall. The 
piping in the long steam tunnel was securely 
anchored so that it could not move. 

Vibration measurements at once revealed a 
vt:ry bad resonance condition in the piping im-
mediately following the exhaust port on the en-
gine but preceding the newly added vibration 
isolator. Since the piping had been decoupled 
from the walls, the vibration from this resonance 
condition did not get into the walls of the build-
ing, so that the annoying and dangerous condi-
tions existing prior to this time were eliminated. 

The vibration isolator had been added just 
beyond a large valve in the exhaust piping. From 
the exhaust port of the engine to this valve the 
piping was acting as a cantilevered beam loaded 
with the heavy mass of the valve. This beam had 
its natural resonant frequency at almost exactly 
11 cps. It was found, for example, that if the 
speed of the new engine was changed from 300 
to 350 rpm, the vibration of the piping at the 
valve went from 8 mils to a maximum of 30 mils 
and then down to 8 mils. 
The isolation of the piping from the wall re-

duced the measured vibration at the base of the 
engine from 1.5 to 0.35 mil. In other words, the 
vibrations measured at first at the engine base 
did not originate in the foundation and soil com-
bination but originated in the piping that was 
connected to the side wall and were thence trans-
mitted down to the foundation of the machine. 

Measurements made on the wooden floor above 
the engines after isolation of the piping from the 
power plant walls showed that the displacement 
was about 1.3 mils compared with the previous 
measurements of 3 mils. Further tests showed 
that the new engines were accounting for no 
more of the vibration than was the old equip-
ment which was in operation at the same time. 
The complete solution of this vibration prob-

lem involved installation of vibration-isolating 
sleeves in the intake steam pipes to the new en-
gines, installation of vibration- isolating sleeves 
in the exhaust lines immediately following the 
exhaust ports of the engines, and installation of 
surge tanks or mufflers in the exhaust lines fol-
lowing the vibration isolators. The mufflers were 
added to remove the steam pulses, which were 
causing excessive vibration of the piping in the 
pump room located at the far end of the steam 
tunnel. 

12.2.4 Location of Faulty Steam Traps With 

a Vibration Pickup: Efficient steam trapping is 
necessary to get the most practical use from each 
pound of steam. The traps used in a building 
formerly owned by General Radio Co. were of 
the balanced-pressure thermostatic type illus-
trated in Figure 12-55. 

Five hundred of these traps in various sizes 
and makes were used throughout the plant. To 
maintain efficient operation of these traps, the 
manufacturers recommended that they be re-
placed every five years. Before these traps were 
all changed, it had been found necessary to fire 
up a standby boiler as well as the two regular 
working boilers to heat the plant satisfactorily. 
In addition, on very cold nights, it was neces-
sary for the fireman to open up the fires as early 
as 1 or 2 o'clock in the morning in order to have 
the buildings warm by 8:30 or 9:00 a.m. After 
the traps were replaced, the two regular boilers 
took care of the heating load easily. Even on 
the coldest nights the fireman had no trouble get-
ting the buildings warm by the start of the work-
ing day if he opened up his fires by 5:00 a.m. 

Replacing traps in a wholesale manner, wheth-
er or not they are defective, is an effective but 
wasteful method of solving the problem. Open-
air listening tests without instrumentation are use-
less in the presence of ordinary factory noises. 
Fortunately, a vibration pickup plus a sound-level 
meter (Type 761-A Vibration Meter can be used 
just as effectively) and earphones offers a particu-
larly effective means of spotting defective traps. 
The vibration pickup serves to transmit to the 
sound-level meter or vibration meter the sounds 
produced by steam and water in the pipes and 

'Kenneth G. Oliver, "Steam Trapping," Instruments & 
Automation, Vol 27, No. 3, March 1954, pp 470-473. 
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traps. With a little practice, the ear of the op-
erator becomes a reliable, calibrated analyzer and 
can readily pick out the traps that are not func-
tioning properly. 

This equipment is particularly useful in testing 
the traps located in mains where the steam can-
not be shut off during the normal working day. 
Faulty traps can be located, and then, when the 
steam is off for other reasons or when it is con-
venient to shut the steam off for this purpose, 
the trap can be replaced. 

During one year, the listening tests on the 
steam traps found some 60 defective traps. The 
cost of these traps and the man-hours needed 
to replace them were much less than would be 
needed to replace all 500 traps as was the previ-
ous practice. While the efficiency of the steam 
system was improved if the traps were changed 
every five years, many traps had been changed 
before their useful life was ended. Also, traps 
that became defective in less than five years re-
duced efficiency of the system. By relatively low-
cost instrumentation much time and money was 
saved. The steam plant was kept at maximum 
efficiency, and the full useful life of the steam 
trap was attained. Thereafter, the equipment was 
used in routine checks on the steam traps and was 
further useful in locating sources of water ham-
mer. 

In another, new plant, steam traps in quiet 
locations were defective at the end of one year's 
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Figure 12-5. Cross section of a balanced-
pressure thermostatic steam trap. 

Figure 12-6. Checking a steam trap with 

vibration-measuring equipment. 

operation. On the basis of this finding all steam 
traps in the plant were replaced. Here, much 
time and money could have been saved had the 
plant engineer been aware of the available in-
strumentation. 

Calibration and Measuring Technique: 
To make useful measurements, the over-all 

measuring system, including the operator, first 
must be calibrated. The vibration pickup, with its 
long probe and conical tip attached, is held on 
the cap of a steam-trap at the end of a radiator 
that can be shut off. The long probe and tip is 
used to keep the Rochelle salt crystal unit away 
from the hot steam pipes. Calibration procedure 
is as follows: 

a. Shut off the radiator and allow time for the 
vacuum pump to evacuate the radiator. 

b. With the pick-up probe at the top of the 
steam trap, adjust the attenuator on the Sound-
Level Meter until the panel meter reads on 
scale. 

c. Plug the phones into the output jack of the 
Sound-Level Meter and listen to the signal being 
picked up. ( This is the background noise in the 
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piping system with nothing passing through the 
trap.) 

d. Turn the radiator on and listen for: 
(1) The swish of air rushing through the 

pipes. 
(2) The gurgle of water being pushed 

along the pipes. 
(3) The steam trap closing. If the trap is 

working correctly, the sound will re-
turn to that heard in step c. If the 
trap is not working correctly, the hiss 
of steam leaking through the trap can 
be heard above the level heard in 
step c. 

12.2.5 Direct-Writing Recorder Used With 
Vibration Meter in Vibration Analysis: As 
mentioned in Section 11.10, the recording gal-
vanometer is widely used in vibration measure-
ment and analysis. Photographs of four records 
taken with a popular recording galvanometer are 
shown in Figures 12-7 through 12-10. These 
records are only a few of many taken during the 

course of a vibration study made in a large indus-
trial plant. The instrumentation used for this 
vibration study was a Type 761-A Vibration Me-
ter, a Brush 6 Model BL-201 single-channel os-

cilloscope, and a Brush Model BL-905 amplifier. 
For all measurements the Type 761-A Vibra-

tion Meter was set to read displacement and the 
attenuator was set for a full-scale reading of .003 
inch rms. The Brush Amplifier settings were: 
voltage calibration control, 5; attenuator, 1; and 
gain adjusted to give lmm/volt deflection on the 
recorder at 60 cps. With the amplifier connected 
to the output of the vibration meter and the vi-
bration pickup placed on a shaker, the following 
over-all calibration was obtained: 

Reading of Vibration 
Meter - rms inch 

.001 

.002 

.003 

Deflection of Recorder 
min either side of center 

3 
6 
9 

'Brush Electronics Company, Cleveland, Ohio. 

16mm 1 
=3.2sec f = --É= 0.313 cps or 18.8 rpm 

-/ 

Figure 12-7. Record of vibration displacement on pressroom floor (all presses running) 

made with a direct-writing recorder — chart speed 5 millimeters per second (see text). 

.----125 mm = 1 sec f = 14 cps or 840 rpm 

t--- 0.64 sec f = 1.57 cps or 94 rpm H 
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Figure 12-8. Record taken under the same conditions as Figure 12-7 except 

with a chart speed of 125 millimeters per second. 
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(Left) Figure 12-9. ( Right) Figure 12-10. Residual vibration recorded on pressroom floor with 
all presses stopped — chart speeds 5 and 125 millimeters per second, respectively. 

Records reproduced by courtesy of United Carr Fastener. 

The four records reproduced here were taken 
in one location. The vibration pickup was placed 
on the floor of a room housing a number of high-
speed metal-forming presses. Figure 12-7 and 
12-8 are records made with all presses running 
while Figures 12-9 and 12-10 are records made 
with all the presses stopped. 

The two records shown in Figures 12-7 and 
12-8 are for the same vibration, but different in-
formation can be derived from each. We can see 
quite clearly that it was a distinct advantage to 
have the different chart speeds, 5 and 125 mm/ 
sec, available. From the two records we can 
make a reasonably complete analysis of the com-
plex vibration waveform, while neither record 
by itself can tell us the whole story. From Fig-
ure 12-7 we can determine that the vibration 
waveform looks like a carrier frequency modu-
lated by two lower frequencies. The lower fre-
quency is readily computed as 0.313 cps or 18.8 
rpm. The other modulating frequency is five 
times the lower frequency, making 1.57 cps or 
94 rpm. The frequency of the carrier cannot 
be determined from Figure 12-7. Figure 12-8, 
which is stretched out by a factor of 25, yields 
the carrier frequency at 14 cps or 840 rpm and 
verifies the higher modulating frequency as be-
ing 1.51 cps. The lower modulating frequency 
is not recognized in Figure 12-8. 

Figures 12-9 and 12-10 show the residual vi-
bration of the factory floor after all of the presses 
had been shut down. Figures 12-9 and 12-10 
should be compared respectively with Figures 12-
7 and 12-8. The vibration amplitude is now well 
below .001 inch and no periodic modulating 
frequency is easily recognized. The record in 
Figure 12-10 indicates that the residual vibration 
is not sinusoidal and is 60 cps ( 3600 rpm) or 
higher. 

12.3 A SIMPLE TWO-P1CKUP METHOD FOR 
DETERMINING THE ROTATIONAL VIBRA-
TION OF ROTATING MACHINERY7 

This measurement technique has been found 
very useful when vibration analysis must be 
made on an existing installation of rotating ma-
chinery. Two Type 761-P1 Vibration Pickups 
and a summing network are required in addition 
to the Type 761-A Vibration Meter. It is neces-
sary to assume that the engine will behave as a 
rigid mass and that its center of gravity is equi-
distant from all four mounting posts. 
A simple summing circuit is shown in Figure 

12-11 below. The voltages e, and e2 represent 
the output signals of the two vibration pickups, 
and the voltage eo represents the signal fed into 
the input of the vibration meter. If the three 
resistors R are equal, eo will be 1/3(e,+e2). 
A practical arrangement of this circuit is shown 
in Figure 12-12. Only two resistors are shown, 
since the third resistor is in the input circuit of 
the Type 761-A Vibration Meter. One pickup is 

'This method was suggested by Mr. George Kamperman 
of Bolt, Beranek 8c Newman, Inc, Cambridge. He has 
used this technique on numerous occasions with gratify-
ing results. 

R 

Figure 12-11. A simple resistive 

summing circuit. 
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Figure 12-12. A convenient arrangement of a 
summing circuit for use at the input of the 

Type 761-A Vibration Meter. 

connected to input No. 1 and the other pickup is 
connected to input No. 2. The output of the 
summing circuit is connected to the input of the 
Vibration Meter. When switch S-1 is at position 
1, one third of the output of pickup No. 1 is ap-
plied to the input of the vibration meter. When 
S-1 is set at position 2, one third of the output 
of pickup No. 2 is applied to the input of the 
Vibration Meter. When S-1 is at position 3, one 
third of the sum of the outputs from the two 
pickups is applied to the input of the vibration 
meter. 

Example: 
The top view of a typical engine and its 

mounting is outlined in Figure 12-13. A and B 
represent the forward engine mounts while C 
and D represent the rear engine mounts. With 
the two pickups (oriented for vertical-displace-
ment measurement) mounted on the two for-
ward engine mounting brackets, the translational 

a/ 

Figure 12-13. Outline of engine and 
mounting (top view). 

or vertical amplitude is indicated on the vibration 
meter when the output signals of the two pickups 
are summed. The rotational mode of vibration 
is canceled out. When the outputs of the two 
pickups are summed 180° out of phase or sub-
tracted, the rotational amplitude of vibration is 
indicated on the vibration meter and the transla-
tional mode of vibration is canceled out. The 
pickup can be mounted upside down to shift the 
output 180° to perform the subtraction of out-
puts, or, the pickup can be left in its normal 
mounting position and the 180° shift in the 
phase of its output can be achieved with an elec-
tronic phase inverter. By making the set of 
measurements outlined above on all pairs of 
mounting brackets (A,B—C,D—B,C) the am-
plitude of any rotational or rocking motion about 
the axes a-a' or b-b' can easily be sorted out from 
the direct vertical or translational motion of the 
engine. 
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CHAPTER 13 

HUMAN RESPONSE 

TO MECHANICAL VIBRATION 

13.1 GENERAL 

The question has often been asked, "Are 
curves available that relate man's response to 
mechanical vibrations as a function of amplitude 
and frequency in the same way that the Robinson-
Dadson curves relate man's response to simple-
tone sounds as a function of pressure level and 
frequency?" This question is important to those 
who are concerned with passenger or operator 
comfort in automobiles, planes, boats, trains, and 
other vehicles. Vibration levels that are struc-
turally safe for a vehicle are often uncomfort-
able, annoying, or even dangerous for the occu-
pant. In military vehicles it may not be very im-
portant that the occupant be comfortable, but it 
is certainly important that excessive vibration does 
not cause fatigue and reduce sharply the efficiency 
of personnel. The U. S. Naval Medical Center 
at Bethesda, Maryland, has built a large displace-
ment-amplitude vibration machine, designed for 
a maximum load of 200 lb at any combination 
of displacement (0 to 4 inches) and frequen-
cies (2 to 50 cps) not exceeding 15 g peak accel-
eration. ( In the words of one reporter, "the en-
gineering principle involved likens this projeet to 
a number of units currently being operated in 
New York City. In New York they call them 
subways.") 

13.2 SUMMARY OF PUBLISHED DATA 

There are no curves that present the human 
responses to vibration as completely as do the 

Robinson-Dadson curves for human responses 
to simple tones of sound. Goldman' has sur-
veyed and attempted to correlate the data of a 
large number of investigators. From this data 
he derived the three solid curves I, II, and III 
shown in Figure 13-1, which represent the 
threshold of perception, the threshold of discom-
fort, and the threshold of tolerance or the level 
of intensity at which the subject for any reason 
was unwilling to tolerate the stimulus further. 
All workers did not make their measurements 
over the same frequency range or over the same 
intensity range. Also, each worker used his own 
apparatus and his own method of exposing his 
subjects. In many cases duration of exposure was 
not clear. The data were grouped without ref-
erence to the direction of the vibration, since ex-
amination of the data showed that differences due 
to the direction of application of the vibration 
were smaller than differences due to statistical 
variations. Each point on the curves is the av-
erage of from four to nine values based on meas-
urements reported by the various workers. The 

'Goldman, D. E., A Review of Subjective Responses to 
Vibratory Motion of the Human Body in the Frequen-
cy Range 1 to 70 Cycles per Second, Report No. 1, 
Project NM 004001, Naval Medical Research Institute, 
March 16, 1948. ( See also his more complete summary 
in Handbook of Noise Control, C. M. Harris, cd, 
McGraw-Hill, New York, N. Y., 1957, Chapter 11.) 
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Figure 13-1. Subjective response of the human 
body to vibratory motion as a function of 

frequency. 

subject was standing, sitting, or lying on a sup-
port that was vibrated vertically or horizontally. 

In addition to the Goldman curves McFarlane 
shows curves prepared by Lippert3 covering the 
frequency range of 1 to 200 cps and curves pre-
pared by McFarlane covering the frequency 
range of 10 to 70 cps. The three sets of curves 
are shown in the same chart and seem to agree 
within reasonable tolerances. 

Using only data collected by Meister5 and 
Reiher and Meister6, Janeway7 has prepared a 
chart giving recommended limits of vertical vi-
bration for passenger comfort in automobiles. 
The data he used also made up a good part of the 
data used by Goldman, but Janeway limited his 
analysis to data obtained for vertical sinusoidal 
vibration at a single frequency, with subjects 
standing or sitting on a hard seat. As shown in 
the dotted curve of Figure 13-1, the recommend-
ed characteristic consists of three simple relation-
ships, each of which covers a portion of the 
frequency rangé. In the low-frequency range 
from 1 to 6 cps the recommended limit is a func-
tion of the rate of change of acceleration with 
time (called jerk). Mathematically the law is 
written af3=2; that is, the maximum com-
fortable displacement (a) at any frequency be-
tween 1 and 6 cps is 2 divided by the frequency 
cubed (f3). Over the frequency range from 6 to 
20 cps the recommended limit is a function of 
the acceleration to which the passenger is sub-
jected. This law is written af2:_—_1/3. From 20 
to 60 cps the recommended limit is a function 
of velocity, and the rule is written af=1/60. 

2McFarland, Ross A., "Human Body Size and Capa-
bilities in the Design and Operation of Vehicular 
Equipment," Harvard School of Public Health. 
'Lippert, S., "Human Response to Vertical Vibration," 
read at S.A.E. National Aeronautical Meeting, October, 
1946. 
'McFarland, Ross A., "Human Factors in Air Trans-
portation," Occupational Health and Safety, New York, 
McGraw-Hill Book Co. 
'Meister, F. J., " Sensitivity of Human Beings to Vibra-
tion," Forschung (V. D. I. Berlin), May-June, 1935. 
"Reiher, H. and Meister, F. J., "Sensitivity of Human 
Beings to Vibration," Forschung (V. D. I. Berlin), 
February, 1931. 
'Janeway, R. N., -Vertical Vibration Limits for Pas-
senger Comfort" in Ride and Vibration Data, a set of 
reference charts. Society of Automotive Engineers, Inc., 
Special Publications Department ( SP-6). 
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APPENDIX I 

DECIBEL CONVERSION TABLES 

It is convenient in measurements and calcula-
tions to express the ratio between any two 
amounts of electric or acoustic power in units on 
a logarithmic scale. The decibel (1/10th of the 
bel) on the briggsian or base- 10 scale is in al-
most universal use for this purpose. 

Table I and Table II on the following pages 
have been prepared to facilitate making conver-
sions in either direction between the number of 
decibels and the corresponding power and pres-

sure ratios. Decibel — The number of decibels 
Ndb corresponding to the ratio between two 
amounts of power P1 and P, is 

P Ndb =--- 10 106. 10 i7---)2 

When two pressures E1 and E, operate 
in the same or equal impedances, 

E 
Ndb= 20 logjn 1 (2) 

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES 

(1) 

Values outside the range of either Table I or Table II on the following pages can be readily 
found with the help of the following simple rules: 

TABLE I: DECIBELS TO PRESSURE AND POWER RATIOS 

Number of decibels positive (-1-): Subtract + 20 
decibels successively from the given number of 
decibels until the remainder falls within range of 
Table I. To find the pressure ratio, multiply the 
corresponding value from the right-hand voltage-
ratio column by 10 for each time you subtracted 
20 db. To find the power ratio, multiply the cor-
responding value from the right-hand power-ratio 
column by 100 for each time you subtracted 
20 db. 

Example — Given: 49.2 db 
49.2 db — 20 db — 20 db 9.2 db 
Pressure ratio: 9.2 db—> 

2.884 x 10 x 10=-.288.4 

Number of decibels negative (—): Add +20 
decibels successively to the given number of de-
cibels 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 

—49.2 db + 20 db + 20 db =_ — 9.2 db 
Pressure ratio: — 9.2 db—> 

.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 .1202 x 1/100 x 1/100=.00001202 

TABLE II: PRESSURE RATIOS TO DECIBELS 

For ratios smaller than those in table — 
Multiply the given ratio by 10 successively until 
the product can be found in the table. From the 
number of decibels thus found, subtract + 20 
decibels for each time you multiplied by 10. 
Example — Given: Pressure ratio= .0131 

.0131 x 10 X 10=1.31 
From Table II, 1.31-

2.34 db — 20 db — 20 db = — 37.66 db 

For ratios greater than those in table — 
Divide the given ratio by 10 successively until 
the remainder can be found in the table. To the 
number of decibels thus found, add + 20 db for 
each time you divided by 10. 
Example — Given: Pressure ratio= 712 

712 x 1/10 x 1/10=7.12 

From Table II, 7.12—> 
17.05 db + 20 db + 20 db = 57.05 db 
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USE OF DECIBEL TABLES TO CONVERT VIBRATION READINGS 

These decibel tables offer a convenient means 
of converting decibel vibration readings obtained 
with the sound-level meter and vibration pickup 
into displacement in inches, velocity in inches 
per second, and acceleration in inches per second 
per second. 

Each control box nameplate is inscribed with 
a conversion table, which applies when that 
control box is used with the pickup and sound-
level meter indicated on the nameplate. The 
conversion figures appearing on the nameplate 
of the Type 1560-P21 Control Box are: 

Displacement 110 db = 1 in. rms 
Velocity 80 db= 1 in. per second 
Acceleration 40 db., 1 in. per second 

per second rms 

N.B. For Type 759-P36 Control Boxes, the 
conversion figures are different from the above. 
When the Type 759-P36 Control Box is used, 
substitute values given on the nameplate for those 
used below to obtain correct conversion. 

NOTE: In Tables I and II, the term "pres-
sure ratio" is equivalent to the term "voltage 
ratio" as used in the following instructions. 

TO CONVERT DB SOUND- LEVEL METER READINGS 
INTO RMS AMPLITUDE IN INCHES 

1. Note decibel readings of sound-level meter 
when vibration pickup is in contact with vi-
brating surface and control box switch is set at 
DISPlacement. 

2. If reading for Step 1 is below 110 db: 
Subtract + 20 db successively from 110 minus 
db reading until the remainder falls within the 
range of Table I of decibel tables. To determine 
rms amplitude in inches, multiply the voltage 
ratio ( left-hand column) corresponding to the 
db remainder by 0.1 for each time you subtracted 
20 db. Figures obtained are expressed directly 
in inches rms amplitude. 

If reading for Step 1 is above 110 db: Subtract 
+20 db successively from db reading minus 
110 db until the remainder falls within the 
range of Table I. To determine amplitude in 
inches, multiply the voltage ratio ( right-hand 

voltage ratio column) corresponding to the db 
remainder by 10 for each time you subtracted 
20 db. Figures obtained are expressed directly 
in inches rms amplitude. 

TO CONVERT DB SOUND-LEVEL METER READINGS 
INTO RMS VELOCITY IN INCHES PER SECOND 

1. Note db reading of sound-level meter with 
vibration pickup in contact with vibrating surface 
and control box switch set at VELocity. 

2. If reading for Step 1 is below 80 db: 
Subtract + 20 db successively from 80 minus 
db reading until the remainder falls within the 
range of Table I of decibel tables. To determine 
rms velocity in inches per second, multiply the 
voltage ratio ( left-hand voltage ratio column) 
corresponding to the db remainder by 0.1 for 
each time you subtracted 20 db. The value ob-
tained is velocity expressed directly in inches 
per second rms. 

If reading for Step 1 is above 80 db: Subtract 
+20 db successively from db reading minus 
80 until the remainder falls within the range 
of Table I. To determine rms velocity in inches 
per second, multiply the voltage ratio ( right-hand 
voltage ratio column) corresponding to the db 
remainder by 10 for each time you subtracted 
20 db. The value obtained is velocity expressed 
in inches per second rms. 

TO CONVERT DB SOUND-LEVEL METER READINGS 
INTO RMS ACCELERATION 

IN INCHES PER SECOND PER SECOND 

1. Note db reading of sound-level meter with 
vibration pickup in contact with vibrating surface 
and control box switch set at ACCeleration. 

2. If reading of Step 1 is below 40 db: The 
value obtained from the left-hand ratio column 
corresponding to 40 minus db reading is accelera-
tion expressed directly in inches per second per 
second rms. 

If reading for Step 1 is above 40 db (maxi-
mum 132 db): Subtract + 20 db successively 
from db reading minus 40 until the remainder 
falls within the range of Table I. To determine 
rms acceleration in inches per second per second, 
multiply the voltage ratio ( right-hand voltage ra-
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tio column) corresponding to the db remainder by 
10 for each time you subtracted 20 db. The value 
obtained is acceleration expressed directly in 
inches per second per second rms. 

Example: 
With the vibration pickup placed in contact 

with some vibrating surface and the control box 
switch, let us say, on DISPlacement, a read-
ing of 44 db is obtained. Then, following out-
lined procedure: 

1. db reading. 44 db. 

110 

2. 110 — 44= 66 db. 
66 — (+ 20) — (+ 20) — (+ 20) 
= 6 db remainder. 

Voltage ratios corresponding to 6 db (left-
hand column) equal 0.5012; 20 db was sub-
tracted from 66 db three times; therefore 0.5012 
should be multiplied by 0.1 three times. 

Result = 0.0005012 or ( to 2 significant fig-
ures) 0.00050 inch rms amplitude. 

Like procedure should be followed for the 
calculation of velocity or acceleration. 



TABLE I 

GIVEN: Decibels TO FIND: Power and Pressure Ratios 

TO ACCOUNT'FOR THE SIGN OF 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. 

Example-Given: ± 9.1 db. Find. 

-db+ 

Pressure 
Ratio 

Power 
Ratio db 

Pressure 
Ratio 

Power 
Ratio 

1.0000 1.0000 0 1.000 1.000 
.9886 .9772 .1 1.012 1.023 
.9772 .9550 .2 1.023 1.047 
.9661 .9333 .3 1.035 1.072 
.9550 .9120 .4 1.047 1.096 

.9441 .8913 .5 1.059 1.122 

.9333 .8710 .6 1.072 1.148 

.9226 .8511 .7 1.084 1.175 

.9120 .8318 .8 1.096 1.202 

.9016 .8128 .9 1.109 1.230 

.8913 .7943 1.0 1.122 1.259 

.8810 .7762 1.1 1.135 1.288 

.8710 .7586 1.2 1.148 1.318 

.8610 .7413 1.3 1.161 1.349 

.8511 .7244 1.4 1.175 1.380 

.8414 .7079 1.5 1.189 1.413 

.8318 .6918 1.6 1.202 1.445 

.8222 .6761 1.7 1.216 1.479 

.8128 .6607 1.8 1.230 1.514 

.8035 .6457 1.9 1.245 1.549 

.7943 .6310 2.0 1.259 1.585 

.7852 .6166 2.1 1.274 1.622 

.7762 .6026 2.2 1.288 1.660 

.7674 .5888 2.3 1.303 1.698 

.7586 .5754 2.4 1.318 1.738 

.7499 .5623 2.5 1.334 1.778 

.7413 .5495 2.6 1.349 1.820 

.7328 .5370 2.7 1.365 1.862 

.7244 .5248 2.8 1.380 1.905 

.7161 .5129 2.9 1.396 1.950 

' .7079 .5012 3.0 1.413 1.995 
.6998 .4898 3.1 1.429 2.042 
.6918 .4786 3.2 1.445 2.089 
.6839 .4677 3.3 1.462 2.138 
.6761 .4571 3.4 1.479 2.188 

.6683 .4467 3.5 1.496 2.239 

.6607 .4365 3.6 1.514 2.291 

.6531 .4266 3.7 1.531 2.344 

.6457 .4169 3.8 1.549 2.399 

.6383 .4074 3.9 1.567 2.455 

.6310 .3981 4.0 1.585 2.512 

.6237 .3890 4.1 1.603 2.570 

.6166 .3802 4.2 1.622 2.630 

.6095 .3715 4.3 1.641 2.692 

.6026 .3631 4.4 1.660 2.754 

.6957 .3548 4.5 1.679 2.818 

.5888 .3467 4.6 1.698 2.884 

.5821 .3388 4.7 1.718 2.951 

.5754 .3311 4.8 1.738 3.020 

.5689 .3236 4.9 1.758 3.090 

Power 
Ratio 

Pressure 
Ratio 

+9.1 db 8.128 2.851 
-9.1 db 0.1230 0.3508 

-db+ 

Pressure 
Ratio 

Power 
Ratio db 

Pressure 
Ratio 

Power 
Ratio 

.5623 .3162 5.0 1.778 3.162 

.5559 .3090 5.1 1.799 3.236 

.5495 .3020 5.2 1.820 3.311 

.5433 .2951 5.3 1.841 3.388 

.5370 .2884 5.4 1.862 3.467 

.5309 .2818 5.5 1.884 3.548 

.5248 .2754 5.6 1.905 8.631 

.5188 .2692 5.7 1.928 3.715 

.5129 .2630 5.8 1.950 3.802 

.5070 .2570 5.9 1.972 3.890 

.5012 .2512 6.0 1.995 3.981 

.4955 .2455 6.1 2.018 4.074 

.4898 .2399 6.2 2.042 4.169 

.4842 .2344 6.3 2.065 4.266 

.4786 .2291 6.4 2.089 4.365 

.4732 .2239 6.5 2.113 4.467 

.4677 .2188 6.6 2.138 4.571 

.4624 .2138 6.7 2.163 4.677 

.4571 .2089 6.8 2.188 4.786 

.4519 .2042 6.9 2.213 4.898 

.4467 .1995 7.0 2.239 5.012 

.4416 .1950 7.1 2.265 5.129 

.4365 .1905 7.2 2.291 5.248 

.4315 .1862 7.3 2.317 5.370 

.4266 .1820 7.4 2.344 5.495 

.4217 .1778 7.5 2.371 5.623 

.4169 .1738 7.6 2.399 5.754 

.4121 .1698 7.7 2.427 5.888 

.4074 .1660 7.8 2.455 6.026 

.4027 .1622 7.9 2.483 6.166 

.3981 .1585 8.0 2.512 6.310 

.3936 .1549 8.1 2.541 6.457 

.3890 .1514 8.2 2.570 6.607 

.3846 .1479 8.3 2.600 6.761 

.3802 .1445 8.4 2.630 6.918 

.3758 .1413 8.5 2.661 7.079 

.3715 .1380 8.6 2.692 7.244 

.3673 .1349 8.7 2.723 7.413 

.3631 .1318 8.8 2.754 7.586 

.3589 .1288 8.9 2.786 7.762 

.3548 .1259 9.0 2.818 7.943 

.3508 .1230 9.1 2.851 8.128 

.3467 .1202 9.2 2.884 8.318 

.3428 .1175 9.3 2.917 8.511 

.3388 .1148 9.4 2.951 8.710 

.3350 .1122 9.5 2.985 8.913 

.3311 .1096 9.6 3.020 9.120 

.3273 .1072 9.7 3.055 9.333 

.3236 .1047 9.8 3.090 9.550 

.3199 .1023 9.9 3.126 9.772 
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TABLE I (continued) 

-db+ 

-0-

Pressure 
Ratio 

Power 
Ratio db 

Pressure 
Ratio 

Power 
Ratio 

.3162 .1000 10.0 3.162 10.000 

.3126 .09772 10.1 3.199 10.23 

.3090 .09550 10.2 3.236 10.47 

.3055 .09333 10.3 3.273 10.72 

.3020 .09120 10.4 3.311 10.96 

.2985 .08913 10.5 3.350 11.22 

.2951 .08710 10.6 3.388 11.48 

.2917 .08511 10.7 3.428 11.75 

.2884 .08318 10.8 3.467 12.02 

.2851 .08128 10.9 3.508 12.30 

.2818 .07943 11.0 3.548 12.59 

.2786 .07762 11.1 3.589 12.88 

.2754 .07586 11.2 3.631 13.18 

.2723 .07413 11.3 3.673 13.49 

.2692 .07244 11.4 3.715 13.80 

.2661 .07079 11.5 3.758 14.13 

.2630 .06918 11.6 3.802 14.45 

.2600 .06761 11.7 3.846 14.79 

.2570 .06607 11.8 3.890 15.14 

.2541 .06457 11.9 3.936 15.49 

.2512 .06310 12.0 3.981 15.85 

.2483 .06166 12.1 4.027 16.22 

.2455 .06026 12.2 4.074 16.60 

.2427 .05888 12.3 4.121 16.98 

.2399 .05754 12.4 4.169 17.38 

.2371 .05623 12.5 4.217 17.78 

.2344 .05495 12.6 4.266 18.20 

.2317 .05370 12.7 4.315 18.62 

.2291 .05248 12.8 4.365 19.05 

.2265 .05129 12.9 4.416 19.50 

.2239 .05012 13.9 4.467 19.95 

.2213 .04898 13.1 4.519 20.42 

.2188 .04786 13.2 4.571 20.89 

.2163 .04677 13.3 4.624 21.38 

.2138 .04571 13.4 4.677 21.88 

.2113 .04467 13.5 4.732 22.39 

.2089 .04365 13.6 4.786 22.91 

.2065 .04266 13.7 4.841 23.44 

.2042 .04169 13.8 4.898 23.99 

.2018 .04074 13.9 4.955 24.55 

.1995 .03981 14.0 5.012 25.12 

.1972 .03890 14.1 5.070 25.70 

.1950 .03802 14.2 5.129 26.30 

.1928 .03715 14.3 5.188 26.92 

.1905 .03631 14.4 5.248 27.54 

.1884 .03548 14.5 5.309 28.18 

.1862 .03467 14.6 5.370 28.84 

.1841 .03388 14.7 5.433 29.51 

.1820 .03311 14.8 5.495 30.20 

.1799 .03236 14.9 5.559 30.90 

.1778 .03162 15.0 5.623 31.62 

.1758 .03090 15.1 5.689 32.36 

.1738 .03020 15.2 5.754 33.11 

.1718 .02951 15.3 5.821 33.88 

.1698 .02884 15.4 5.888 34.67 

.1679 .02818 15.5 5.957 35.48 

.1660 .02754 15.6 6.026 36.31 

.1641 .02692 15.7 6.095 37.15 

.1622 .02630 15.8 6.166 38.02 

.1603 .02570 15.9 6.237 38.90 

4111-. .•111› 

Pressure 
Ratio 

Power 
Ratio 

db 
Pressure 
Ratio 

Power 
Ratio 

.1585 .02512 16.0 6.310 39.81 

.1567 .02455 16.1 6.383 40.74 

.154(1 .02399 16.2 6.457 41.69 

.1531 .02344 16.3 6.531 42.66 

.1514 .02291 16.4 6.607 43.65 

.1496 .02239 16.5 6.683 44.67 

.1479 .02188 16.6 6.761 45.71 

.1462 .02138 16.7 6.839 46.77 

.1445 .03089 16.8 6.918 47.86 

.1429 .02042 16.9 6.998 48.98 

.1413 .01995 17.0 7.079 50.12 

.1396 .01950 17.1 7.161 51.29 

.1380 .01905 17.2 7.244 52.48 

.1365 .01862 17.3 7.328 53.70 

.1349 .01820 17.4 7.413 54.95 

.1334 .01778 17.5 7.499 56.23 

.1318 .01738 17.6 7.586 57.54 

.1303 .01698 17.7 7.674 58.88 

.1288 .01660 17.8 7.762 60.26 

.1274 .01622 17.9 7.852 61.66 

.1259 .01585 18.0 7.943 63.10 

.1245 .01549 18.1 8.035 64.57 

.1230 .01514 18.2 8.128 66.07 

.1216 .01479 18.3 8.222 67.61 

.1202 .01445 18.4 8.318 69.18 

.1189 .0141$ 18.5 8.414 70.79 

.1175 .01380 18.6 8.511 72.44 

.1161 .01349 18.7 8.610 74.13 

.1148 .01318 18.8 8.710 75.86 

.1135 .01288 18.9 8.811 77.62 

.1122 .01259 19.0 8.913 79.43 

.1109 .01230 19.1 9.010 81.28 

.1096 .01202 19.2 9.120 83.18 

.1084 .01175 19.3 9.226 85.11 

.1072 .01148 19.4 9.333 87.10 

.1059 .01122 19.5 9.441 89.13 

.1047 .01096 19.6 9.550 91.20 

.1035 .01072 19.7 9.661 93.33 

.1023 .01047 19.8 9.772 95.50 

.1012 .01023 19.9 9.886 97.72 

.1000 .01000 20.0 10.000 100.00 

-db+ 
.41.• 

Pressure 
Ratio 

Power 
Ratio 

3.162X 10-1 
10-1 

3.162)00-2 
10-2 

8.162><10-3 
10-9 

3.162 X 10-4 
10-4 

3.162 X 10-5 

10-5 

10-1 
10-2 
10-2 
10-4 

10-5 
10-0 
10-2 
10-0 
i0-

10-10 

db 
Pressure 
Ratio 

10 
20 
30 
40 

50 
60 
70 
80 
90 

100 

3.162 
10 

3.162 X 10 
102 

3.162X102 
102 

3.162X 103 
104 

3.162 X 104 

105 

Power 
Ratio 

10 
102 
105 
104 

105 
104 
102 
108 
1o9 

1010 

112 



TABLE II 

GIVEN: { Pressure} Ratio TO FIND: Decibels 

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 Example- Given: a power ratio of 3.41. 
to be a pressure ratio and find the Find: 3.41 in the table: 
corresponding number of decibels from 
the table. The desired result is exactly 3.41-40.655 db X = 5.328 db 

Pressure 
Ratio .00 

1.0 
1.1 
1.2 
1.3 
1.4 

1.5 
1.6 
1.7 
1.8 
1.9 

2.0 
2.1 
2.2 
2.3 
2.4 

2.5 
2.6 
2.7 
2.8 
2.9 

3.0 
3.1 
3.2 
3.3 
3.4 

3.5 
3.6 
3.7 
3.8 
3.9 

4.0 
4.1 
4.2 
4.3 
4.4 

4.5 
4.6 
4.7 
4.8 
4.9 

5.0 
5.1 
5.2 
5.3 
5.4 

5.5 
5.6 
5.7 
5.8 
5.9 

.000 

.828 
1.584 
2.279 
2.923 

3.522 
4.082 
4.609 
5.105 
5.575 

6.021 
6.444 
6.848 
7.235 
7.604 

7.959 
8.299 
8.627 
8.943 
9.248 

9.542 
9.827 

10.103 
10.370 
10.630 

10.881 
11.126 
11.364 
11.596 
11.821 

12.041 
12.256 
12.465 
12.669 
12.869 

13.064 
13.255 
13.442 
13.625 
13.804 

13.979 
14.151 
14.320 
14.486 
14.648 

14.807 
14.964 
15.117 
15.269 
15.417 

.01 .02 .03 .04 

.086 .172 .257 .341 

.906 .984 1.062 1.138 
1.656 1.727 1.798 1.868 
4.345 2.411 2.477 2.542 
2.984 3.046 3.107 3.167 

3.580 3.637 3.694 3.750 
4.137 4.190 4.244 4.297 
4.660 4.711 4.761 4.811 
5.154 5.201 5.249 5.296 
5.621 5.666 5.711 5.756 

6.064 6.107 6.150 6.193 
6.486 6.527 6.568 6.608 
6.888 6.927 6.966 7.008 
7.272 7.310 7.347 7.384 
7.640 7.676 7.714 7.748 

7.993 8.028 8.062 8.097 
8.333 8.366 8.399 8.432 
8.659 8.691 8.723 8.755 
8.974 9.005 9.036 9.066 
9.278 9.308 9.337 9.367 

9.571 9.600 9.629 9.657 
9.855 9.883 9.911 9.939 

10.130 10.157 10.184 10.211 
10.397 10.423 10.449 10.475 
10.655 10.681 10.706 10.731 

10.906 10.931 10.955 10.980 
11.150 11.174 11.198 11.222 
11.387 11.411 11.434 11.457 
11.618 11.641 11.664 11.687 
11.844 11.866 11.888 11.910 

12.063 12.085 12.106 12.128 
12.277 12.298 12.319 12.340 
12.486 12.506 12.527 12.547 
12.690 1'2.710 12.730 12.750 
12.889 12.908 12.928 12.948 

13.084 13.103 13.122 13.141 
13.274 13..293 13.312 13.330 
13.460 13.479 13.497 13.516 
13.643 13.661 13.679 13.697 
13.822 13.839 13.857 13.875 

13.997 14.014 14.031 14.049 
14.168 14.185 14.202 14.219 
14.337 14.353 14.370 14.387 
14.502 14.518 14.535 14.551 
14.664 14.680 14.696 14.712 

14.823 14.839 14.855 14.870 
14.979 14.995 15.010 15.026 
15.133 15.148 15.163 15.178 
15.284 1:5.298 15.313 15.328 
15.432 15.446 15.461 15.476 

.05 .06 .07 .08 

.424 
1.214 
1.938 
2.607 
3.227 

3.807 
4.350 
4.861 
5.343 
5.801 

6.235 
6.649 
7.044 
7.421 
7.783 

8.131 
8.465 
8.787 
9.097 
9.396 

9.686 
9.966 

10.238 
10.501 
10.756 

11.005 
11.246 
11.481 
11.709 
11.932 

12.149 
12.361 
12.568 
12.770 
12.967 

13.160 
13.349 
13.534 
13.715 
13.892 

14.066 
14.236 
14.403 
14.567 
14.728 

14.886 
15.041 
15.193 
15.343 
15.490 

.506 
1.489 
2.007 
2.671 
3.287 

3.862 
4.402 
4.910 
5.390 
5.845 

6.277 
6.689 
7.082 
7.458 
7.819 

8.165 
8.498 
8.818 
9.127 
9.426 

9.714 
9.994 

10.464 
10.527 
10.782 

11.029 
11.270 
11.504 
11.732 
11.954 

12.171 
12.382 
14.588 
12.790 
12.987 

13.179 
13.368 
13.552 
13.733 
13.910 

14.083 
14.253 
14.420 
14.583 
14.744 

14.902 
15.056 
15.208 
15.358 
15.505 

.588 
1.364 
2.076 
2.734 
3.346 

3.918 
4.454 
4.959 
5.437 
5.889 

6.319 
6.729 
7.121 
7.495 
7.854 

8.199 
8.530 
8.850 
9.158 
9.455 

9.743 
10.041 
10.291 
10.553 
10.807 

11.053 
11.293 
11.527 
11.754 
11.976 

12.192 
12.403 
12.609 
12.810 
13.006 

13.198 
13.386 
13.570 
13.751 
13.927 

14.100 
14.270 
14.436 
14.599 
14.760 

14.917 
15.072 
15.224 
15.373 
15.519 

.668 
1.438 
2.144 
2.798 
3.405 

3.973 
4.506 
5.008 
5.483 
5.933 

6.361 
6.769 
7.159 
7.532 
7.889 

8.232 
8.563 
8.881 
9.188 
9.484 

9.771 
10.049 
10.317 
10.578 
10.832 

11.078 
11.317 
11.550 
11.777 
11.998 

12.213 
12.424 
12.629 
12.829 
13.026 

13.217 
13.405 
13.589 
13.768 
13.945 

14.117 
14.287 
14.453 
14.616 
14.776 

14.933 
15.087 
15.239 
15.388 
15.534 

.09 

.749 
1.511 
2.212 
2.860 
3.464 

4.028 
4.558 
5.057 
5.529 
5.977 

6.403 
6.809 
7.197 
7.568 
7.924 

8.266 
8.595 
8.912 
9.218 
9.513 

9.799 
10.076 
10.344 
10.604 
10.857 

11.102 
11.341 
11.573 
11.799 
12.019 

12.234 
12.444 
14.649 
12.849 
13.045 

13.236 
13.423 
13.607 
13.786 
13.962 

14.134 
14.303 
14.469 
14.632 
14.791 

14.948 
15.102 
15.254 
15.402 
15.549 
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TABLE II (continued) 

Pressure 
Ratio .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 

6.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.692 
6.1 15.707 15.721 15.735 15.749 15.763 15.778 15.792 15.806 15.820 15.834 
6.2 15.848 15.862 15.876 15.890 15.904 15.918 15.931 15.945 15.959 15.973 
6.3 15.987 16.001 16.014 16.028 16.042 16.055 16.069 16.083 16.096 16.110 
6.4 16.124 16.137 16.151 16.164 16.178 16.191 16.205 16.218 16.232 16.245 

6.5 16.258 16.272 16.285 16.298 16.312 16.325 16.338 16.351 16.365 16.878 
6.6 16.391 16.404 16.417 16.430 16.443 16.456 16.469 16.483 16.496 16.509 
6.7 16.521 16.534 16.547 16.560 16.573 16.586 16.599 16.612 16.625 16.637 
6.8 16.650 16.663 16.676 16.688 16.701 16.714 16.726 16.739 16.752 16.764 
6.9 16.777 16.790 16.802 16.815 16.827 16.840 16.852 16.865 16.877 16.890 

7.0 16.902 16.914 16.927 16.939 16.951 16.964 16.976 16.988 17.001 17.013 
7.1 17.025 17.037 17.050 17.062 17.074 17.086 17.098 17.110 17.122 17.135 
7.2 17.147 17.159 17.171 17.183 17.195 17.207 17.219 17.231 17.243 17.255 
7.3 17.266 17.278 17.290 17.302 17.314 17.326 17.338 17.349 17.361 17.373 
7.4 17.385 17.396 17.408 17.420 17.431 17.443 17.455 17.466 17.478 17.490 

7.5 17.501 17.518 17.524 17.536 17.547 17.559 17.570 17.582 17.593 17.605 
7.6 17.616 17.628 17.639 17.650 17.662 17.673 17.685 17.696 17.707 17.719 
7.7 17.730 17.741 17.758 17.764 17.775 17.786 17.797 17.808 17.820 17.831 
7.8 17.842 17.853 17.864 17.875 17.886 17.897 17.908 17.919 17.931 17.942 
7.9 17.953 17.964 17.975 17.985 17.996 18.007 18.018 18.029 18.040 18.051 

8.0 18.062 18.073 18.083 18.094 18.105 18.116 18.127 18.137 18.148 18.159 
8.1 18.170 18.180 18.191 18.202 18.212 18.223 18.234 18.244 18.255 18.266 
8.2 18.276 18.287 18.297 18.308 18.319 18.329 18.340 18.350 18.861 18.371 
8.3 18.382 18.392 18.402 18.413 18.423 18.434 18.444 18.455 18.465 18.475 
8.4 18.486 18.496 18.506 18.517 18.527 18.537 18.547 18.558 18.568 18.578 

8.5 18.588 18.599 18.609 18.619 18.629 18.639 18.649 18.660 18.670 18.680 
8.6 18.690 18.700 18.710 18.720 18.730 18.740 18.750 18.760 18.770 18.780 
8.7 18.790 18.800 18.810 18.820 18.830 18.840 18.850 18.860 18.870 18.880 
8.8 18.890 18.900 18.909 18.919 18.929 18.939 18.949 18.958 18.968 18.978 
8.9 18.988 18.998 19.007 19.017 19.027 19.036 19.046 19.056 19.066 19.075 

9.0 19.085 19.094 19.104 19.114 19.123 19.133 19.143 19.152 19.162 19.171 
9.1 19.181 19.190 19.200 19.209 19.219 19.228 19.238 19.247 19.257 19.266 
9.2 19.276 19.285 19.295 19.304 19.313 19.323 19.832 19.342 19.351 19.360 
9.3 19.370 19.379 19.388 19.398 19.407 19.416 19.426 19.435 19.444 19.453 
9.4 19.463 19.472 19.481 19.490 19.499 19.509 19.518 19.527 19.536 19.545 

9.5 19.554 19.564 19.573 19.582 19.591 19.600 19.609 19.618 19.627 19,636 
9.6 19.645 19.654 19.664 19.673 19.682 19.691 19.700 19.709 19.718 19.726 
9.7 19.735 19.744 19.753 19.762 19.771 19.780 19.789 19.798 19.807 19.816 
9.8 19.825 19.833 19.842 19.851 19.860 19.869 19.878 19.886 19.895 19.904 
9.9 19.913 19.921 19.930 19.989 19.948 19.956 19.965 19.974 19.983 19.991 

Pressure 
Ratio 0 1 2 3 4 5 6 7 8 9 

10 20.000 20.828 21.584 22.279 22.923 23.522 24.082 24.609 25.105 25.575 
20 26.021 26.444 26.848 27.235 27.604 27.959 28.299 28.627 28.943 29.248 
30 29.542 29.827 30.103 30.370 30.630 30.881 31.126 31.364 31.596 31.821 
40 32.041 32.256 32.465 32.669 32.869 33.064 33.255 33.442 33.625 33.804 

50 83.979 34.151 34.320 34.486 84.648 34.807 34.964 35.117 35.269 35.417 
00 35.563 35.707 35.848 35.987 36.124 36.258 36.391 36.521 36.650 36.777 
70 36.902 87.025 37.147 37.266 87.385 37.501 37.616 37.730 37.842 37.953 
80 38.062 38.170 38.276 38.382 38.486 38.588 38.690 88.790 38.890 38.988 
90 39.085 39.181 39.276 39.370 39.463 39.554 39.645 39.735 39.825 39.913 

100 40.000 - - - - - - - - - 
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APPENDIX II 

VIBRATION CONVERSION CHARTS 

The charts on the following four pages illus-
trate the relationship between frequency, velocity, 
displacement, and acceleration ( refer to Chapter 
10). 

Figure II-1 is a general conversion chart for vi-
bration parameters. Enter the chart with any two 
of the four parameters ( displacement, velocity, 
acceleration, and frequency) to solve for the 
other two. For instance, if velocity 0.1 in./sec 

and frequency = 20 cycles, then displacement 
0.0008 in. and acceleration = 12 inisec2. 

Figures II-2, II-3, and II-4 show the direct-
reading ranges of the Type 761-A Vibration Me-
ter. Each of these figures is merely a portion of 
Figure II- 1, expanded and configured to show 
the range of displacement, velocity, or accelera-
tion over the frequency range of the instrument. 

1 1 5 
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APPENDIX III 

DEFINITIONS 

This section on definitions includes most of 
the technical terms used in this handbook. Most 
of the definitions are selected from the American 
Standard Acoustical Terminology (S1.1-1960), 
and those definitions are marked with an as-
terisk. The others have been adapted especially 
for this handbook. 
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 
general understanding of some of these terms. 

Acceleration* 
Acceleration is a vector that specifies the time 
rate of change of velocity. 
Note 1: Various self-explanatory modifiers 
such as peak, average, rms are often used. 
The time interval must be indicated over 
which the average (for example) was taken. 
Note 2: Acceleration may be ( 1) oscillatory, 
in which case it may be defined by the accel-
eration amplitude ( if simple harmonic) or the 
rms acceleration (if random), or (2) non-
oscillatory, in which case it is designated sus-
tained or transient acceleration. 

Analyzer 
An analyzer is a combination of a filter sys-
tem and a system for indicating the relative 
energy that 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 measurement is usually interpreted as 
giving the distribution of energy of the ap-
plied signal as a function of frequency. 

Anechoic Room ( Free-Field Room)* 
An anechoic room is one whose boundaries 
absorb effectively all the sound incident there-
on, thereby affording essentially free-field con-
ditions. 

Audiogram (Threshold Audiogram)* 
An audiogram is a graph showing hearing loss 
as a function of frequency. 

Audiometer* 
An audiometer is an instrument for measur-
ing hearing sensitivity. 

Baffle* 
A baffle is a shielding structure or partition 
used to increase the effective length of the ex-

ternal transmission path between two points 
in an acoustic system as, for example, be-
tween the front and back of an electroacoustic 
transducer. 

Critical Speed* 
Critical speed is a speed of a rotating system 
that corresponds to a resonance frequency of 
the system. 

Dead Room* (See also Anechoic Room) 
A dead room is a room that is characterized 
by an unusually large amount of sound ab-
sorption. 

Decay Rate (See Rate of Decay) 
Decibel* 
The decibel is one-tenth of a bel. Thus, the 
decibel is a unit of level when the base of the 
logarithm is the tenth root of ten, and the 
quantities concerned are proportional to power. 
Note 1: Examples of quantities that qualify 
are power (any form), sound pressure squared, 
particle velocity squared, sound intensity, 
sound energy density, voltage squared. Thus 
the decibel is a unit of sound-pressure-squared 
level; it is common practice, however, to 
shorten this to sound pressure level because 
ordinarily no ambiguity results from so doing. 
Note 2: The logarithm to the base the tenth 
root of 10 is the same as ten times the log-
arithm to the base 10: e.g., for a number x2, 
log,0°., x2 = 10 log,„x2 = 20 log,„x. This 
last relationship is the one ordinarily used to 
simplify the language in definitions of sound 
pressure level, etc. 

Directivity Factor* 
(1) The directivity factor of a transducer 
used for sound emission is the ratio of the 
sound pressure squared, at some fixed distance 
and specified direction, to the mean-square 
sound pressure at the same distance averaged 
over all directions from the transducer. The 
distance must be great enough so that the 
sound appears to diverge spherically from the 
effective acoustic center of the sources. Unless 
otherwise specified, the reference direction is 
understood to be that of maximum response. 
(2) The directivity factor of a transducer used 
for sound reception is the ratio of the square 
of the open-circuit voltage produced in re-
sponse to sound waves arriving in a specified 
direction to the mean-square voltage that 
would be produced in a perfectly diffused 
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sound field of the sanie frequency and mean-
square sound pressure. 
Note 1: This definition may be extended to 
cover the case of finite frequency bands 
whose spectrum may be specified. 
Note 2: The average free-field response may 
be obtained, for example, 
(1) By the use of a spherical integrator 
(2) By numerical integration of a sufficient 
number of directivity patterns corresponding 
to different planes, or 
(3) By integration of one or two directional 
patterns whenever the pattern of the trans-
ducer is known to possess adequate symmetry. 

Directional Gain ( Directivity Index)* 
The directional gain of a transducer, in de-
cibels, is 10 times the logarithm to the base 
10 of the directivity factor. 

Displacement* 
Displacement is a vector quantity that specifies 
the change of position of a body or particle 
and is usually measured from the mean posi-
tion or position of rest. In general, it can be 
represented by a rotation vector or translation 
vector or both. 

Earphone (Receiver)* 
An earphone is an electroacoustic transducer 
intended to be closely coupled acoustically to 
the ear. 
Note: The term "receiver" should be avoided 
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 es-
sentially independent of small changes in the 
length 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. It 
allows components in one or more frequency 
bands to pass relatively unattenuated, and it 
attenuates components in other frequency 
bands. 

Free Sound Field ( Free Field)* 
A free sound field is a field 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 ob-
ject (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) 
Frequency is the time rate of repetition of a 
periodic phenomenon. The frequency is the 
reciprocal of the period. 

dég p, 
The quantity "g" is the acceleration produced 
by the force of gravity, which varies with the 
latitude and elevation of the point of observa-
tion. By international agreement, the value 
980.665 cm/sec2 -= 386.087 inisec2 
32.1739 ft/sec2 has been chosen as the stand-
ard acceleration of gravity. 

Hearing Loss (Hearing Level) 
(Hearing-Threshold Level)* 
The hearing loss of an ear at a specified fre-
quency is the amount, in decibels, by which the 
threshold of audibility for that ear exceeds a 
standard audiometric threshold. 
Note 1: See American Standard Specification 
for Audiometers for General Diagnostic Pur-
poses, Z24.5-1951, or the latest approved re-
vision. 
Note 2: This concept was at one time called 
Deafness; such usage is now deprecated. 
Note 3: Hearing Loss and Deafness are both 
legitimate qualitative terms for the medical 
condition of a moderate or a severe impair-
ment of hearing respectively. Hearing Level, 
however, should only be used to designate a 
quantitative measure of the deviation of the 
hearing threshold from a prescribed standard. 

Impact* 
An impact is a single collision of one mass in 
motion with a second mass which may be 
either in motion or at rest. 

Isolation* 
Isolation is a reduction in the capacity of a sys-
tern to respond to an excitation attained by the 
use of a resilient support. In steady-state 
forced vibration, isolation is expressed quan-
titatively as the complement of transmissibility. 

Jerk* 
Jerk is a vector that specifies the time rate of 
change of the acceleration; jerk is the third 
derivative of the displacement with respect to 
time. 

Level* 
In acoustics, the level of a quantity is the 
logarithm of the ratio of that quantity to a 
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reference quantity of the same kind. The base 
of the logarithm, the reference quantity, and 
the kind of level must be specified. 
Note 1: Examples of kinds of levels in com-
mon use are electric power level, sound-pres-
sure-squared level, voltage-squared level. 
Note 2: The level as here defined is measured 
in units of the logarithm of a reference ratio 
that is equal to the base of logarithms. 
Note 3: In symbols 

L = log, (q/q0) 
where L = level of kind determined by the 

kind of quantity under consideration, 
measured in units of logrr 
r=- base of logarithms and the refer-
ence ratio 
q = the quantity under consideration 
q„ =—_ reference quantity of the same 
kind. 

Note 4: Differences in the levels of two quan-
tities q, and q, are described by the same 
formula because, by the rules of logarithms, 
the reference quantity is automatically divided 
out: 

log, (q1/q0)— log,(qdq„,), log, (qi/qa 
Live Room* 
A live room is a room that is characterized by 
an unusually small amount of sound absorp-
tion. 

Loudness* 
Loudness is the intensive attribute of an au-
ditory 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 de-
pends upon the frequency and wave form of 
the stimulus. 

Loudness Contour* 
A loudness contour is a curve that shows the 
related values of sound pressure levels and 
frequency required to produce a given loudness 
sensation for the typical listener. 

Loudness Level* 
The loudness level of a sound, in phons, is nu-
merically equal to the median sound pressure 
level, in decibels, relative to 0.0002 microbar, 
of a free progressive wave of frequency 1000 
cycles per second presented to listeners facing 
the source, which in a number of trials is 
judged by the listeners to be equally loud. 
Note: The manner of listening to the un-
known sound, which must be stated, may be 
considered one of the characteristics of that 
sound. 

Loudspeaker (Speaker)* 
A loudspeaker is an electroacoustic transducer 
intended to radiate acoustic power into the air, 
the acoustic waveform being essentially equiv-
alent to that of the electrical input. 
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Masking* 
(1) Masking is the process by which the 
threshold of audibility for one sound is raised 
by the presence of another (masking) sound. 
(2) Masking is the amount by which the 
threshold of audibility of a sound is raised by 
the presence of another (masking) sound. 
The unit customarily used is the decibel. 

Mechanical Shock* 
Mechanical shock occurs when the position of 
a system is significantly changed in a relatively 
short time in a nonperiodic manner. It is 
characterized by suddenness and large dis-
placement, and develops significant inertial 
forces in the system. 

Mel* 
The mel is a unit of pitch. By definition, a 
simple tone of frequency 1000 cycles per sec-
ond, 40 decibels above a listener's threshold, 
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-mel 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 106 dynes per square centimeter. 
Unfortunately, the bar was once used to mean 
dyne per square centimeter, but this is no 
longer correct. 

Microphone 
A microphone is an electroacoustic transducer 
that responds to sound waves and delivers es-
sentially equivalent electric waves. 

Noise* 
(1) Noise is any undesired sound, By ex-
tension, noise is any unwanted disturbance 
within a useful frequency band, such as un-
desired electric waves in any transmission 
channel or device. 
(2) Noise is an erratic, intermittent, or sta-
tistically random oscillation. 
Note 1: If ambiguity exists as to the nature 
of the noise, a phrase such as "acoustic noise" 
or "electric noise" should be used. 
Note 2: Since the above definitions are not 
mutually exclusive, it is usually necessary to 
depend upon context for the distinction. 

Noise Level* 
(1) Noise level is the level of noise, the type 
of which must be indicated by further modifier 
or context. 
Note: The physical quantity measured (e.g. 
voltage), the reference quantity, the instru-
ment used, and the bandwidth or other weight-
ing characteristic must be indicated. 
(2) For airborne sound unless specified to 
the contrary, noise level is the weighted 



sound pressure level called sound level; the 
weighting must be indicated. 

Octave* 
(1) An octave is the interval between two 
sounds having a basic frequency ratio of two. 
(2) An octave is the pitch interval between 
two tones such that one tone may be regarded 
as duplicating the basic musical import of the 
other tone at the nearest possible higher pitch. 
Note 1: The interval, in octaves, between any 
two frequencies is the logarithm to the base 2 
(or 3.322 times the logarithm to the base 10) 
of the frequency ratio. 
Note 2: The frequency ratio corresponding 
to an octave pitch interval is approximately, 
but not always exactly, 2:1. 

Oscillation* 
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 and smaller than the ref-
erence. 

Peak-to-Peak Value* 
The peak-to-peak value of an oscillating quan-
tity is the algebraic difference between the 
extremes of the quantity. 

Phon* 
The phon is the unit of loudness level. ( See 
"Loudness Level.") 

Pitch* 
Pitch is that attribute of auditory sensation in 
terms of which sounds may be ordered on 
a scale extending from low to high. Pitch 
depends primarily upon the frequency of the 
sound stimulus, but it also depends upon the 
sound pressure and wave form of the stimulus. 
Note 1: The pitch of a sound may be de-
scribed by the frequency or frequency level 
of that simple tone, having a specified sound 
pressure level, which is judged by listeners to 
produce the same pitch. 

Point Source 
See "Simple Sound Source." 

Power Level* 
Power level, in decibels, is 10 times the log-
arithm to the base 10 of the ratio of a given 
power to a reference power. The reference 
power must be indicated. [The reference pow-
er is taken as 1.0 x 10-13 watt in this hand-
book.] 

Presbycusis 
Presbycusis is the condition of hearing loss 
specifically ascribed to aging effects. 

Pressure Spectrum Level* 
The pressure spectrum level of a sound at a 
particular frequency is the effective sound 
pressure level of that part of the signal con-
tained within a band 1 cycle per second wide, 
centered at the particular frequency. Or-

dinarily this has significance only for sound 
having a continuous distribution of energy 
within the frequency range under considera-
tion. The reference pressure should be ex-
plicitly stated. 

Primitive Period (Period)* 
The primitive period of a periodic quantity is 
the smallest increment of the independent 
variable for which the function repeats itself. 
Note: If no ambiguity is likely, the primitive 
period is simply called the period of the func-
tion. 

Pure Tone 
See "Simple Tone." 

Random Noise* 
Random noise is an oscillation whose instan-
taneous magnitude is not specified for any 
given instant of time. The instantaneous mag-
nitudes of a random noise are specified only 
by probability distribution functions giving 
the fraction of the total time that the magni-
tude, or some sequence of magnitudes, lies 
within a specified range. 
Note: A random noise whose instantaneous 
magnitudes occur according to Gaussian dis-
tribution is called Gaussian random noise. 

Rate of Decay* 
The rate of decay is the time rate at which 
the sound pressure level (or other stated char-
acteristic) decreases at a given point and at a 
given time. A commonly used unit is the 
decibel per second. 

Resonance* 
Resonance of a system in forced oscillation 
exists when any change however small in the 
frequency of excitation causes a decrease in 
the response of the system. 
Note: Velocity resonance, for example, may 
occur at a frequency different from that of 
displacement resonance. 

Resonance Frequency 
(Resonant Frequency)* 
A resonance frequency is a frequency at 
which resonance exists. 
Note: In case of possible confusion the type 
of resonance must be indicated: e.g., velocity 
resonance frequency. 

Response* 
The response of a device or system is the mo-
tion (or other output) resulting from an ex-
citation (stimulus) under specified conditions. 
Note 1: Modifying phrases must be prefixed 
to the term response to indicate kinds of input 
and output that are being utilized. 
Note 2: The response characteristic, often 
presented graphically, gives the response as a 
function of some independent variable such 
as frequency or direction. For such purposes 
it is customary to assume that other character-
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istics of the input ( for example, voltage) are 
held constant. 

Reverberation* 
1. Reverberation is the persistence of sound 
in an enclosed space, as a result of multiple 
reflections after the sound source has stopped. 
2. Reverberation is the sound that persists in 
an enclosed space, as a result of repeated reflec-
tion or scattering, after the source of sound 
has stopped. 
Note: The repeated reflections of residual 
sound in an enclosure can alternatively be de-
scribed in terms of the transient behavior of 
the modes of vibration of the medium bounded 
by the enclosure. 

Reverberation Time* 
The reverberation time of a room is the time 
that would be required for the mean squared 
sound pressure level therein, originally in a 
steady state, to decrease 60 db after the source 
is stopped. 

Simple Sound Source* 
A simple sound source is a source that radi-
ates sound uniformly in all directions under 
free-field conditions. 

Simple Tone (Pure Tone)* 
1. A simple tone is a sound wave, the instan-
taneous sound pressure of which is a simple 
sinusoidal function of the time. 
2. A simple tone is a sound sensation char-
acterized by its singleness of pitch. 
Note: Whether or not a listener hears a tone 
as simple or complex is dependent upon abil-
ity, experience, and listening attitude. 

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 listener 
to be n times that of the 1-sone tone is n 
sones. 
Note 1: A millisone is equal to 0.001 sone. 
Note 2: The loudness scale is a relation be-
tween loudness and level above threshold for 
a particular listener. In presenting data re-
lating loudness in sones to sound pressure lev-
el, or in averaging the loudness scales of sev-
eral listeners, the thresholds (measured or as-
sumed) should be specified. 

Sonies* 
Sonics is the technology of sound in proces-
sing and analysis. Sonics includes the use of 
sound in any noncommunication process. 

Sound* 
1. Sound is an oscillation in pressure, stress, 
particle displacement, particle velocity, etc., 
in a medium with internal forces (e.g. elastic, 
viscous), or the superposition of such prop-
agated alterations. 

2. Sound is an auditory sensation evoked by 
the oscillation described above. 
Note 1: In case of possible confusion the 
term "sound wave" or "elastic wave" may be 
used for concept ( 1), and the term "sound 
sensation" for concept ( 2). Not all sound 
waves can evoke an auditory sensation: e.g. 
ultrasound. 
Note 2: The medium in which the source 
exists is often indicated by an appropriate ad-
jective: e.g. airborne, waterborne, structure-
borne. 

Sound Intensity (Sound Power Density) 
(Sound-Energy Flux Density)* 
The sound intensity in a specified direction at 
a point is the average rate of sound energy 
transmitted in the specified direction through 
a unit area normal to this direction at the 
point considered. 

Sound Level* 
Sound level is a weighted sound pressure level 
obtained by the use of metering characteristics 
and the weighting specified in the American 
Standard Sound Level Meters for Measurement 
of Noise and Other Sounds, Z24.3-1944, or 
the latest approved revision thereof. The 
weighting employed must always be stated. 
The reference pressure is 0.0002 microbar. 
Note: A suitable method of stating the 
weighting is, for example, "The A sound level 
was 43 db." 

Sound Level Meter* 
A sound level meter is an instrument including 
a microphone, an amplifier, an output meter, 
and frequency weighting networks for the 
measurement of noise and sound levels in a 
specified manner. 
Note: Specifications for sound level meters 
for measurement of noise and other sounds are 
given in American Standard Sound Level Me-
ters for Measurement of Noise and Other 
Sounds, Z24.3-1944, or the latest approved 
revision thereof. 

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. 
Note 1: The following reference pressures 
are in common use: 
(a) 2 x 10-4 microbar 
(b) 1 microbar 
Reference pressure (a) is in general use for 
measurements concerned with hearing and 
with sound in air and liquids, while (b) has 
gained widespread acceptance for calibrations 
of transducers and various kinds of sound 
measurements in . liquids. 
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[The reference pressure used in this handbook 
is 2 x 10-4 microbar.) 
Note 2: Unless otherwise explicitly stated, it 
is to be understood that the sound pressure is 
the effective ( rms) sound pressure. 
Note 3: It is to be noted that in many sound 
fields the sound pressure ratios are not the 
square roots of the corresponding power ratios. 

Spectrum* 
1. The spectrum of a function of time is a 
description of its resolution into components, 
each of different frequency and (usually) dif-
ferent amplitude and phase. 
2. "Spectrum" is also used to signify a con-
tinuous range of components, usually wide in 
extent, within which waves have some spe-
cified common characteristic; e.g., "audio-
frequency spectrum." 
Note 1. The term spectrum is also applied to 
functions of variables other than time, such 
as distance. 

Speech Interference Level ( SIL) 
The speech interference level of a noise is the 
average, in decibels, of the sound pressure 
levels of the noise in the three octave bands 
of frequency 600-1200, 1200-2400, and 2400-
4800 cps. 

Standing Wave* 
A standing wave is a periodic wave having a 
fixed distribution in space which is the result 
of interference of progressive waves of the 
same frequency and kind. Such waves are 
characterized by the existence of nodes or 
partial nodes and antinodes that are fixed in 
space. 

Threshold of Audibility 
(Threshold of Detectability)* 
The threshold of audibility for a specified sig-
nal is the minimum effective sound pressure 
level of the signal that is capable of evoking 
an auditory sensation in a specified fraction 
of the trials. The characteristics of the signal, 
the manner in which it is presented to the lis-
tener, and the point at which the sound pres-
sure is measured must be specified. 
Note 1: Unless otherwise indicated, the am-
bient noise reaching the ears is assumed to be 
negligible. 
Note 2: The threshold is usually given as a 
sound pressure level in decibels, relative to 
0.0002 microbar. 
Note 3: Instead of the method of constant 
stimuli, which is implied by the phrase "a 
specified fraction of the trials," another psy-
chophysical method (which should be speci-
fied) may be employed. 

Threshold of Feeling (or Tickle)* 
The threshold of feeling (or tickle) for a 
specified signal is the minimum sound pressure 
level at the entrance to the external auditory 

canal which, in a specified fraction of the 
trials, will stimulate the ear to a point at 
which there is a sensation of feeling that is 
different from the sensation of hearing. 

Tone* 
(a) A tone is a sound wave capable of ex-
citing an auditory sensation having pitch. 
(b) A tone is a sound sensation having pitch. 

Transducer* 
A transducer is a device capable of being ac-
tuated by waves from one or more transmis-
sion systems or media and of supplying re-
lated waves to one or more other transmission 
systems or media. 
Note: The waves in either input or output 
may be of the same or different types (e.g., 
mechanical, or acoustic). 

Transient Vibration* 
Transient vibration is temporarily sustained 
vibration of a mechanical system. It may 
consist of forced or free vibration or both. 

Ultrasonics* 
Ultrasonics is the technology of sound at fre-
quencies above the audio range. 
Note: Supersonics is the general subject cov-
ering phenomena associated with speed higher 
than the speed of sound (as in the case of 
aircraft and projectiles traveling faster than 
sound). This term was once used in acoustics 
synonomously with "ultrasonics"; such usage 
is now deprecated. 

Velocity* 
Velocity is a vector that specifies the time rate 
of change of displacement with respect to a 
reference frame. 
Note: If the reference frame is not inertial, 
the velocity is often designated relative vel-
ocity. 

Vibration* 
Vibration is an oscillation wherein the quan-
tity is a parameter that defines the motion of 
a mechanical system. 

Vibration Isolator* 
A vibration isolator is a resilient support that 
tends to isolate a system from steady-state 
excitation. 

Vibration Meter (Vibrometer)* 
A vibration meter is an apparatus for the 
measurement of displacement, velocity, or ac-
celeration of a vibrating body. 

White Noise* 
White noise is a noise whose spectrum den-
sity ( or spectrum level) is substantially in-
dependent of frequency over a specified range. 
Note: White noise need not be random. 

*This material is reproduced from the American 
Standard Acoustical Terminology, S1.1-1960, copy-
righted by ASA, copies of which may be purchased 
from the American Standards Association at 10 East 
40th Street, New York 16, N. Y. 
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APPENDIX IV 

REFERENCES 

STANDARDS 

The following standards in acoustics and mechanical shock and vibration can be purchased 
from the American Standards Association, 10 East 40th Street, New York 17, New York: 

S 1. 1-1960 
S 1. 6-1960 
S 2. 2-1959 
S 2. 4-1960 

S 3. 1-1960 
S 3. 2-1960 
Z24. 3-1944 
Z24. 4-1949 
Z24. 5-1951 
Z24. 7-1950 
Z24. 8-1949 
Z24. 9-1949 
Z24.10-1953 
Z24.11-1954 
Z24.12-1952 
Z24.13-1953 
Z24.14-1953 
Z24.15-1955 
Z24.17-1955 
Z24.19-1957 

Z24.21-1957 

Z24.22-1957 
Z24.24-1957 

as well as the follo 
ISO/R 131-1959 
ISO/R 140-1960 

Acoustical Terminology 
Preferred Frequencies 
Calibration of Shock and Vibration Pickups 
Specifying the Characteristics of Auxiliary Equipment for Shock and Vibra-

tion Measurements 
Criteria for Background Noise in Audiometer Rooms 
Measurement of Monosyllabic Word Intelligibility 
Sound-Level Meters 
Pressure Calibration of Laboratory Standard Pressure Microphones 
Audiometers for General Diagnostic Purposes 
Test Code for Apparatus Noise Measurement 
Specification for Laboratory Standard Pressure Microphones 
Coupler Calibration of Earphones 
Octave Band Filter Set 
Free- Field Secondary Calibration of Microphones 
Pure-Tone Audiometers for Screening Purposes 
Speech Audiometers 
Measurement of Characteristics of Hearing Aids 
Specifying the Characteristics of Analyzers 
Class HI (High-Impact) Shock-Testing Machine 
Laboratory Measurement of Air-Borne Sound Transmission Loss of Building 

Floors and Walls 
Specifying the Characteristics of Pickups for Shock and Vibration Measure-

ments 
Measurement of the Real-Ear Attenuation of Ear Protectors at Threshold 
Calibration of Electroacoustic Transducers (Particularly Those for Use in 

Water) 
wing recommendations of the International Organization for Standardization: 

Expression of the physical and subjective magnitudes of sound or noise 
Field and laboratory measurements of airborne and impact sound transmission 
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