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chapter 1 

During the past decade more and more people have become 
concerned with the problem 02 noiae in everyday life. Manu- 
facturers of home appliances, such as vacuum cleaners, mix- 
ers, 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 o rder  that noise levels do 
not annoy the residents. Trucking companies receive com- 
plaints when mufflers are inadequate o r  defective. 

There is danger of permanent hearing lass when exposure 
to an intense sound f ie ld is long and protective measures are 
not taken. This problem has become a matter of serious con- 
cern to  industrial corporations, labor unions, and insurance 
companies. 

Lack of proper sound treatment in the classroom may lead 
to excessive noise levels and reverberations, with resulting 
difficulties in communication between teacher a n d  class. The 
school teacher's job may become a nightmare because a few 
corners were cut t e  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 i t is to deter- 
mine the nu ise  output from machines, trucks, airplanes, and 
appliances, o r  the noise environment in homes, schools, fac- 
tories, and recreation centers. 

In addition to the measurement of noise, t h i s  equipment  ha^ 
many applications in measuring the performance of systems 
transmitting music and speech, in evaluating the character- 
istics of acoustic materials, in psychaacoustical studies, and 
in many other fields of physical science, engineering, and the 
social sciences. 

To the physicist, noise is a sound, whose character can be 
defined and whose properties can be measured with t he  same 
equipment that measures other sounds. To the psychologist, 
who i s  also interested in all types of sounds, noise is an 
undesired sound, as contrasted with music and speech, which 
are usually desired sounds. Whenever 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 i a  usually a happy collaboration. 
and in no field has this collaboration been more fruitful than 
in t h e  measurement and evaluation of the effects of noise. 

The study of mechanical vibration i s  closely related to that 



of sound, because sound is produced by the transfer of me- 
chanical vibration to air.  Hence, the process of quieting a 
machine or device often includes a study of the vibrations 
involved. 

Conversely, high-energy acoustical noise such as gen- 
erated by powerful jet o r  rocket engines, can produce 
vibrations that may weaken structural members of a vehicle 
or cause electronic components to fail, 

Other important effects of vibration fnclude: human dis- 
comfort and fatigue from excessive vibration of a vehicle, 
fatigue and rupture of structural members, and increased 
maintenance of machines, appliances, vehicles, and other 
devices. 

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

The instruments used in sound and vibration measurement 
are mainly electronic. Furthermore,  some of the concepts 
and techniques developed by electronics engineers and 
physicists for dealing with random qy interfering signals (for 
which they have borrowed the term noise") are now used in 
sound and vibration studies. 

The purpose of th i s  book is  to help those who are faced, 
possibly for the  first time, with the necessity of making noise 
measurements. It atte~ clarify the terminology and 
definitions u sed  in thes  ~rernents, to describe the mea- 
su r ing  instruments and se, to a id  the prospective user 

n p t s  to 
e meas1 
their u 

in selGcting t h e  proper equipment for the measurements he 
must make, and to show how these measurements can be inter- 
preted to solve typical problems. 

A~though some may wish to read the chapters of this  book 
in sequence, many wil l  find it more convenient to consult t h e  
table of contents or the index to find the sections of immediate 
interest. They then can refer to the other sections of the book 
as they need furtner information. For example, Chapter 5 
("What Noise and Vibration Measurements Should be Made") 
could be consulted first i f  a specific problem is at hand. The 
reader can then find further details on the instruments recom- 
mended (Chapter  4) and on the techniques of use (Chapter 6 ) .  

Some sections of this book are  marked by an asterisk to  
indicate that they might wel l  be omitted during a n  initial read- 
ing, since they are hlghlp specialized or very technical. 



chapter 2 

WHAT ARE NOISE AND VIBRATION? 

2.1 INTRODUCTION, 

W h e n  an object moves back and forth, it ia said to vibrate. 
This vibration disturbs the air particles near the object and 
sets them vibrating, producing a variation in normal atmos- 
pheric pressure. The disturbance spreads. and when the 
pressure variations reach our ear drums. they too are set  to 
vibrating. This vibration of our ear drums is translated by 
our complicated hearing mechanisms into the sensation we 
call "sound. " 

To put it in more general terms, sound in the physical 
sense is a vibration of particles e i t h e r  in a gas,  a liquid, or 
a solid. The measurement and control of air-borne sound i s  
t h e  basic subject of this book. Because the  chief sources of 
sounds in air are vibrations of solid objects, the measure- 
ment and control of vibration wil l  also be discussed. Vibra- 
tions of and in solids often have important effects o t h e r  than 
t h o s e  classified as sound, and some of these wil l  also be 
included. 

We have mentioned that a sound disturbance spreads.  The 
speed with which it spreads depends on tk.e mass and on the 
elastic properties of the material. In air the speed is about 
1100 feetlsecond (about 750 miles/hour) a r  about 340 meters /  
second; in sea water it is about 1490 meterslsecond. The 
speed of sound has been popularized in aerodynamic concepts 
of the sound barr ier  and the  supersonic t ransport ,  and its 
effects a re  commonly observed in echoes and in the apparent 
delay between a flash of lightning and the accompanying 
thunder . 

The variation in normal atmospheric pressure that  is a 
par t  of a sound wave is characterized by the  rate at which the 
variation occurs and the extent of the variation. Thus, the 
standard tone "A" occurs when the pressure changes through 
a complete cycle 440 times per second. The frequency of this 
tone is then said to be 440 hertz, or 440 cycles per second 
(abbreviated "HZ" and lQc/ s s",esspectively). "1~ertz " and 
"cycles per second" are synonymous terms, but  most stan- 
dardizing agencies have adopted "hertz" as the preferred unit 
of frequency. 

Many prefixes are used with the  unit of frequency. but t he  
one t h a t  is cornrnm in acoustics and vibrations is "kilo-, ' ?  

abbreviated "k," which stands for a facto? of 1000. Thus, 
8000 Hz or 8000 c / s  becomes 8 kHz o r  8 kc1 s. 

The extent of the variation in pressure is measured in 



terms of a unit called the "microbar1, l' which is approximately 
one-millionth of the normal atmospheric pressure (standard 
atmospheric pressure = 1,013,250 microbars), or i n  terms of 
newtons per square meter, which is 10 microbars. Actually, 
these units are not often mentioned in noise measurements. 
Results are stated in decibels, 

2.2 THE DECIBEL - WHAT 15 IT? 

Although to many laymen the decibel (abbreviated "d~") is 
uniquely associated with noise measurements, it i s  a term 
borrowed from electrical communication engineering, and it 
represents a relative quantity. When it is used to express 
noise level, a reference quantity is implied. Usually, this 
reference value is a sound pressure of 20 micronewtons per  
square meter (abbreviated 20 w ~ l r n ~ } .  For the present, the 
reference level can be referred to as ''0 decibels,'"he start- 
ing point of the scale of noise levels. This start ing point i s  
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. F o r  example, the noise level in a large office 
usually is between 50 and 60 decibels. Among the very loud 
sounds are those produced by nearby airplanes, railroad 
trains, riveting machines, thunder, and so on, which are in the 
range near l O C l  decibels. These typical values should help the 
newcomer to develop a feeling for  this term "decibel" as  
applied to sound level. 

Fo r  some purposes it is not essential 20 know more about 
decibels than t h e  above general statements. But when we need 
to  modify or to manipulate the measured "decibels," it is 
desirable to know more specifically what the term means. 
There i s  then less danger of misusing the  measured values. 
From a strictly technical standpoint, the decibel is a logarithm 
of a ratio of two values of power, and equal changes in decibels 
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 
t e rm,  and all three expressions will be discussed in the follow- 
ing sections. First, however, it is worthwhile to notice tha t  
the above quantities include the word "level. " Whenever 
"level" is included in the name of the  quantity, i t  can be ex- 
pected that the value of this level will be given in decibels o r  

'Fiere, the prefix "micro" stands for a factor of one- 
millionth, and that prefix is abbreviated by the use of the Greek 
letter " M I '  (mu). Thus "uN1'stands for 0.O00001 newton. 
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Figure 2-1. Typical A-weighted sound levels measwed wi th  
a sound-level meter. These ualues are taken from the  lit- 
erature. Sound-levee 1 measaremenfs give o n l y  part of !he 
inJormntion usually necessary to handle noise problems, and 
are often supplemented by  analysis o/ lhe noise spectra. 



in some related term and that a reference power, pressure, 
or other quantity i s  stated or implied. 

2.3 POWEIR LEVEL. 

Because the range of acoustic powers that are of interest 
in noise measurements is about one billion billion to one 
110~*:1), it is convenient to  relate these powers on the deci- 
bel scale, which is Logarithmic. The correspondingly smaller 
range of numerical values is easier to use, and, at t h e  same 
time, some calculations are simplified. 

The decibel scale can be used for expressing t h e  rat io 
between any two powers; and tables for converting from a 
power ~ a t i 0  to decibels and vice-versa are given in A p p e n d i ~  
I of this book. For example, if one power is four times an- 
other ,  t h e  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 t o  a reference ower. Throughout th i s  book t he  
reference power will be 10-P2 watt. Then t h e  pourer level 
(PWL)  is defined a s  

- d~ re watt PWL = to  log- 10-12 - 
where W is the acoustic power in watts, the logarithm is to  
t he  base 10,  and r e  means referred to. This power level  is 
conveniently c o m i t e d  from 

PWL = 10 lag W -+ 120 - 
since 10'12 a s  a power ra t in  corresponds tn -120 dB. The 
quantity 10 lag W, which is the number of decibels correspond- 
ing  to the  numerical value of W watts, can be readily obtained 
from the decibel fables in the  Appendix. For example, 0.02 
watt corresponds to a power level of 

-17 + 120 = 103 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 
so~lnd-pressure- l~leasuren~ents described in Section 2.8.5. 

2.4 SOUND-PRESSURE LEVEL. 

It is also convenient to use the decibel scale to express the 
ratio between any two sound pressures: tables f a r  converting 
from a pressure ratio to  decibels and vice-versa are given in 
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Figure 2-2. Typical power l e v e k  for various 
acoustic sources. These l e v e l s  bed? na s i m -  
ple YP Iurion to the sound levels o/ F i ~ u r e  2-1. 
See Sect ion 2.8.5. 



the Appendix, Since sound pressure is usually proportional to 
t h e  square root of the ~ o u n d  power, the sound-pressure ratio 
for a given number of decibels is the square roof of the 
corresponding pDwer ratio. For example, i f  one s w n d  pres- 
sure i s  twice another, the number of decibels is 6; if one 
sound pressure is 100 times another. the number is 40 deci- 
bels. 

The sound pressure can also be expressed as a aound- 
pressure level with respect to a reference aound pressure. 
For air-borne sounds this reference sound pressure i s  gen- 
erally 20 p ~ l r n 2 .  For  gome purposes a reference pressure 
of one microbar (0.1 ~ / r n ~ )  has been used, but throughout this 
book the value of 20 p ~ / r n 2  m i l l  always be used as the refer- 
ence for sound-pressure level. Then the definition of sound- 
pressure level (SPU is 

dB re 20 rnicranewtons/meter squared s P L = 2 0 l 0 g ~  - 
where P is the root-mean-square sound pressure in newtons/ 
meter squared for the sound in question. For example, if the 
sound pressure i s  one PT/rn2, then the corresponding sound 
pressure ratio is 

From the tables, we find that the pressure level is 94 dB re 
20 I I N I ~ ~ ~ ~  If decibel tables a re  not available, the level can, 
of course, be determined from a table of logarithms. 

The instrument used to measure sound-preswre level con- 
sists of a microphone, attenuator, amplifier, and indicating 
meter. This instrument must have an over-all response that 
i s  uniform ("flat1) a s  a function of frequency, and the instru- 
ment i s  calibrated in decibels according to the above equation. 

The position of the selector switch of the instrument for 
this measurement is often called "FLAT" or "20-KC" to 
indicate the wide frequency range that is covered. The result 
of a measurement of this type is also called "overall sound- 
pressure level. " 

2.5 SOUND LEVEL. 

T h e  apparent loudness that w e  attribute to a sound varies 
not only with the sound pressure but also with the frequency 
lor pitch) of  the sound. In addition, the way i t  varies with fre- 
quency depends on the sound pressure. This effect is taken 
into account to some extent for pure tones by "weighting" net- 
works included in an instrument designed t~ measure sound- 
pressure level, and then the instrument is called a sound- 
level meter. In order to assist in obtaining reasonable uni- 
formity among different instruments of this type, the USA 



Standards Institute (formerly, American Standards A s s ~ c i a -  
tion), in collaboration with scientific and engineering societies, 
has established a standard to which sound-level meters should 
conform. 

The current USA Standard for Sound-Level Meters (S1.4, 
196 1) requires that three alterhate frequency-response 
character is t ics  be provided in t h e  instrument (see Figure 
2-31. These three responses are obtained by  weighting net- 
works designated as A, B, and C. Response5 A, B, and C 
selectively discriminate against low and high frequencies in 
accordance with cer ta in  equal-loudness contours, which will 
be described in a l a t e r  section. 

Whenever one of these networks is used, the reading ob- 
tained should be described as i n  the following examples: the 
"A-wei hted sound level is 45 d ~ "  or ''sound level (A)  = 
45 Note that when a weighting characteristic is used, 

Figure 2 -3 .  F r ~ q u ~ n c y - ~ e s p o n s e  cbaracleris!ics in r h ~  USA 
Stnndard jar Sosmd-Leuel hlelers, 51.4, 1961 .  

21n a table, the abbreviated form " L ~ "  with t h e  unit " d ~ "  
is suggested, or  w h e r e  exceptional compactness is necessary, 
"dB ( A ) . ' y h e  form "dBA" has  also been used, but this nota- 
tion implies that  a new unit has been introduced and is there- 
fore not recommended. 



the reading obtained is said to be the "sound level. ll3 Only 
when the over-an frequency response of :he instrument is  
"flat" are sound-pressure levels measured. Since the read- 
ing obtained depends on the weighting characteristic used, the 
characteristic that was used must be specified or the recorded 
level may be useless. 
h general, it is recommended that readings on all noises 

be taken with all th ree  weighting positions. T h e  th ree  readings 
provide some indication of the frequency distribution of the  
noise. If the  level is essentially the same en a l l  three net- 
works, the sound probably predominates in frequencies above 
600 Hz. If the level is greater on t h e  C network than on the  A 
and B networks by several decibels, much of the noise is psob- 
ably below 600 Hz. 

In the rneasuremen.t of the  noise produced by distribution 
and power transformers, t h e  difference in readings of level 
with the C-weighting and A-weighting networks (LC-L ) is 

TI 
8 frequently noted. T h i s  difference in decibels is calle the 

"harmonic index. It serves, as indicated above, to give some 
idea of the frequency distribution of the noise. 

2.6 COMBINING DE ClBELS. 

A number of possible situations require t h e  combining of 
several noise levels stated in decibels. For example, rve may 
want to predict the effect of adding a noisy machine in an 
office where the re  is already a significant noise level, to cor- 
rect a noise measurement for some existing background noise, 
t o  predict the combined noise level of several different noise 
sources, or to obtain a combined level of  several levels in 
different frequency bands. 

Ln none of these situations should the  numbers of decibels 
be added directly. The method tha t  is usually correct is to 
combine on an  energy basis. The procedure for doing this i s  
to convert the numbers of decibels to relative powers, to add 
o r  subtract them, as the situation may require, and then to 
convert back ta the corresponding decibels. By this proce- 
dure it is easy to see tha t  a noise level of 80 decibels com- 
bined with a noise level of 80 decibels yields 83 decibels and 
not 160 dB. A table showing the relation between power ratio 
and decibels appears in Appendix I. A chart for combining or 
subtracting different decibel levels is shofln i n  Appendix 11. 

3 ~ t  was customary, i f  a single sound-level reading was de- 
sired, to select the  weighting position according to level, as 
follows: for levels below 55 dB, A weighting; for levels from 
5 5  dB to 85 dB, E weighting; and for  levels above 85 dB, C 
weighting. Now, however, the  A-weighted sound level is the 
one most widely used  regardless of level. See Page 57. 



2.7 ANALYSIS IN FREQUENCY BANDS. 

The noises tha t  we measure are rarely pure tones. They 
are usually a jumble of sounds that may range from a low- 
frequency roar to a high-frequency squeal. We react to these 
sounds in different ways that  depend not only on the over-all 
levels, but also on the composition of the noise as a function 
of frequency. In order to measure t h i s  composition, we make 
a frequency analysis, which indicates how the sound energy 
is distributed over the audible range of frequencies. 

In t h i s  analysis, the acoustic energy i s  electronically 
separated into various frequency bands, for  example, octave 
bands, each of which covers a 2-to-1 range of frequencies. 
The analysis yields a series of levels, one for each band, 
called "band levels, I q  or, for octave bands, "octave -band 
levels." H e r e  it is apparent that the band in which a reading 
of level was  obtained must be specified if t he  information is 
to be of value. 

3.T.l OCTAVE BANDS. The preferred series of octave bands 
for  acoustic measurements cover t he  audible range in ten 
bands. The center frequencies of these bands are 31.5, 63, 
125, 250, 500, 1000, 2000, 4000, 8000, and 16,000 Hz. The 
actual nominal frequency range of any one of these bands i s  
2-to-1; for  example, the effective band f o r  t h e  1000 Hz octave 
band extends from 707 t o  1414 Hz. 

Another series of octave bands has been widely used in the 
past. The older bands were  a 75-Hz low-pass unit, and the 
octave bands of 75 to  150, 150 to  300, 3130 to 600, 600 to 1200, 
1200 to 2400, 2400 to 4800, and 4800 to  9600 Hz, but these are 
no longer preferred, according to  USASl standards. This  
older series is still specified in a number of test codes, how- 
ever, and the published data obtained with this series is ex- 
tensi~e.~ 

When a graph is made of the results of octave-band pres- 
sure level measurements, t he  frequency scale is commonly 
divided into equal in te rva ls  between the position designated 
for  each band and the position for  the band adjacent to it in 
frequency. The pressure level in each band is plotted as a 
point on each of these  positions along the other axis. Adjacent 
points are then connected by straight lines. An example of a 
plot of this type is given in Figure 2.4. 

2.7 -2 ONE-THXRD-OCTAVE BANDS. For more detailed 
analysis of t h e  distribution af sound energy as a function of 

4~ method for converting octave-band levels  measured with 
this older series to levels for the new series is gven  in 
Appendix A of USASI Sl.11-1966, USA Standard Specification 
for Octave, Half-Octave, and Thi rd-  Octave Band Filter Sets. 
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F i g m e  2-4. A plor oJ the octave-band analysis 01 noise /roan a calcit- 
lacing machine. Ctaph papw for plorling octazw band Ievels i s  avail-  
able from Codex Book. Co., Inc.. Noru)ond. M a s s . ,  as Forms 31464 
and 31460 for the p e l e r r e d  octaups and the older series, .respecfiz~ely,  

frequency, still narrower bands are used. a?-re next popular 
division i s  a split of the octave into three: parts. This choice 
is based partly on the fact that ten such fflters can be 
arranged effectively to cover a 10-to-1 frequency range. The 
preferred center frequencies for such a series  would be, for 
example, 100, 125, 160, 200, 250,  315, 400, 500, 630, and 800 
Hz. The next 10-to-1 set would stark with 1000 Hz a s  the 
center frequency and continue by multiplying each number by 
10 and sa on (1000, 1250, 1600, 2000 . . .). Similarly, lower  
preferred frequencies a re  obtained by a division of 10, LOO, 
etc. For practical reasons the usual span of third octaves for  
acoustic noise analysis runs from 25 to 10,000 Hz. 

The actual effective band for a one-third-octave filter at 
1000 Hz extends from about 891 to I122 Hz. That is, the  band- 
width is about 2370 of the center frequency. 

2.1.3 NARROWER BANDS. Still narrower bands are essential 
for some purposes, and this will  be apparent later. Frequency 
analyzers with one-tenth-octave bands, about 7% En width, and 
another with 1% bands are also available. Another type of 
analyzer divides the frequency range into bands that are a 
constant number of hertz ( e - g .  10 Hz or 50  Hz) wide. None of 
these narrower band systems is standardized, but they are 
often essential for  use in noise and vibration control .  

These highly selective systems are usually built so that the 
center frequency of the  band can be set to any frequency 
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within the audio range and not just in discrete steps. This 
feature is often helpful for tracking down sources of noise and 
vibration. 

2.7.4 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 Hz. The main 
uses of th i s  concept are comparing data taken with analyzers 
of different band widths and checking compliance with speci- 
fications given in terms of spectrum level. Charts for  
converting to  this spectrum level from the band levels obtain- 
ed  with t he  octave- and third-octave-band analyzers are given 
in the accompanying table and in Figure 2-6.  

The corrections for spectrum level f o r  a constant-band- 
width analyzer are independent of the center frequency to  which 
it is tuned but do depend on the bandwidth used. For  a 3-Hz 
band subtract 3.7 dB; 10-Hz, subtract 9 dB; 50-Hz, subtract 
15.9 dB t o  obtain the spectrum level. (These correction num- 
bers take into account average-type metering characteristics 
as well  as the bandwidth.) 

This conversion has meaning only if the spect rum of the 
noise is continuous within the measured band and if the noise 
does not contain prominent pure-tone cornpone nts . For this 
reason the results of th i s  conversion shouId be interpreted 
with great care to avoid drawing false conclusions. 

The sloping characteristic given for the t hird-octave 
analyzer in Figure 2-6 results from t h e  fact that the analyzer 



i s  a constant-percentage-bandwidth analyzer; that is, i t s  band- 
width increases  in direct  proportion to the increase  in  the f re -  
quency to which the  analyzer is tuned. F o r  that reason a noise 
that is uniform in spectrum level  over  the frequency range 
w i l l  give higher-level readings for  high frequencies than fo r  
lower frequencies, with th is  analyzer. 

Band Center 

Band Decibels* 

Decibels* 

Geometric 
Mean Frequency 

*To be subtracted f rom octave-band level  readings to obtain 
spectrum level. 

2.7.5 BASIC USES FOR NOISE ANALYSIS. Octave-band an- 
alyzers a r e  widely used for noise ratings. One-third-octave 
analyzers a r e  a lso  used fo r  noise ratings, but they are also 
helpful in deciding how best to reduce noise and vibration. 
Analyses with s t i l l  narrower  bands a r e  mainly useful in noise 
and vibration control where  the resul ts  of the analysis can be 
related to  specific operation character is t ics  of the device. 
These points will be more  readily apparent af ter  t h e  discus- 
sions in subsequent chapters.  



Figrrrp 2 -6 .  Plot showing nun~ber o/ dec ihe ls  t n  be s t ~ l r m c f ~ d  /row 
T y p e  1564-A rendings 6 0  obtnin speclrrrm level .  Tlw "Nartouj Rand" 
i s  ahord 7% wide ,  il7e "J/j octave" is nhnat 23% v i d e .  

2.8 SOUND FIELDS. 

In order to describe some of t h e  important characteristics 
of the sound fields that noise sources  produce, we shall begin 
with a discussion of a simple source  under idealized condi- 
tions. Then w e  shall point out various factors that alter t h e  
idealized conditions and discuss in general what t he  important 
effects are. 

2.8.1 SIMPLE SOURCE IN  FREE FIELD. 

2.8.1.1 Point Source. Any vibrating object wil l  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 t ime pattern of the vibrations, including 
the relative t ime pattern compared with that of the  other 
parts. 

The simplest form of source i s  a sphere that vibrates uni-  
formly 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 tkie same amount of air out, If 



t h e  surface of the balloon then expanded and contracted uni- 
formly, the balloon would be a simple, spherical source. 
This saurce radiates sound equally in all directions from an 
ap~aren?, center, which is the center of the balloon. It then is 
a point source, insofar as sound radiation is concerned, 

2.8.1.2 Free Field. Xf such a point (or spherical) source is in 
the air far from any other objects, including the ground, the 
sound presgure produced by the source is the same in every 
direction at equal distances from the point source. Further- 
more, t h e  sound pressure is halved for each doubling of dis-  
tance 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 f ie ld  or, simply a free field because it is uniform, it is 
free from all bounding surfaces, and it is undisturbed by other 
sources of gound. 

2 .8 .1 .3  Power  Level in Free .Field. Under free-field condi- 
tions, a single measurement' of the sound-pressure level at a 
known distance from a point source i s  enough t o  tell us all 
about the sound f ~ e l d  radiated by the source. For example, we 
can then predict the level at any other point, since the sound 
pressure varies inversely as the distance from the source. 
W e  can also compute the total sound power radiated by the 
point source. This calculation i s  usually made in terms of 
the power level re 10-12 watt (PWL) of t h e  source (Section 
2.3). Then the required relation to the sound-pressure level 
(SPL) is: 

P W L  = SPL + 20 log r + 0.5 dB Ir fn feet) 

where r is the distance in feet from the point source to the 
point where the sound-pressure level is measured. This re- 
lation is correct for  a point source In a free f ie ld at normal 
T O O m  temperature and barometric pressure, that is, 20°C and 
1013 millibars. At other temperatures a3d pressures, the 
correction shown in the graph af Figure 2-7 applies. This 
correction is usually unimportant. 
As an example, iuppose that  we measure a sound-pressure 

level of 73.5 dB re 25 M ~ / r n 2  at a distance of 20 feet from a 
point source. Then 

P W L  = 73.5 + 20 log 20 + 0.5  = 100 dB re watt. 

l ~ h e  concept of a point source is an idealized one. Tt I s  
not reasonable to assume that an actual source i s  a true point 
source, s o  that one should never be content with a single 
measurement (refer to Section 2.8.2). 
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Figure 2-7. Corrections for temperature and baromerric pressure to 
he applied when the equations relating power level  (PIVL) and soufid- 
pressure /eve l ( S P L )  are used. The correction i s  to  he added to, i/ 
positive, or subtracted from, if ne~at ir le ,  the sound-pressure level  
computed b y  the equation from the power level. I f  the power level  i s  
to  be computed from a Riven sound-pressrrre letlel, the correction 
should be strh:racred from, if positive, or added to, if negative, the 
Riven sound-pressure level  before the numerical value is  suhs~ i t e t ed  
in the equalion. 

The value for 20 log r can be found from a table of loga- 
rithms o r  from the decibel tables in the Appendix, where the 
columns labeled a s  pressure ratios should be used for this 
distance. 

The power level can be converted to actual acoustic power 
in watts a s  explained in Section 2.3. For  the example above, 
the 100 dB corresponds 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 radiatin 0.01 watt, 

15 corresponding to a power level of 100 dB r e  10- watt, pro- 
duces a sound-pressure level of 100 -20.5 = 79.5 dB r e  
20 u ~ l r n 2  at 10 feet from the source. 

2.8.2 DIRECTIONAL SOURCE IN FREE FIELD 

2.8.2.1 Directional Source. In actual pmctice, noise sources 
a r e  not as simple a s  point sources. The sound is not radiated 
uniformly in all directions, either because the shape of the 
sound source is not spherical o r  because the amplitude and 
time phase of the vibrations of the different parts a r e  not uni- 
form o r  both. The net result is that more sound is radiated 
in some directions than in others. 



2.8.2.2 Sound-Pressure Contours. In other words, the souad- 
p ressure  level  fo r  a given distance is different in different 
directions. As an  example, let u s  observe the sound field 
surrounding a large  60-cycle power-distribution transformer,  
a s  shown in Figure 2-8. The contours around the t rans-  
fo rmer  correspond to  the indicated values of sound-pressure 
level. This source  is obviously directional, since the con- 
tours a r e  not c i rcular .  

When such a directional sound source is f a r  f rom any other 
objects, however, it behaves in some ways like a point source.  
F o r  example, the sound-pressure level  decreases  6 dB for  
each doubling of distance, provided we s t a r t  our measure- 
ments a t  a distance away f rom the source that is several  
t imes  the l a rges t  dimension of the source, and provided we 
move directly away f rom the source. F o r  the example of the 
t ransformer  in Figure 2-8  we s e e  that, a t  distances greater  
than severa l  t imes  the length of the transformer,  the contours 
a r e  s imi la r  in shape and the levels decrease  approximately 
6 dB for  each doubling of distance. In actual practice this 

F i g f l ~ e  2-8.  Simplilied conrotfrs o /  eqrlal s o r f n d - p r e s s r t r ~  
l e r ' ~ /  around a large pon'er-distrihr~tion trms/ormcr. 



idealized behavior is upset by the effects of variation in ter- 
rain, atmospheric conditions, and the interference of nearby 
objects. 

"2.8.2.3 Near Field and Far Field. We can also see that at 
locations close to the transformer t h e  sound-level contours 
are different in shape f rom those at a distance. Furthermore, 
there  is no apparent  center from which one finds the 6-,fB 
drop for  each doubling of distance. Consequently, this near 
field'' behavior cannot readily be used to predict the behavior 
at a distance, The differences between the "near field" and 
"far f i e ld1 '  can be described in part as follows: Assume we 
have a source in which one par t  moves outwardly while an- 
other moves inwardly and vice versa. The air pushed away 
by one part will then tend to move over t o  compensate for the  
decrease in air pressure at the inward moving part. I£ 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 t h e  sound in 
air. The  wavelength, A, at normal temperature is as follows: 

344 feet * meters lL = - f 

where f is the  frequency in hertz and 1130 feet per second is 
the speed of sound. Then, i n  o r d e r  that the "near  field1' effect 
should not be very important, one should be at least one wave- 
length away from the source. This dimension should be de- 
termined on the  basis o f  the lowest frequency of interest. For  
the example of the 60-Hz transformer,  the Lowest frequency of 
sound is 120 Hz, which corresponds to  a wavelength of about 
10 feet. 

Another factor that enters into the differences between the 
'hear field" and "far fieldh' behavior is the way the sound 
waves spread out from a source. The sound waves from a 
large source vary with distance differently from waves pro- 
duced by a smal l  source. But at a distance of sever:: (3  to 4) 
times the l a r ~ e s t  dimension of the radiating source, spher i -  
cal spreading1 '  i s  said to  exist, and the behavior is then  es- 
sentially independent of the s ize  of the source. 

*2.&.2.4 Directivity Factor. When we are interested in sound- 
pressure Levels beyond the  immediate vicinity of t he  source, 
i n y  sound can be treated as a point source pi&~ded we intro- 
duce a directivity factor. This  factor takes into account t h e  
variation in sound-pressure level  with direction to the source. 
This  directivity factor, which is a function of direct ion and 
frequency, is usually Labeled Q. It can be expressed as the 
ratio of two acoustic powers.  One of these powers is that 
which would be radiated by a point source in order to produce 



the observed sound-pressure level in the specified direction, 
The other power is the total acoustic power radiated by the 
actual source. 

'2.8.2.5 Sound-Pressure Level for a Directional Source. When 
w e  k n o w h e r e s - t .  we 
can use it, in the earlier equation for a point source, as a 
multiplying. factor on the power. Expressed in terms of level 
the new equation is as follows: 

SPL = PWL + 10 log Q -20 log r -0.5 dB {r in feet) 

This equation relates the power level of t h e  source, the sound- 
pressure level in a given direction at a distance r feet from 
t h e  source, and t h e  directivity factor for that direction. (This  
equation is also  subject to the minor corrections for tempera- 
ture and pressure shown in Figure 2-7.) 

For example, let us assume that an auto horn whose mea- 
sured power level is 104 dB is sounded. We a r e  interested in 
the sound-pressure level at a distance of 20 feet in the hori-  
zontal plane of t he  horn, but at a n  angle of 20afrom thc prin- 
cipal axis of the horn. Along t h i s  direction of 2Q0 from the  
axis t h e  directivity factor is 5, say. Then w e  have 

SPL = 104 + 10 log 5 -20 log 20 -0.5 = 84.5 dB 

at 20 feet in the required direction. 

2.8.3 SIMULATED FREE FIELD. The free -field condition 
does not occur in practice, because of the effects of sound 
reflected from t h e  ground or floor, from nearby objects, and 
from walls and ceiling. The r e su l t  of these reflections is that 
t h e  sound-pressure level measured at a distance from the 
source is different from that predicted by the free-field equa- 
tions. The reflections can be reduced by acoustic absorbing 
materials applied to  the reflecting surfaces. By the proper 
design and application of this treatment, one can produce in a 
room a limited space having t he  essential characteristics of a 
tree field over a wide frequency range. Many such rooms, 
called "anechoic" or "free-field" ~oooms, have been built and 
are described in the literature. When accurate measurements 
of the radiated sound power and directivity are requi red ,  t h e  
measurements should b e  made in such an environment. 

2.8.4 EFFECT OF REFLECTIONS I N  ROOM. The sound that 
a noise source radiates in a room i s  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 i s  that the intensity 
of the sound is different from what it would be i f  these se- 
flecting 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, unlesa the boundaries are very absorbing, t h e  re- 
flected ~ound dominates, and this region is called the rever - 
berant field. The sound-pressure level in this r e ~ o n  depends 
on the acouetic power radiated, the size of the room, and the 
acoustic absorption characteristics of the materials in the 
room. These factors and the directivity characteristics of the 
source also determine the region over which the transition 
between reverberant and direct sound occurs. 

A second effect of reflected sound is tha t  measured sound 
does not necessarily decrease steadily as the  measuring posi- 
t ion is moved away from t he  source. At certain frequencies 
in a room with hard walls,  marked patterns of variations of 
sound pressure with position may be observed, Variations of 
up to 10 dl3 are common and, in particular situations, much 
more may be found. These variations are usually of the fol-  
lowing form: As the measuring microphone is moved away 
from the source, the measured suund pressure decreases to  a 
minimum, rises again to  a maximum, decreases to a mini- 
mum 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 a lso  are more likely 
to be observed when a frequency analysis is made; and the 
narrower the  bandwidth of the analyzer, the more marked 
these variations w i l l  be. 

In a room, the spacing from one minimum in sound pres- 
sure  to  another is on the average greater than one-half wave- 
length. 

2.8.4.1 Reverberation Room. If a room has very little sound 
absorption, t he  room is said to  be "livet' or reverberant. 
Sound from a source in such a room will  be reflected many 
times as it bounces back and forth on t he  surfaces of the 
room. At any one point in this room the sound will have ar- 
rived there from m a w  directions b e c a u s ~  of the rnanv re- 
flections. If the room dimensions are properly proportioned 
and certain other design features a re  included, the f low of 
sound enerm in all directions can be made nearly equally 
probable, and the f ie ld is then said to be diffuse. This type of 
room is called a reverberation room, and i t  is widely used 
for the  measurement of the sound absorption of materials, 
a s  well  a s  for  sound power measurements when the direc- 
tivity characteristics are not required. 

2.8.4.2 Additional Ream Characteristics. As described ear- 
lier, at a distance from a source in a free field the sound- 
pressure level tends to  decrease 6 dB for each doubling of 
the distance. In contrast, in a well designed reverberation 
room, the sound-pressure level on the average does not vary 
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2,8.5 ME-4SUREMENT OF ACOUSTIC POWER. A noise rating 
is often intended to make possible the prediction of the noise 
level  that the  apparatus will produce when installed. In order  
for t h e  rating to  be adequate for t h i s  purpose, the  total acou- 
stic power radiated by t h e  source and the acoustic directivity 
pattern of t h e  source should be included as part of the rating. 
We shall explain in t h i s  section how t h e  power and directivity 
can be determined, but first we shall discuss the limitations 
of the usual method of no ise  rating. 

Fo r  example, an air compressor mag be rated by t he  manu- 
facturer a s  produzing a noise level of 85 dB a t  a distance of 
five feet. This  level may Rave been calculated by an averag- 
ing  of a few sound level readings f ive feet from the compres- 
sor. When it is installed a n d  the  level is measured, the new 
level may be, say, 90 dB at five feet. Natural ly ,  t he  purchaser 
feels that he should complain because t h e  machine was incor- 
rectly rated; perhaps he returns the compressor, or he de- 
cides tha t  he can no longer t rus t  t he  manufacturer. Actually, 
the manufacturer may h ~ v e  been entirely correct in h i s  noise 
measurements, but the rating was inadequate. The difference 
af 5 dB may have been caused by incorrect installation, but 
usually such a difference is a result of t h e  acoustical charac- 
teristics of t h e  factory space. By the  use of an adequate rat- 
ing: system and a knowledge of acoustical room characteristics, 
it would have been possible to predict t h i s  effect. 

Another  part  of  this problem is the  prediction of levels at 
places in the factory other than at t he  measurement distance. 
F o r  example. t h e  nearest worker  may be 20 feet away, and 
the level at a distance of 20 feet is then more important than 
at 5 feet. Again, a hoarledge of the acoustic power radiated 
and t h e  acoustical characteristics of t he  factory space will be 
needed to predict the probable level at this distance. 

'Y. Ogawa.  h he Applicable Limit of Beranekls Formula 
and I s h i i p s  Formula of Sound Pressure Level Distribution in a 



The procedure suggested here for determining the power 
and directivity is based on measurements of the sound-pres
sure level at a number of points around the noise source. The 
measurement of sound-pressure level has already been dis
cussed. We shall discuss here the selection of the points at 
which to measure the sound-pressure levels, the method of 
calculating acoustic power, and the requirements on the 
characteristics of the space in which the measurement is to 
be made. 

*2. 8.5 .1 Measurement Procedures. The source characteristics 
are obtained by use of the principles discussed earlier in this 
chapter.3 Generally, the following characteristics must be 
determined: 

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

(2) The directional characteristics of the source, as ex
pressed by the directivity factor, as a function of di
rection and frequency. 

*2.8.5.2 Measurement Positions. 

*2.8.5.2.1 Measurements. Around the Source. If free-field con
ditions can be closely approximated, the power level and di
rectivity can be calculated from the sound-pressure levels 
measured at a number of points. These measurements are 
made at points at equal distances from the source and all 
around the source. The points can be considered as being on 
the surface of a hypothetical sphere surrounding the source. 
The radius of this sphere should be at least three times the 
largest dimension of the source, and should exceed the wave
length corresponding to the lowest noise frequency of interest 
(refer to paragraph 2.8.2.3). 

Theoretically, the sound-pressure levels over the entire 
surface of the sphere should be measured. The practical pro
cedure for approximating this exploration is to select a num
ber 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 
measuring points. In the process of making the basic mea
surements the microphone should be moved around to deter
mine 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 additional 
measuring points in that area. However, if no attempt is being 

3The procedures outlined here and in subsequent sections 
are similar to those given in USASI S1.2-1962, USA Standard 
Method for the Physical Measurement of Sound, and that should 
be consulted for specific details on the standard method. 
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made to obtain an accurate picture of the directivity pattern, 
the extent of the variation can be noted. Then, the  
variation i s  less than 6 dB, the average level can be used as a 
representative value for the area. 

"2 -8 -5.2.2 Uniformly Distributed Measuring Points .  The cal- 
culations for the  radiated power are simplified if the measur- 
ing points are uniformly distributed on the surface of the 
sphere. Becauae 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 sets of 8 ,  82 ,  and 20 points are shown in Figures 2-9, 
2-10, and 2-11. The particular orientation of the points shown 
was first published in the 1953 edition of this handbook; these 
are now generally used, although a different orientation with 
respect to the ground plane may be found desirable for some 
particular applications. The areas associated with the sets 
of 8, 12, and 20 points are regular spherical triangles, regu- 
lar spherical pentagons, and Te gular spherical triangles, 
respectively. 

Other sets of points that may be useful are those that cor- 
respond to t h e  vertices of  an Archimedean semiregular poly- 
hedron. The  most interesting of these have 24 (see R. M. 
Robinson. "Arranpernent of 2 4  Points on a Snhere." Math. 
Annalen,-144, 17-28 (1961)), 48, and 60 point's. ~itho-these 
points are not uniformly distibuted, they a re  all of equal im- 
portance, because the zistribution of p&nts around any one 
point is t h e  same for all points. 

"2.8.5.2.3 Hemispherical Measurements .  When the device to 
be tested is normally mounted on a concrete foundation or on 
t he  ground, it i s  often desirable to t es t  it while it i s  so mounted. 
Then the sound-pressure level  measurements should be made 
at points on a hypothetical hemisphere surrounding the source. 
The sets of points tha t  lead to  simple calculations of power 
level are n e w  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 i s  not ex- 
actly uniform. A se t  of 1 2  can also be used, but then four of 
the set must be weighted by a factor of one-half (or, 3 d B  is 
subtracted from the levels at these four points). (See F~gure 
3-1 1.) 

By a rotation o f  the set of 20 points shown in Figure 2-11, a 
set of 10 points can be selected from this set with a11 the 
points above the plane. This procedure avoids the problems 
associated with the  points in a plane. This new set i s  shown 
in Figure 2-12. 

When the hemisphere is used, t he  procedure for calculating 
power is the same a s  that described for  the sphere (paragraph 
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2.8.5.3). But 3 dB should be subtracted f r o m  the  power level 
finally obtained,  because the area of the  hemisphere is jus t  
one-half that of the sphere .  

*2.8.5.2.4 Rotation of Source. Another  way of simplifying the  
calculations is tc rotate the source, with the microphones 
placed on the surface of a hypothetical sphe re  surrounding the 
source, so t h a t  the  projections of the i r  positions on the axis 
of rotation are uniformly distributed. A variation of t h i s  
method, practiced by t h e  Bell Telephone Laboratories, calls 
for the rotation of a set of microphones about a stationary 
source. 



"2.8.5.3 Calculation of Power Level. Jf exploration shows that 
the basic set of points yields representative data, the calcula- 
tions of the power levei and directivity factor can be  made. 
For a uniformly distributed set of points, first calculate the 
average level on a power basis. If t h e  total range of sound- 
pressure levels is less than 6 dB, a simple arithmetical aver- 
age is usually adequate. The  accurate method for any situn- 
tion i s  as follows: Convert 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 ra t io  numerically equal to the number of levels used 
(for 8, 12, and 20 readings subtract 9,  10.8, and 13 dB respec- 
t i v e l  1. The result is then the average level, which we shall !EL call P . Provided free-field conditions exist, the power level 
is then calculated from the equation: 

P W L  = + 20 log r + 0 . 5  dB 

where r is the radius, in feet, of the measuring sphere.  When 
the rotating source o r  rotating microphones are used  as de- 
scribed in paragraph 2.8.5.2.4, t he  average energy during a 
complete rotation as well  as for all the microphone positions 
should be taken, and the corresponding average sound-pressure 
level used in the above formula. 

"2.8.5.4 Calculation of Directivity Factor. After the average 
sound-pressure level, SPL, has been determined, the diree- 
tivity factor can also be calculated. If it is desired fo r  a 
particular direction, the sound-pressure Level en the measur- 
ing sphere corresponding ta  that direction. SPL1, is measured 
The difference between this  level and the average level is 
called the directional gain. DGI- Thus, 

To determine the directivity factor, Q, convert the DG1 
value in decibels into a power ratio by using the decibel tables 
in the  Appendix. Thus. a directional gain of -2 dB corre- 
sponds to  a directivity factor of 0.63. 

*2.8.5,5 Effect of Room on Measurements. The  space in which 
power l ~ e r m i n d  must be 
carefully considered. As explained previously and in para- 
graph 2.8.5.5.1, the measurement should ordinarly be made in 
an anechoic chamber. Sometimes the  measurement can be 
made outdoors, far  from other objects. If the device under 
test i s  normally mounted on the ground, this outdoor measure- 
ment may be ideal, provided tha t  the  location is free from 
interfering objects and the background noise level is low 
enough. 



*2,8.5.5.1 Requirements on Room Characteristics. Lf 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- 
Lurth wavelength at t h e  center frequency for the lowest re- 
quired band {approximately 5 feet fo r  the lowest standard 
octave). Large acoustic absorption i s  particularly important 
if the directivity characteristics must be accurately deter- 
mined. In order to obtain satisfactory results in rnoderate- 
sized rooms, extra-ordinarily good acoustic treatment must 
be used. Many of these special anechoic chambers have been 
built,4 and some of them have been described in the Jwmal of 
the Acoustical Society of America. 

"2.8.5.6 Sound Source i n  a Reverberant l3oorn5. All  sources 
that radiate sound as discrete tones or as very narrow-band 
components and all sources whose directi%ty must be detes- 
mined can be measured only b y  the above free-fieldi1 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. 

*2.8.5.6.1 Measurements in a Reverberant Room. In a rever- 
berant room. sound wower can be determined from rneasure- 
ments of ave-rage soind pressure in the room and of the to t a l  
absorption. The a b s o r ~  ned from a measure- 
ment of the rate at  whic 3und in the room de- 
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cays. The procedure is he sound source In the 
room i s  turned an and the souna 1s a ~ ~ o w e d  to reach a steady 
value. The sound is picked u p  by the microphone of a sound- 
level meter whose output is recorded on a graphic level re- 
corder. The sound source i s  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 r a t e  of decay, D. 

4 ~ n e c h o i c  chambers of various sizes are manufactured by, 
f a r  example, The Eckel Corporation, 155 Fawcett Street, 
Cambridge, M a s s .  

5 ~ h e  procedures @given in Sections 2.8.5.6 and 2.8.5.7 are 
based to a s e a t  extent on R. W. Young, "~abine  Reverberation 
Equation and Sound Power Calculations ", Journal Acoust Sac 
Am, Vol  31, No. 7, July, 1959, pp 912-921; H. C. Hardy, 
T a n d a r d  Mechanical Noise Sources," N o i s e  Control, Vol 5, 
Na. 3, May, 1959, pp 22-25; R. J. W e l l s  and F. M. Wiener, 
"On the Dekrrnination a f  the  Acoustic Power of a Source of 
Sound in Semi-Reverberant Spaces", Noise Control, Vol 7, 
No. 1, Jan-Feb, 3961, pp 21-29, and on the work of Am Stds 
Assoc Committee S1-W-25, I?. M. Wiener ,  Chairman 
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For a highly reverberant room, that is, where D is small 
{say 50 dB/sec o r  less), the sound power level of the source 
is then given by the following expression. 

PWL = =+ 10 log V + 10 log D -47.3 

where V is the volume af the room in cubic feet atid is 
the average sound-pre ssure level in the reverberant field. 
The numerical value of 47.3 in the  above formula varies with 
atmospheric pressure, as shown in Figure 2-13. For most 
measurements at sen level  the value of 47.3 can be used. 

"2.8.5 "6  -2 Room Requirements. In order  for the measurement 
te be accurate, t he  room must satisfy the following conditions: 

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

2. No two dimensions of t he  room should be alike. A ratio 
of 1 : v  : for  the height, width, and length is often recorn- 
mended. 

3 .  The wal ls  of the room should be hard and smooth. 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 d ~ / s e c  far a room of 1000 cubic feet, and 
less than about 38 d ~ / s e c  for  a room of 10,000 cubic feet. Far 
the lowest frequency band, these decay rates may be doubled. 

5.  The source should be mounted on t h e  floor or other sur- 
face if normally used that way. Otherwise, i t  may be sus- 
pended in t h e  room, but not in the center, at least one-fourth 
wavelength from the walls .  No large surface of the source 
should be parallel to any nearby wall. 



"2.8.5.6.3 Sampling and Averaging Procedure. The desired 
sound-rsressure l eve l  i s  an average taken at several positions 
about tke 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, a s  described in paragraph 2.8.5.3. 

The initial decay rates at the same set of measurement 
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, a random 
noise generator, filtered by an octave-band analyzer, may be 
used as the source. The decay rate for a pven set of room 
conditions will remain constant over a considerable time, 
except at the high audio frequencies where air absorption is 
critically dependent on nelative humidity. 

Zn a wel l  designed reverberation room fewer  measurement 
points are needed than fo r  t he  free-field measurement. If the 
source is not highly directional, and if large rotating vanes 
are used to alter t h e  standing-wave pattern during the mea- 
surement, one microphone position may be adequate for  t h e  
measurement. This procedure in effeit averages the  sound- 
pressure level over a large area. The single-microphone 
method is not recommended, however, unless extensive ex- 
perience has shown that the ~esuits  are the same as those 
obtained with several microphone positions. 

Another method of e s p l o r i n ~  the sound field to obtain an 
average i s  to awing the microphone around a wide area. Still 
another i s  to rotate t h e  source. 

"2.8.5.7 Comparison Method. The procedures given above re- 
quire special rooms, for t.he 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. Th i s  is a comparison method, in which a 
standard source similar to +that to be measured is used as a 
reference. The radiated power of th i s  standard source must 
have been determined by one of t h e  preceding techniques. 

"2.8.5.7.1 Measurement Procedure. The measurement pro- 
cedure is as f o l l o ~ ~ s :  

1. T h p  standard .sorlrce i s  turned on in th?  room. Sound- 
pressure level  is measured at several places around the  
source at a distance from the source equal to at least the 
maximum dimension of  the  source. ~ h &  measurements are 
usually made in octave bands. The measured levels are aver- 
aged on an energy basis for each band. 



2. The unknown source is operated in plaze of the  stand- 
a r d  source. The  sound-pressure levels 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 t h e  standard and the unknown is applied to the known 
power level of the standard source. 

"2.8.5.7.2 Requirements for  Standardsource .  The standard 
source should produce a stable and reproducible sound. Such 
sources have been developed for the Compressed Air and Gas 
Institute and for  the fan and blower industry. The spectrum 
and directional properties of the standard source should be 
nearly the same as those of the unknown source. 

"2.8.5.7.3 Requirements for  Room. The measurement room 
should be larpe, 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 positions. 

*2.&.6 PREDICTING NOISE LEVELS. When the acoustic power 
output and the directivity pattern of a device are known, t h e  
noise levels that i t  wil l  produce under a variety of conditions 
can be predicted on t h ~  average with fair accuracy. These 
predictions are based on the  principles discussed earlier in 
t h i s  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 t h e  following 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: 

= PWL - 10 log V - 10 log D +  47.8 

where V is the volume of the room in cubic feet, P W L  is t h e  
source power level, and t h e  constant 47.8 varies with atmos- 
pheric pressure (to determine the variation add 0 . 5  dB to  t h e  
values shown in Figure 2-13). 

Close to the source the level is almost a8 i f  free-field 
conditions existed. The level decreases with increasing d i s -  
tance from the source and the average approaches the rever- 
berant field level. H e r e  standing waves will exist, and it is 
only the average level that can ordinarily be predicted. At 
points less than one-fourth wavelength from a 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 r ight  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 knowled* of the room and 
its surface conditions. The procedures a re  given in books on 



architectural acousf ics . There the calculation procedure is 
normally g v e n  for reverberation time, T. The decay mte, D, 
is then easily obta-aed as follows: 

The sound-pressure level produced by the source i s  also 
affected by its posltion in the room-that is, if i t  is suepended 
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, howeverod 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 gource is 
generally 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. 

2.9 VIBRATION. 

Vibration is the term used to describe continuing or steady- 
state periodic motion. The motion may be simple harmonic 
motion like that of a pendulum, o r  i t  m a y  be complex l ike a 
ride in the "whip" at an amusement park. The motion may 
involve tiny air particles that produce sound when the  rate of 
vibration is in the audible fxequr 1s (20 to 20,000 Hz), 
or it may involve, wholly or in p uctures found in 
vacuum tubes, bridges, or battle Usually the  word vi- 
bration is used to describe rnotiurm ul me latter types, and is 
classed as solid-borne, or mech vibration. ' 

Many important mechanical v is lie in the frequency 
range of 1 o r  2 to 2,000 Hz (cop] ing to rotational speeds 
of 60 to 120,000 rpm). In some specialized fields, however, 
both lower and higher frequencies are important. For ex- 
ample, in seismological work, vibration studies may extend 
down t o  a small fraction of a Hz, while in.loudspeaker cone 
design, vibrations up to 20,000 Hz must be studied. 
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2.9.1 NATURE OF VIBRATORY MOTION. Vibration problems 
occur in so many devices and operations that  a listing of these 
would be impractical. Rather, we shall give a classification 
on the basis of the vibratory motion together with numerous 
examples of where that motion occurs to show the practical 
application. The classes of vibratory motion that have been 

6 ~ .  V, Waterhouse and R. K. Cook. "~nterference Patterns 
in Reverberant S m n d  Fields 11;" ~ o u & a l  05 the Acoustical 
Society of America, Vol. 37, No. 3, March, 1965, pp. 424-428. 



selected are given in Table 2-1. They are not mutually exclu- 
sive, and, furthermore, most devices and operations involve 
more than one class of vibratory motion. 

l,2 VIBRATION TERMS: DISPLACEMENT, VELOCITY, 
:CELERATION, ANQ JERK. Vibration can be measured in 
#rns of displacement, velocity, acceleration and jerk. The 

easiest measurement to understand is that of displacement, 
or the magnitude of motion of t he  body being studied. When 
the sate of motion (frequency of vibration) is low enough, the 
displacement can be measured directly with the  dial gauge 
micrometer. When the ~r ly  is great  enough, 
i t s  displacement can be n he common scale. 
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simple harmonic motion, LrKe that of t ne  bob of a pendulum, 
tha t  is, a sinusoidal function having the  form 

x = A sin w t  ( 1) 

where A is a constanr, w is 2rr t imes the frequency, and t is the 
time, as shown in Figure 2- 14. The maximum peak-to-peak 
displacement, also c d e d  double arnplitude, l a  quantity indicated 
by a dial  gauge) i s  2A, and the rms displacement is A/J2 
(=0.707A). The average (full-wave rec t i f ied  average) value of 
the  displacement is 2 ~ / n  (=0.636A). while the "average double 
ampli tude" (a term occasionally encountered) would be 4 A l ~  
(= 1.272A). Displacement measurements are significant i n  the 
study of deformation and bending of structures. 
h many practical problems, however, displacement is not 

the important property of the vibration. A vibrating mechan- 
ical part will radiate sound in much the same way as does a 
loudspeaker. In general, velocities of the  radiating part  
(which corresponds to the cone of  the Loudspeaker) and the air 
next to it wil l  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 pressure in 
a i r  will be proportional to t h e  velocity of  t he  vibration. The 
sound energy radiated by the vibrating surface is t h e  product 
of the velacity squared and the resistive component of the air 
load. Under these conditions it i s  the velocity of the vibrating 
part and not its displacement that is of greatest importance. 

Velocity has also been shown by practical experience to be 
the best single criterion for use in preventive maintenance of 
rotating machinery. Peak-to-peak displacement has been 
widely used for  this purpose, but then the  amplitude selected 
as a desirable upper limit varies markedly with rotational 
speed. 

'root -mean-squar e 



Table 2-1 - Nature of Vibratory Motion 

1. Torsional or rwisring abrarion 

Examples: 
Reciprocating d e v i c ~  

GasoZme and diesel engines 
Valves 
Compressors 
~ P S  

Raatlng dwtces 
Elecrric motors 
Fans 
Turhlnes 
Gears 
Tummbles 
Pulleys 
Propellers 

2. Bending vibration 

Examples: 
Shahs in motors, engines 
String mstrummcs 
S P ~ L ~ R ~  
Belts 
Chams 
Tape m recorders 
P1pcs 
Bridges 
Propellers 
Transmission lines 
Aircraft win@ 
Rceds on reed instruments 
Rails 
Washing machines 

3. Flexural and plate-mode vibration 
Examples: 

Atrcraft 
Clrcular saws 
Loudspeaker cones 
Sounhng hoards 
S h p  hulls and decks 
Turlnne blades 
Gears 
Rndges 
Floors 
Walls 

4. Translational, r*ial, or rigid-- vibration 

Examples: 
Rec~procnnng devlces 

Gasolinc znd diesel engines 
Compressors 
h r  l~amrners 
Tamping machines 
Shak~rs 
h c h  presses 

Autos 
Motor8 
Devlces on vhration maunrs 

5. Extensional and shear vibration 

Examples: 
Transformer hum 
Hum in electric motors and gwexators 
Moving tapes 
k l t  s 
l o c h  presees 
Tarnp~ng machines 

6. Intermittent vibradan including impacting. explo- 
slve and seismic mmfon (mecllanical shock) 

Examples: 
Blasting 
Gun shots 
Earthquakes 
Drop f o r p s  
Heels impacthg floors 
Typewriters 
h t c h e t s  
C;eneva mechanisms 
Stepping motors 
Artros 
Catapults 
Plancrs 
Shapers 
Chipping hammers 
hveters  
Impact wrenches 

7. Random and miscellaneous motions 

Examples: 
Cwnhatim 
Ocean w a w s  
T I ~ P S  
Tumblers 
Turbulence 
Earthquakes 
Gas and f lu~d motion and their interaction 

with rnecharusms 



Velocity is the time rate of change of displacement, so that 
for the sinusoidal vibration of equation (1) the velocity is: 

Thus velocity i s  proportional to displacement and to frequency 
of vibration. 

Figure  2-14. A simple si?lusnidal ,/r~nction. 

The analogy cited above covers the case where a loud- 
speaker cone o r  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 re la-  
tively 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 o r  radiating much sound energy be- 
cause of the very low a i r  load, which has a reactive mechan- 
ical 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 consideration, the actual 
forces set  up in the vibrating parts are important factors. 
The acceleration of a given mass i s  proportional to the ap- 
plied 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 a r e  a function of the 
masses  and the accelerations of the vibrating parts. For  this 
reason, acceleration measurements a r e  important when vi- 
brations a re  severe enough to cause actual mechanical fail- 
u re .  

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

a = -w2 A sin wt I 3  1 



It is proportional t o  the displacement and to the square of the 
f reatencv or to the velocity and the freauencv, 

jerk i"s the time rate ~ i c h a n ~ e  of  acielepation. At low fre- 
quencies this c h a n ~ e  is related to  rising comfort of autos and 
elevators. It is also important for determining load tiedown 
i n  planes, trains, and trucks. 

2.9.3 ACCELERATlON AND VELOCITY LEVEL. Some use 
is now being made of "acceleration level" and ''velocity level," 
which, as the names imply, express the acceleration and ve- 
locity in decibels with respect to a reference acceleration and 
velocity. The reference value of 10-BrnJs (10'6cm/s) for 
velocity and 10-5rnJs2 (10-3cml s2) for acceleration are now 
being used, although other references have been proposed. 
The selection of suitable standard reference values for accel-  
eration, velocity, and displacement is now being studied.  

2.9.4 NONXNUSOIDAL VIBRATIONS. Equations ( 11, (2). and 
(3)  ~ e p r e s e n t  only sinusoidal vibrations, but as with other 
complex waves, complex periodic vibrations can also be re- 
presented as a Fourier series of sinusoidal vibrations. These 
simple equations may therefore be expanded to include a s  
many terms as desirable in order to express any particular 
type of vibration. For a given sinusoidal displacement, vela- 
city is proportional to frequency and acceleration is pra- 
portional to the square of the  frequency, so that the higher- 
frequency components in a vibration are progressively more 
important in velocity and acceleration measurements than in 
d i sp lacement  readings. 

2.10 SUMMARY.  

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

Reference sound pressure:  20 micronewtons /square 
meter (20 C L ~ J m 2 ) *  

Reference power: 10- l2 watt.** 

Power level  (PWL): 

W PWL = 10 log -- dB re 10-12 watt. 
10- 

where W is the acoustic pawer in watts. 



Sound-pressure level (SPL): - 
P SPL = 20 lag - dB re 20 CIN/m 2 - .00002 - 

where is the root-mean-square sound pressure 
in newtons /square meter. 

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

Important concepts that a i d  in interpreting noise rneasure- 
ment results can be summarized as follows: 

To measure sound level, use a sound-level meter with one 
o r  more of its frequency response weightings (A, 3, and C). 

T e  measure sound-pressure level, use a sound-level meter 
with the controls set for as uniform a frequency response as 
possible. 

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

Speed of sound in air: 

Pressure 

1 IVewton I rn2 
1 microbar 
1 poundlft .2 
I pound/inm2 
1 atmosphere 

Pressure Level 
r e  20 y ~ ~ r n ~  - 

94 dB 
74 dB 

127.6 dB 
170.8 dB 
194.1 dB 

*At one time the reference for a sound-level meter was 
taken as 10-l6 watt/square centimeter or 10-12 watt/square 
meter. Far most practical purposes, this reference i s  equiv- 
alent t o  the  presently used pressure. This earlier reference 
value is ROt a reference for power, since it i s  power divided 
by an area. The pressure 20 l l ~ l m 2  i s  also expressed as 
2 x 10'5 newton /square meter, 0.0002 micsobar, or 0,0002 
dyne /cm2. 

**A reference power of 10 - 1 3  watt is also used in the USA, 
and has been used in very early editions of this handbook, but 
the reference power of 10-12 watt is used here because of its 
increasing acceptance internationally. 

Note: The reference pressure and the reference power have 
been selected independently because they are not uniquely r e -  
lated. 



The preferred octave-band series* is the following: 

Center Frequency 
hertz 

31.5 
63 
125 
250 
500 
1000 
2000 
4000 
8000 

Effective Band 
hertz 

28.1 to 44.2 
44.2 to 88.4 
88.4 to 177 
179 to 354 
354 to 707 
707 to 1414 
1414 to 2828 
2828 to 5657 
5657 to 11314 

Band No. 

The preferred center frequencies* in one-third-octave 
steps are: 

No. hertz No. hertz No. hertz 

1000 etc. 
1250 
1600 
2000 
2500 
3150 
4000 
5000 
6300 
8000 

*These values are rounded off for  simplicity of reference. 
The actual values used for filter design differ slightly from 
these except f o r  10, 100, 1000, etc., which are exact. The 
actual values are derived from the series 10"i lo, where n 
takes on all integer values, and n is the number assigned to  
the band. 

2.10.2 VIBRATION. 

Displacement is magnitude of the motion. 

Velocity is the time rate of change of displacement. 

Acceleration is the time rate of change of velocfty. 

Jerk is the time rate of change of acceleration. 

Reference quantities: 

Velocity: lou8 rneters/second I loh6 c rn l s )  
Acceleration: 10'5 meters / second/ second ( 10-3 crnl s2) 



chapter 3 

WHAT NOISE AND VIBRATION DO 
AND HOW MUCH IS ACCEPTABLE 

3.1 WHY WE MEASURE NOISE. 

That w e  are annoyed by a noisy device and a noisy envlron- 
ment, that noise may interfere with our sleep, our work, and 
our recreation, or that very intense noise may cause hearing 
loss is frequently the basic fact that leads to noise measure- 
ments and attempts at quieting. In o r d e ~  to make the most 
significant measurements and to do t h e  job of quieting most 
efficiently, it is clearly necessary to learn about t hese  effects 
of noise. We seek to  estimate from these effects what levels 
of noise are acceptable, and thus establish suitable noise 
criteria. Then if we measure the existing noise level, the 
difference between this level and the  accep'lable level  is the  
noise reduction necessary. 

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 discussion of our reactions to  sounds will  serve to s h o w  
some of the factors and their relative significance. T h i s  in- 
formation wi l l  be useful as a guide for selecting electronic 
equipment to make the  most significant measurements for the 
problem at hand. 

3.2 PSYCHOACOUSTICAL EXPERIMENTS. 

Scientists and engineers have invesptigated many aspects of 
man's reactions to sounds. For example, they have measured 
the levels of the weakest sounds tha t  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 i n  level and in frequency that various ob- 
servers could detect (differential threshold) .  These experi- 
menters have also asked various observers to set the  levels 
of sume suuncfs so t ha t  they are judged equal in loudness to 
reference sounds {equal loudness), and they have asked t.he 
observers to mte  sounds for loudness on a numerical scale. 

Pn order to get reliable measures of these reactions, the 
expesirnente rs have to simplify the conditions under which 
people react to  sounds. This simplification is mainly one of 
maintaining unchanged as many conditions as possible  whi le  



a relatively few characteristics of the sound are varied. Some 
of the conditions that have ta be controlled and specified are 
the following the physical environment of the observer, par-  
ticularly the background or ambient level; the  method of pre- 
senting the changmg signals, including the order of presenta- 
tion. duration, frequency, and intensity; the selection of the 
observers; the instructions to the obskrv3rs; the experience 
of the observers in the  specific t e s t  procedure; the  normal 
hearing characteristics of the observers; t h e  method of getting 
the responses; and the  method of handling the data. 

Variations in :he conditions of t h e  measurement will affect 
the result. Such interaction is t h e  rea: requiring con- 
trolled and specified conditions. It is ( e to know, 
however, how much the  various conditi tffect t h e  result. 
For  example, small changes in room t t . r u p c r  d ~ u r e  are usually 
of little signific: ut if the .er i s  exposed to a ance. B 

>derate 
 red t h r  

noise of even rnt level ju -e a threshold measure- 
ment, the measu eshold 1 11, temporarily, be 
significantly h r g h e r  than normal. 

The basic method used  by the  observer to present his r e -  
action to the signals is also important in the  end result. Nu- 
merous methods have been developed f o r  this presentation. 
Three of these psychophysical methods are aB follows: I. In 
the method o f  adjustment the observer sets an adjustable con- 
trol to the level, he judges suitable for the test. 2 .  In the 
method of the just noticeable difference the observer states 
when two signal:  sufficiently so that he can tell they 
are differen:. 9 method of constant s t imu l i  the ob- 
server states wl wo s ipa l s  are the same, or which i s  
the greater, if t l r c j  a c e 9  to differ. 

When psychoacoustical experiments are performed, the 
resultant data show variabi1it.y in the judgments of a piven ob- 
server as w e l l  as variability in t h e  judgments of a group of 
observers. The data must then be handled by statistical 
methods to obtaj 
the  deviations f r  
result that is o 
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nterest  
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esult a s  well  as  a measure of !. In general it is the average 
, but the extent of the devia- 

tions is also of value, ann In some experiments these devia- 
tions are of major  interest. 

The deviations are not usually shown on graphs of averaged 
psychoacoustical data, but  the:, 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 psychoacoustical responses also have a cer- 
tain degree of stability, although it is not t h e  degree of stability 
that  we find in physical measurements.  In the normal course 
of events, i f  one's th reshold  of hear ing  is measured today, a 
sirnilas measurement tomori-ow should give the  same thres- 
hold levell wi thin  a few decibels. 

In t he  process of s tandard iz ing  the measurement conditions 
for the sake of reliability and stability, t h e  experiments have 



been controlled to the point where they do not duplicate the 
conditions encountered in actual practice. They are then use- 
ful mainly as  a guide in interpreting objective measurements 
in subjective terms, provided one allows for  those conditions 
that seriously affect the  result. As a general rule, the t r end  
o f  human reactions to changes in the sound is all that can be 
es t ima ted  with validity. A conservative approach i n  u s ing  
psychoacoustical 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. W h e n  yonng per- 
sons with good hearing a re  tested, a characteristic similar 
to  that labeled MAF (minimum audible f i e ld )  in Figure 3-  1 i s  
usually sbtained. This shows the  level of the  simple tone tha t  
can just be heard in an exceptionally quiet location under free- 
field conditions (see Section 2.8.1 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 Hz labout t he  same 
as the fundamental frequency of middle C )  is sounded in a 
very  quiet location, and i f  its sound-pressure level is greater 
than 12 dl3 re 20 v ~ / r n 2  at the  ear of t h e  Listener, it w i l l  
usually be heard by a young person. Pn addition to the  restric- 
tions 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 experi- 
ments can be found in the bibliography at the end of this hand- 
book. (See also Figure 3-3.) 

Some variation in the threshold of a person can be expected 
even if the experiments are carefully controlled. T k ~ e s h a l d  
determinations made in rapid succession may possibly differ  
by as much as 5 dB, and wi th  longer in te rva ls  more variation 
between particular values is possible. But the average of a 
number of threshold measurements will  generally be consis- 
tent with the average of another set to within less than 5 dB. 

The variability among individuals i s ,  of course, much 
greater than the day-to-day variability of a single individual. 
For example, the  sensitivityof some young people is slightly 
better than that  shown in Fig. 3-1 as  t h e  minimum audible 
field, and, at the other extreme, some people have no usable 
hearing. Most noise-quieting problems, however, involve 
people whose hearing characteristics, on t h e  average, a re  only 
somewhat poorer than shown in Fig. 3-1. 

The thresllold curve (Figure 3- 1) shows  that at low frequen- 
cies t h e  sound-pressure level must be comparatively high be- 
fore t h e  tone can be heard .  In contrast we can hear toms in 
the frequency range from 200 to 10,001, Hz even though t h e  
levels are  very low. This variation in acuity of hear ing  with  



Fjgurp 7.1. ThreshoJds ol  henri t~g nnd t ~ l c r n t r c p .  

frequency is one of the reasons that in most noise problems 
i t is essential to know t h e  frequency composition of the noise. 
Far example, is it made up of a number of components all 
below 100 Hz? Or are they a l l  between 1000 and 5000 H z ?  
The importance of  a given sound-pressure level is s i p i f i -  
cantly different in those two examples. 

The upper l imit  of frequency at which we can hear air- 
borne sounds depends primarily on the condition of our hear-  
ing and on t h e  intensity of the sound. This  upper limit is 
usually quoted as being somewhere between 16,000 and 20,000 
Hz. For most practical purposes the actual figure is not 
important. It i s  important, however, to realize that i t is in 
t h i s  upper frequency region where  we can expect t o  lose 
sensitivity as  we grow older. 

The aging effect {called L'presbycusisf') has been deter- 
mined by statistical analysis of Rearing threshold measure- 
ments on many people. A recent analysis of such data* has 
a v e n  the results shown in Figure 3-2. This  set of curves 
shows,  far a number of simple tones of differing frequencies, 

*American Standards Association Subcommittee 224-X-2.  
The Relations of Hear ing  Loss to Noise Exposure, January, 
19.54, Yew York. 
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t h e  extent of the shift  in threshold that we can expect, on the 
average, as we grow older. 

Many t h r e s h o l d  measurements are made by otologists and 
other hearing specialists in the process of analyzing the  con- 
dition of a person's hearing. An instrument known a s  an 
audiometer i s  used for t h i s  purpose. Its calibration i s  made 
with respect to a "'normal"thresho1d. This "normalq' level is 
somewhat d i f fe ren t  from t h e  curve labeled MAF in Figure 3-  1. 
The difference between 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 audiometer tests.  

When a sound is very high in level, one can feel very un- 
comfortable listening to it. The "Discomfort ~ h r e s h o l d "  (Sil- 
verrnan) shown i n  Figure 3-1 is drawn in to show t h e  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 (Silverman) is also shown in Figure 
3-1. 

3.4 "WHAT NOISE ANNOYS A N  OYSTER?" 

No adequate measures of the annoyance levels of noises 
have yet been devised. Various aspects of t h e  problem have 
been investigated, but the  psycholegical difficulties in making 



these investigations are very great. For example, the extent 
of our annoyance depends greatly on what we are trying to do 
at the moment, i t  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 t he  noise. Although 
not completely justifiable, this assumption is sometimes help- 
ful because a loud sound i s  usually more annoying than one of 
similar character tha t  is not so loud. 

Psychologists have found that  high-frequency sounds (above 
about 2000 Hz)  are usually more annoying than are lower- 
frequency sounds of  t he  same sound-pressure level. There- 
fore, when i t  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 m a y  be justified. 

A further effect concerns localization of sound, When a 
large office has acoustically bard wals, floor, and ceiling, the 
room is "live," reverberant. The noise f rom any office ma- 
chincry thcn is rcflcctcd back and forth, and Ithe workcrs arc 
immersed in the noise with the feeling that i t comes from 
everywhere. If t h e  office is heavily treated with absorbing 
material, the reflected snund is reduced, and the workers then 
feel that the  noise is corning directly from the  machine. This 
localized noise seems to be less annoying. While no adequate 
measures of t h i s  effect have been developed, the general prin-  
ciple discussed here seems to be accepted by many who are 
expef ienced in noise problems. 

' 3.5 RATING THE LOUDNESS OF A SOUND. 

Many psychoacoustical experiments have been made in 
which listeners have been asked to rate the loudness of a 
sound. A s  a r e su l t  of these experiments involving aU sorts of 
sounds in various arrangements much has been learned about 
t he  concept of loudness in laboratory situations. The way in 
which the j u d p e n i  of loudness has  been obtained seems to 
affect t he  results sufficiently, however, so that i t  seems un- 
wise at t he  present time to t r y  to scale the sounds of ,everyday 
life on an absolute basis. In particular, it does not seem pos-  
sible to give a numerical value to the loudness ratio of two 
sounds and  have t h i s  ratio be seasonably independent of the 
conditions of comparison. It does seem p o s s i b l ~ ,  however, to  
rank a sound with satisfactory reliability accord in^ tn its loud- 
ness. For example, if sound A is judged louder t h a n  sound B 
and if sound B is judged louder than sound C, then,  in g e n ~ r a l ,  
sound A w i l l  also he judged l oude r  than sound C, 

3 -5.1 EQUAL-LOUDNESS CONTOURS AKD LOUDNESS LEVEL. 
Ope s tep  in t h e  direct lon of rat ing 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 1000-Hz tone of a given sound-pressure level. The r e -  
sults of this determination by Robinson and Dadson are given 
as equal-loudness contours in Figure 3-3. The number on 
each curve is the  sound-pressure level of the 1000-Hz tone 
used fo r  comparison for that curve. To use t he  contours for 
determining the equally loud levels at other  frequencies, we 
f i nd  t h e  point on the  curve corresponding to t h e  desired fre-  
quency and read off the corresponding sound-pressure level  
as the ordinate. For example, the 60-dR contour line shows 
that a 67-dB level  at 100 Hz is juat as loud as a 60-dB 1000- 
Hz tone. We can also interpolate to find that a 60-dR 100-Hz 

FREOUENCI IN CYCLES PER SECOND (Hz1 

f i p r e  3 - 3 .  Free-lie /d rqrra l- ior~dness cot~lorrrs Jor p i r r ~  foncs lob- 
sertrer facing source), r ip ter tn inpd  h y  Robinson and Dadson at  t h p  

,Nafionnl 1)hysicnI Lnhorotory. Teddi~rglon. Eng lnnd ,  (lCO/R2,7h- I96 f l 
Piarro k e y b o n d  help? i & n t r / y  !he freqrrenry  s co le .  011111 Ehe frindn- 
r n ~ n t n /  / requency of each piano key i s  i n d i c n ~ ~ d .  



tone is equal in loudness to  a 5 1-dB 1000-Hz tone. T h e  corre- 
sponding sound-pressure level in dB for  the  1000-Hz tone has  
been defined as the loudness level in phons. Therefore, a 100- 
Hz tone at a sound-pressure level  of liO has a loudness 
level of 5 1 phons. 

The weight ing networks for  the standard sound-level meter 
a re  based on similar contours, developed much earlier by 
Fletcher and Munson. The "A" and "B" weighting character- 
istics are in accordance with the 40- and 70-phon Fletcher- 
Munson contours, but with modifications to  take into account 
the usually random nature of t h e  sound f ie ld in a room. 

A sat of equal-loudness contours (Pollack) fo r  bands of 
random noise- is shown in Figure 3-4 .  Random noise is a 
common type of noise that occurs in ventilating systems, jets, 
blowers, combustion chambers, etc. It does not have a weU 
defined pitch, s u c h  as characterizes a tone with t h e  energy 
concentrated in components of definite frequencies. Rather, 
random noise has energy distributed over a band of frequen- 

FREQUENCY IN Hz 
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hnncis rrJI rnrrdonr n n i ~ c .  The c ~ n l ~ r  f r ~ q v r n c y  o j  ( b e  batld 
is  sllo/imn as thp. nhsc issa ,  nnd thc nttn~bers on !he crirrjes 
are plyon5 (Irtuin P o l l a c k ,  "The IAorrdness 01 Rands oJ 
Noise ," Jur t~nal  n/ F / T P  A C O I I S ~ ~ C ~ ~  SocicIy  of America, V o /  
2 4 ,  Sep l .  1052 ,  p p  533-5381. 



cies. If the noise energy is uniform over a wide range, it is 
called "white noise," being anaYogous in spectrum character- 
istics to white light. When the energy is distributed over a 
very wide band, it i s  a sort  of hishing sound. When t h e  broad- 
band noise Iras little energy at lour frequencies, it is more of 
a hissing sound. When it is concentrated in narrower bands, 
t h e  sound takes on some aspects of pitch. For example, low- 
frequency random noise may be a sort of roar. 

The contours shown in Figure 3 - 4  are for  relatively nar- 
:.ow bands of noise, such that 11 bands cover the range from 
fin to 5800 Hz. They are distributeduniformly on a scale of 
pltch for simple tones (see Section 3.9.2). The numbers on the 
curves a re  phons, that is, the  sound-pressure levels of equally 
loud 1000-Hz tones, and the levels are plotted according to  the 
centers of the bands. For  example, one band covers the  range 
from 350 to TOO-Hz. From the curves we can see tha t  when 
the sound-pressure level of the noise in that band is 43 dB - re 
20 u ~ / r n ~ ,  the  indicated loudness level is about 34 phons. 

h i s  
use 
of E 
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3.5.4 LOUDNESS AND LOUDNESS LEVEL, Although we may 
remark that  some sounds are louder than others, we da not 
ordinarily rate sounds f o r  loudness on a numerical  basis. Ex- 
perimenters have asked observers to make judgments of the 
loudness ratio of sounds, that is,  to state when one sound is 
t w ~ c e ,  four times, one-haU, etc. ,  as loud as another. The re-  
sultant judgments depend to a considerable extent on how the  

blem is presented to the observer. But on the basis of 
h judgments several scales of loudness have been devised, 
ch rate sounds from "soft" to  "laud" in units of sones. A s  
zference, t h e  loudness of a 1000-Hz tone with a .x- 
ssure level of 40 dB re 20 u ~ l r n 2  (a loudness level  of 40 
ns) is taken to be I s G e .  A tone tha t  sounds twice  a s  loud 
a loudness of 2 sones. This scale is ahown on the vertical 

a x l s  of Figure 3-5, and the horizontal scale is t he  seund- 
ssure  level of the sound in decibels. The curve shown in 
; figure relates the loudness in sones to  the sound-pressure 
tl for a 1000-Hz simple tone. This relation was developed 

as a useful engineering approximation by Stevens as a result of 
analysis of the  data reported by many experimenters, who 
d a wide variety of techniques. He also performed a series 
bxperirnents in which the loudness estimates were  made on 

an unusualy  direct basis, and these exper iments  confirmed the 
relatian shown. Robinson has  also suggested th i s  relation, 
which is published as a Recommendation of the International 
5t.andards Organization. See Appendix 111. 

[ncidentaUy, the relation shown in Fig. 3-5 tends to refute 
point of view that  t h e  decibel is used in acoustics because 
respond to sound pressure in a logarithmic manner. Ac- 

.--fly, the loudness is approximately proportional to the sound 
pressure raised to the 0.6 power. 



Figure  3 - 5 .  Lo~rdness  
US s o ~ r ~ d - p r ~ s ~ ~ r e  l eve l  
/or a prdre tone o/ EOOO 
Hz. 

3.5.3 LOUDNESS LEVEL CALCULATIONS FROM MEASURE- 
MENTS. If the sound to be measured is known to be a simple 
tone, the procedure for determination of loudness level is rel- 
atively 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 weight- 
ing networks en a sound-level meter approximate two of the 
equal-loudne sa contours, a determination of the weighted level 
(sound Level} can be used to give an estimate of the  loudness 
level of a simple tone. 

For any other type of sound, however, the measured sound 
level will be l owe r  than the loudness level. The error in es- 
timating loudness level wil l  depend on the type of sound and 
for many noiges wil l  be more than 10 phons. For  example, If 
we have a uniform wide-band noise from 20 to 6000 Hz of  80 
dB sound-pressure level, the B-weighted sound level would be 
about 79 dB and the A-weighted sound level would be about 
80 dB, whereas the actual loudness level of such a noise is 
about 95 phons. Here we see that  t h e  sound l eve l  i s  not only 
misleading, but is no nearer the loudness level than is the 
sound-pressure level. This  result, far most noises, illustrates 



the fact that we need to know more about a sound than just its 
s 01 ssure level  or its sound level. E we know haw t h e  
em a sound is distributed as a function of frequency we 
leal a more useful estimate of i t s  probable subjective 
effect tam we can by knowing just its sound-pressure level, 
One of the ways such knowledge iis used is in the calculation 
of loudness level. 

A number of workers in noise measurements have found it 
useful to translate their noise measurements into such loud- 
ness terms. Then they can say the measured sound is for  
example, .about equal in loudness to another, more familiar, 
sound. To some groups, such as excecutive and lay clients, 
this type of statement is seemingly mere meaningful than 
levels quoted in decibels. 

For steady, wide-band noises, a technique developed by 
Stevens has been found to give gogood results. The sound is 
divided by an analyzer into frequency bands covering the audio 
spectrum. The loudness level is then calculated according to 
the procedure given in the next section. 

"3,s -4 PROCEDURE FflR CALCTKATING T,CEUDWFSS, Table 
3 - 1  i s  used to calculate the loudness from octave-band level6 
of the preferred series. The procedure is as fallows: 

1. From the table find the proper loudness index for each 
band level. 

2. Add all the loudness indexes ('2s). 
3. Multiply this sum by 0.3 
4. Add t h i s  product to 0.7 of the index for that band that 

has the largest index. (0.3 CS + 0.7 S,,,) This value 
is the total loudness in sones. 

5 .  This total loudness is then converted to loudness level 
in pbons by the relation shown in the two columns at the 
right of the table. 

The calculated loudness is labeled sones (OD) and the loud- 
ness level is labeled phons (OD) to designate that they have been 
calculated from octave-band levels (0) and for  a diffuse field (Dl. 

A similar calculation can be made for third-octave bands, 
and they are labeled (TD). 

For steady noises having a broad frequency spectrum, the 
loudness calculated by means of the  tables, which are based 
on stevens's 1 method agrees reasonably well with direct 
assc ssments made by loudness balances against a 1000-Hz 
?one. 

l ~ h e  method used here is that given in S. S. Stevens, 
"Procedure for  CaEculat inrr Loudness: Mark W. " Journal of 
the Acoustical Society of k e r i c a ,  Vol. 33,  No. il, November, 
1961, pp. 1 5 7 7 -  1585. Chart paper No. 31460-A (Codex Book 
Company, Norwood, Massachusetts 02062) i s  available for  
this  calculation when t he  older series of octave bands is used. 
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To illustrate this procedure, consider the folowing calcu- 
lations based on octave-band measurements of the noise in a 
factory: 

Octave 
Band 

No. 

Octave 
Band 
Hz 

Band 
Level 

dB 

Band 
Loudness 

Index 

CS = Sum of Band Loudness Indexes = 106 

S, = Maximum Band Loudness Jhdex = 20 

0.3 CS = 31.8 

0.7 S, = 14 - 
0.3 CS + 0.7 S, = 46 sones (OD)* 

or computed loudness level = 95 phens {OD)* 

*OD = Octave Diffuse (an octave-band analysis for a diffuse 
f ie ld) .  

F o r  a quick check to find which band contributes most to 
the loudness, add 3 dB to the band level in the  second octave, 
6 dB to the t h i r d ,  9 dB to  the fourth, and so on. Then the  
highest shifted level is usually the  dominant band. T h i s  check 
wil l  often be all that is needed to  tell where to start in a noise  
reduction program, i f  one doesn't have the loudness calcula- 
tion charts at hand. This check is not reliable if the levels 
are low and the low frequency bands dominate. 

Another and more elaborate loudness calculation procedure 
has been developed by 2wicker2 for  third-octave analysis. 
It is not at all  clear, however, that this more difficult calcula- 
tion results in a calculated loudness tha t  i s  in better agree- 
ment with subjective data. 

2 ~ .  Zwicker,   in Verfahrer  zur Berechning der Laut- 
stgrke," Acustida, Yol. 10, Nu. 1, 1960, pp. 304-308. 



3.6 PERCEIVED NOISE LEVEL. 

FCryter3 and his co-workers have followed a procedure 
similar to that used for loudness, but they asked the observer 
to  c~rnpare~~oiscs on the basis of their acceptability or their 
"noisiness. The resulting judgments were found to be 
similar to those for  loudness, but enough difference was 
noticed to give a somewhat different rating for  various sounds 
On the basis of these results, Kry-ker has set up a calculation 
procedure for '"perceived noise level, '' PNL in dB, also 
called "PN~B."  The procedure i s  basically the same as that 
recommended by Stevens for loudness. T h e  corresponding 
"noisiness" is given in units called " ' ~ o ~ s . "  

Ratings in terms of perceived noise level are now widely 
used for aircraft noise, particularly for  aircraft flying over- 
head. 

Table 3-2 is used to calculate the  perceived noise level 
from octave-band levels of t he  preferred seriesm4 Proceed 
as follows: 

I. From the table find the proper NOYS value for each 
band Level. 

2. Add all the NOYS values (EN). 
3. Multiply this  sum by 0.3. 
4. Add this product to 0.7 of the NOUS value for that band 

that has t he  largest NOYS value (0.3 EN + 0.7 Emax}. 
5. Convert this summed NOYS value to P N L  in dB, uslng 

the 1000-Hz NOYS-to-dB column. 

3 ~ .  D. Rrvter and K. S. Pearsons. " ~ o r n e  Effects of Swec- 
tral Content Lnd Duration on perceived Noise Level, I' ~o;rnal  
of the  Acoustical Society of America, Val.  35, No. 6, June, 
1963, pp. 866-883. 

4 ~ o r  calculations from the older  s e r i e s  of octave-band 
vels, use the  table provided by K. D. Kryter and K. S. Pear- 
ns, Journal  of the ~coustical-society of-America, Vol. 36, 
1. 2, February, 1964, p. 397. The table given here has been 

extrapolated from t h e  data of Kr,yter and Pearsons, Loc. cit., 
to  obtain t h e  values fo r  the 3 1  HZ band by the use of equal- 
loudness contours, and a number of values have been smoothed. 
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Table 3-2 IContInuedl 

Perceived Noise (NOYS) 
Band 1 
LfveE 

dB 

85 
06 

Octave Band 
31.5 

3.1 
3.5 

2000 

3 8 . 1  
4 2  

63 

9 . 9  
10.8 

4000 

48 
5 1 

8000 

34.2 
36.6 

125 

11.9 
lG .O 

250 

19.7 
2 i .1  

500 1 

32.6 
24.3 

22.6 
24.3 



H e r e  is a sample calculation for the factory noise used 
previously for a loudness calculation: 

Octave Band 
Center 
Hz 

Band 
Band Level Noisiness 

dB 

56 NOYS corresponds to 98 dB perceived noise level. 

The calculations outlined for  PNL are valid only f o r  broad- 
band noises that do not have strong pure-tone components. 
The  effects of such comvnents  have been studied, but a pro- 
cedure fa r  calculating these effects is not yet adequately 
proven. 

3.7 NOISE AND NUMBER INDEX. 

Another rating for  aircraft noise, called IWI, noise and 
number index, is based on erceived noise levels. I t  was P developed in Great Britain and takes i n t ~  account the  effect 
of the number of aircraft per  day on t h e  annoyance. It is 
defined by the following relation: 
NNI = (Average Peak Perceived Noise Level) + 15(10gko N)-80 

whe re  N is the  number of aircraft per day or night. The value 
"80" is subtracted to  bring the index to about 0 fo r  conditions 
of no annoyance. 

The "Average Peak Perceived Noise ~ e v e l ' \ s  obtained in 
the  following way. The peak perceived noise level that occurs 
dur ing  the passage of  each airplane is noted. These peak 
levels are then  converted into equivalent power and averaged 

' " ~ o i s e - ~ i n d  Report of  t h e  Committee on the Problem of 
Noise," CMND. 20561 Her Majestyls Stationery Office, London, 
1963. 



(Section 2.6). This average value is then converted back into 
a level and used in the equation. 

If the perceived noise level is approximated by the u se  of 
A-weighted sound levels, the average A-level is obtained in a 
similar fashion, the 80 is reduced to about 67, and we have 
Y M -  (Average Peak A-Level) + 15IlogI0 N)-67. 

3.8 A-WEIGHTED SOUND LEVEL AS A SINGLE-NUMBER 
RATING FOR NOISE. 

For simple ratings or screenings of similar devices, the 
A-weighted sound level at a specified d i s t ance  is now widely 
used. This measurement is mainly useful for relatively 
nondirectional sources tha t  are outdoors and where the effect 
of the noise also occurs outdoors and nearby. It is also use- 
ful in preliminary ratings of similar ambient noises f o r  t h e  
lluinan reactions that may occur. 

A number of analyses of the  usefulness of A-weighted 
snund levels for  single-number ratings have been made. 
Some of these  have shown excellent agreement between the 
A-level a n d  subjective effects, while others show relatively 
wide  discrepancies. Those tha t  show the wide discrepancies 
usually include con~parisons of high-level narrow -band noise 
or pure tones with broad-band noises. The most consistent 
results are found when the noises tha t  are being compared 
are similar in character, as, for example, in ratings of t h e  
objectionableness of noises from a large number of automo- 
biles. Expressed diffe sently, the fact tha t  s imi la r  devices 

ai rc  
Z P P J  
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produce noises wi th  s i m i l a r  energy-vs-frequency d i s t r i bu -  
tions makes a simple A-weighted sound level  useful in ranking 
sounds f o r  subjective effectsm6 

A number of investigators have determined the approxi- 
mate  relation between the A-weighted sound level  nf a noise 
and the  calculated loudness level o r  perceived noise level of 
t h a t  noise. F o r  values for perceived noise level 
{ P N t )  minus dB (A) have been quoted as about 1 2  dl3 for jet  

raft and 14  dB for  propeller aircraft, except during 
maches for which an average figu;ure of 36; dB is given, 
Tor office noise the difference has  been found to be about 

1s dJ38. Simi lar ly ,  t h e  difference between loudness level and 
the  A-weighted sound level for office noise is ahout 13.3 dB; 8 

'P,, Itr. Young, "Single-Eurnber Criteria for Room ~ a i s e , "  
Journal  of the Acoustical Society of America,  Val. 36, No. 2, 
February, 1964, pp. 289-295. 

7 ~ .  it'. Robinson, J. J. Bowsher ,  a n d  W. C. Copeland, "On 
,ludging the Noise F r o m  Aircraft in Flight,'Qcustica, Vol. 13 ,  
No. 5 ,  1963, pp. 324-336.  

8 ~ .  W. Young, lot. cit. 
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that is, LL in phons minus dB (A) = 13.3. 
The restricted range of usefulness of an A -weighted sound 

level is a result of the frequency dependence of many acoustic 
effects. For example, if a noisy machine is to be used in a 
room, we need to know the acoustic characteristics of the 
room as a function of frequency and the radiated sound power 
level in octave bands in order to estimate the noise level at 
some distance from the machine. The A-weighted sound level 
would not be adequate. 

A similar condition occurs if we are trying to estimate the 
effect of sound isolation or acoustic treatment on a noise 
level, because these effects depend on frequency. Or, more 
generally, when we measure noise in order to aid us in reduc
ing noise output or to control noise in any of a number of ways, 
frequency analysis is essential. 

Because A-weighted sound levels are so widely used for 
noise ratings, some may wish to convert measured octave
band levels to the equivalent A -level when that sound level did 
not happen to be measured. This conversion is readily accom
plished by means of Table 3-3, which is used as follows: 

1. Add the correction numbers given in the table to each of 
the corresponding measured octave-band levels. 

2. By means of the table in Appendix I convert these cor-
rected numbers to relative power. 

3. Add the relative powers of all the bands. 
4. Convert back from power to level in dB. 

Note that instead of steps 2, 3, and 4 the summing of the cor
rected levels can be done in pairs by the chart of Appendix II. 

Table 3-3 

Correction numbers in dB to be applied to octave-band 
levels to obtain equivalent levels for A-weighted octave-band 
analysis. 

Preferred Series of Octave Bands 

Band Center 
Frequency 

Hz 

Weighting Used for Original Analysis 

58 

31.5 
63 

125 
250 
500 

1000 
2000 
4000 
8000 

Flat 

-39.4 
-26.2 
-16.1 

-8.6 
-3.2 
0 

+1.2 
+0.9 
-1.2 

c 

-36.4 
-25.4 
-15.9 

-8.6 
-3.2 
0 

+1.4 
+1.8 
+1.8 



Table 3 -3 (Continued) 

Older Series of Octave Bands 

ave Band I Weighting Used fo r  Original Analysis 
HZ Plat I c 

3.9 ADDlTlONAL HEARING CHARACTERISTICS. 

Here is an example of these  calculations for  the factory 
noise used previously. 

In addition to the characteristics already described, nurner- 
aus others have been investigated, arid a f e w  of these are of 
interest in noise-measurement problems. Therefore, we 
shall discuss briefly differential sensitivity for intensity and 
the pitch scale. 

Octave 
Band 

Center 
Hz 

31.5 
6 3  

125 
250 
500 

1000 
2000 
4000 
m o o  

3.9.1 DWFERENTLAL SENSITIVITY FOR INTENSITY. One 
~ues t ion  that comes u p  in quieting a noisy place o r  device is: 
Jus t  how little a change in level i s  worth bothering with? Is 

6 
338 x 10 corresponds to 85.3 dB(A) 

Band 
Level 
dB 

7 8 
7 6 
78 
82 
8 1 
80 
80 
7 3 
65 

Correction 
for 

A-wtng. 
Co~rec t ed  

Level 
Relative 

power/ loG 

,01 
.I 

1.6 
20.0 
63.1 
100 
125.9 
25.1 
2.5 

338.3 

-39 
-26 
-16 
-9 
-3 
0 1 

+1 
+I 
-L 

39 
50 
62 
73 
78 
80 
8 1  
74 
64 
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a one-decibel change significant, or does Ilt need to  be twenty 
decibels ? '' This question i s  partially answered in the section 
on loudness, but there  is additional help in the fallowing psy - - .  . 

choacoustical evidence. Psychologists have devised various 
experiments to determine what change in level will  usually be 
noticed. When two different levels are presented to the  ob- 
serves under laboratory conditions with little delay between 
them, the observer can notice as  small a difference as 1 / 4  dB 
for a 1000-Hz tone at high levels. This sensitivity to  change 
varies with level and the frequency, but Dver the ran 
most interest, this differential sensitivity is about 1 $ 4 to Of 1 dB. 
For a wideband random noise (a hishing sound) a similar test 
gives a value of about 1 / 2 dB for sound-pressure levels of 30 
to 100 d B  (re 20  UNJ m2}. Under everyday conditions, a 1-dB 
change i n  level is likely to  be the  minimum detectable by an 
average observer.  On the basis of t he se  tests, we can con- 
clude tha t  1-dB total change in level i s  hardly worth much, 
although 6 is usually significant. It should be remembered,  
however, that  many noise problems are solved by a number of 
small reduct ions in level. There is also the importance of a 
change in character of the  noise. For example, the high-fre- 
quency level of a noise may be reduced markedly by acoustic 
treatment,  but, because of strong low-frequency components, 
the over-all level may not change appreciably. Nevertheless, 
t h e  resultant  effect may be very much worth while. This ex- 
ample illustrates one reason for rnak in~  a frequency analysis 
of a no ise  before drawing conclusions about the  noise. 

3.9.2 PITCH AND MELS. Just as they have done for  loudness. 
psychologists have experimentally determined a scale for 
pitch. The  unit for th i s  scale is the ' ' r n e l ' ~ f r o m  "mePodyl'), 
and a 1000-Hz tone at a level of 40 dB is sa id  to have a pitch 
of 1000 mels. In terms of frequency, th i s  pitch scale is 
found to be approximately l inear  below 1000-Hz and approxi- 
mately logarithmic above 1000-Hz. Some people have sug- 
gested that a frequency analys is  with bands of equal width in 
mels would be more efficient for some types of noise analysis 
than tvould one wirh bands of other widths. At present no com- 
mercial analyzers of this type are available, but some work 
has been done using such an analysis. In addition, t h e  pitch 
scale has been found useful for some types of charts. 

3.10 MASKING. 

It is common experience to  have one sound completely 
drowned out when another, louder  noise occurs. For example, 
during the early evening when a fluorescent light is on, the 
ballast noise may not be heard, because of the usual. back- 
p o u n d  noise level  in the evening. But late at night when there 
1s much less activity and correspondingly less noise, the 
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ballast noise may become relatively very loud and annoying. 
Actually, the noise level produced by the  ballast may be the 
same in the two instances. But psychologicaLly the noise is 
louder at night, because there is less of the  masking noise 
that reduces its apparent loudness. 

Experimenters have found that the masking effect ef a 
sound is greatest upon those sounds close to it in frequency. 
At low levels the masking effect covers a relatively m r r o w  
region of frequencies, At higher levels, above 60 dB, say, 
the masking effect spreads out to cover a wide range, mainly 
for frequencies a b o v ~  the f~eqiiencies of the dominating com- 
ponents. In other words, the masking effect is asymmetrical 
with respect to  frequency. Noises that  include a wide range 
of frequencies wil l  correspondingly be effective in masking 
over a wide-frequency range. 

3.10.1 SPEECH-TNTERFERENCE LEVEL, Most of us  have 
been in locations where it was impossible to hear over a tele- 
phone because the noise level was too high; and, in order  ta 
hear, production machinery had to be turned off; result in^ 
in t ime and money lost. Even direct discussions can be 
difficult and t ir ing because of excessive noise. Excessive 
noise may make it impossible t o  give danger warnings by 
shouting or te give directions to workers .  

In a large classroom with heavy acoustical treatment, 
particularly in the ceiling, the attenuation may be so great 

to e 
the 
don 
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that the teacher at one end can be but poorly heard through 
the background noise at the other end, even though the noise 
is not very great. 

Incidentally, o the r  factors also affect speech intelligibility. 
In a live room, speech syllables are smeared by reflected 
sound, and the intelligibility is consequently reduced. 

Because of the  annoyance of interference with speech and 
so because noise interferes with work w h e r e  speech com- 
unlcation is necessary, a noise rating based on the speech- 
terference level is frequently useful. We should know how 
improve speech communication in a noisy place. In order  
sffect this improvement we shall find i t useful to evaluate 
speech-intereference level of a noise. How this can be 
e will. appear from a consideration of how noise interferes 

1 
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z speech. 
Valse interference with speech is usually a masking pro- 
s .  The background noise increases our th reshold  of hear- 
, and, as a result, we may hear  only a few o r  perhaps none 

o~ the sounds necessary for satisfactory intelligibility. 
The  consonants contain most of the information in speech, 

hut, unfortunately, they are more readily masked than vowels, 
because they are weaker than vowels. Noise of a c e r t a i n  level 

q mask some speech sounds and not others, depending on 
talking level, the par t icular  sound, and t h e  relative fre- 
ncy distribution of the sound and of the noise. 



The energy of the various speech ~ o u n d s  is distributed 
over the frequency range from below 100 to  above 10,000 Hz. 
The actual instantaneous distribution de ends on the particu- 
lar speech sound. For example, the "sipsound has its energv 
broadly distributed in the range from 4000 to beyond 8000 Hz,. 
In contrast, most of She energy in the "ee'hsound of "speech 
i s  distributed in fairly definite groups (called "formants "1 be- 
low 4000 Hz. AIl 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 Hz. 

In any frequency subdivision that we may make of this range, 
t h e  sound-pressure levels vary over a range of about 30 dR as 
successive sounds occur. ~ e s t s  on the intelligibility af speech 
show that if we can bear the fun  30-dB 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 dB, the 
contribution wil l  be about 50 percent, and so forth. Further- 
more, i f  t h e  range between 200 to  6000 Hz Is divided into a 
large number of frequency bands of equal importance to speech 
intelligibility, t he  total contribution to speech intelligibility is 
equal to the average of the contributions from the individual 
bands. This  ~ l a n t i t y  is called t h e  a r t i c u l a ? i ~ n  index, because 
it is a measure of t h e  percentage of the  total possible informa- 
tion which we might have perceived of importance to speech 
intelligibility. 

For many noises the measurement and calculation can be 
simplified even further by the use of a three-band analysis. 
T1-le bands chosen are the octave bands centered on 500, 1000, 
and 2000 HZ.~ The arithmetic average of the  sound-pressure 
levels in these three bands gives the quantity called thr! speech- 
interference level (SIL). One can use this level. for determining 
when speech ~ o r n ~ u n l c a t i o n  or telephone use i s  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. 

3.10.1.1 Face-To-Face Communication. For satisfactory intel- 
Sisbility of difficult speech material, maximum permissible 
values of speech-interference levels for  men with average 
voice strengths are  given in Table 3-4. 

9 ~ h e  bands used before t he  shif t  to the currently preferred 
series were 600-1200, 1200-2400, and 2400-4800 Hz, or those 
three bands plus the band from 3011 to 600 Rz. The results 
of t he  two measures  are similar. but some shift in the refer- 
ence values is necessary. (J. C; Webater, Journal of the Acou- 
stical Societyof Amer ica ,  V01. 37, No. 4, April 1965, pp.692-699). 



Table 3-4 

Speech-interference levels (in dB re  20 u ~ l r n ~ )  should be 
less than the values given below in o r d e r  to have reliable con- 
versation at the  distances and voice levels shown. 

Voice Level 
Distance Very 

(Feet) Normal Raised Loud Shouting 

1 70 76 82 88 
3 60 66 72 7 8 
6 54 6 0 66 7 2 

12 48 54 60 66 

It is assumed in t h i s  table that there  are no reflecting sur- 
faces nearby, tha t  t he  speaker is facing the listener, and that 
the  spoken material is not already familiar to the  listener. 
F o r  example, the speech-interference level of the factory 
noise in paragraph 3.5.4 is 80.3 which i s  high, and the chart 
indicates that shouting is usually necessary and tha t  the two 
people must be closer to  each other than two feet in o rder  
t.o be understood satisfactorily. Lf 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 
verberant room, the procedure is more complicated. This 
art cannot be used on the basis of the background noise 
v e l  hefore the  conversations are in progress, because a 

,,ven 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. 

3.10.12 TELEPHONE USABILITY I N  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 65 dB 
65 to 80 dB 
above 80 dB 

Satisfactory 
Difficult 
Impossible 

F o r  calls within a single exchange, the permissible speech- 
interference levels are 5 dB greater than those shown in the 
table. 



3.10.1.3 Criteria For Indoor Noise Levels. A suggested rating 
system for offices, based on a number of paychoLogica1 and 
acoustical tests, is shewn in Figure 3-6. The curves on this 
graph relate the measured speech-interference level of the 
backgrourf? noise and the subjective ratinglpf the noise rang- 
ing from very quite" to "intolerably loud. The twa different 
rating curves illustrate that the environment influences the 
subjective rating. In order to  be rated "noisy1' the noise level 
must be appreciably higher in a large office than in a private 
office, 

I t  can be expected that the probability of receiving com- 
plaints about noise wil l  be high for subjective ratings above 
'moderately noisy" and low for subjective ratings below 
"moderately noisy." Furthermore, because of direct inter- 
ference with transferring information, efficiency may be 
reduced for levels appreciably above t h e  c r i t e r ion  points 
marked A and B. 

Suggested criteria fo r  noise control in terms of maximum 
permissible speech-interference Level (SIL), measured when 

AVERAGE OF SOUND LEVELS IN BAND5 AT 500,lW. 2000 fir 

l51L) 
OERBELI RE 20 , l ~ / r n ~  

Fi,ywe 3 -6. Rul ing  chad for off ice  noises. Data iurre derermined hy 
an ocfaz~e-baad atla lysis  and cove luted w i t h  sabjeci ive tes ts .  (Covt- 
fesy Reranrk and Nctcrnan, but modified for pelerred bonds). 



the room is not in use, are given in the following table: 

Table 3- 5 

Criteria for Noise Control 

Maximum Permissible SZL 
(measured when room 

Type of Room i s  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 Off ices [Typing) 
Homes (Sleeping Areas) 
,4ssembly Halls (No arnplif ication) 
School Rooms 

The purpose of these criteria will  be shown by the following 
example. Assume that  w e  are to  put a smaU conference 
room in a factory space. W e  measure t h e  speech-interference 
level at t ha t  location and find it to be 69 dB, whereas the 
suggested speech-interference l eve l  criterion for a small con- 
ference room is 35 dB. The room must then be designed to  
attenuate the noise from the factory space by about 34 d B  in 
order t o  have a conference room tha t  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 hollow-tile wall plastered on one side). 

A similar but mare extensive set of such criteria for noise 
control, based on A-weighted sound levels, is given in ASHR4E 
Guide and Data Book - Fundamentals and Equipment, 196 5 -  1966, 
Chapter 14, Table 4, (American Society of Yeating, Refriger- 
ating and Air-Conditioning Engineers .) 

3.11 RESlDENTlAL NOISE LEVELS. 

Some factories, recreation halls, electrical substations, 
trucks, and airplanes are so noisy that they annoy people liv- 
ing near them. The reactions of those that are annoyed may 
range from mild remarks to  legal action. Those that are re- 
sponsible for  the noise would naturally l ike to avoid the 
expense of cou r t  action; in order to maintain the good wil l  of 

3 neighborhood, they are  often willing to put considerable 
:art into controlling the  noise so aa to avoid anything but 
J d  annoyance. 



In order to  put this noise control on a systematic basis. a 
number of engineering groups have analyzed the experiences 
obtained in many different s i tuat ions. l0 They have found that 
reactions of annoyance cannot be successfully predicted on the 
basis of a single measurement, or even of computed loudness 
ratings, but that  many factors enter into t h e  problem. In 
addition to t h e  rznge of reactions to  be expected from differ- 
ent individuals, some other factors are the  following: The 
level and spectrum of the noise; whether  o r  not there  a re  
strong, pure-tone components; t he  time pattern of the noise, 
including t h e  rate of repetition and the actual time of occur- 
rence dur ing  the day: and the general background noise level. 
in the residential area affected. So f a r  the data tha t  is avail- 
able is limited prirnariZy to  the reactions of people i n  resi- 
dential areas of single-family houses surrounding industrial 
plants. We can expect that, because of the conditioning to  
noises that  occur in multiple-family dwellings, t h e  reactions 
of the  people t h e ~ e  would be modified. 

3.12 HEARING LOSS FROM NOISE EXPOSURE," 

Exposure to  intense noises may lead to a loss in hearing, 
which wil l  appear as a shift in the  hearing threshold, Some 
of t h e  loss is usually temporary with partial o r  complete re- 
covery in some minutes, hours, or days. Any remaining 
hearing loss tha t  persists indefinitely is called 
The extent of the permanent loss w i n  depend on many factors: 
the susceptibility of the individual; the duration of the expo- 
sure ,  including the time patterns; the intensity of t he  noise: 
t h e  s p e c t r u m  of the  noise; the type of noise (impact, random, 
or simple-tone); and the nature of the  ear  protection used, if 
any. 

Because of the many complicating factors, it ia nat  possible 
to se t  up a single, simple relation between hearing loss and 

low. A. Rosenblith and K. N. Stevens, Handbook of Acoustic 
Noise Control, V o l  11, Noise and Man, WADC Technical Report 
53- 204, PB 11 1274, Office of Technical  Services, Department 
of Commerce, Washington 25, D. C., June, f 953, pp 181-200. 
L. L. Beranek. Acoustics, McGraw-Hill: New York, 1954, Part 
XXXJI. 

K. N. Stevens. W. A ,  Rosenblith, and R. H. Bolt, "A Com- 
munitghs Reaction to Noise: Can It Be Fsrecast?" =- Noise 
Control,  Vol 1, No. 1, January, 1955, pp 83-71. 

Committee en the Problem of Noise, Noise ,  Final Report,  
Her Majesty k Stationery Office, London-, Appendix XV. 

'ASA Subcommittee 224-X-2, 
Loss t o  Noise Exposure, January, 
trrte, 7 0  East 45tn St., New York, 



exposure to noise. Furthermore, adequate data regarding 
comparative audiograms and a complete hlstory of exposure 
including noise levels, type of noise, time pattern, and fre- 
quency characteristics are not available. It should be re- 
membered also that noise is not the only cause of permanent 
hearing loss. There is the normal loss of hearing wipth age 
(refer t o  Section 3.3), and some types of infection may pro- 
duce permanent hearing loss. 

Nevertheless, because of the importance of the problem, 
many tentative ratings have been proposed. These suggested 
ratings have been revised a s  more  information has  become 
available . 

For those concerned with the problem of noise-induced 
hearing loss, rve recommend that they request the latest in- 
formation on this su5ject f rom the ~ 6 s e a r c h  Center, Sub- 
committee on Noise of the Committee on Conservation of 
Hearing of the American Academy of Ophthalmology and 
Otolaryngology, Dr. Aram Glorig, Director, 3 8 19 ATaple -4ve., 
Dallas, Texas 75219. 

One suggested preliminary test is based on an A-weighted 
sound level. The reading is taken where  t h e  operator's e a r s  
~ o u l d  normany be, but without the operator present, if pos- 
sible. An A-weighted sound level above 90 dB indicates that 
the noise mag be unsafe for  everyday exposures, at least f o r  
some people, and further measurements a r e  then necessary 
i n  determine if noise r e d u c t i ~ n  or ear protection is neces- 
sary. In most instances when t h e  A-weighted sound level is 
as high as 90 dB, noise reduction is desirable for other rea- 
sons as well.  

A report for C ~ - Z P L B A ~ ~ ,  the Committee on I-Iearing, Bio- 
acoustics, and Biomechanics of the National Academy of 
Science and t h e  National Research Council, sets hearing dam- 
age risk levels for bands of noise for  various exposure times 
per  day for  periods of t en  years or more. 

Some of the r i sk  contour levels from that  report, converted 
into tabular form, are given in Table 3-6. These levels apply 
for bands of noise and one exposure per  day of t he  d u r a t i ~ n  
indicated. The table illustrates clearly the  advantage to be - 

gained from limited exposures. 
These r i s k  levels have been set so that, on the average, 

persons w i l l  not suffer serious hearing losses i f  t h e  levels for 
t h e  exposure durations are less than those indicated. Some 
susceptible persons may suffer significant Losses, however, so 
that it is wisq  t o  reduce the noise level or provide ear protec- 
tion i f  t h e  levels  approach those shown in the table. 

1 2 ~ ,  D. Kryter, W. D. Ward,  J .  D. Mil le r ,  and D. H. El-  
dredge,  '%azardous Exposure to  Intermittent and Steady-State 
~ o i s e , "  Journal of the Acoustical Society of America, Vol 39, 
Yo. 3, March LSGG, pp 451 -464. 



Table 3-6 

Damage Risk Levels 
dB r e  20 c l ~ l r n 2  

Octave Band Center - Hz 
Duration 

1 day 125 250 500 1000 2000 4000 7000 

8 hours 
4 hours 
2 hours 
1 hour 

30 min. 
15 mln. 
7 min. 
3 min. 

CP.5 min. 

If the level in any one octave band exceeds that in the two 
adjacent bands by more than 5 dB, the indicated damage-risk 
level fo r  that band should be reduced by 5 dB. This rule is used 
to account f o r  noises tha t  have sharp peaks in the spectra. 

The C W A  report also has r i sk  criteria for multiple ex- 
posures per day and for pure tones. The repopt should be 
consulted for these when necessary. 

The noise-level ratings given here apply only to exposure 
during a regular working day for  a number of years and to 
steady noises, not to impact or impulsive sounds, such a s  
gunfire, f o r  which the informatian regarding hearing damage 
is not yet adequate to provide risk criteria. 

Some indust rial and governmental organizations have set 
up a program that includes periodic hearing tests13 and 
records of noise exposure of their employees. The noise- 
exposure records give the octave-band analysis of the noise 
to which the particular employee is exposed, the duration of 
the exposure, and the protective devices - such as ear pro- 
tection - used. Such a systematic approach i s  recommended 
fo r  organizations having employees exposed to  high-level 
noise. 

1 3 ~  guide for Conservation of Hearing in Industn,. 
obtainable from Suhcornmittcc on Noise of the Cornmittre 
on Consematl on of Hearing , American Academy of 
Opthalrnology and Otolaryn~ology . 3819 Maple A v e . ,  Dalias. 
Texas, 75219. See also "Threshold Llrn~t  Values of 
Physical Agents Adopted by ACGIH." obtainable [torn Sec'y- 
Treas., Amer. Conf. Gov't. -1ndust. Hvgenists, 1014 B'way . 
Crncrnnati,O., 45202. 



3 EFFECTS OF NOISE ON WORK OUTPUT. 

Noise can influence work output in many ways; there is the 
obvious interference with communication (paragraph 3.101, 
the occasional condition where  noise is useful as a means BE 
masking distracting conversations, and the deterioration in 
quality of work output that can occur when the background 
noise level is above 90 dB. 

~roadbent l4  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 ef fect  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 interpreta- 
tion that attention wanders from t h e  work at hand more often 
as the noise level increases. 

From the standpoint of noise reduction, two findings are 
worth noting: first, noise is more l ike ly  to lead to increased 
errors in susceptible tasks i f  it i s  above 90 dB; and second, 
high-frequency audible noise seems more harmful in this 
respect than does low-frequency noise. 

3.14 WHAT VIBRATION DOES. 

Vibration related problems can be classified as follows: 

1. Effect on man 
Injury 
Fatigue 
Annoyance 
Interference with performance 

2. Mechanical failure 
Excessive stress 
Fatigue 
Destructive impacts 

3.  .Excessive wear 
4.  Excessive noise 
5. hadequate performance of device 
6. Failure to satisfy vibration specifications. 

These problems wil l  be discussed in the following sections 
on the effects on man, maintenance, vibration spec if  ications . 
and other effects. The problem of excessive noise has 
already been reviewed. 

1 4 ~ .  E. Broadbent, Perception and Commclnication, Per- 
gamon Press: London, 1958. 



3.14.1 EFFECTS OF VIBRATION ON MAN. The published 
work on the effects of vibration on man has recently been re- 
viewed cornwrehensivelv by D. E. Goldrnan and H. E. von 
Gierke in tge report, ~ 3 - $ - 3 9 ,  The Effects of Shock and 
Vibration on ~an.15 This e x c e h n t  review, which covers the 
inlurious levels of vibration as well a s  subjective asaects, is 
ribommended to those concerned with thesg protrleks,   he 
subjective response is important to those concerned with 
passenger or operator comfor t  in automobiles, planes, boats. 
trains, and other vehicles. Vibration levels that are struc- 
turally safe for a vehicle are often uncomfortable, annoying, 
or even dangerous fo r  the occupant. Ln military vehicles it 
may not be very important that the occupant be comfortable, 
but it is certainly important that excessive vibration does 
not cause fatigue and reduce sharply the efficiency of per-  
sonnel. In order to study this  problem the U. S. Naval Medi- 
cal Center  at Bethesda, Maryland, has built a large displace-  
ment-amplitude vibration machine, designed for a maximum 
laad of 200 Ib. at any combination of displacement (0 to 4 
inches) and frequencies ( 2  to 50 Hz) net exceeding 15 g peak 
acceleration. (In the words of one reporter, "the engineer- 
ing principle involved likens this project to a number  of units 
currently being operated in New Yark City. Ifi New York 
they call them subways.") But there are no curves that  pre- 
sent the human resp&ses to vibration as completely as do 
t h e  Robinson-Dadson curves fo r  l~urnan responses to simple 
tones of sound. 

As an example of the criteria available, usin only data 
collected by ~ e i s t e r l 6  and Reiher and Meisferlq, ~ a n e w a ~ l 8  

1 5 ~ b i s  report is available from USA Standards Institute, 
10 East  40th Street, New York, N. Y. 10Q 16, and is closely 
parallel t o  D. E. Goldman a?$ H. E. von Eierke, " ~ f f e c t s  of  
Shack and Vibration on Man, Chapter 44, Shock and Vibra- 
tion Handbook, edited by C. M. H a r r i s  and C. E. Crede, 
McGraw-I-lill, New York, 196 1. 

See also J .  C, Guignard, "Effects of Vibration on  an," 
Journal of the ~nvi rokmenta l  Science, Vol. 9, No. 4, August, 
1966, pp. 29-53, 

V D ~  -2057, ' ' ~ e u r t e i l u n ~  der  E i n w i r h n g  mechanischer 
Schwingungen auf der  Menschen," October, 1963. 

' ' j ~e i s t e r ,  F. J., "Sensitivity of Human Beings to  Vibra- 
tion," Forschung (V.D.1, Berlin), May-June, 1935. 

' ' ( ~ e i h e r ,  H, and , P ~ s t e r ,  F. J., "sensitivity of Human 
Beings t o  Vibration, Furschung (V.D.I. Berlin). February, 
193 1, 

l g~aneway ,  R .  N., "vertical Vibration Limits for Pas- 
senger Comfort1\n Ride and Vibration Data, a set of refer- 
ence charts. Society of Automotive Engineers, hnc ., Special 
Publications Department (SF- 6 ) .  



has prepared a chart  giving recommended limits of vertical 
vibration for passenger comfort in automobiles. Janeway 
limited his analysis to data obtained for vertical sinusoidal 
vibration at a single frequency, with subjects standing or 
sitting on a ha rd  seat. The recommended characteristic 
consists of three simple relations, each of which covers a 
portion of the  frequency range. h the low-frequency range 
from 1 t o  6 Hz the recommended limit is a fixed value of 
jerk. The corresponding maximum comfortable displacement 
(a) at any frequenc between 1 and 6 Hz is 2 divided by t h e  J frequency cubed ( f  ). Over the frequency range from 6 to 20 

le recommended limit is a constant acceleration, The 
esponding displacement is l / 5 f B ,  From 20 to 60 Hz the 
mmended limit is a constant velocity, and the corre- 

spurd ing  displacement is 1 160f.  
Litte work has been d w e  on t h e  effects of nonsinusoidal 

vibration, except for sudden acceleration and deceleration, 
such as occur in accidents and space travel. Apparently no 
technique has been evolved for  predicting the effects of broad- 
band o r  multicomponent vibration (such as has been developed 
f n r  loudness). ln short, this  remains an important area of 
research for further investigation. 

3.14.2 MAINTENANCE. It is widely recognized that exces- 
sive vibration leads t o  high costs for  machinery maintenance 
Periodic measurement of machinery vibraticn has become an 
important preventive rnalntenance procedure in many factories. 
I f  such a program i s  pursued, some acceptable limitg of vi- 
bration must be set ta make possible a decision as to when 
~rqrrective measures must be taken. Numerous criteria have 
been proposed. Among those who have propcsed criteria, 
T. C. l?athbonelg was a pioneer in synthesizing the available 
experience in this area. The chart that he prepared in 1939 
has been the basis  for  many subsequent specifications. This 
cha r t  showed the maximum allowable peak-to-peak displace- 
ment as a function of rotation speed with ratings varying 
from "very Smooth" to "Too Rough to Operate,'" 

One of the important points to be gained from such charts 
is that a s imple  specification of displacement or even of 
acceleration is not adequate for a rating, although many have 
assumed from physical reasoning that one of those parameters 
should be specified. Actually, velocity happens to  be a better 
parameter to use for a relatively wide range of shaft speeds. 
For example, Ratllbone has  recently recommended some 
s~mpl i f ied  upper limits of vibration which can be specified in 
.erms of velocity for vibration frequencies above 20 Hz { 1200 

1 9 ~ .  C, Rathbone, PowerPlant V Q ~ .  43. No. 
11, November, 1939, pp. 721-724. 



cycles per minute), T h e  limits that he recommends20 are: 
For power machinery, electric motors, large fans, turbines, 
pumps, dishwashers, dryers, vacuum cleaners, mixers, etc., 
the velocity s h ~ u l d  be less than 0.13 in/ s peak 1 10 dB re 
10-8 m J s  peak21). For hand tools, small fans, and roam ai r  
conditioning equipment, t h e  velocity should be less than 0.1 
i d s  peak (108 dB re rnl s peak). For precision m a -  
chinery and business machinea, t h e  velocity should be less 
than 0.063 inls peak (104 dB re 10-8 rn/s peak). 

These values should be used only as a guide. Consider- 
able variation in significance can be expected for several 
reasons. For  example, the relation between the actual 
spindle or shaft vibration and the vibration measured on the 
associated bearing housings i s  complex and would not neces- 
sarily be the same for  machines of t h e  same type but of 
different  design. f i r therrnore,  t h e  vibration at a bearing 
housing may vary significantly around the housing because of 
components of different phase being introduced external to 
the  bearing. The nature of the vibration, that is, if  it i s  
rough o r  random or of an impact typc rather than a simple 
sinusoidal motion also affects the value tha t  is significant. 

Even if  no element of human reaction is involved different 
criteria m a y  be set  u p  for the  same application. Thus the 
manufacturer of a compressor may select a velocity of 0.5 
i n / s  peak22, (122 dB re 10-8 m J s  peak) measured on the 
bearing housings, as a safe upper limit, but the  user may 
prefer to have t h e  vibration kept to 0.1 in/  s peak 1108 dB re 
10'8 m l s  peak) or less for best performance and low main- 
tenance costs (cf. POWER, Vol. 109, May 1965, pp. 162-164.1 

The manufacturer is influenced by what can be competi- 
tively produced and still have a reaionable life, but the user 
should be willing to pay more for a unit with the reduced 
maintenance costs that usually accompany lower vibration 
levels. 

Another valuable procedure for  setting u p  a reference 
criterion is to measure the vibration an a machine when it is 
first installed and operating properly. If a detailed record of 
these measurements i s  kept on file, a comparison wi th  

2 0 ~ .  C. Rathbone, "A Proposal for Standard Vibration 
~ irn i t s ,"  PRODUCT ENGINEERING, Vel. 34, March 4, 1963, 
pp. 68f. 

2 1 ~ o r  the equivalent rrns value (re 10-8 m / s  rma) subtract 
3 dB, for  average values (re 10-8 m/s  avg), subtract 4 dB. 

-7- 
&.& The ratings in terms of rrns values of sinusoidal vibra- 

tion a s  measured on same vibration meters w i l l  be about 0.7 
of these eak values; for  average values (actually "'average ,P absolute use 0.6 of the peak values. 
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subsequent measurements w i l l  then serve as a basis for 
judging the condition of the machine, and it w i l l  help in track- 
ing down worn or loose elements.23 

These early measurements should include the vibration at 
rarious beasing housings in all three directions, vertical 
:he two horizontal axes. They should be measured for 
lifferent operating conditions made possible by the vari- 

uus clutches and speed-changing systems on the machine. 
identally, these early checks may occasionally reveal a 
lty, new machine that should be rejected and returned to 
manufacturer. 

3.14. 3 VlBRATION SPECIFICATIONS. Limits on vibration 
on many machines have been set fo r  a variety of reasons. 
generally on the basis of experience. For example, on a good 
lathe one may find a specification such as: 

"Vibration to 1200 rprn (20 Hz) should not exceed 0.0005" 
on bed and 0.0003" at spindle." These are peak-to-peak 
measurements and the  corresponding peak velocity mea- 
surements at 1200 rprn are 6.03"Js and O.bfB"/s .  

Such a specification should help to insure both high quality of 
work and low maintenance. But it i s  strange to find that many 
manufacturers and users of precision rotating machinery 
neglect  such a n  important specification. 

Much machinery intended for  military uses now must meet 
specifications that include vibration tests. For example, 
MIL-STD-740f3 (SHIPS) includes a vibration acceptance level 
as shown in Figure 3-7. This figure h a s  been converted to 
velocity in Figure 3-8. so that the specified level  can be 
readily compared with those cited here in other sections. 

3.14.4 OTHER EFFECTS. Many of t h e  useful effects of vibra- 
tion in chemical, biological, and physical processes are 

2 3 ~ .  H. Nittinger, "Vibration Analysis Can Keep I'our Plant 
Humming, " CHEMICAL ENGINEERING, Vol. 7 1, August 17, 
1964, pp. 152-158. 
R. Y.  Chapman, "Recommended Prescribed Vibration and 

Noise Limits fo r  Auxiliary Machinery Aboard Submarines 
Using t h e  GR 155 1-A Sound Level Meter and Probe," Acou- 
stical Research and Development Division, Engineer and  Re- 
pair Department, USNSR, New London, Conn. Tech. Report  
f 2 1 3 - 6 2 ,  October I, 1962. 
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Figure 3-7. Vibration acceptance l eve l   om MII,-STD-740B. 
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Figure  3 -8 .  The vibration acceptance l e v e l  of Figure  3-7 
plot ted in terms 01 velocity. 



discussed by Hueter and ~ o l t ~ ~ ,   rawf ford^^, and  ergm man^^. 
The effects of machine-tool vibration have been reviewed by 
S. A. ~ o b i a s 2 8 ,  and metallic fatigue has been covered by 
~ a r r i s 2 ~ .  Many of the effects of vibration are discussed 
briefly in books and trade journals for the particular specialty 
in which the effect occurs, The handbook edited by Harris 
and ~ r e d e 2 8  is, however, remarkably comprehensive in its 
coverage of the many problem areas of shock and vibration. 

2 

Yor 
2 

2 4 ~ .  F. Hueter and R. H. Bolt, Sonics, John Wiley; New 
York, 1955. 

2 5 ~ .  E. Crawford, Ultrasonic Engineering, Academic 
Press, New York, 1955. 

2 6 ~ .  Bergman, Der Ultraschall, S. Ifirzel  Verlag, Stuttgart, 
54 (Sixth Edition). 

7 7 ~ .  J .  Harris,  Metallic Fatigue, Pergamon Press. New 
k, 1961. 

M. Harris and C. E. Credc, Op Cit, Chapter 40, 

7 5  



chapter 4 

INSTRUMENTATION FOR NOISE 
AND VIBRATION MEASUREMENT 

4.1 GENERAL. 

Sound measuring systems use a microphone (as a more 
general t e rm,  a transducer)  to transform the sound-pressure 
variations into a corresponding electrical s i p l ,  This signal 
is amplified, measured and analyzed by electronic instru - 
ments. 

A remarkably wide variety of systems i s  used t o  measure 
vibrati0n.l When the vibratory motion is s l o w  and large, the 
measurement can somet im~s  be made with a scale. If the 
motion is s low but small, a measuring microscope may be 
used. For rapid motion, a stroboscope can be used to produce 
an apparent slow-motion replica of the rapid motion for opti- 
cal measurement. This technique is discussed in more detail 
later in this handbook. 

The measuring system may be entirely mechanical or a 
mixture of mechanical, electrical, and optical elements. Many 
of these systems have been described in the l i terature.1 Of 
the many possible systems, the one particularly adaptable to 
a broad range of applications uses  a vibration pickup (also 
called a t ransducer) t o  transform the mechanical motion into 
a corresponding electrical signal. A s  f o r  sound measure- 
ments, this signal is amplified, measured, and analyzed by 
electronic instruments. 

The most commonly used vibration pickup is a piezoelec- 
tric accelerometer, in which a piezoelectric element is de- 
flected by its o w n  inertia when t h e  pickup is subjected to 
vibration. The voltage generated is proportional to the ac- 
celeration. This type of pickup has the  advantages of small 
size, l ight  weight, and wide frequency range. and it does not 
require a fixed frame of reference for the measurement. 

W e  s h a l l  describe the two types of transducers, micro- 
phones and vibration pickups, and then the electronic equip- 

'cyril Harris and Charles Crede, Shock and Vibration 
Handbook, McGraw-Hi l l  Book Co., New York, 296 1, Chapters 
12 through 17. 

J. Ormondroyd, R. B .  Allnutt, F. Mintz, and R. D. Specht, 
I *  Motion ~ e a s u r e m e n t s , "  Handbook of Experimental Stress  
Analysis. Edited by M. Netenyi, John Wiley: New York,  1950. 
Chapter 9, pp. 301-389. 
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P i g w e  4-1. The General Radio sound- and vibration-measuring system. 



ment. The functional relations between the transducers and 
the various instruments are shown in Figure 4-1. 

4.2 TRANSDUCERS - MICROPHONES AND 
Vl BRATION PICKUPS. 

Two different types of microphones a re  widely used f o r  
sound measurements, They are the piezoelectric-ceramic 
type and the condenser type. 

4.2.1 CERAMIC MICROPHONES. The ceramic microphone 
uses a piezoelectric ceramic {lead-titanate, lead-zirconate) I+ 

a s  the voltage-generating element. (The term ''piezoelectric 
indicates tha t  the material produces a voltage when it is 
strained.) A diaphragm fastened to the ceramic transfers 
the sound-pr essure variations into a corresponding varying 
force tha t  bends the ceramic element. 

This stable and rugged microphone has a smooth frequency 
response and is relatively unaffected by normal temperature 
and humidity changes. It Is regularly supplied with the latest 
sound-level meters and is available for use with other mea- 
suring instruments. It can be mounted directly on the instru- 
ment or separately with connection by extension cable when 
it is necessary to avoid the effects of the observer and the 
instrument case on the acoustical measurement. Because of 
its good character~stics and ease of use, this type of micro- 
phone i s  generally preferred for most sound-measurement 
applications. 

Figure 4-2. Genera! Radio I 

Ceramic M icsophones. /' 



4.2.2 CONDENSER MICROPHONES. Another type of micro- 
phone, known a s  the condenser, electrostatic o r  capacitor 
microphone, is used for measurement purposes. The varia- 
tion of an  electrical capacitance in this type of microphone is 
used to control an  electrical signal. These microphones gen- 
erally have excellent response characteristics. Although they 
require more extensive instrumentation for their use  than do 
the ceramic microphones, they a r e  widely used when good 
high-frequency characteristics a r e  required. 

Such microphones a r e  used in the Type 1551-P1 Condenser 
Microphone System, which is an assembly of preamplifier. 
power supply, microphone, and tripod. The microphones used 
in this system have excellent frequency response from 20 Hz 
to 18 kHz. They a r e  small in s ize and so  create a minimum 
disturbance to the sound field at  these higher frequencies. 
They a r e  useful in testing the over-aU response of high- 
fidelity systems o r  in other wide-frequency-range acoustical 
investigations. 

4.2.3 HYDROPHONES. Microphones used for  underwater 
sound measurements a r e  called hydrophones. They also gen- 
erally use  piezoelectric ceramics a s  the sensitive element. 
Various types of hydrophones a r e  available from such com- 
panies a s  Atlantic Research, Chesepeake Instrument Corpora- 
tion, Clevite Ordnance, Gulton Industries, Inc., and Wilcoxon 
Research. 

4.2.4 VIBRATION PICKUPS. The vibration pickups supplied 
by General Radio a r e  all  inertia-operated, lead-zirconate, 

Figure 4-3. A typical 
bydrophone. 



lead-titanate devices that generate a voltage proportional to 
the acceleration of the pickup. lntegrating networks may then 
be used to  convert this voltage into voltages proportional to 
velocity, displacement, and acceleration of the vibrating body. 

Pigtire 4 -4 .  Genetal Radio vibration pickups. 

4.3 THE SOUND-LEVEL METER.  

The basic instrument of a sound-measuring system is the 
sound-level meter. It is an accurate, portable, low-priced 
meter  for reading in te rms  of a standard reference pressure 
(20 v ~ / r n 2 )  the sound level at i t s  microphone. Fundamentally, 
the instrument consists of an  omnidirectional microphone, a 
calibrated attenuator, an amplifier, an indicating meter, and 
weighting networks. 

The amplifier i s  stabilized by means of inverse feedback. 
It has the three common sound-level meter  responses, A, B, 
and C, which are specified between 25 Hz and 8000 Hz. 

Two instruments of this type a r e  available from General 
Radio, the Types 1565-A and 1551-C Sound-Level Meters. 
Both instruments conform to the reouirements set forth in 
the WSASI USA Standard specificati& for General-Purpose 
Sound Level Meters (S1.4- 196 1 )  and IEC Hecommendation 
R123. The Type 1565-A is small, Light in weight, easy to use, 
and inexpensive. It can be mounted on a tripod, held in the 
hand, or placed on table o r  bench with equal facility. Readings 
and settings a r e  easily made with the microphone in a vertical 
or horizontal position, 

The Type 1551-C includes some added features, such as 
lower  internal noise level and higher gain for measurements 



Figrrte 4-5. /- 
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of lower sound levels, wider dUvnamic range, a fourth response 
characteristic that is flat from 20 to 20,000 Hz for sound- 
pressure-level measurements, and other wide-frequency- 
range applications, and a low-distortion output for driving 
analyzers or  tape recorders.  

4.4 THE V I B R A T I O N  METER. 

The corresponding instrument for vibration measurements 
is the vibration meter, shown in Figure 4-7. It takes advan- 
tage of the wide frequency range of the piezoelectric type of 
pickup with a response for the measurement of acceleration 
extending smoothly from 2 to 20,000 Hz a s  shown in Figure 
4-8. The meter i s  calibrated directly in te rms  of peak, peak- 
to-peak, and average displacement, velocity, acceleration, and 
jerk- these a r e  indicated in mils, inches/second, inchesisec- and< and inches/second3, respectively. Another model of 
this instrument indicates the same quantities in metric units, 
i.e., mm, meterslsecond, meters/second2, and meters/second3, 
respectively. 

Since the vibration pickup used with this meter i s  of the 
acceleration type, two stages of electrical integration and one 
differentiation a r e  necessary to provide the various types of 
response. The integrating and differentiating circuits a r e  
built in a s  part of the amplifier. 

The instrument.is direct-reading for acceleration, velocity, 
and displacement from 2 to 2000 Hz, and direct-reading for 
jerk over the frequency range of 1 to 20 Hz, when used with 
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F i g w e  4-8. E /eclr ica/  freqrrency response o/ T y p e  1 5 5 3 4  V i h n l i o n  
Metar, FUNCTION su~i tch  nl ACCE L, p o w e ~  suli!ch at 2-20,000 H z .  

F i ~ l r r c  4-9 .  Vibration m e t e r  response charncteristics lor constat~t  
npptrplied ( 1 )  acceleration, (2)  jerk,  (3) uelociiy, ( 4 )  displacement, 2- 
cyc le  cutof/, and (5 )  displacement, 20-cycle  ctl!oj/ when rdsed with 
1560-PS2 vibration pickup. (See Figure 4-12 for res'ponses o j  other 
picki~ps .) 



the Type 1560-P52 pickup normally supplied. When used with 
the Type 1560-P53 pickup, the direct-reading range s ta r t s  a t  
about 25 Hz and extends to 20 kHz for acceleration measure- 
ments. Fo r  velocity and displacement measurements, the 
high-frequency range is limited to about 2000 Hz by the inter- 
nal noise level in the instrument. 

Figure 4-1 0. 0 s c i l l o ~ h . r ~  showing the opemtion o f  the int~~mating circuits 
in the vihrdtion meter. In (A) a s p a r e  wave is s h m  as transmiffed by the 
arnfrlijier uhen set for ctcc~lernfim measurements. (B) shma tbe watw 
n / t ~ r  cme S t f l R e  of electnkar intej@ian /or wfociiy measurements, and (C) 
sl-ar>s the resrrlt of two stages o/ inlegrutim as used for displacement mea- 
surements. 

4.5 VIBRATION PICKUP S Y S T E M  FOR USE WITH THE 
SOUND-LEVEL METER.  

Vibration measurements can be  made with a sound-level 
meter when a vibration pickup i s  substituted for the micro- 
phone. An auxiliary control box, which i s  connected between 

ie so th: 
vell a s  2 

,ox, call 

the meter and the pickup, converts the respons ~t the 
meter  indicates velocity and displacement as v rcceler- 
ation. The combination of pickup and control b .ed a 
vibration pickup system, provides a convenient and inexpen- 
sive way for owners of sound-level meters to make vibration 
measurements within the audio-frequency range. However, 
the sound-level meter circuits respond down to only 20 Hz, 
and consequently the combination i s  not suitable for measur- 
ing lower-frequency vibrations. The vibration meter must be 
used where low frequencies a r e  important. 

The sound-level meter i s  calibrated in decibels, which 
must be converted to vibration amplitude, velocity, o r  acceler- 
ation. The calibration chart supplied with  each vibration 
pickup system gives the proper conversion factors for that 
system when it i s  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 (velocity), o r  inches per 
second per  second (acceleration). 
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Three such pickup systems are available. The Type 1560- 
P11B Vibration Pickup System is a low-cost unit for general 
use, t h e  Type 1560-P13 is fo r  high-frequency measurements, 
and the Type 1560-PI4 is for very low-vibration-level 
measurements. 

4.6 PREAMPLIFIER. 

The preamplifier shown in Figure 4- 13 is a high-input - 
impedance, low-noise amplifier for amplifying the output of 
microphones and vibration pickups and for driving long con- 
necting cables without loss in signal voltage. The gain of 
20 dB (10: 1) is also helpful in bcreasing the ultimate sensi- 
tivity of analyzers for low-level measurements. 

Figure 4-53.  The General Radio Ptramplijier and accessories. 

4.7 ANACY Z ERS. 

Even if a sound-level meter were perfect b e ,  fit with no 
tolerance all the design objectives of the WSASI Standards), 
the reading obtained by it in any given noise field is inadequate 
for a complete understanding of t h e  prr T h e  number of 
decibels indicated by a sound-level me + nothing about 
the frequency distribution of the noise. rue tha t  by 
judicious use of the weighting networks In a sound-level meter 
one can learn something about the freq present, but 
this knowledge is only qualitative. Fox mportant prob- 
lems it is necessary to use some type lensy analyzer 
to determine the noise spectrum. 

uencies 
most i 
of frequ 

The vibration meter measures the displacement, velocity, 
acceleration, or jerk of a vibration. Unless the waveform is 
substantially sinusoidal, however, the vibration meter by it- 
self gives little information about the frequencies of the 
individual vibration components. An analyzer, therefore, is 
desirable and often is a necessity. A s  with noise, t he  analysis 



of vibration provides clues te the sources of the vibration 
components and information neees sary in the suppression of 
the vibration. 

A number of analyzers are available for use with the 
sound-level meter or the vibration meter or for use with 
microphones and vibration pickups directly or with pre-  
arnplffiere. These analyzers vary in cost, complexity, and 
ease of operation. Choice between them is generally deter- 
mined by the amount of detailed information needed to solve 
a particular problem. In general, the more information re- 
quired, the more selective the analyzer needed. The more 
selective the analyzer, the more time is required to gather 
the information, 

4.7.1 OCTAVE-BAND ANALYZERS. The octave-band noise 
analper shown in Figure 4- 14 makes possible the simple 
and rapid analysis of noiaes having complex spectra. It 
operates directly from the output of a microphone, a vibra- 
tion pickup, a sound-level meter, or a vibration meter. As 
described in Chapter 5, it is widely used for frequency 
analysis of noise, particularly if an estimate of subjective 
effects is desired. 

This portable, battery-operated analyzer consists of a set 
of band-pass filters selected by means of a rotary switch, 
followed by an attenuator and an amplifier, which drives both 
an indicating meter and a monitoring wtpuut. The direct- 
reading range with a mic~ophone is 44 to 150 dB. With the 
Type 1560-P40 Preamplifier the minimum is extended to 
24 dB, even with long cables. 

Figure 4-14. The T y p e  1558 Octave-Band Analyzer and Type 1560- 
P6 Microphone Assembly.  

87 



F i p r ~  4- I 5 .  f lc  tot^^ -Frtnd / i l t p  r chnrac!etis t irs o/ t l + ~  Type  155P-np. 

Two models arc available, The octave bands of the Type 
1558-BP Octave-Band Noise Analyzer are centrred on the  
standardized preferred frequencies, 3 1.5, 63,  125, 250, 500, 
1000, 2000, 4000, 8000, and 16,000 Hz. It also includes an 
A-weighted response. The filter selectivity characteristics 
are shown fn Figure 4- 15. These filters meat the require- 
ments of USASI Sl.11-1966, Class 11. Type E. 

The fi l ters included in the Type 155F:-A a r e  a 75-Hz low- 
pass  fi l ter and octave filters having effcctil-e bands from 
18.75 to  37.5, 37.5 t o  75, 75 to 150, 150 to  300, 300 to 600, 
600 to 1200, 1200 to 2400, 2400 to 4800, 4800 to BGOO, and 
sfion tn 19,200 Hz, T h i s  set includes a13 t h n . s ~  ~ p ~ r i f i e d  in t h e  
older American standard, 224.10- 1953, on octave-band f i l t e r  
sets. 

4 -7.2 THIRD-OCTAVE -BANDWIDTH ANALYZER. For more 
detailed analysis of noise, a third-octave -band analyzer, such 
as that shown in Figure 4-16 is often used.  In addition ta t he  
third-octave band, t h i s  instrument also h a s  s one-tenth-octave 
band. A typical selectivity characteristic for  these two bands 
is shown in F i p r e  4-17. This instrument can be tuned to any 
center frequency between 2.5 and 25.0 ~ n d  t h e  shape of 
the selectivity curve is constant in ter rercentage of 
t he  resonant frequency over the entire 

The meter scale is calibrated in decibels for use in sound 
measurements and in linear units for rn measurements. 
The direct-yeading rangp for sound-a l e v ~ l s  with a 
microphone at tached is 44 to 150 dl3 a the Type 1560- 
P40 Preamplifier the minimum is extencpa ro 24  dR and long 
cables can be used without loss in sensitivity. 

This analyzer can be operated from the power line or 
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Figure 4-16. The T y p e  > c 

1564-A Sound and Yf- b -. 
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Figure 4-17. Selectivity chnracteristics of 
the Type  1564-A Sound and Vibration Analyzer. 

from a rechargeable battery. 
The filter characteristics meet the requirements of USASI, 

Sl.11-1966, Class 11, Type E. 
Third-octave analysis is now widely used, particularly for 

checking compliance with military noise and vibration speci- 
fications. It is most often used with a graphic level recorder  
to give a graph of the energy distribution of the noise and 
vibration as a function of frequency (see paragraph 4.8). 

4.7 -3  ONE:-PERCENT-BANDWIDTH WAVE ANALYZER. 
When sti l l  finer detail of analysis is desired, the Type 1568-A 
One -Percent-Bandwidth Wave Analyzer, shown in Figure 4- 18, 



Figure 4-18. The T y p e  
1568-A Wave Analyzer, 

4 

may be used. It has a very selective tunable filter covering 
the frequency range of 20 to 20,000 Hz. The shape of the 
selectivity curve, shown in Figure 4-19, is constant in te rms  
of the percentage of the resonant frequency over the entire 
range. The meter  scale is calibrated in linear units for 
vibration measurements and in decibels for sound measure- 
ments. 

When a Type 1560-P40K Preamplifier and Microphone Set, 
for which the analyzer supplies the power, i s  connected to the 
analyzer, component levels from 24 to 128 dB sound-pressure 
level can be measured. The output of the analyzer will drive 
a graphic level recorder so  that an automatic recording of a 
noise o r  vibration spectrum is  readily obtained. 
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Figure 4-19. Filter characteristics o/ rhe Type  1568-A Wave Analyzer .  
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Its chief uses are  in analysis for  the control of noise and 
vibration. Another important use i s  in checkjng f o r  com- 
pliance with certain military vibration specifications. 

4.7.4 WAVE ANALYZER. The Type 1900-A Wave Analyzer, 
Figure 4-20, uses a f bed-frequency filter i n  a tunable heter- 
odyne system similar in principle to the common super- 
heterodyne radio receiver. It is continuously tunable from 
below 20 Hz throughout the audio band in a single sweep of the 
main tuning dial. The resulting filter characteristic is con- 
stant in response with respect to t h e  number of hertz devia- 
tion from the center frequency over the entire tuning range. 

This characteristic is convenient for analyzing random 
noise, because the spectrum level (refer to paragraph 2.7.4) 
i s  obtained by a constant correction of the indicated Level. 
Most such analyzers are narrow in bandwidth (such as 4 Hz, 
for the older Type 736-A Wave Analyzer), however. and an 
analysis of noise must then proceed slowly because of t he  long 
averaging time required, A significantly wider band, such as 
50 Hz, which is available on the Type 1900-A Wave Analyzer, 
i s  very much faster and relatively easy to use for noise 
analysis. 

This analyzer has an output for recording and a Linear fre- 
quency scale. When an analysis that is linear in frequency 
scale is made, one can readily track down harmonic relations, 
slnce successive integral harmonics are spaced uniformly. 
""ls the analysis ef rotating or reciprocating machinery, in- 

udlng gear trains, electric motors, and turbines, by a wave 
mlyzer is often to be preferred to other types of analysis. 
The analyzer has an electrical output arranged so that the 
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Figrrre 4-20. The  T y p e  .- I 
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system is a continuously tunable filter. Thus one can l isten 
by means of earphones to the component or band selected by 
t h e  analyzer. Furthermore, if one applies a broad-band noise 
signal to the input, one can obtain at the output a narrow band 
of noise, preferably 50 Hz wide for most acoustic measure- 
ments, whose center frequency is continuously tunable over 
the full range of the analyzer. This signal i s  desirable for 
some acoustic tes ts  of rooms, walls, and hearing. 

Another mode of operation of the analyzer yields a sine- 
wave signal at the output that i s  always at the frequency to 
which the analyzer is tuned. T h i s  is then a convenient sourcp 
(to drive an amplifier and speaker) and detector for over-all 
electrical o r  acoustical response measurements. 

4.8 GRAPHIC LEVEL RECORDER. 

The graphic level recorder  shown in Figure 4- 2 1 produces 
a permanent chart  record of the level of an applied signal at 
frequencies as  low a s  7 Hz. Fo r  noise and vibration mea- 
surements, this signal is usually obtained from t h r  output of a 
sound-level meter, a vibration meter, o r  a n  analyzer. The 
recorder  can be used to record over periods of time the sound 
levels near highways, airports, residences, o r  thc. vibrxtion 
levels of building floors o r  walls, bridqes,  o r  airframes and 
to measure reverberation time. The  rrsulting information i s  
much more extensive than that obtainable f r o m  a fpw  readings 
of a meter; and when observations ovpr a l o n g  p ~ r i o d  a r e  de- 
s i red,  the recorder  can be unattended f o r  moyt nf the time. 

The range of levels that can be recorded deppnds on which 
of three plug-in potentiometer assernhlles 1s i lseci. For most 
level recordings, the 40-dB unit, supplied ~~r~i : i l  the  r ~ c o r d e r ,  
should be used. 

The combination of recorder  and beat-f r ~ q u ~ n c y  oscillator 
shown in Figure 4-22 produces records hav jnq  a true-logarith- 
mic frequency scale and is ideal for plot t ing frequency 
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Pigilre 4-22. The Type  
1350-AGencrator-Recmder ' - - -  

Assembly.  F - < 

characteristics of analyzers, recording systems, networks, 
filters, m d  equalizers, as we l l  as of loudspeakers. micro- 
phones, vibration pickups, and other transducers.  

Used with an analyzer, the  recorder can plot the frequency 
spectrum of a noise source (the curve of amplitude ys fre- 
quency) o r  of a vibbating object (i.e., i ts  displacement, 
velocity, o r  acceleration vs frequency). Mechanical linkages 
and special chart papers reproduce the frequency scale of the 
analyzer at the recorder. 

The combination of the graphic level recorder and the 
sound and vibration analyzer, shown in Figure 4-23, produces 
permanent records of third-octave analyses, which are essential 
for  checking compliance with certain specifications. The 

I 
I Figure 4-23. The Type 

- - 19  11 -A Recording Sorrnd 
and Vibration Analyzer .  
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Figure 4-24. The Types 1564 
Sound and Vibration Analy- 
zer,  1521-8 Graphic Level  
Recorder, and 1564-PI Diul 
Drive .assembled /or auto- 
matic 1 /3-octave testing. 

recordings for  analyses with the s t i l l  narrower bands of one- 
tenth octave simplify a tedious chore when complex spectra 
a r e  analyzed. 

Some specifications require analyses in which the levels in 
only the preferred third octaves a r e  recorded for certain 
periods of time. The dial drive, shown a s  part of the assembly 
in Figure 4-24, is arranged to change automatically from one- 
third octave to the next, allowing the analyzer to dwell a t  each 
third octave for a specified period of time a s  the recorder 
plots the level. The resulting chart i s  called a stepped third- 
octave analysis. 

The recording wave analyzer shown in Figure 4-25 produces 
permanent records of the analysis of an  input wave with a 

Figure 4-25. The Type 
191 0-A Recording Wave 
Analyzer. 
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bandwidth that is constant in Hz. T h e  spectlurn level  of a 
noise is then readily determined from the chart by subtraction 
of a fixed correction independent of the center frequency. 
T h e  linear frequency scale also shows readily the modulation 
of one frequency component by another, such as occurs in 
gear trains. 

4.9 MAGNETIC JAPE RECORDER. 

The magnetic tape recorder, shown in Figure 4-26, has 
become a very useful tool for the acoustical engineer both in 
research and in development. I t  stores a signal as variations 
in the  magnetic state of the particles on the tape. The time 
scale then becomes a length scale on the tape. 

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

The magnetic tape recorder is being used to perform the 
following functions in the f ie ld of noise measurements: 

1. To keep reproducible reco~ds of progressive changes 
in a sound. These changes may be a result s f  the application 
of successive noise control procedures, for example. 

2. T o  record a noise for analysis by a number of tech- 
niques, when the particular approach to be used is not at 
first obvious and it is not convenient to use t h e  original 
source repeatedly. 

Figure 4-26. The General Radio T y p e  15254  Data Recorder. 
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3 .  To record a-noise in the field for  detailed study in the 
laboratory, where complex instrumentation systems can be 
used. 

4. To record a sound that varies with time. Samples can 
then be selected from the recording for analysis to obtain the 
change in spectrum as a functian of time. 

5.  To record a short-durat ion sound, which can then be 
played back repe~itively to simplify analysis. 

6. To monitor over long periods to  catch intermittent 
sounds, which can then be separated out for analysis. 

7. To record noises that are erratic or intermittent, 
possibly by binaural techniques, to  aid in t racking down 
sources. 

8. T o  record a noise to permit a 2-to- 1 frequency trans- 
lation for convenience in analysis. 

9. To record a transient noise in order to change the 
time scale by a factor of 2 or to invert the time scale for  
ease of graphic recording. 

10. To permitsubjective or objective comparison among 
sounds recorded at different times. The subjective judgment 
can then be made by groups listening under  similar condi- 
t ions. 

11. To permit  observation of the subjective effects of 
altering a signal, for example, by filtering, clipping, or add- 
ing noise. 

12. As a measurement system with a recorded signal as 
the source and a recording channel as the detector, for cx- 
ample, in the measurement of reverberation characteristics. 

These applications have been stated for  acoustic signals, 
but most of them apply to vibration signals as well.  

In order to perform these functions the tape recorder  
shown includes the characteristics of a sound-level meter, a 
variety of weighting networks, an accurate s tep  attenuator, an 
amplifier with high gain and high input impedance, a t rans ien t  
overload indicator ,  two-channel recording, sirnuItaneous plap- 
back on recording, good response down to 15 Hz, and tape 
loop guides, 

The tape r e c o ~ d e r  supplies  power for the Type 1560-P4fl 
Preamplifier so that microphones and vibration pickups can 
be used with long cables for  best signal-to-noise ratio. 
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4.10 IMPACT -NOISE ANALYZER. 

with Tape loop for an- 
a lys i s  o f  short-duration 
signals . 

Impact-type waveforms, such a s  those produced by punch 
presses o r  drop hammers, cannot be properly evaluated by a 
sound-level meter, a vibration meter, o r  a spectrum analyzer. 
A cathode-ray oscilloscope can be used to study such wave- 
forms, but measurement is complicated and often cannot be 
carried out at  the site of the vibratory disturbance. The 
instrument recommended for studying impact o r  impulse- 
type waveforms i s  the impact-noise analyzer. This battery- 
operated analyzer operates directly from the output of a 
sound-level meter o r  a vibration meter to measure the peak 
level and approximate duration of the impact waveform. 
Analyzers o r  a magnetic tape recorder can be used a s  
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auxiliary equipment. 
Through the use of electrical storage systems, three char- 

acteristics are measured by the analyzer for  each impact; a 
peak instantaneous level, an average Level, and a continuous 
indication of peak level. (The duration of the impact can be 
estimated 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. 

4.11 RANDOM-NOISE GENERATOR. 

The random-noise generator shown in Figure 4-29 is a 
source of high-level, broad-band electrical noise, which can 
be converted to  acoustic noise by means of a loudspeaker or 
earphone. Such acoustic noise is useful in psychoacoustic 
experiments, in the measurement of reverberation and noise 
transmission, in loudspeaker and microphone response mea- 
surement s, in microphonic testing, and for calibration pro- 
cedures. 

The output of a random-noise generator can be filtered by 
one of the analyzers to  provide a band af noise that i g  tunable 
over the audio range. This type of signal is sometimes pre- 
ferred to the broadband noise signal for the measurements 
mentioned above. 

The output of the random-noise generator can also be con- 
verted to a random mechanical motion by an electromechani- 
cal shaker. Random motion is used in the mechanical testing 
of components and structures. 

4.12 TONE-BURST GENERAT OR. 

The combination of an oscillator and the tone-burst gen- 
erator shown in Figure 4-30 is a source of electrical tone- 
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burst waveforms, which can be converted to  acoustical tone 
bursts by means of a loudspeaker o r  earphone. Such an  
acoustic signal is useful in room acoustic measurements, in 
psychoacoustic experiments, in studies on transducer and 
acoustical material  properties, and in amplifier tests. It i s  
particularly helpful in locating s t ray  reflections i n  anechoic 
chambers and in tracing sound-transmission paths. 

4.13 EARPHONE COUPLER. 

The earphone coupler shown in Figure 4-31 i s  designed to 
couple an earphone to a measurement microphone for check- 

/ Pigtrre 4-3 I .  The Type 1560- 
P82  Earphone Coupler shown 
in use on a T y p ~  1565-A 

r Sound-Level Meter. 
I - ,  C '  
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k g  the response of earphones and the characteristics of 
audiometers. The measurement microphone is connected to 
a sound-level meter or an analyzer for quantitative measure- 
ments. 

A cathode-ray oscilloscope is a useful means of observing 
the waveform of a sound or vibration signal from a sound- 
level meter or a vibration meter. It can be used to measure 
the peak amplitude of a wave, and after some experience the 
observer can, by adjusting the sweep frequency, tel l  some- 
thing about frequency components by looking at the  waveform, 
In addition, the oscilloscope makes possible t h e  study of the 
instantaneous values of a vibratory motion. In contrast with 
t h e  vibration analyzer and other wave analyzers that present 
information in terms of frequency, the osciloscope presents 
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 i n  the study of any vibration wave- 
form. 

For  sound and vibration measurements an oscilloscape 
with s l o w  sweep rates, long-persistence screen, and dc am- 
plifier is recommended. Many osciUoscopes have provision 
for the addition of a camera, which makes possible the per-  
manent record of t he  wave shape being studied. 

4.15 CALIBRATORS, 

Much i s  to be gained from the use of an accurately cali- 
brated acoustical or vibration measurement system. 1Yhen an 
accurate calibration is made, the consistency of compari- 
son measurements can be improved, a closer approach to a n  
allowed performance specification is possible, and  careful 
attention to measurement techniques wil l  be repaid by more 
accurate measurements. 

4.15.1 MICROPHONE RECIPROCITY CALIBRATOR. Fre- 
quent, accurate calibrations, even in the f ie ld  of acoustical 
systems, are now possible by the use of the  microphone 
reciprocity calibrator shown in Figure 4- 32.  This i n s t ru -  
ment uses the reciprocity technique, which is widely pre- 
ferred fo r  the absolute calibration of s tandard microphones, 
to calibrate the General Radfo ceramic microphones and to  
make an over-all calibration of the system used with them. 

This microphone reciprocity calibrator uses a small acou - 
stic cavity as an acoustic impedance reference and an accurate 



Figure 4-32. The Type 
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electrical capacitor as the electrical impedance reference. 
The calculations necessary to determine microphone sensi- 
tivity are automatically performed by an analog computer, s o  
that microphone sensitivity can be read from a dial on the 
panel after four simple adjustments are made at any one f re -  
quency. 

This calibrator can be operated from an osciZlator that 
supplies at least 5 volts into a 600-ohm load. A sound-level 
meter can be used as the detector. 

4. P 5.2 SOUND-LEVEL CALIBRATOR, When an over-all 
acoustical check of a system at several frequencies is de- 
sired, t h e  sound-level calibrator can be used. Et comprises 
a small, stabilized, and rugged loudspeaker mounted in an 
enclosure which fits over the microphone of the sound-level 
meter. The chamber i s  so designed tha t  t h e  acoustic coupling 
between loudspeaker and microphone is fixed and can readily 
be repeated. The level i s  high enough so that readings are 
unaffected by normal background noises. 

The calibrator shown in Figure 4-33 includes its own 
battery-operated oscillator to  drive the transducer which 
supplies a known level at 125, 250, 500, 1000, and 2000 Hz to  
a General Radio microphone. This device permits a quick 
check of the performance of an acoustic measurement system 
over the most important frequency range for acoustical mea- 
surements. It is also invaluable for calibrating a measurement 
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tape recorder and for supplying calibrating signals for record- 
ing. 

4.15.3 VIBRATION CALIBRATOR. The vibration calibrator 
ehown in Figure 4-34 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 oscillator mounted within the cylinder. 
Small accelerometers may be mounted on either of two disk- 
shaped platforms attached to the shaker. Large accelero- 
meters  may be mounted in place of the disk-shaped platforms. 
To calibrate an accelerometer, the LEVEL control is ad-  
justed for  a meter reading corresponding to the mass added 
to the moving system of the calibrator. The accelerometer is 
then being driven at an acceleration of 1 g at 100 Hz. The 
excursion of the calibrator can be adjusted for 1 g accelera- 
tion with any pickup weighing up to 300 grams. 

4.16 RECORDING GALVANOMETER. 

The recording galvanometer i s  very useful in applications 
where the vibration to be measured i s  transient in nature. 
Also, for steady-state vibrations, the recording galvanometer 
produces a permanent record of a vibration waveform for  
future study and analysis. Most of the many models of re-  
cording galvanometers can be used at the output of a vibration 
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meter. The fidelity of recording is limited by the character- 
istics of the galvanometer. 

Direct-writing galvanometers may write with ink on paper, 
with special styli on heat-sensitive o r  voltage-sensitive 
paper, o r  with a pointed stylus on waxed paper. The pen 
motors usually have relatively lour resonant frequencies and 
require dc amplifiers when used with the vibration meter.  
Most manufacturers of pen motors also make the correspond- 
ing dc amplifiers. Compensation i s  sometimes added to ex- 
tend the flat response range of the pen motor. Pen motors 
with compensating amplifiers a r e  useful from dc up to about 
100 Hz. 

Another type of galvanometer moves a tiny mirror  which 
reflects a light beam onto a photographic paper o r  film. Here 
sensitivity and resonant frequency can be increased because 
the mir ror  can be tiny with little mass, and the light path 
from the mi r ro r  to the recording surface can easily be made 
relatively long. Flexibility is increased because galvano- 
meters  varying widely in sensitivity and frequency range can 
be readily interchanged. 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 re-  
sonant frequency a s  high a s  3000 Hz a r e  available. Since the 
record is produced on a photographic film o r  paper, and i s  
not always immediately available, this type of recording 
galvanometer is not a s  convenient as the direct-writing type. 
To reduce the time lag between tests and viewing o r  inter- 
pretation of data, several companies manufacture compact 



photo record processors for  paper oscillograrns and other 
rolled-paper phcmto records. The units require no darkroom 
for operation and can be used at  t he  testing site without con- 
nection to an external source of water .  Xn addition, at least 
two companies have introduced light-beam-type recorders 
using a high-intensity light source and specially sensitized 
paper t o  produce a trace that  becomes visible almost 
imrncdiatcly. 

4.17 VIBRATION SHAKERS. 

As noted in Section 2.9, several types of vibration shakers 
are widely used. One of the moat versatile is the electrody- 
namic shaker. These shakers, produce6 in a wide range of 
sizes, a re  used  by vibration engineers in many ways to help  
evaluate performance of instruments, components, and struc- 
tures. Typical uses are: endurance or fatigue testing of 
electrical a n d  mechanical structures, testing af resilient or 
shock mounts, shakc tcsting of clcctrical components such a s  
switches, relays. or amplifiers, determination of damping 
characteristics of materials, and calibration of vibration 
pickups. 

Some tests use sine-wave motion, with the frequency either 
set  at a resonance of the  device under t e s t  or swept  over a 
specified band. Random motion is becoming widely accepted 
in vibration testing, with a random-noise generator (see Sec- 
tion 4.11) used as the signal source, and an adjustable band- 
pass filter u s ~ d  to  shape t h e  noise spectrum, 

4.18 STROBOSCOPES. 

The stroboscope is valuable in many vibration studies be- 
cause it permits rotating or reciprocating objects to  be viewed 
intermittently and produces the optical effect of slowing down 
or stopping motion. For  instance, an electric fan rewiving at 
1800 rpm will apparently stand still if viewed under a light 
t h a t  flashes uniformly 1800 times per  minute. At 1799 flashes 
per minute the  fan will  appear to  revolve at I rpm, and a t  1801 
flashes p e r  minute i t  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 rcplica of the highcr-spced 
motion, so that the motion of the  high speed machine can be 
analyzed with the stroboscope under normal operating condi- 
t ions .  This type of instrument can be used t o  measure the 
speeds where vibrations occu;- in most rotating o r  reciprocat- 
ing  machines. Displacements in vibrating parts can often be 
measured accurately with t he  aid of a microscope if a fine 
reference line i s  scribed on the part. This  technique has been 



used to confirm the calibration of vibration calibrators, and 
automotive engineers have used it to measure crankshaft 
whip and vibration. 

4.18.1 STROBOTACB ELECTRONIC STROBOSCOPE. The 
~ t r o b o t a c m  electronic stroboscope, shown Ln Figure 4-35, 
is a small, portable stroboscope calibrated to read speed 
directly in revolutions per minute. The light gource is a 
strobotron tube, mounted in a parabolic reflector. The fre- 
quency of an internal electronic pulse generator determines 
the flashing speed,  which can be adjusted by means of a 
direct-reading dial. Normal flashing range i s  from 110 to  
25,000 rpm. Another model of the ~trobotac@ is available 
for  flashing rates up to  150,000 per minute, and that model 
can be operated from rechargeable battery. Speeds above 
and below t h i s  range can be measured by use of flashing 
rates that are simple multiples or submultiples of the speed 
to be measured. A s  the flashing rate of the Strobotac is de- 
creased below 600 per minute, t h e  flicker becomes pronounced 
due to the  inability of the human eye ta  retain successive 
images long enough to give the illusion of continuous motion. 

Of especial use in vibration measurements is the provision 
for connecting an external synchronizing siml to the Strobo- 
tac. Thus the light flashes can be. triggered directly by any 
of several devices. These include two stroboscope accessor- 
ies, the Type 1535-B Contactor, a mechanical coupling which 

F i ~ t l r e  4-35. T y p e  153 1 Slroboiac@ electronic stroboscope ( fe l t  ). 
Type  1541-PZ Flash Delay (a~ tachrd  lo stroboscope), and T y p e  
1536-A Photoelectric Picko// .  



permits synchronization of the stroboscope with a rotating 
shaft,  and the Type 1536-A Photoelectric Pickoff, which uses 
a photocell to  synchronize the stroboscope with repetitive 
mechanical motion. A major advantage of the latter is that it 
requires no attachment to t h e  device being observed, and thus  
can be used effectively with l ~ w - t o r q u e  devices. The output of 
the photoelectric pickoff requires ampUfication to trigger t.he 
stroboscope; t h i s  Is  provided by the T m e  1531-P2 Flash  
Delay Unit, whlch also permits observation of the vibration at 
any point in its cycle.  

The stroboscope can also be f lashed by the output from one 
of the vibration pickup systems described earlier. For in- 
stance, a vibration pickup can be used  with a sound-level 
meter or vibration meter to send triggering impulses t o  the 
stroboscope. Fil tering is necessary between the measuring 
instrument and t h e  stroboscope. An octave-band o r  a narrow- 
band analyzer can be used to provide such filtering. 

4.18.2 STROBOLUME (TYFE 1532-D). The Strobolurne is a 
source of very bright light tha t  i s  triggered by an external 
device, such as the Type 1532 Strobotac electranic strobo- 
scope er t h e  Type 1535-B Contactor. It i s  useful where the  
ambient l ight  Level is high or where large areas must be 
illuminated. The Strobolurne produces brilliant white flashes 
continuously at rates up to 60 per minute or for  s h o r t  periods 
at rates up to 1200 per  minute. It also produces flashes of 
shorter  duration (and of about the  same intensity as those 
produced by zhe Strobotac) up to 3000 per minute. 

4.18.3 MOTION ANALYSIS SET. The Type 1539-5 Motion 
Analysis and Photography Set i s  arranged fo r  visual analysis 
of a repetitive motion o r  inspection nf a process where the 
independent flashing rate setting of the Strobotac is not re- 
quired and for  high-speed photography with conventional 
cameras. The major application areas for  the rnotlon anal)?- 
sis are in machinery and metal working, including packaging, 
printing, textile, earthmoving machinery. metal products, 
shipbuilding, automotive manufacturing, ordnance, c l~ern ic  al 
processing and aerospace. 

4.18.4 STROBOSCOPIC APPLICATIONS. Strobosc~pic  tech - 
niques are widely used fo r  visual observation of vibration. 
The high-speed perfor-mance of fans, propellers,  and other 
rotating devices can be studied by means of the slow-motion 
effect of the stroboscope. and sources of vibration and noise 
due to mlsadjustments. misalignment, and w e a r  can be r ead i l y  
detected. The vibratory modes of turbine blades a re  checked 
as they are driven electromagnetically, and the mode shapes 
are observed with the aid of an optical magnifier under  strobo- 
scopic illumination- Similarly, t h e  flapping of :he blades of a 
model hel lcopter  rotor has  been observed in slow motion by 



stroboscopic illumination- 
The stroboscope can also be used to observe the motion of 

apparatus being tested on a shaker. If the flashing rate is 
just slightly offset from the frequency of t h e  shaker, a slow- 
motion replica of the high-speed vibration will result, so tha t  
t h e  displacement can readily be observed. The form of the 
motion can be seen, and one can often tell what section needs 
to be strengthened and how damping material and damping 
devices can best be applied. 

When a rotating or reciprocating machine is brought up to 
speed or is a variable speed device, there may be resonant 
vibration modes of various parts at certain speeds, known as 
critical speeds. If these parts are visible and can be illumi- 
nated by a stroboscope, it is often possible to use the  slow- 
motion feature to check on the actual behavior of the  part  at 
resonance. One can see i f  it is a fundamental resonance or a 
multiple resonance with various sections going in phase and 
others in phase opposition. This type of  observation can be of 
great assistance in the  determination of  the proper treatment 
to reduce t h e  resonant vibration. 

For  further details on the stroboscope and i t s  uses consult 
I?. T. Van Veen, Handbook of Stroboscop3-, General  Radio 
Company, West Concord, Mass. ,  1966. 



chapter 5 

WHAT NOISE AND VIBRATION 
MEASUREMENTS SHOULD BE MADE? 

5.1 INTRODUCTION. 

T h e  previous chapters have reviewed many of the noise 
and vibration measurements that can be made. They range 
from a simple measurement of sound level to a detailed 
vibration analysis showing hundreds of components of a com- 
plex vibration. Confronted with so many possible choices, 
one might well ask, ''What measurements should we make and 
what  instruments do we need for  our job ? " 

T ~ P  answer to t h i s  question depends of course on what t h e  
job is. If the problem is one of checking compliance with a 
certain noise and vibration specification, t h e  specification is 
usually set up so that the particular measurement required 
is reasonably clear and only some guidance as to c h o k e  of 
instruments and their use  is needed. But if w e  are trying to 
reduce t h e  noise produced by an appliance, the situation i s  
more complex and extensive discussion is necessary. 

In all these applications careful attention to the  acoustic 
environment is essential. That  is, if the backnound noise is 
serious or if  reflected sound is significant, you may be paging 
a significant penalty because the measured noise is higher 
than it would be under ideal conditions. These problems are 
discussed in the  next chapter .  

In o rde r  to organize t h e  many possible answers to  the 
basic question i~ a manner that will  make the information 
readily usable, t h i s  chapter is arranged on the basis of the 
application. The next step for vou i s  to find the field tha t  fits 
your job i n  the following list and then look up the  referenced 
section, 

Devices that are  Noisy or Vibrate Excessively (5.2) 
Product N o i s e  and Test  Codes (5.2.1) 
Production-Line Testing ( 5  -2.2) 
Product-Development N o i s e  and Vibration Reduction 

(5.2.3) 
Machinery Maintenance (5.2.4) 

Environmental Nnise  (5.3) 
Hearing Loss from Noise Exposure (5.3.1) 
Local K o i s e  Ordinances (5.3.2) 
Neighborhood Noise (5 .3  -3) 
Noise Ratings (5.3 -4) 
Motor Vehicle Noise (5.3.5) 



Architectural  Acoustics (5.4) 
Sound Absorption (5.4.1) 
Sound Transmission Loss (5.4.2) 
Reverberation Time or Decay Rate (5.4.3) 
Response Testing (5.4.4) 
Tone-Burst Testing for Echoes (5.4.5) 
Site Selection (5.4.6) 

5.2 DEVICES THAT ARE NOISY OR VIBRATE EXCESSIVELY. 

5.2.1 PRODUCT NOISE AND TEST CODES. Specifications of 
acceptable noise limits for products  are becoming relatively 
common. These specifications are usually given as maxi- 
mum sound levels or maximum octave-band levels o r  some- 
times third-octave band levels at cer ta in  measuring points. 
Some specifications also include the measurement of radiated 
acoustic power, 

Varlous e n p e e r i n g  groups and trade associations have 
standardized tes t  codes for measurlhg t h e  noise f rom cer- 
tain devices, f o r  example, transformers,  cooling towers, 
electric motors, fans and blowers, etc. These codes a re  often 
referenced a s  a part of a specification in order  to standardize 
t h e  measurement procedure t o  be used in checking for com- 
pliance to  a maximum noise requirement. A representative 
l ist  of test codes is fiven in t h e  reference section of the 
Appendix. 

5.2.1.1 A-Weighted Sound Levels. A simple example of noise 
testing is t h e  check fo r  cornpllance by a manufacturer f o r  a 
customer who requires that the A-weighted sound level at  3 
feet f rom any major surface of a motor be less than, say, 
5 5  dB. He may also specify tha t  t he  mator be mounted on a 
ha rd  reflecting surface in an essentially anechoic space. 
Here the  A-weighted sound level needs to be measured,  and 
a sound-Level meter with a microphone will do the job. 

The Type 1565--4 Sound-Level Meter  is adequate for this 
test  and i t  is generally wise to include a Type 1562-A Sound- 
Level Calibrator as par t  of the measurement svstem. If 
n~easurements  below 44 dR may be required,  the 1551-C 
Sound Level IIeter should be substituted. 
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5.2.1.2 Octave-Band Analysis. Some customera, for example, 
the military, may specify t h e  maximum allowable octave-band 
levels under certain measurement conditions. The Type 
1558-BP Octave-Band Noise Analyzer and a Type 1560-P6 
Microphone a r e  the logical pair to do the job. (Un le s s  the 
older se r ies  of octaves is specified.) If it is expected that  
band levels below 44 dB may be measured, t he  1560-P40K 
Preamplifier and Microphone Set should be substituted for 
the 1560-P6 Microphone. 

Again, a 1562 Calibrator should be included as a check on 
the  accuracy of the measurement. 

Figure 5-2 .  Octave-band analysis, 

For  estimates of probable customer reaction to the noise 
of a product, a n  octave-band analysis of the noise is the most 
widely used measurement. The band levels a r e  used to cal- 
culate loudness level o r  perceived noise level. If competitors' 
products a r e  measured in the same way, either procedure 
should permit one to rank the units in order  of acceptability 
with good reliability. 

5.2.1 -3  Acoustic Power Output. The use of acoustic-power 
output for rating noisy devices is widely recognized as  the 
best  approach for  certain measurements. Acoustic power i s  
calculated from t h e  results of a number of sound-pressure- 
level measurements, usually octave -band levels. The pro - 
cedure is described in Section 2.8.5. The instrumentation 
required here is a calibrator, a group of microphones o r  some 
means of moving a microphone to scan a given area,  a pre- 
amplifier, an octave -band o r  third-octave -band analyzer and 
a recorder.  

fi 
Figrtre 5-3. Acotrstic 
porfler oufptrl. 



CONTINUOUS 

Figwe 5-4. Prodilction-line testing instrumentntiotr, 

5.2.2 PRODUCTION-LINE TESTING. Ideally, many devices 
should be tested for noise output on the production line. Noise 
measurements on the  production line are often possible, but 
hardly ever in a n  ideal manner. That is, precision acoustical 
testing usually requires a large, isolated, echo-free space, 
which would not ordinarily be considered for inclusion as past 
of a production line. Nevertheless, useful noise measurements 
can often be made with relatively simple procedures, although 
the accuracy of rating may be significantly reduced compared 
with that possible with an ideal measurement. 

In this discussion we shall consider briefly several possible 
solutions to this problem, ranging f rom the elaborate to the 
simple. F o r  some expensive devices where the noise level is 
exceptionally important, for example, large power trans- 
formers, t h e  required very large, isolated, echo-free cham- 
bers have been used to test each unit as it is produced. When 
the device is not so large and low frequencies a r e  not im- 
portant, a reasonable -size anechoic chamber with r e  grigerator 
type doors can be used. 

Although the acoustic environment is an important consid- 
eration fo r  all the noise measurements discussed in this chap- 
ter ,  the requirements of production testing make the  control 
of the environment a more difficult  problemthan it i s  i n  a 
research and development laboratory. 

A massive, tight, resiliently mounted enclosure is neces- 
sary  to avoid pickup of ambient stray noise that will affect 
the measurement. Fo r  the same reason t he  access door must  
be one that seals exceptionally well. Then, in o rder  to get 
t he  required echo-free behavior, extensive treatment of the 
inside is necessary. * 

"Anechoic chambers of various sizes a r e  manufactured 
by, for  example, the Eckel Corporation, 155 Fawcett Street, 
Cambridge, M a s s  . 



An enclosure with hard walls can also be used in some 
instances. Were the design should be such as to make i t  a 
reverberation room (see Sections 2.8.4.1 and 2,8.5,6). 

A much simpler technique is sometimes satisfactory for  
production-line s c~een ing  of noisy devices. This  approach 
depends on a vibration measurement that has  been corre- 
lated with the  acoustic noise. Far example, acoustic 
measurements of a number of samples map show that t h e  
noisy ones are invariably noisy i n  one or two octave bands, 
say t h e  bands at 500 and 1000 Hz. Then a measurement of 
the vibration of these samples may show what, vibration 
levels are acceptable in these bands. Some exploration of 
the vibration of the  various surfaces of the device wil l  be 
neceesary to find the cr i t ical  areas. Usually the major sur- 
faces should be tried first. In production, t h e  tests should 
be made with the device resting on a very thick, resilient 
pad or mounted in soft mounts that help isolate against am- 
bient vibration, 

Figr t rp  5-5, Alternate /vodurtion-line f r s t i n , ~  setup,  

5.2.3 PRODUCT DEVELOPMENT - NOISE A N D  VIBRATION 
REDUCTION. In a program for the reduction of noise and 
vibration, the tape recorder i s  a key instrument. It permits 
one to store in reproducible form a record of t h e  results of 
successive noise and vibration control measures. Such a 
series of records may be particularly useful for demonstrat- 
ing to a consultant" cIient or to t h e  mane gernent of a plant 
what has  been accomplished in reducing noise. From an 
engineering viewpoint, these recordings are also valuable 
when a change in plans requires a change in analysis pro- 
cedure. 

Some sounds vary significantly in level and character with 
time. Applicances that  go through a cycle of different oper- 
ations (dishwashers and clothes washers, for example) pro- 
duce such sounds. Although an appliance can hp programmed 
to stay in t h e  same phase of the cycle for long periods, it is 
usually more convenient to make a recordinq of each phase. 
Sections can then  be separated out for detailed analysis. 

Some devices, for example a gas engine, drlf t  slowly but 
significantly in speed. As a result, t h e  basic noise pattern 
changes, and t he  drift is often serious enough to preclude 



direct, detailed analysis of the noise spectrum at a variety of 
speeds with the usual slow-scan techniques. One can, how- 
ever, run the engine for a reasonable period at each of a 
number of selected nominal speeds and record short samples, 
say two seconds, at each of these speeds to form a se r i e s  of 
tape loops. Each loop is played back and i s  analyzed by a 
wave analyzer. Since the inertia of the rotating system is 
often so large that serious fluctuations in speed do not occur 
in the short interval of the  tape loop, the engineer obtains a 
ser ies  of frequency spectra that can be related to shaf t  
speed. He may then be able to deduce much about the noise 
producing mechanisms from the relations between amplitude, 
frequency, and shaft speed. 

The analysis of intermittent sounds o r  signals can be a 
helpful step in tracking down the sound sources. By means 
of tape recording, one can monitor the noise from a device 
for long periods to catch these intermittent sounds, which 
can then be separated out for analysis. 

Background noise may make noise studies of machines 
impractical when acoustically isolated rooms a r e  not avail- 
able. Often, however, the background noise is much l e s s  
during lunch periods o r  outside normal working hours, parti- 
cularly ear ly  in the morning, and measurements may then be 
practical. Even during such periods a complete study of the 
noise may be awkward o r  inconvenient, but, if  tape record- 
ings can be made during the quiet periods, the recorded 
signal can be analyzed at any convenient time. 

Figure 5-6 .  Noise recording nssembiy .  

I 
The f u l l  range of analysis equipment is helpfuI in the r e -  

duction of noise and vibration. The octave-band analyzer i s  
used to check how the noise rating changes a s  t h e  noise con- 
t ro l  procedures a r e  instituted. The narrow-band analyzers 
such as the 1568 and 1900 Wave Analyzers a r e  used to help 
t rack down the cause and sources of troublesome components 
of the noise. This process i s  described in Chapter 8. 

Impact noises, such as  those produced by punch presses, 
drop forges, hammers, typewriters,  trippers, chain drives, 
and riveters, should be measured with an impact-noise 

I analyzer at the output of a sound-level meter o r  an actave- 



band analyzer. Then the engineer can quickly determine the 
effect of various treatments o r  design modifications on the 
peak level of the noise. 

Xf vibration reduction is the prime goal, vibration pickups 
should, of course. be used to supply the signals to the analyzers. 
But even if noise reduction is the desired goal, the reduction 
is often accomplished by reducing the vibration of various 
parts of the device. Here vibration pickups should be used, o r  
the motion should be studied with stroboscopic observation of 
the moving parts. This procedure i s  also described more 
fully in Chapter 8. 

GAL 
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1521 - 8  

1560-P40J 
1562-A 1560-P53 

Figrlre 5-7. Narrow bond  s o u n d  or vibration a n n l ~ s  is 
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Figure 5 - 8 .  Narrourhand vibration nna lysis  - cons tnnt handwith. 
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Figure 5-9, Impact-noise anolysis in  octave hands. 



Figure 5-20. I / 3  nnd 1/10 Octave-band vihrntion analysis r~>i l l j  s f r o -  

hos copic ohserfrcrtion. 

5.2.4 MACHINERY MAINTENANCE. Only one aspect of 
machinery maintenance is considered here ,  namely, the  
relation of the vibration level of a machine to i ts  condition. 
That is, vibration measurements can be the guide to pre- 
dicting incipient failure of a machine, to deciding when 
cleaning, parts replacements, and other maintenance pro- 
cedures are necessary, and to determining the relaTion 
between vibration and the performance of the machine. 

The best general measurement for th i s  purpose i s  velocity, 
and it is usually made at the bearing housings. The Type 
1553 Vibration Meter is nicely adapted for this purpose, but 
since analysis of the  vibration signal i s  often desirable, the 
I564  Sound and Vibration Analyzer with a vibration pickup 
and a control box is a choice tha t  reduces t h e  total number of 
instruments required. 

One common source of trouble in machinery is rotating 
unbalance. As described in Chapter 8 a measurement system 
to help in in-place balancing consists of a Type 1560-P54 
Vibration Pickup, the Type 1564-A Sound and Vibration Analy- 
zer ,  Type 1531-P2 Flash Delay, and the Type 1531 Strobotac. 
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5.3 ENVIRONMENTAL NOISE. 

5.3.11 HEARING LOSS FROM NOISE EXPOSURE. As described 
in Section 3.12, the noise near some machines is intense 
enough to cause permanent hearing damage if the  exposure to 
the noise continues for long periods. As explained in that 
section, a preliminary screening can be done on the basis of 
the A-weighted sound level, for which the Type 1565-A Sound- 
Level Meter is satisfactory. But for many sounds a n  analysis 
will be necessary, and the Type 1558-BP Octave-Band Noise 
Analyzer should be used. Since it includes A-weighting, it can 
be used for screening purposes also. 

F i g w e  5-13.  A s s e m b l y  for both "A" weighted 
and octave-batxi meas  r i t e m e n i s .  

5.3.2 LOCAL NOISE ORDINANCES. Some cities and towns 
regulate the maximum noise permissible at t he  lot boundaries 
of a plant. These regulations a r e  now mainly based on A- 
weighted sound levels, and the readings of a sound-level 
meter are adequate fo r  monitoring. Since the  operations in a 
factory can vary considerably during the day and night cycle, 
some plants may require monitoring with a graphic level 
recorder on the output of the sound-level meter. 
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Fianre 5 - 1 4 .  Assembly for mor~iloring neighborhood ftoise levels .  

5.3.3  NEIGHBORHOOD NOISE, T h e  extensive use of a i r -  
conditioning units, particularly those with outdoor heat ex- 
changers, has led to regulations regarding noise in residential 
neighborhoods. These a i r  conditioners can be particularly 
bothersome during night operation when some neighbors may 
wish to have their bedroom windows open. Here, too, the 
usual reference measurement is the A-wei~hted sound level 
and a Type 1551-C o r  Type 1565-A Sound Level Meter i s  the 
appropriate instrument to use. 

5.3.4 NOISE RATINGS. A number of noise ratings have been 
discussed in Chapter 3.  The simplest is the A-weighted 
sound Level; the others, such as, calculated loudness level, 
perceived noise level, and speech interference level, require 
analysis in octave bands and the 1558-BP is the appropriate 
instrument to use. 

C A L  

Figure 5-15.  Simple, porinbk noise rating assembly .  

5.3.5 MOTOR-VEHICLE NOISE. Some states and some cities 
and towns in the USA and many other countries have passed 
laws setting maximum limits on the noise a motor vehicle 
should make. Most of these laws a r e  stated in te rms  of the 
A-weighted sound level and the Type 1565-A Sound Level 
Meter is the proper instrument to  use. 

5.4 ARCHITECTURAL ACOUSTICS. 

A wide variety of measurements a r e  made in the field of 



F i g r ~ r e  5-16.  Sound-level  meters /or "A" r i ~ e i ~ h t e d  trn//ic studies .  

architectural acoustics. Some of these a r e  formalized by 
standards and others require individual judgment in deciding 
what needs to be measured and how it i s  to be measured. 
Many of the books listed in  the references section of the 
Appendix, particularly those dealing with noise control and 
acoustical materials, have useful information on the general 
problem, but the book by ~ a v i s * ,  although devoted principally 
to sound reinforcement problems, i s  particularly helpful in  its 
discussions of instrumentation and details of measurements. 
Because of t h e  availability of Davis ' book, only a brief sum- 
mary of some of these measurements will be included here. 

5.4.1 SOUND ABSORPTION. A method of test  fo r  the sound 
absorption of acoustical material  in reverberation rooms is 
described in the American Society for Testing and Materials 
C423-65T. This standard specifies the requirements for  the 
reverberant room, the test  signal, and test  frequencies of 125, 
250, 500, 1000, 2000, and 4000 Hz, the mounting of the test  
specimen, and the measurement procedure. One possible 
arrangement of instruments is a noise generator supplying an 
octave -band analyzer followed by a power amplifier, rvhich 
drives some loudspeakers that can be switched on and off. A 
microphone i s  connected by means of a cable to a one-third- 
octave analyzer which drives a graphic level recorder.  

D l F F U S l l t  V l H E L  

POWER 
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Figure  5-1 7 .  A system /or sound ~ h s o r p t i o n  m e d s a r ~ m e n t s .  

rq: D. Davis, "~cous t i ca l  Tests and Measurements,' ' Indiana- 
polis, R. W. Sarns, 1965. 



The basic procedure is to measure the decay rate of 
sound, which is a band of noise, in the room with and without 
the acoustical material in the  room. These two measurements 
permit one to calculate t h e  sound absorption of the specimen. 

5.4.2 SOUND TRANSMISSION LOSS. The American Society fo r  
Testing and Materials E90-66T gives the recommended prac- 
t ice for the Laboratory ~ e a s u r e k e n t  of Airborne S o u n d ~ r a n s -  
mission Loss of Building Floors  and Walls .  Here two 
reverberant rooms with a common wall, the wall under lest, 
are required.  A diffuse noise field is set up and measured in 
one room and is also measured in the other. From these  two 
measurements and a measurement of the sound absorption in 
the second room (see  paragraph 5.4.1) the transmission loss 
can be calculated. 

One possible arrangement of instruments is a noise gen- 
erator supplying a third-octave filter followed by a power 
amplifier, which drives some loudspeakers in the first room. 
A microphone in each room is connected by means of cables 
to a third-octave analyzer so that the level in each room can 
be monitored. A sound-level calibrator is essential in order  
to  compare the sensitivities of the two microphone systems. 

/ 
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Tigrire 5-18. A s ~ f r  tern Jnr srurnd fmlrsmi~: i o t ~  rr ,rnsuremP>tts .  

5.4.3 REVERBERATION TIME OR DECAY RATE.  The ra te  
at which sound decays in an auditorium has been found to be a 
useful quantity in rating an auditcr~ium. E sound decays too 
rapidly, the room sounds ' 'dead," and an organ, f o r  example, 
played in a dead hal l  loses much of i t s  appeal. A very live 
room, tha t  is, one in which the  sound decays slowly, may be 
useless as a Lecture hall, because the individual syllables of 
speech are obscured by the persisting sounds of previous 
syllables . 

The more common name for the characteristic that rates 
sound decay is "reverberation time," which is t he  time taken 
for  the  sound to  decay 60 dB after the source has stopped. 



This t ime  is usually measured by exciting the room with a 
third-octave band of noise, which requires  a noise generator, 
a third-octave filter, and a power amplif ier  driving one o r  
more  loudspeakers ( see  Figure  5-19). In a n  auditorium o r  
theater ,  the power amplif ier  and loudspeaker sys tem f o r  
sound reinforcement can usually be used a s  part  of this  
measurement system. 

This sound is then picked up  by a microphone feeding an- 
o ther  third-octave f i l ter ,  which dr ives  a graphic level  
r ecorder  with a 40-dB potentiometer. The pickup sys tem is 
adjusted s o  that the level  on the recorder  is near  full sca le .  
The sound is then suddenly turned off, and the graphic level  
r e c o r d e r  plots the decay. A s t ra ight  line is drawn on the  
char t  t o  fit the average slope of the curve.  F r o m  this slope 
one can calculate the ra te  of decay and the reverberation 
t ime.  A number of refinements a r e  often introduced into th is  
process,  and these  a r e  discussed in the book by Davis and i n  
a r t i c l e s  in the Journal  of the Acoustical Society of America.  
These measurements  a r e  made over a wide frequency range 
and in  a number of representative places in  the hall. 

A two-channel tape r e c o r d e r  can be of great  help in this 
measurement.* (See Figure 5-20.) Refore the  measurement,  
a series of burs t s  of these bands of noise a r e  recorded on 
channel 2 of the Type 1525-A Data Recorder.  This channel 
is then used to supply the signal  to the power amplifier 
and loudspeaker. The resultant  sound in the hall 1s then r e -  
corded on channel 1. Afterwards the signal on channel I is 
played back to a graphic level  r ecorder  through a third- 
octave f i l ter  to  obtain the graph of the decaying sound. 

When i t  is necessary  to  simplify the testing procedure a t  
t h e  hall (if, for  example, an  audience is  present), an  alternative 

p ~ ~ ~ m ~ ~ ~ [  AMPLIFIER 

Figtrre 5 - 1  9. A s) 's tem /or decn\-mlc ntrd rt r ' v r b ~ r n t i o , ~  t ime mensrtre- 

"T. J. Schultz, " ~ r o b l e r n s  in the Measurement of Reverber-  
ation Time,' '  Journal  of the Audio Engineering Society, Vol. 1 I, 
No. 4, October, 1963, pp. 307-317. 
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Figure  3-20 

procedure may give useful information with relatively short 

)::tin,$ t i m c .  The hal l  is excited by means of a broad-band of 
plnk nmse (noise whose spectrum level decreases with in- 

creasing frequency to yield constant energ?: pe r  octave of 
bandwidth.) The sound in the ha l l  is recorded on the tape re- 
corder with the noise on and during t h e  decay period when the 
noise i s  suddenly switched off. Later ,  in t h e  laboratory, t h i s  
recorded signal is played back through a third-octave anabyzer 
and a graphic level recorder.  This recording is repeated for 
t h e  fu l l  range of the des ired  se t t ings  of frequency of the ana- 
lyzer.  In this way a complete picture of t h e  decay rate as a 
function of frequency can  be obtained with only one "exposure" 
at the hall, Some of t he  detail, particularly at lower levels, 
may be obscured, however, by the background noise in the hall,  

5.4 .4  RESPONSE TESTING. The equalization of a sound sys- 
t em to  obtain good uniformity of response  wi th  frequency can 
improve the performance of the system. The suggested pro- 
cedure for  measuring the response i s  as follows: The sound 
system i s  driven by broad-band pink noise. The sound pro- 
duced is then analyzed by a recording third-octave analyzer. 
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Figare 5 - 2 1 .  R e s p o n s e  t e s t i n g  s y s t e m  
us in^ "ptnk" n o i s e .  

(Figure  5-21.) This analysis  is ca r r i ed  out for  a number of 
representative places in the a r e a  to be covered by the sound 
system. 

The adjustments in  the frequency response a r e  then made 
on the bas is  of a study of the response  curves.  The fine de- 
ta i l s  of the curves  a r e  ignored, and the broader t rends  a r e  
used t o  decide how best  to  adjust the frequency response 
controls.  Sometimes the measurements  may show up defects 
o r  e r r o r s  in  the system. 

5.4.5 TONE-BURST TESTING FOR ECHOES. Because of the 
se r ious  effects of echoes on speech intelligiblity, test ing for 
the amplitude and t ime a r r i v a l  of direct  and reflected sounds 
is an important tool in evaluating a hall*. One suggested 
procedure is to excite the hall  with a tone burs t  of about 16 

*T. J. Schultz Rr B. G. Watters, " ~ r o ~ a g a t i o n  of Sound 
Across  Audience seating," Journal  of the Acoustical Society 
of America,  Vol. 36,  No. 5, May 1964, pp. 885-896. 



milliseconds duration. The resulting sound is then picked up 
and displayed on an oscilloscope as a function of time. The 
pattern on the oscilloscope can often be interpreted in terms 
of the principal reflections that ocmr and it may point the way 
to significant improvements in the hall. Ideally, t h i s  study 
should be made over the audio-frequency range. 

5.4.6 SITE SELECTION. Noise and vibration are obvious 
factors to consider in the selection of a building site. Build- 
ings for certain purposes (for example, concert hal ls  and 
sound studios} may be much more expensive to design and 
build if they must be placed in a noisy environment and at the 
same time have low background noise. A careful s tudy of t h e  
sound and vibration conditions at a site is essential fo r  a 
proper estimate of a suitable design for such buildings. Some 
useful information can be obtained with a sound-level meter 
and with a vibration meter. But an octave-band analysis of 
the  sound and vibration is much more useful, because the 
cost of isolating against low frequency noise i s  much greater 
than that of isolating high-frequency noise, and the knuwledge 
of the level of low-frequency sounds and vibrations may be 
an essential element in cost studies. 

A related problem is that of locating a studio within an 
existing building. H e r e  a careful survey of possible locations 
may lead to a significant saving in construction costs. 



chapter 6 

TECHNIQUES, PRECAUTIONS, AND 
CALIBRATIONS FOR NOISE AND 
VIBRATION MEASUREMENT SYSTEMS 
6.1 SOUND MEASUREMENTS. 

Most of the applications discussed in t h e  previous chapter 
require a measurement of either sound-pressure level as a 
function of frequency or of sound level. These quantit~es are 
measured at a single point or at a number of points that are 
determined by the conditions of the application. The method 
of measuring these  quantities i s  discussed in this chapter. 
The procedure for determining from t h e  measured data t h e  
calculated Loudness level, the  perceived noise level, the 
speech-interference level, and the possibility of hearing 
damage i s  given in Chapter 3 .  

The basic procedure for  measuring the sound level or the 
sound-pressure level at a given point i s  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 f i e ld  is usually necessary to  determine that the 
point selected is the correct one, and this exploration is dis- 
cussed later in th i s  chapter. Other  practical details regard- 
ing t h i s  measurement are also given in this chapter, but t he  
actual manipulation of the individual instrument controls is 
discussed in the instruction bonks that are furnished with t he  
instruments. 

We s h a l l  discuss the  choice of microphone and auxiliary 
apparatus, the  effects of extraneous influences, the recording 
of adequate data, the calibration of the  instruments,  and the 
interpretation of the data. Much of t h i s  discussion is neces- 
sary because no ideal instrument or combination of instru- 
ments and accessories is available that would be suitable fo r  
all c o n d i t i ~ n s .  

6 .  t . l CHOICE AND USE OF MICROPHONE. The microphones 
supplied with modern sound-level meters are suitable for 
most sound measurements. For very high sound levels 
(above 150 dB for  the ceramic microphone), for high temp- 
erature applications, and fo r  accurate sound measurements 
near and above t h e  limits of hearing (say 12,000 Hz), special 
microphones need t o  be used. The performance of these 
modern microphones as wel l  as t he i r  limitations is reviewed 
here .  In addition, some of t h e  problems encountered with the 
use of microphones supplied on earlier instruments are dis- 
cussed brief ly.  



6.1.1.1 Low Sound Levels. A microphonz 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 
t h e  amplifier in the sound-level meter. The  type of micro- 
phone supplied with the sound-level meter is very good in th is  
respect, and sound levels down to about 24 d B  can be mea- 
sured with it. The Type 1551-PEL Condenser Microphone 
System is not suitable because even under the best conditions 
its self n o i s e i s  equivalent to about 40-dB sound-pressure 
level. 

When a sound i s  analyzed, the minimum measurable sound- 
pressure band level is even lower than 24 dB with the  Type 
I560 - P5 microphone, because the equivalent internal noise in 
a selected band is less tHan the over-all noise. 

When rnicrophane cables are used, a preamplifier must be 
placed at the microphone i f  one must preserve the  ability to 
measure low sound-pressure Levels. (See Section 4.6 and 
6.1.1.8.) 

. The sound-level meter microphone 
ndenser Microphone System are 

weU suited for t h e  measurement of sound' pressure levels up 
to 150 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 Corporation, Shadyside, Md., and Massa Lahora- 
tories, Hingharn, M a s s . )  can  be used directly with t he  sound- 
level meter for  sound-pressure levels up to about 190 dB. 

6 - 2 . 1  - 3  Low -Frequency Noise. The ceramic and condenser- 
t.ype microphones a r e  wel l  s u i t e d  for measuring low-frequency . - 
noise. In fact, wi th  either of these microphones, rneasur'e- 
rnents may be made down to  only a few Hz if special arnpli- 
fiers, such as that  provided by t h e  Type 1553-A Vibration 
Meter ,  are used. The Type 1551-C Sound-Level Meter i s  
designed to cover t h e  frequency range down to 20 Hz and even 
at 10 Hz the response is down only 10 dB. T h i s  20 Hz limit 
i s  adequate f o r  almost all types of low-frequency noise. 

6.1.1.4 High-Frequency Noise. The  primary requiremen.ts on 
the microphone for accurate measurement of high-frequency 
sounds are small s ize  and uniform frequency response at 
high frequencies. For measuring over-all sound levels the 
high-frequency characteristic is not so important because 
most machinery noises do nut include s t rong high-frequency 
companents. Even f o r  those sounds that da include s i ~ i f i c a n t  
energy at t he  high-frequency end, the decrease in response 
required at high frequencjes. far t he  standard weightings 
means that the important noise energy is generally w e l l  with- 
i n  the range of She r e e l a r  microphone furnished on t he  sound- 
level meter.  



If these noises are to be analyzed and accurate measure- 
ment of band-pressure levels at high frequencies is important, 
the  microphone performance must be  good or accurately 
known (see Section 6 .2 .3 .5 ) .  If the  microphone calibration is 
available, correct i nns  can be applied for the frequency re- 
sponse as described in paragraph 6.1.3.5.5. 

The typical frequency responses of the ceramic micro- 
phone made by General Radio and the Type 155 1-F1 Con- 
denser Micrclphore Systems are shown in Figure. 6 - 1. 

The condenser microphone system can be-used for mea- 
surements up ta 18,000 Hz and measurements rarely need 
to be made on air-borne sounds at frequencies higher than 
this. F o r  some research investigations much higher fre- 
quencies have been measured by use of microphones specially 
designed for the purpose. 

6.1.1.5 Humidity. Long exposure of any microphone to  very 
high or very low humidity should be avoiced. The ceramic 
microphones, however, are not damaged by extremes of 
humidity. The chemical Rochelle salt. which i s  used in 
microphones furnished with the earlier Types 155 1- A, 1551- 
B, and '759-B Sound-Level Meters and in the  Type 1555--4 
Sound-Survey Meter, however. 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 ~t is relatively unaffected hy high humidity. 
Nevertheless, it is wise to  avoid unnecessary exposure. A 
Rochelle-salt microphone should not be stored f o r  long 
periods in a very dry atmosphere, since it can d r y  out. 

Note: Rochelle-salt-crystal microphones are ha longer 
supplied by General Radio Company. 

The condenser microphone on the Type 1551 - P I  Conden- 
ser Microphone System i s  not damaged by exposure to hi& 
humidity, but its operation may be seriously affected unless 
proper precautions are taken. For proper operation it is 
essential that very little electrical leakage accur  across the 
microphone. The exposed insulating surface in the  micro- 
phone has  been specially treated to  maintain t h i s  low leakage 
even under conditions af high humidity. In spi te  of t h i s  pre- 
caution, t he  leakage may become excess ive  under  some con- 
ditions. Then it may be advisable to keep t h e  microphone at a 
temperature higher than the  ambient temperature to reduce 
the leakage. En climates w h e r e  t h e  humidity is normally high, 
i t  is recommended tha t  the microphone itself be stored in a 
srnaU jar containing silica gel. 

6.1.1.6 6. Although most noise 
measurements  are made indoors at averzge room tempera- 
tures, some measurement conditions expose the microphone 
to much higher or  lower  temperatures. When these conditions 
a re  encountered, it is essential to know the temperature 
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limitations of the equipment. 
The microphone supplied with the Type 1 5 5  1 -C Sound- 

Level Meter and t h e  Type 1560-P6 Microphone Assembly w i l l  
withstand temperatures of -30 to +8s0 C without damage. In 
contrast, the  maximum safe operating temperature for 
Rochelle-salt crystal microphones formerly furnished with 
some sound-level meters i s  about 45°C (113~F). At 55.6'C 
{ 132O F) t h e  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 tha t  is to be left standing in the sun. 

T h e  maximum safe operating temperature for t h e  micro- 
phone probe of the Type 1551-P1 Condenser Microphone Sys- 
tem is about 100' C (2 12OF). 

Fortunately, it i s  usually possible to keep the sound-level 
meter itself at mope reasonable temperatures. Its behavior 
at extreme temperatures is limited by the batteries. Temp- 
eratures of even 130' F wil l  result in much-shortened battery 
life. Operation below - 10° F is not ordinarily possible without 
special low-temperature batteries. 

Microphones are usually calibl~ated at normal roam temp- 
eratures. Xf a microphone is operated at ether temperatures, 
its 'sensitivity wil l  be somewhat different,  and a correction 
should be applied. The correction for sensi t ivi ty for t he  
ceramic microphone is only about -0.01 dB per  degree Cel- 
sius, so that for most purposes the correction can be 
neglected. 

The condenser microphone used on the Type 1551-P1 Con- 
denser Microphone System h a s  a temperature coefficient of 
sensitivity of about -0.04 dB/' C. 

5. I .  1.7 Hum P i c h p .  Dynamic microphones are sometimes 
used for  measurement purposes because they are readily used 
with long cables. The development of modern preamplifiers, 
such as the Type 1560-P40 Preamplifier, makes the u s e  of 
dynamic microphones unnecessary. But i f  they are used, care 
must be taken to avoid hum pickup, which is the induction of 
undesired electrical signals from the external magnetic field 
of equipment such as transformers, motors, and generators. 
Ceramic and condenser microphones are relatively free from 
t h i s  undesirable effect. 

6.1.1.8 Lon Cables. F o r  the most accurate sound measure- 
ments, on y -$tF;-- e microphone should be put into the sound field. 
and the measuring instruments and t he  observers should fiat 
be near t h e  point where the sound-pressure is to be rnea- 
sured. For t h i s  r e a s n n  and alsn f6r the  situations when i t is 
impossible or impractical for  the observes to  be near the 
microphone, an extension cable is ordinarily used to connect 
the microphone to  the instruments. I f  the microphone is 
at tached directly to  a preamplifier, long cables can be used 
without any deleterious effects.  



A correction for loss in sensitivity is necessary, however, 
when a ceramic microphone is used directly with an exten- 
sion cable, This correction is readily determined by the use 
of a Type 15 62 -A Sound-Level Calibrator. (See paragraph 
6.1.3.5.2.) The correction is about 7 dl3 when a 25-foot cable 
(650 pF) i s  used between the microphone and the instrument, 
so that J dB should be added to  the indicated Level to  obtain 
the level at t h e  microphone. For longer cables the correction 
i s  greater. For Rochelle-salt microphones the correction i s  
a function of the temperature of the microphone: values are 
given in the instruction manuals f o r  instruments using 
Rochelle-salt microphones. 

The Type 155 1-P1 Condenser Microphone System includes 
a 10-foot cable between the microphone base and the power 
supply. If more separation between the  microphone and the  
sound-level meter is required, another  cable, such as the 
Type 1560-P73 Extension Cable, should be used between the 
Type 155 1 -P1 Power Supply and t h e  sound-level meter. The 
use of this cable will result in a slight reduction in sensitivity 
at high frequencies as explained in the instruction book for 
the condenser microphone system. 

6. I.  1.9 Wind Effects. The microphone should also be kept out 
of any appreciable wind, if possible .  Wind on the  microphone 
produces a noise, which is mainly of low frequency. This 
added noise may seriously upset the measurement, particu- 
larly 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 si lk cloth on a wire frame that encloses t h e  rnicro- 
phone. The frame should be much larger than the microphone. 

A fine-mesh si lk cloth (80 mesh per inch), i f  made into a 
screen at least S inches in diameter, wi l l  not have a serious 
effect on the frequency r e s v n s e  of the  microphone. and it 
wi l l  attenuate wind noise by some 20 d ~ . *  

6.1.1.10 Direction of Arrival of Sound at the Microphone. 
Some microphones are designed to be direct ional  at aU fre- 
quencies.  hat is, t he  response of the microphone depends 
on the direction of  arrival ef t h e  sound wave. Most of the 
microphones used for sound measurements, however, are 
essentially omnidirectional at low frequencies (below about 
1 Hz). At frequencies so high that t he  size of the  micro- 
phnne is comparable to the wavelen@h of t h ~  sound in air, 
even these microphones wi l l  show directional effects. This 

rl: J. C, Bleazey, " ~ x ~ e r i m e n t a l  Determination of the Effec- 
tiveness of Microphone Wind Screens," Journal of the Audio 

, Vol .  9, November I .  January. 196 1, 
pp. 48-54. 



variation in response with direction should be considered in 
positioning the microphone for a measurement. The extent 
of these variations i s  shown by the frequency response 
characteristics of the  different microphones (see Figure 6 -  1). 
The microphone is usually positioned so that  t h e  response 
to the incident sound is as uniform as possible. 

When sound-pressure level i s  nreasured in a reverberant 
ruom at a point tha t  is nor close to a noise source, the  
sound arrives at the microphone from many different direc- 
tions. Then the orientation o f  the microphone is not critical. 
and the response is assumed t o  be that labeled "RANDOM" 
incidence. Under these  conditions, nevertheless, it is 
usually desirable to  avoid having: the microphone pointing at 
a nearby hard surface from which high-frequency sounds 
could be reflected to arrive perpendicillar (0" incidence) to 
the plane of the diaphragm. ( F n r  all  the microphones used in 
the General Radio Sound Measurement System t h i s  perpendic - 
u l a r  incidence is along the  axis of cylindrical symmetry of t h e  
microphone. T h i s  axis is used as t he  0' reference line.) I f  
this condition ca~ir iut  trt! avuided, l he  pussibility lor .errors  
from this effect can be reduced $y 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 or ien ted  so tha t  a line joining t h e  microphone and 
the source is at an angle of about 70" from t h e  alrls of t he  
microphone. When the microphonc is near t he  source most of 
the sound comes directly from the  source, and a TOO incidence 
response applies .  On the other hand. near t he  boundaries of 
the  room the  incidence is more  nearly random, a n d  the  ran- 
dom-incidence response applies .  These two response  curves 
are nearly the same su that there is little change in the 
effective response characterist ic a s  t he  microphone is moved 
about t h e  room. This  desirable result would not be obtained 
if the microphone were  pointed at the noise source. 

6 -1 -1.1 1 Posit ion of Microphone. In previous sections of this 
chapter some comments h a v e  been made on various aspects 
of the problem of placing t h e  microphone in the  most satis- 
factory position for making t h e  noise measurement. In  general. 
t h e  location is determined by the  type of measurement to be 
made. For example, the noise of a machine is usual ly mea- 
sured with the microphone placed near the machine according 
to  the rules r ~ f  a test code, Dr if  its cha~acteristics as a noise 
source are desired,  a comparatively lar~(e number of mea- 
surements aye made according to the methods and the place- 
ment given in Section 2.8.5, 

It is important to  explore the noise field before deciding on 
a definite location (see Section 2.8.4) for the microphone. 

Many measurement locations may be necessary for specify- 
ing the  noise field. particularly if the apparatus produces a 



noise that is h i ~ h l y  directional. Further discussion of direc- 
tionality is given in Section 2.8.2. 

If the noise level  is measured for  calculation of the speech- 
interference level or loudness level or far determination of 
deafness risk, it LS important to explore the noise field to  
make sure that the measurement made is representative. 
The possible effects of obstacles in upsetting the distribution 
of sound, particularly at hlgh frequencies. should be kept In 
mind during t h i s  exploration. 

At f i r s t  thought, it seems logical, when measurements re- 
garding noise exposure are made, to mount the microphone at 
the op&atorls ear.  Actually, because of the  variables intro- 
duced 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 microphones. All ratings 
of speech-Interfe~ence,  loudness, and deafness risk are based 
on a measurement with no person in the immediate vicinity 
of the microphone. The microphone should, however, be about 
where t h e  operator's ear  would normally be. 

6.1.2 EFFECTS OF ROOM AND NEARBY OBJECTS. 

6.1.2.1 Effect of Observer and Meter  Case C)n Measured Data. 
As mentioned i n  the previous sect ion,  t he  observer can af fec t  
t he  measured data if  he is close to the microphone. When  
measurements are made in a l ive  room and not close to a 
source, the effect i s  usually not important. But if measure- 
ments a r e  made near 3 source, i t  i s  advisable for  the ob- 
server to stand w e l l  to the s ide  of the direct path between the 
source and the microphone. For precise measurements in a 

s o u r c e .  t he  r n i c r o ~ h o n e .  the extension cable.  and a minimum 
of support ing s t r u c t u r ~  in t h e  d e s d  room. 

For many measurements,  ho~vever ,  fi is most convenient to 
be able to  carry the sound-level meter around. When held in 
the hand, the sound-level meter should be held in front of the 
observer with the  sound corning in from the s ide .  The magni- 
tude of the  error that can be caused by the way t he  instrwment 
is held can be evaluated from the data shown i n  Figure 6 - 2 .  
These data show t h e  difference between the readings of t h e  
meter with and without the observer present. as a function of 
frequency. Two locations are shown: (11 the sound-level 
meter is between the observer and the noise source, (2) the 
noise source is located to one s ide  of t h e  observer, and t h e  
sound-level meter is held in f ront  af t h e  observer. It is 
apparent that i f  the  instrument i s  held properly, little error  
in reading of the  ~ v e r - a l l  level will occur for most noises. 

(For additional information on t h i s  subject, refer to R. U'. 
Young, "Can Accurate Measurements be Made With a Sound- 
Level Meter HeLc in Hand?," Sound, Vol I, No. 1, pp 17-24, 
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The meter  case itself may also disturb the sound field at 

the microphone as shown by the other characteristic curves 
in Figure 6-3. There is practically no effect below 1000 Hz, 
and, again, on most noises, little e r r o r  in measuring over- 
all level wi l l  result if the microphone is left on the  ~nstru-  
ment. When an analyzer i s  used with the sound-level meter, 
however, it is advisable to  separate t h e  microphone from 
t h e  instruments and to  use an extensinn cable. This  re f ine-  
ment is not necessary, however, i f  the only data that a re  of 
interest are below 1000 Hz. 

6.1.2.2 z, W h e n  a 
noisy device is to be tes ted  for  its acoustic output, the space 
i n  which it is tested can have a significant effect on the re- 
sults. Unless a reverberation room (Section 2.8.4.1) is used,  
the measurement room used for evaluating a noise source 
should be sufficiently well  treated so that no appreciable 
s tanding  wave exists. Ideally the room should be anechoic 
(Section 2.8.3). If any small standing-wave pattern remains,  
the average 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 
tha t  occur frequently. This standing-wave pattern, however, 
should not be confused with the normal decrease in level with 



distance f ~ o m  the source or with the directivity pattern of the 
source. 

Objects in the room reflect the sound waves just as do the 
walls of the room. Consequently, all unnecessary objects 
should be removed from the measurement room. In general, 
no objects, including the observer, should be close to the 
microphone. If i t  is impractical to follow t h i s  principle, the 
objects should usually be treated with absorbing material. 

One troublesome but not frequent effect of nearby objects 
results from sympathetic vibrations. A large, thin metal 
panel if  undamped can readily be set into vibration at certain 
frequencies, If one of  these frequency components i s  present 
in the noise, this panel can be set into motion either by air- 
borne sound o r  by vibration transmitted through the structure. 
This  panel vibration can seriously upset the  noise field in its 
vicinity. One way of checking tha t  th i s  effect is not present 
t o  any important degree is to measure the sound field as' a 
function of the radial distance from the  source. The  sound 
should decrease, when not very close to the source, about 
6 dB as t he  distance is doubled. This  procedure also checks 
for reflections in general, 

When the  acoustical environment is being measured, no 
change should be made in the usual location of equipment, bu t  
t h e  sound field should be carefully explored to  make sure 
tha t  the selected location for the microphone i s  not: in an 
acoustic shadow cast by a nearby object or is not in a mini- 
mum of the  directivity pa t te rn  of the noise source. 

6.1.2.3 E f f e c t o f  Ideally, when a noise 
source 1s measured, t h e  measurement should determine only 
the direct air-borne sound from t h e  sou rce ,  without any 
appreciable contribution f rom noise produced by ot.her sources. 
In order to  ensure isolation f rom other sources, the m e a s u r e -  
ment room may need to be isolated frern external noise and 
vibration. A s  a test to determine that this  requirement has 
been met, the USA Standard-Method for t h e  Physical Measure- 
mezt of Sound, 51.2, specifies the  following: 

If the increase in t he  sound pressure level i n  any given 
band, with the  sound source operating, compared to  the 
ambient sound pressure level alone is 10 dB or more, 
t he  sound pressure level due to both t he  sound source 
and ambient sound is essentially the  sound pressure 
level due to the sound source. This  is the  preferred 

I t  criterion. 
Pf the b a c k ~ o u n d  noise level and the apparatus noise level 

are steadypa correction may be applied to the measured data i according to the  graph of  Figure 8-3.  The procedure is a s  
! fallows: After the test positlon has been selected according 

to the test code and after exploration of the  field as outlined 
in paragraph 6.1 -2.2, t he  background noise level is measured 

I in t h e  t es t  position. Then the sound level i s  measured with 
I 



F i ~ u r e  6 - 3 .  Rackgrorrnd nods e corr~ct ion /or sor~nd-lerje l menstwe- 
m e n t s .  

the apparatus operating. The difference between the sound 
level with the apparatus  operating and the background level 
determines the correction 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 indicative of the  t rue  level  and not 
as an accurate  measurement. If the difference i s  greater  
than 10 dB, the background noise has virtuaLly no effect; and 
the reading with the apparatus operating 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 i s  83.5 dB. 
The correction, from the graph of Figure 6-2, 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 background noise 
l eve l  in each band should also  be analyzed to determine if  
correction for the level  in each band is necessary and pos- 
sible. The spectrum of the background noise is usually dif- 
ferent f rom that of the noise to  be measured, and the correc-  
tions in each band will be  different. 

Xf this  difference between background level  and total noise 
level is small, an attempt should be made to lower the back- 
ground level. Usually the f irst  s tep  is to work on the source  
o r  sources  of this background noise to  reduce the noise 
directly. The second step is to work on the transmission 
path between the source  and the point of measurement. This 
s t ep  m a y  mean simply closing doors and windows i f  the 
source i s  external to  the room o r  it m a y  mean erecting bar- 
riers,  applying acoustical treatment to  the room, and opening 



doors and windows if t h e  source is in the room, The th i rd  
s t ep  is to improve the difference by t h e  method of rneasure- 
ment. It may be possible to select a point closer t o  the 
apparatus, or an exploration of  the background noise field 
may sborv that the measuring position can be shif ted to a 
minimum of this noise, The latter possibility is more likely 
when an analysis is being made and the backmound level in a 
particular band is unusually high. It may also be possible to  
point the microphone at the apparatus to obtain an improve- 
ment at high frequencies (see Figure 6-1); i t may be necessary 
to use a directional microphone; or it may be desirable to use 
a vibration pickup (see Section 5.2.2).  

6.1.3 INSTRUMENT PRECAUTIONS. 

6.1.3. L Low Noise Levels - Effect of Circuit Noise. When low 
noise levels a re  to  be measured, the inherent circuit noise 
may contribute to the measured level. This effect is usually 
noticeable in t he  range below 40 dB when the Type 1551-PI 
Microphone System i s  used or a ceramic microphone is used 
on the end of a very long cable. If the microphone is d i ~ e c t l y  
on the sound-level meter, the level at which this effect may 
be important is below 30 d B  if t h e  C weighting i s  used o r  even 
lower if the A o r  B weighting is used. To measure the cir- 
cuit noise the microphone may be replaced by a well-shielded 
capacitor of 6 picofarads for  the  Type 1551-PI or of 400 
picofarads for the ceramic microphone on the Type 155 1 - C .  
A correction can then be made for t h i s  noise, i f  necessary, 
by the same procedure as outlined for background noise in 
paragraph 6.1.2.3. If the circuit noise is comparable to t he  
noise being measured, Borne improvement in the measurement 
can usually be obtained by uae of an octave-band analyzer. 
The circuit noise in each band should be checked also to  see 
i f  correction is necessary. 

Whenever low noise levels must be measured and extension 
cables are used, the Type 1560-P40 Preamplifier should be 
used at the microphone. 

6.1.3,2 Hum. When noise  is measured near electrical 
equipment, a check should be made that there is no appreciable 
pickup of electromagnetic f ie ld In the sound-measuring sys - 
tern. The procedure depends on the directional characte~ of 
t h e  field. The orientation of the instruments should be changed 
to see i f  there is any significant change in level. if an analy - 
zer is used, i t  should be tuned to the power-supply frequency, 
usually 60 Hz, which  would be the 63 Hz band for the octave- 
band analyzer, when this test  is made. If no analyzer is in- 
cluded, t h e  C-weighting should be used in t h i s  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. 



If a dynamic microphone is used. testa should be made 
with different orientations of the microphone, with t he  micro- 
phone disconnected, and with the sound-level meter discon- 
nected Prom the analyzer. If there i s  pickup in the micro- 
phone, proper orientation may be adequate to make a 
measurement po~s ib le ,  or electromagnetic shielding may be 
necessary. 

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 t o  
reduce the pickup to a negligible value. 

When ac-operated instruments are used as part of the 
measuring setup, a check should be made far 120-Hz as wel l  
a s  80-Hz hum. This hum may be in the instruments, o r  i t  
may appear as a result of the  interconnection of different 
instruments. These two possibilities may be distinguished by 
a check of the instruments individually. Lf each is separately 
essentially free from hum, different methods of grounding, 
balancing, or shielding should be t r ied.  Sometimes reversal 
of the power-plug connection to the Pine l--elps to reduce the 
hum. 

6.1.3.3 High Sound Levels - Microphonics. ALL vacuum tubes 
and some transistors a re  affected by mechanical vibration. 
Those used in the sound-measuring "equipment have been 
selected t o  be less sensitive t o  vibration than the usual types. 
But at sufficiently high sound levels, even these can be vi-  
brated to such an extent that they contribute an  undesired 
signal to the  output. Trouble from this effect, which is called 
microphonics, i s  not usually experienced until the  sound 
levels are w e l l  above 100 dB, unless the instruments are 
placed on supports that carry vibrations directly to the instru- 
ments. 
T ~ P  usual test for  microphonics is to disconnect the 

microphone and observe whether or not the residual signal 
i s  appreciably lower than the  signal with the  microphone 
connected. For the octave-band analyzer, the input cord can 
be disconnected to see i f  the indicated level comes from the 
input signal or if it is generated within the instrument. The 
instruments can also be lifted up from t h e  support on which 
they have been placed to  see whether or not t he  vibrationdare 
transmitted through the  supports or if it is t he  air-borne 
sound tha t  i s  causing the vibration. 

Possible remedies for  microphonic troubles are a s  follows: 
1. Place the instruments on soft rubber gads. 2. Remove the 
instruments from the strong field to another room and inter- 
connect with long cables. 3. Put in deadened sound barriers 
between t h e  instruments and the sound source. 

Mechanical vibration also affects t h e  microphone itself,  i n  
that  the output of t he  microphone is dependent on the air-borne 
and solid-borne vibrations that a r e  impressed upon it. The 



effects of the solid-borne vibrations a re  not usually important 
in the standard, sensitive microphones because of t he  type of 
construction used; but these vibrations are usually of great 
importance for the low-sensitivity microphones used  i n  the 
measufement of high sound levels. A mechanically soft 
mounting should generally be used for  such a microphone in 
order to avoid trolrblc from these vibrations. Often merely 
suspending t h e  microphone by means of its connecting cab]@ 
is adequate. 

*8.1.3.4 Interpretation of the Behavior of the Meter Pointer. 
Two bau~s t i c  characteristics a re  arovided for the meter on 
the sound-level meter; The l ' ~ ~ ~ T "  position is normally 
used. It wi l l  be noticed, however, that  most sounds do not 
give a constant level reading. The reading fluctuates often 
over a range of a :"ew decibels and sometimes over a range 
of  many decibels, particularly in analysis at low frequen6ies. 
The maximum and minimum readings should usually be noted. 
These levels can be entered on the data sheet as,  say, 85-91 
dB or 88 f 3 dB. 

When an average sound-pressure level is desired and the 
fluctuations are less than 6 dB, a simple average of the 
maximum and minimum levels is usually taken. If the  range 
of fluctuation is greater than 6 dB, the average sound-pres- 
sure level is usually taken to be three  decibels below the 
maximum level. In selecting this maximum Level, it is also 
customary to ignore any unusually high Ievels that occur 
infrequently. 

The "SLOW" meter speed should be used to obtain an aver- 
age reading when the fluctuations on the "FAST" position are 
mere than 3 or 4 dB. On steady sounds t he  read in,^ of the 
meter will  be the same for either t h e  "SLOW" or FAST" 
position, while on fluctna ting sounds the "SLOWi1 posit ~ o n  
provides a long-time average reading. 

A more detailed discussion of th i s  problem is given in 
succeeding pa ragap l~s  . 

"6.1.3.4.1 Tones and Beats. The indicated sound level of a 
constant-amplitud; pure  tone is steady, and so is that of a 
mixture of tunes, .~nlless. at least two components are close 
together in frequency. Examples of sounds that have a con- 
stant indicated sound level are transformer hum and noise 
from some rotating electrical machinery. When the com- 
bined noise of several machines is measured, t he  indicated 
level is also constant, unless the speed of the machines i s  
such that some of the major noise components are only a few 
cycles apart in frequency. In this situation an audible beat, a 
periodic rise and fall  in amplitude, occurs, and the indicated 
level also rises and falls. 

"6.1.3.4.2 Varying-Speed Sources. Machinery tha t  operates at 



a varying speed usually produces a noise that fluctuates in 
level. If the speed varies periodically, the level will  also 
vary periodically. This variation results because t h e  noise 
produced by the machine varies with speed, because the re- 
sponse of the room in which the measurement i s  made varies 
with frequency, and, if an anal,yzer is used, because the re- 
sponse of the measurement system varies with frequency. 

If the machine speed varies erratically, t he  noise level 
wi l l  also vary erratically, and the behavior may be similar 
to  that of random noise. 

"6.1.3.4.3 Random Noise. The indicated sound level of a ran- 
dom noise, such  as that  produced by jets, blowers. combus- 
tion chambers, venti lat ing sys tems~  etc., i s  not steady. In 
fact, all sounds contain some random noise energy, and most 
have enough so that  t h e  indicated level fluctuates noticeably. 
The extent of this fluctuation i s  a clue to the nature of the 
sound, 

T h e  fluctuations in level are ordinarily not a result of er- 
ratic behavior of the measuring equipment, but rather reflect 
t he  irregularities in the process of noise production. This 
process can often be considered as a combination of many 
sources that produce sound at random time intervals. The 
measurement of such noises can be treated on a simplified 
statistical basis that i s  satisfactory far almost all sounds. 

*6.1.3.4.4 Average Energy Level of a Random Noise, When a 
random noise is measured, the  first irnpcrtant result that is 
desired is the  long-time average energy level. This  concept 
leads to taking the  average of t h e  fluctuating pointer reading. 
If the fluctuations are less than about 2 dB, this average can 
be eas i l y  and confidently estimated to a fraction of a decibel. 
Pf the fluctuations cover a range of 10 or more decibels, the 
average is much less certain. 

The extent of the meter fluctuation depends on the  meter 
characteristic. The slower the movement, the smaller are 
the fluctuations. Thus, if the flucfu?;lons exceed 3 or 4 dB 
for  the "FAST" meter position, t h e  SLOW" meter position 
should be used. 

'6.1 -3.4.5 Effect of Bandwidth. If an analper i s  used, the ex- 
tent  of t he  fluctuations also depends on the bandwidth. T h e  
narrower t h e  band, the greater are the fluctuations, and the 
longer i s  the meter averaging time required for a satisfactory 
estimate of the level. 

A relatively simple principle is involved here. The nar- 
row band is used to get fineness of detail, The finer t h e  detafl 
tha t  is des ired ,  the more time is needed to obtain the result to  
a certain degree of confidence. T h i s  idea can be expressed in 



quantitative terms by the use of statistical rheory.'e2 

'6.1 -3.4.6 Example of Random-Noise Measurement. To illus- 
trate by an actual numerical example the type of behavior 
that  occurs, some measurements were rnabe of an arbitrary 
level  of a random-noise generator in the octave band from 
150 to  300 Hz. Wi th  t h e  FAST meter speed, the average of  
the fluctuating Levels ind~cated on the meter was estimated 
to be about *5 dB, w h e r e  in a period of 30 seconds the level 
fluctuated from a minimum of +3.3 dB to a maximum of 
-6.5 dB, a range :ef 3.2 dB. In the SLOW position the esti- 
mated level was  +4.7 dB, and the level fluctuated over a three- 
minute period from a minimum of +3.R, to a maximum of +5.7, 
a range of 1.9 dB. Some sample readings were as follows: 
FAST position: 4.8, 4.1, 5.3, 3.7, 5.8, 4.9, 5.3, 5.2, 6-2, 4.6; 
SLOW position: 4.4, 5.1, 3.9, 4,9, 4.2, 5.0, 4.7, 4,t, 4.3, 4.9, 
(These sample readings were taken with the help aE a strobo- 
scope, to avoid observer bias in selecting readings and to  
make it possible to take definite readings on the rapidly mov- 
ing pointer in the FAST position.) One hundred samples were 
taken for each position. The  average value for SLOW was 
t4.72, with the lowest reading +3.8 and t.he highest +5.8. The 
average for FAST was +4.74, with a low reading of +3.1 and 
a high reading of +6.2. 

Taking such a set of readings is not the usual way to  obtain 
the indicated level; rather, one estimates a value by observing 
the pointer fluctuations. But these  discrete samples permit 
one to describe statistically the behavior that can be expected. 

For the FAST position one would expect only 1 in 1000 read- 
ings to differ from the  average by more than about -3 d B  or 
+2.4 dB, a range of 5.4 dB. The corresponding extremes for 
one chance in 100 is about -2 .3  dB or +1.9 dB, a range of 4.2 
dB; for 1 in 10. about  -1.4 to +1.2, a range of 2.6 dB. Note 
that the range is not symmetrical. 

These statements about variability can be expressed in an- 
other way, which is the converse of that above. Lf any reading 
i s  taken in t h e  FAST position, the chances are only 1 in 100 
that the  long-time average value of the noise is below the ob- 
served value by more than 1.9 dB or above the observed value 
by more than 2.3 dB. These limits are called the 99% cconfi- 
dence limits. 

"6,1.3,4.7 Confidence Limits for Octave Bands. A chart of the 
99% confidence l imits for octave hands for  random noise 
measurement is given below: 

'R. B. Blackman and J. W. Tukey, The Measurement of 
Power Spectra. Dover, New York. 1958. 

2 ~ .  P. Rona, "~nstrumentation for Random Vibration -Analy- 
sis," pp 7-27 to  7-30 in Random Vibration, edited by S. H. Cran- 
daU, Technology Press, Cambridge, Massachusetts, 1958, 
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Hz 

32 .5  
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2 50 
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8000 
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These ranges of uncertainty can be redi~ced by the use of 
the average of a number of independent readings. The reduc- 
tion in  the  range is approximately inversely proportional t o  
the  square root of the number of independent observations. 
Thus, the average of fou r  observations would reduce the  un- 
certainty to about one-half tha t  shown. 

The range of uncertainty is sometimes called t he  statis- 
tical error. 

Octave Band 

Hz 

18.75 - 37.5 
37.5 - 75 

7 5  - 150 
150 - 300 
300 - 680 
600 - 1200 
1200 - 2400 
2400 - 4800 
4800 - 9600 

*6.1.3.4.8 Averaffing Dy Observation. When one observes t h e  
fluctuations for a t ime  and estimates a n  average, the extent  of 
the  reduction of t h e  uncer ta in ty  is limited by the fact that all 
the observa t ions  are not independent, and one can remember 
and use only a small portion of the total  observed behavior. 
The observations are not independent because of the finite 
time required for t h e  pointer t o  assume a new value. In the 

99% Confidence Limits in dB 

Meter Speed 

FAST 

99% Confidence Limits in d33 

M e t e r  Speed 

SLOW 

F A S T  

- 4 .  5 ,  4-8.0 
-3 .4 ,  + 5 . 0  
-2.5, + 3 . 4  
- 1.9, + 2 . 3  
-1.4,  i 1 . 6  
-1.0, +1.1 
-0.7, +0.8 
- 0 . 5 ,  +O. 5 
-0.3. +0.3 

SLOW 

-2.6, + 3 . 5  
-1.9, +2.4 
-1.4, +I.? 
-1.0, +1.1 
-0.7, +0.8 
-a. s, +0.5 
-0 .4 ,  +0.4 
-0 .3 ,  +0 .3  
-0.2, +0.2 

-4.2, +7.0 
-3.2, +4.7 
-2.4, +3.1 
-1.7, +2.1 
-1.2, +1.4 
-0.9, f1.0 
-0.6, +0.7 
-0.5, +O. 5 
-0.3,  +O. 3 
-0.2, +0.2 

-2 .5 .  +3.3 
-1.8, +2.2 
- 1 . 3 ,  +I. 5 
-1.0. +1.1 
-0.7, *O. 7 
-0.5, +0.5 
-0.3, +0.3 
-0.2, +0.2 
-0.2, +0.2 
-0.1, +Q. 1 



FAST position of the  meter one should allow about a half sec- 
ond between observations; i n  the SLOW position, an interval 
of one to two seconds is desirable. 

*6.1.3.4.9 Averagmg By Circuit Time Constants. The smooth- 
ing o r  reduct ion In fluctuations achieved by t he  electrical cir- 
cuit i s  often characterized by an equivalent time constant. 
The averaging time constant required to reduce fluctuations of 
a rectified noise si,mal to a desired amount for  a given band- 
width of noise is approximately: 

1250 T - seconds 
b fc 

where T i s  the  averaging time 

Af is the bandwidth of the noise in Hz. 

u is the standard deviation of the fluctuations at the output 
of a linear detector i n  percent. 

*6.1.3.4.10 Duration of a Sample. The uncertainty t h a t  results 
from the limited nbservilt ion time in comparison with the de- 
tail  desired in the  frequency domain occurs for other time 
limitations as  wel l .  Moreover, some  of these may not be 
under the  control of the operator. Thus, t he  sound source map 
not perform uniformly over an lex"tended period of time; f u r  
example, a rocket may run for  ody a fraction of a minute. 
f i r i n g  launch, t he  t ime available for observing a roclret may 
be only a few seconds o r  less. 

When a noise signal, recorded on a magnetic tape recorder, 
is to  be studied, it 1s customary to take short samples fo r  
analysis. These samples are cut from the f u l l  recording and 
formed into loops that can be run  continuously in the recorder. 
This  procedure directly l imits the fineness of detail possible 
in the analysis and also limits the accuracy with which one 
can determine the  actual level in a band. 

T h i s  limitation of accuracy results from the  fact that  the  
maximum tlme during which independent information can be 
obtained is t h e  sample durat ion.  If the noise i s  sufficiently 
uniform with  time, a longer sample czn be used to obtain in- 
creased accuracy, or measurements en a number of samples 
can be averaged. 

Because of the  inherent variability of random noise, analy- 
ses of  distinct samples of the same noise will  not yield 
identical results.  The  expected spread in values predicted by 
statistical theory can be used as a guide in judging whether 
the results of such analyses agree w e l l  enough to be useful .  
U d e s s  this  inherent variability is appreciated, one can  be 
led into rejecting useful data, rejecting a useful analysis 
system, or placing too much reliance on a par t icular  mea- 
surement. 



"6.1.3.4.1 1 Fluctuations Produced in Practice. The table of 
values shown for  he octave banas is based on the analysis of 
noise that is uniform in enerEy per  h e r t z  throughnut tl-k band. 
In the wider bands the values shown are misleading for acou- 
stical signals, because the energy is not uniformly distributed. 
One should expect f rom such values that when t h ~  fu l l  range 
of a sound-level meter i s  used, the fluctuations would be a 
small fraction of a decibel. A 8  a matter of fact, one can find 
many examples of an over-all sound level that fluctuates over 
many decibels. 

One example is the background noise of private offices. 
Here, for C weighting in t he  SLOW meter position, one can 
commonly find fluctuations of th ree  or more decibels, The 
fluctuation corresponds to a band that i s  only tens of hertz 
wide rather than 8000 to 10,000 hertz wide, such as that of 
the respnse  of the  sound-level meter. This is because the 
energy in the sound is concentrated in t he  low frequencies aver 
a re la t ive ly  n a r r o w  band. T h e  fluctuations reflect onlv the 
relation between the equivalent frequency band of t h e  signal 
applied to  the  metering circuit and the averacng time of t h e  
circuit .  W h e t h e r  t h e  e n e r g y  i s  concentrated rn a narrow band 
by means of an electrical analyzer or by t h e  source and path 
to  the microphone is immaterial .  

'6.1.3.4.12 Interpretation of the Fluctuations. One csn conclude, 
then, that  if t h e  u b s e s v e d  f1uctuation.s a r e  simificantly greater 
than would be expected, an important part  of t h e  random-noise 
energy is concentrated in a band or bands that are narrower 
than  the pass band of the measuring system. (Another possi- 
bility 1s that  the  type of noise  i s  sufficiently different  f rom 
normal  that the f l l~c tua t ions  for a given bandwidth are inher- 
ently excessive. This behavior is possible for a tone whose 
frequency varies in a region where the response of the mea- 
s u r l n g  system varies markedly with  f repency.)  

It 1s also clear that if the  fluctuations are significantly 
smaller than  would be expected, the noise very likely includes 
some discrete tones tha t  have significant amounts of energy. 

6.1.3.5 Calibration a n d  Corrections. Satisfactory noise mea- 
s u ~ e m e n t s  depend on t h e  use of  measuring equipment that is 
kept in psopey operating condition. Although t h e  instruments 
are reliable and stable, in t ime the  performance of the i n s t r~ l -  
rnents may change. In order to insure that  any important 
changes will be discovered and corrected, certain simple 
checks have been provided for the General Radio l i ne  of sound- 
level equipment, and these wil l  he discussed in this section. 
These checks can be made a s  routine maintenance checks, 
and some of them ( p a r a ~ a p h s  6.1.3.5.1 a n d  6,1,3.5.2) should 
usually be made betbre and after any set of noise measure- 
ments. 

In addition ta these routine checks, more complete calibra- 



tion of the system may be desirable for  accurate measure- 
ments, particularly above 1000 Hz. These calibrations are 
also discussed in his section. 

6.1.3.5.1 Electrical Circuit Calibration. The Type 155 1-C 
Sound-Level 'Meter and t he  anaIyzers have buil t - in  calibration 
circuits f o r  checking amplifier --in. In each case the gain of 
t h e  amplifier is compared with the attenuation of a stable, 
resistive attenuatar. 

Th i s  test does not check the  sensitivity of the  microphone 
and the indicating instrument; these tests are discussed in 
the next section. The indicating instrument i s  r u g ~ e d  and 
relatively unaffected by temperature  changes. Its ternpera- 
ture  coefficient is about -0.02 dB/' F. 

6.1.3.5.2 Acoustical Calibration at Preferred Frequencies. 
The ~ v p e m a 1 1  
syste&'calibr.ation at 125, 250, 500, 1000, and 2000 Iiz. If the 
calibration of a microphone as a function of frequency i s  re -  
corded any si-if icant-change in t h e  relative caiibration is 
readily noticed. If such a change occurs, the microphone and 
t he  calibration should be checked as soon as possible, Here 
it is useful  to have more than  one microphone on hand so that 
a second microphone can be used if  the first is damaged; at 
the same time a consistency check on its cal ibrat ion can help 
to ensure that the calibrator Pias not been damaged. 

In the interests of maintaining aecurzcy in sound measure- 
ments, another  calibration service is provided f o r  o w n e r s  of 
General Radio ins t ruments .  If these ins t ruments  a r e  brought 
in to  one of t h e  Genera l  Radio offices, t h e  level will  h e  checked 
by means of an acoustic calibrator. This calibration wi l l  
usually show if t h e  instrument 1s operating carrectly. If there 
is a serious discrepancy, the s i tuat ion will. have to be handled 
a s  a regular servtce problem. 

The calibrator can also be used to  measure the  microphone 
cable correction (see paragraph 6.1 .1.8). The procedure i s  as 
follows: 1. After  t h e  nnise measurement has been made, the 
calibrator i s  put Dn t he  microphone with the microphone at the 
end of t h e  cable, a n d  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 a t  the sound-level meter, 
and a second level  reading is taken. 3, The difference be- 
tween these two level readings 1s the cable correction. 

For high accuracy, it is usually essential  to have a ca l i -  
bration of the  microphone response characteristic as a Func- 
t ion of frequency.  When this calibration is available and an 
analysis of a noise is made, correction can be made for the 
microphone frequency-response characterist ic.  This correc - 
tion can be applied only i f  t.he noise is analyzed or if  the 
sound is dnminated by a component of known frequency, as, 



for  example, in the measurement of loudspeaker response. 
Otherwise, one must check t h e  uniformity of r-esponse of a sys- 
tem ta be sure that the measured level of a noise is correct. 

6.1.3.5.3 Acoustical Calibration From 20 to 8000 Hertz.  A 
more accurate over-all calibration is possible by the use of 
the microphone reciprocity calibrator. With a n  auxiliary 
oscillator, this ~nstrurnent permits, at any frequency from 
20 to  8000 Hz, a rapid and accurate calibration of the General 
Radio ceramic microphone and t he  associated equipment. 

For t h e  most accurate noise measurement, the  measure- 
ment system should be calibrated by means of the microphone 
reciprocity calibrator either before or after the measurement 
is made, Unless the system is already known to be operating 
properly, it may be desirable to make a preliminary check by 
using the microphone reciprocity calibrator as a sound-level 
calibrator. Then, after the noise measurement, the  complete 
reciprocity calibration should be made at the frequencies of 
interest. These frequencies should be those at which the im- 
portant energy i s  concentrated, as indicated by analysis of the 
noise. Of course, it is w i s e  to check the  calibration at a Rum- 
ber of points over the full r a n p  of interest t o  make certain 
that any apparent lack of energy at low or high frequencies is 
not a resul t  of  loss in sensitivity at those frequencies. 

When the re  is no other indication of what is necessary, a 
more general calibration along t he  following lines is sug- 
gested: (1) Set the  microphone reciprocity calibrator to 
operate as a simple calibrator. Sweep the frequency of the 
source oscillator from 20 to 2000 Hz and note the variation in 
response of t he  system under calibration. Unless intentional 
weighting or filtering is introduced. this  response should be 
reasonably uniform and calibration a t  only a few frequencies 
in t h i s  range is necessary. 12) Lf t h i s  response i s  nearly uni- 
form, calibrate at the extremes of t h e  range and a few points 
between to check the uniformity, f o r  example, a t  20, 100, 400, 
1000, and ZOO0 Hz. Lf the  response belaw 1 kHz is faulty* 
calibrate the microphone at a number or* freqtnencies and corn- 
pare the results with previous calibrations. Next. check the 
response of the various other elements. By proceeding in 
this way one can t rack down t.he reason for the faulty behavior, 
(33 Above 2 kHz, calibrate the system at the ASA preferred 
frequencies, 2000, 2500, 3 150, 4000, 5000, 6300, and 80017 Hz.  

Any l abo ra to~y  that attempts to make accurate acoustical 
measurements should calibrate its microphones periodically 
by means of the microphone reciprocity calibrator. These 
calibrations should be kept on file, so tha t  it wil l  be readily 
apparent i f  a microphone has been damaged by rough treat- 
ment. 

6. t - 3 . 5 . 4  Calibration At High Frequencies. The accurate cali- 
bration of 3 microphone a t  high frequencies in terms of 



sensitivity vs frequency requires elaborate facilities. M y  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 micro- 
phones that it supplies. Such calibration is less expensive if  
included in t h e  original order for the microphone than if the 
microphone is returned for calibration. (The frequency-re- 
sponse characteristic of the Type 155 1-P l Condenser Micro- 
phone i s  supplied with the  microphone, a t  no additional cost.) 

At General Radio, a f r e e  -field perpendicular -incidence 
calfbratian is mace by comparison with laboratory-standard 
condenser microphones Standard Specification for 
Laboratory Standard Pressure Microphones, 224.8- 1949), 
according to  the methods given in S1.10- 1966, Calibration of 
Microphones. The working standard mi crophones are period- 
i ca l l y  compared with a condenser microphone that has been 
calibrated at the National Bureau of Standards. They are also 
periodically calibrated on a n  absolute basis by the reciprocity 
method. 

Since the sound-level-meter standard i s  based on a random- 
incidence specification, data f o r  converting the perpendicular- 
incidence calibration to random incidence and to grazing 
incidence are included with calibrations sxpplied by General 
Radio. 

6.1.3.5.5 Correction For Frequency-Response Characteristic. 
It is custornarv to set t h e  cal ibrat ion of  an acoustical mea- 
surement syst>m to indicate t h e  correct level a t  400 o r  500 Hz. 
At other frequencies. the differences between t r u e  and  indi- 
cated levels, as determined by means of the microphone 
reciprocity calibrator, can be applied as corrections to the 
results of a noise measurement. At frequencies above 1000 Hz 
the directional characteristic of the microphone should be  taken 
into account. The Type 1559-B Microphone Reciprocity Cali- 
brator is designed to provide the random-incidence calibration 
of the  microphone. If t h e  microphone is used under conditions 
where a different  response applies, for example, perpendicular- 
incidence response; the difference between perpendicular- 
incidence and randam-incidence response must be included in 
the  correction to t he  results of the noise measurement. 

6.1 .3 .5 .6  Comparison Tests Among Different Sound- Level 
Meters. When measurements a r e  made on the same no ise  with 
t w o  different sound-level meters, it is commonly found that 
the r ead ings  differ  by a significant a m ~ u n t .  The preceding 
material i n  t h i s  chapter should indicate most of the possible 
sources of discrepancy between the two. Differences in t h e  
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 ceramic 
microphone and if the noise contains strong low-frequency 



components, large differences can occur because of the  gen- 
erally poorer lov-frequency response of the dynamic micro- 
phone. When these effects are understood, most of the 
discrepancies are readily explained. 

Another factor that can contribute to this discrepancy con- 
cerns the average level. F o r  purposes of meeting certain 
tolerances the  average level  of a n  instrument made by one 
manufacturer may be sct s l igh t ly  diffcrcntly from that made 
by another. 

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

In order  to set an upper l imi t  to these differences among 
sound-level meters, the "USA Standard Specification for  
General-Purpose Sound Level Meters," S1.4, 1981, sets cer- 
tain tolerances on the prescribed frequency characteristics. 
Representative values for C weighting are a s  follows: 

Freque~cy - Hz Tolerances, dB 

Incidentally, thcse tolcranccs shoula be considcrcd whcn 
one i s  reviewing the results of an in j t i a l  cal ibrat ian of a 
microphone and sound-level meter made with  a Type 1562 
Sound-Level Calibrator o r  a reciprocity calibrator. 

6.1 
t h e  
be 

.3.5.7 Effect of C Weighting On Band Levels. In principle. 
response of the  equipment supplying an  analyzer should 
as uniform as possible to obtain t r u e  pressure levels. It 

has been customary, however, to use the-  "C" weighting for  
octave-band measurements. If this is done, for instruments 
meeting the latest USA and International s tandards  there  wil l  
be small differences in level at the low- and high-frequency 
ends compared with t h e  levels tha t  would be obtained wi th  a 
more nearly uniform response, b e c a u s ~  af t h e  specified roll- 
offs in response far  the C weighting. Thus,  t he  C-weighted 
octave-band level is less by about 3 dB for  the bands centered 
at 31.5 and 8000 Hz and 0.8 dB for the bands at 63 and 4000 Hz 
than with the uniform response weighting ( F L A T ) ,  The sh i f t s  
in level for the bands in between a r e  too small t o  be significant. 



6.1.3.5.8 Check O n  Over-All Level. me3 an octave-band 
analysis has  been made, it i s  good practice to check that the 
sum of t h e  individual band leveI.8 (see Apjendix 11) is equal 
within 1 or 2 dB t o  t he  over-all level. If this result  is not 
obtained, an e r r o r  exists, either in t h e  summing or the mea- 
surement procedure, because of faulty or incorrectly used 
equipment, or because the  noise is of an impact type. Im- 
pact-type noises sometimes give ever-all levels appreciably 
less than the sum of the levels in t h e  individual bands even 
when the " ~ ~ S T ' b s i t i o n  of the meter switch i s  used. This 
result  is obtained because of t he  inability of t he  meter  to 
indicate the instantaneous levels occurring in very short  in- 
tervals. T h e  narrow-band levels at low frequencies tend to 
be nearer the peak value in those bands, while t he  over-all 
and high-frequency bands are significantly less than the peak 
value. When this type of discrepancy is noted, t he  Type 
1556-B Impact-Noise Analyzer should be used. 

6.1.3.6 Earphones and Stethoscope. 11 pair of high-quality ear- 
phones with tight-fitting earphone cushions is a useful  acces- 
sory for  noise measurements, and high-impedance dynamic or 
crystal-t-ype phones are recommended. G0o.d earphone cushions 
are essential to improve the low-frequency response and t o  
help reduce the leakage of external noise under the earphone. 

When a measurement system i s  being set up, the earphones 
should be plugged into the output of t h e  sound-level meter. 
Then a listening test  should be made to detesrnine that t h e  
noise heard in t h e  earphones is the s a m e  type of noise heard 
without the earphones. It i s  possible to  detect trouble f rom 
microphonics (usually a ringing sound) or stray pickup in t h i s  
fashion. 

When the noise level is high, say, 90 dB or hieher, the leak- 
age of external noise under t he  eaGPhone may be suff ic ient  to 
mask the  sound f rom the earphones, Then the  earphone cu- 
shions should be checked for tightness of fit. In addition, the 
signal f rom t h e  earphones can be increased by use of an 
attenuator setting on t h e  sound-level meter 10 dB lower than 
tha t  required fo r  a satisfactory reading o n  the meter. This 
change of 10 dB is usually not enough to overload the output, but 
a larger  change should be avoided. It m a y  also be desirable 
to have a l ongco rd  available so that  it is possible to listen to 
the  output of the  earphones far from the noise source.  

T h e  earphones can also be used on the  output of the analy- 
z e r  to detect troubles from microphonics and stray pickup. 
hn addition, a listening test may help one to determine which 
frequency bands contain t h e  noise that is most objectionable 
in a given situation. 

When the  noise level is very high, the earphones on the 
sound-level meter may be useful in impr~ving speech com- 
munication between observers during a measurement run. 
One observer wears the earphones, then the other observer 



shouts into the sound-level meter microphone. A definite im- 
provement in speech communication usually results. 

A similar procedure using a nonelectrical, medical stetho- 
scope is also possible. One observer has the ear tips in place, 
and the other speaks into the receiver of the stethoscope. 

6.1.4 MOUNTING OF THE DEVICE UNDER TEST. It i s  often 
noticed that the  noise level produced by a machine is highly 
dependent on its mounting. A loose mounting may lead to 
loud rattles and buzzes, and contact to  large resonant sur- 
faces of wood or sheet metal may lead to a sounding-board 
emphasis of various noise components. For these reasons 
partrcular 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 tes ted  that way. If the 
actual conditions of use  cannat be duplicated, the noise mea- 
surements may not be sufficient to predict the  expected be- 
havior, because of the difference in transmission of noise 
e n e r - y  through the supports. The usual alternative is to use 
a very resilient mounting sa that  the transmission of energy 
to the support is negligible. 

6.1 -5 EFFECTS OF ATMOSPHERIC PRESSURE. Some acou- 
s t i ca l  measurements are affected by a t m ~ s p h e r i c  pressure 
and temperature. The output of t he  Type 1562-A Calibrator, 
for instance, varies somewhat with pressure,  and the rated 
reference level occurs at a standard atmospheric pressure of 
10 13 millibars, If the pressure when the calibrator is used 
i s  significantly different from 1013 millibars, a correction 
should be made, The altitude where the calibrator i s  used is 
usually t h e  most significant factor i n  determining t h e  average 
atmospheric pressure, and a chart for correcting for this 
effect is included in t he  calibrator instruction book. Since the 
output of most o ther  sound sources is affected by the pres-  
sure, a char t  relating height to average pressure is included 
here. The  actual variation in output with pressure for prac- 
tical sources is usually between that  shown by the corre- 
sponding decibel scale on the right and one-half that value. 
Thus, for altitudes u p  to 2 kilometers (6560 feet), the change 
in output with altitude is generally less than 2 dB. 

T h e  variation of atmospheric pressure at a given location 
f rom day to day is usually less  important, but for careful 
measurements where fractions of a decibel are being con- 
sidered, the  actual atmospheric pressure should be noted. 
The  pressure can be obtained from the local weather bureau. 
and a correction for the  difference in altitude between the 
point where the  acoustical measurements are made and the 
weather bureau may be necessary. This  correction is readily 
estimated from t h e  chart .  
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6,1.6 RECORD OF MEASUREMENTS. One important par t  of 
any measurement problem is obtaining sufficient data. The use 
of data sheets designed specifically for  a noise prablern helps 
to make sure that the desired data w i l l  be taken and recorded, 
and a sample data sheet i s  shown in Figure 6-5. The following 
list of important Items may be found helpful. i n  preparing data 
sheets of t h i s  type: 

1. Description of space in which measurements were 
made. Nature  and dimensions of floor, walls, and 
ceiling. Description and location of nearby objects 
and personnel .  

2. Description of device under test  lprimary noise source). 
Dimensions, name-plate data and other pertinent facts 
including speed and power rating. Kinds of operations 
and operating conditions. Location of device a n d  type 
of mounting. 

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

4.  Type and serial numbers on all microphones, 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 respect to microphone orientation. Tests of 
sta nding-wave patterns and decay of sound level with 
distance. 
Temperature of microphone. 
Results of maintenance and calibration tests. 
Weighting network and meter speed used. 
Measurecl over-all and band levels a t  each microphone 
position. Extent of meter fluctuation. 
Background over-all and band levels at each micro- 
phone position. Device under t e s t  nnt operating. 
Cable and microphone corrections. 
Date and time. 
Name of observer. 

When the measurement is being made to determine the ex- 
t.ent of noise exposure of personnel, the following items are 
also of interest: 

1. Personnel exposed-directly and indirectly. 
2. Time pattern of the  exposure. 
3.  Attempts at noise c o n t ~ o l  and personnel protection. 
4. Audiometric examinations. Method of making exami- 

nations. Keeping of records. 
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6.2 VIBRA? ION MEASUREMENT TECHNIQUES. 

6.2.1 INTRODUCTION. The reason for measuring vibration 
usually determines both the  quantity to be measured and the 
point or points at which t he  vibration pickup should be placed. 
Sometimes, however, the correct pickup location is not ob- 
vious, and some exploration of the  vibration pattern of the 
device being studied is necessary. Fhrthermare, the pickup 
must be correctly oriented, and this too sometimes requires 
exploration. 

Fastening a pickup to a device is usuallv simple if  the de- 
vice is much larger than the  pickup and i f  the important vi- 
bration frequencies are below 1000 Hz. Otherwise, difficulties 
may arise because of the mechanical problem of fastening the 
pickup at the des ired  point, because the pickup seriously af- 
fects the motion to be measured, or because the method of 
attachment affects the performance of t he  pickup. 

6.2.2 CHOICE A N D  USE OF PICKUP 

5.2.2.1 Range of Levels. A very wide range of vibration levels 
can be  covered by t h e  pickups available. 'The most sensitive 
pickup can be used with the vibration meter or the control box 
and sound-level meter to measure down to 0.0 2 i n l s 2  or 
0,0003 rn/s2.  At the o ther  extreme the Type 1560-P53 pickup 
can be used up to 1000 g. Special, pickups are manufactured 
for even higher  accelerations. 

In order  to show the limits of measurement for velocity ,  
jerk, and displacement, charts are displayed in the Appendix 
far t h e  ranges of the  vibration meter,  

6.2.2.2 Frequency Range. The Type 1560-P52 Pickup i s  
particularly w e l l  suited for low-frequency vibration measure- 
ments. When connected to t h e  Type 1553 Vibration Meter, 
t h i s  pickup can be used at frequencies down to 1 Hz; with the 
Type 1564 Sound and Vibration Analyzer it can be used down 
t o  2.5 Hz. The other pickups can also be used down to 2.5 Hz 
~f they are connected to a Type 1560-P40 Preamplifier. 

The Type 1560-P.53 Pickup has a resonance at about 
28.000 Hz,  which imposes a practical l imit  of about 20,000 Hz. 
The other pickups in the General Radio line are limited to  
about 2000 Hz. 

6.2.2.3 Orientation of Pickup. T h e  piezoelectric accelero- 
mete rs  used in Genera l  Radio vibration-measuring instru- 
ments are most s e n s i t i v e  to vibrations in t h e  direction 
perpendicular to the largest flat surface on the pickup. This 
direction is the one for which t he  rated sensitivity applies .  
The sensitivity in other directions varies approximately as 
t h e  cosine of t h e  angle with respect to this rated direction. 
with a minimum of about 5 percent  or less of rated sensitivity 



when vibrated in a direction perpendicular ta  t h e  rated one. 
For accurate resu l t s ,  the pickup must be properly oriented 

with respect to the direction of motion. In practice, t h i s  
orientation is usually not cr i t ica l ,  however, because sensitivity 
changes slowly with direction, there beir.g a drop of only about 
2 percent for a 10-degree change in orientation. 

The direction of maximum vibration a t  a point i s  often ob- 
vious from the structure that is vibrating. That is, i t is 
usually in the direction of least ~t i f fness .  But this rule is 
sometimes misleading, because of t h e  many possible resonant 
modes of vibration, some of which are perpendicular to the 
obvious direction of least stiffness. Such a mode can be 
strongly excited if close to the frequency of a component of 
the driving force. Furthermore, the  nature of the motion may 
favor one mode of vibration rather than another. 

When it is i rn~or tan t  to be certain of t h e  direction of motion, 
one can measure the motion along three mutually perpendicu- 
lar axes. Often one can select these  so that  only one of these  
components of motion is significant, and tha t  will  determine 
t h e  choice of direction. Otherwise,  they must be combined 
vectoriaUy to yield a resultant total; then one needs ta know 
the relative phase of the components. To determine phase, 
sums and differences can be measured w i t h  two pickups, as 
explained later, o r  another s e t  of three measurements can be 
made along mutually perpendicular axes that are rotated from 
the first step. With two sets of measurements, one can sort  
out the  possible =ombinations and calculate t he  direction of 
t h e  total motion. Often it is simple t o  obtain the direction of 
the maximum motion by experiment. 

Except for simple harmonic motions, this resultant direc- 
tion is of significance only a s  a function of frequency. Then 
an analyzer is essential so that  one can determine the  motion 
for the individual components. 

When one attempts to measure vibration in a direction that 
i s  not the direction of the total vibration at the point of  mea- 
surement, the orientation is more critical, because the vibra- 
tion in the other direct ions w i l l  provide some signal in the 
output. I t  is often impractical to measure a directional com- 
ponent that is less than 5 percent of t he  total  vibration at a 
point. 

The above procedure does not lead to a measurement of the 
rotational vibration about a point. T h i s  Type of measurement 
can be made with a torsional vibration pickup or by the tech- 
nique discussed in paragraph 6.2.5. 

6.2.2.4 Hand-Held Pickup. When one must  explore a vibration 
pattern or make a quick. check of the vibration amplitude, one 
is tempted to hold the  pickup against t h e  device being mea- 
sured by hand. If the device is massive and is vibrating with 
a significant amplitude. this technique can be useful for  fre- 
quencies below about 1000 132. There are enough serious 



limitations to t h i s  technique, however, s o  that i t  should not 
generally be expected t o  yield accurate or highly reproducible 
Gesults. 

When the pickup i s  held by hand, a test probe, a pointed 
metal rod, is fastened to t h e  pickup to facilitate applying t h e  
probe to t h e  des ired  point. T h e  motion is transmitted along 
the rod to  t he  pickup, and the motion in the direct ion of the  
rod actuates the pickup. 

Because the t e s t  probe adds another  element to the pickup, 
the response is different f rom that of t h e  pickup alone. 
Typical relative frequency response characteristics are 
shown for two types  of probe in Figures 6-6 and 6 - 7 .  M o r e  
than one response run is shown to indicate t h e  variability that 
can occur. Note resonance in the range from 1400 to 2000 Hz 
introduced by the long I 6  31 8-inch) probe and the one above 
2000 Hz for the probe with t h e  short conical tip. 

Unless t he  device being tested is massive, the force, mass, 
resilience, and damping i~troduced by the hand may seriously 
alter t h e  motion, and another method of applying the pickup 
should be tried. 

Some vibration i s  applied to the pickup by tremor of the 
hand. This vibration is made up chiefly of components below 
20 Hz, and the peak-to-peak order  of magnitude is 5 in./s2 
acceleration, 0.2 in . / s  velocity, and 10 mils displacement, 
when the pickup is held against a relatively statlonary su r -  
face. These values will be appreciably attenuated by a low- 
frequency cutoff a t  20 Hz, such a s  is obtained on t h e  "DISP- 
20 CUTOFF" position of the vibration rneyer. Then t he  ob- 
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Figure 6-15. Frequency response 01 uibration pickup mounted on 
hand-held long (6 3/8- inch)  probe. Several sample  responses are 
shown, The curw labeled R E F E R E N C E  i s  the frequency response 
e/ the pickup without the probe. 



F i g u r ~  6-7. Freqtdency response 01 v i h n f i o n  pickup motlnred on hand- 
he Id s b o ~ t  (5/R-incA] probe. Several sarnpEe rcspons e s  ore shown. 

served peak-to-peak displacement is of the order of 0.2 mil. 
This  tremor sets a lower l imit  to the vibration that  can be 

observed when the pickup is hand-held against the  vibrating 
device. One should not attempt to use a hand-held pickup 
down to the levels quoted above unless some fi l ter ing i s  
introduced to reduce the low-frequency response. 

6.2.2.5 Pickup Fastening Methods .  Pickups are fastened to a 
vibrating surface by many different methods. For greatest 
accuracy the  fastening should be as  direct and as rigid as 
possible. But i f  the acceleration is Less than gravity, if only 
a temporary fastening is desired,  and i f  only low frequencies 
are present ,  simple fastenings a r e  adequate. These  may be 
plasticene o r  double-sided adhesive tape placed between the 
base of the pickup a n d  a flat surface at the point desired. If 
the surface is horizontal, flat, and smooth, the  pickup may be 
wrung to the surface with a th in  film of petroleum jelly. An- 
other simple technique, useful  on magnetic materials, is to 
fasten a magnet to  the pickup and then attach t h e  magnet to 
the  surface to be measured. 

At high accelerations, these simple fastenings a re  not 
satisfactory, and a stud or bolt must be used to hold the pick- 
tlp directly against the surface being measured. 

The performance of some pickups is affected by any 
attachment to  the pickup body other than to t h e  reference 
surface, so tha t  a pickup should not be attached by clamps 
to  the body of the  pickup. 

When the pickup is to  be  permanently installed, the use of 
a n  adhesive, s u c h  as a dental  cement, Eastman 910, or an 
epoxy cement, is often advisable. For best results, one should 



be careful to use only a thin layer, so that the  elastic charac- 
teristics of the bonding cement will not affect the  behavior of 
the pickup. 

For maintenance tests i t is often convenient to fasten a very 
smooth flat iron disk to  bearing housings with a very hard 
epoxy cement. T h e  disk should be pressed a s  t ight as possible 
against the housing. Then a magnetic attachment can  be used, 
again with  a thin film of silicone grease o r  petroleum jelly to 
ensure good contact. 

The  fastenkg should be rigid, se that the pickup does not 
move significantly with respect to  the surface to which it i s  
fastened. Any rocking motion o r  looseness that  might lead to 
chattering should be prevented. If the fastening alone is not 
adequate to prevent th i s  looseness, the use of some plasticenc 
in addit ion may be helpful.  When fastening, even by bolts, the 
use  of a lubricant or petroleum jelly is advisable to ensure 
close contact between the pickup and the fastening surface 
without putting undue strain on the pickup. 

When the surface is not smooth or flat, the pickup is some- 
times mounted on a bracket. For low vibration frequencies 
(below a few hundred hertz), the bracket can readily be made 
stiff enough so that  it does not seriously affect t he  behavior of 
the pickup. 

The procedure for obtaining a good connection between t h e  
pickup and the vibrating surface is illustrated by the specifi- 
cat ions of MIL-STD-74QI3 (SHZPS). 

'"ransducers sha l l  be attached as follows: 

"(a) Transducers shall be attached to blocks, which are to 
be brazed or welded to  equipment ,  or subbase, as close 
as possible to t h e  mounting points of the equipment to 
be tested. 

I t  (b) The blocks shall be made of steel and shaU be a s  small 
as possible. The block surfaces on which transducers 
are mounted shall be plane and shall have a surface 
f in i sh  of 1 2 5  micro-inches rms o r  better and be mu- 
tually perpendicular within one degree. 

"(c) Three holes i n  the  mounting blocks shall be dr i l led  and 
tapped to a depth of at least l / d  inch with 10-32 NF 
t h r e a d s  to accommodate tr iaxial  a r rays  of transducers 
which shall be attached to the  blocks with insulated 
steel studs.  The holes s h a l l  be pel-pendicular to the  
finished surfaces within  plus or minus I degree. 

"td) Jus t  before transducers are mounted on a block, all 
mating surfaces sha l l  be cleaned of all d i r t ,  grease, 
and other foreign matter in preparation for  mounting. 
The surfaces  of t he  attachment area and the  studs s h a l l  
be lightly covered wi th  clean o i l  o r  crease. 



'ye) The mounting blocks shall not be removed and shall  be 
preserved with a rust inhibiting coating after coap le -  
tion of testing. 

I I  (f) Zf brazing or welding cannot be accomplished, the  
mounting blocks s h a l l  be attached to the location with a 
thin layer of epoxy resin cement. Blocks attached by 
cement s h a l l  be removed upon completion of test.  T h e  
transducers may be attached directly to the equiplnent 
being tested only where  t h e r e  is insufficient space to 
accommodate t h e  mounting block. '" 

The pickup is calibrated in terms of the motion of the flat 
contacting surface of the pickup. Because of the  resilience of 
the fastener and t h e  mass  of the pickup, this surface of the 
pickup will  not move exactly as the surface being measured 
moves. At low frequencies t h i s  difference is easily made in- 
significant by the relatively simple techniques discussed. But 
at  high frequencies care must be used in fastening to keep this 
cffcct small, 

The mass of t h e  Type 1560-P52 Vibration Pickup is suffi- 
ciently small that simple temporary fastenings are adequate 
even to frequencies be>ond the normal resonance at about 
3200 Hz. T h i s  fact is illustrated by the response-vs-frequency 
characteristics shown in Fiffure 6-8 and 6-9. In each instance 
t h e  pickup was driven at a constant acceleration. The refer-  
ence condition is t h e  response for the vibration pickup wrung 
to  the smooth, flat surface of t h e  d r i v e r  with petroleum jelly 
lubricant. The acceleration was 0.002 g. 
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Figrlre 6 - 8 .  F r e q u ~ w c y  response o/ z~ihra i ion pickup atrachpd 
means o( Alinnesotn hlitiing Types Y9OEO and Y400 t a p r s .  
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Figure 6 -9 .  Fregrrency response of z~ihraf ion pickup atiachcd by 
meons oj  1/16-inch-ihick !dyer o/ plasficenr. 

The effect of fastening by means of double-sided tape was 
generally less than 10-percent deviatior he reference 
condition at aU frequencies up to  the re! at 3200 HZ. 
In some instances the deviation over the to  3200 Hz was 
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only about 2 percent. The variability was proaably a r e s u l t  of 
changes in contact adhesion obtained with different samples of 
the tape. 

Plasticene as a fastening means, even as thick as 1 / 16 inch, 
showed very good reproduction of the reference performance, 
being within 2 to  5 percent up to 4000 H: te instance a 
marked departure from the reference pr ! n c ~  was found 
even at 500 Hz, and this  was quickly tra he f a c t  tha t  the 
pickup had come loose from the plasticene. T h i s  example il- 

t . In or 
zrforma 
ced to  t 

-. 

lustrates the importance of careful inspection of the fastening 
during- a test, particularly when one cannot check the perform- 
ance independently. 

The response of the pickup when held to a smooth, flat, 
steel plate by means of the Type 1560-P35 Permanent Magnet 
Clamp is shown in Figure 6-10. Up to  5 kHz, the response is 
very similar t o  the reference response. One should fasten the 
pickup carefully to t he  m a m e t  s o  that no rocking motion i s  
possible, and the magnet itself should be placed on a smooth 
surface so that it, too, wil l  not rock; otherwise serious errors 
may result. 

6.2.3 STRAY EFFECTS, 

6.2.3.1 Ef fec t  of the Pickup On the Vibration. The mass added 
by the pickup to the  vibrating surface being measured changes 
the motion of that surface. l£ t h e  added mass is much smaller 
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Figure 6-10.  Frequency response of nibmfion pickup atfached by  
Type  1560.P3T Permanent-Wag~let Clamp. 

than that of the vibrating surface  o r  is closely coupled to it, 
the effect is smal l  except n e a r  resonant modes. Thus, i t  i s  
important to  have a lightweight pickup. 

One can  often judge the effect of adding the m a s s  of a 
pickup by noting the difference in behavior with the pickup 
fastened and with another m a s s  equal to that of the pickup in 
addition to  the  pickup. If the difference is negligible for  these 
two conditions, the effect of tine pickup is usually unimportant. 
Under cer ta in  conditions near  the resonant vibration f re -  
quency of the device under test ,  even a smal l  m a s s  can shift 
the resonance enough to affect the motion a t  the original r e -  
sonant frequency by a l a rge  amount. 

When it is possible t o  change the excitation r a t e  o r  f r e -  
quency s o  that resonance with the pickup in place is  r e -  
established, the behavior a t  the new resonant point will often 
be sufficiently s i m i l a r  to  the resonance behavior without the 
pickup that the resonant condition can be sat isfactori ly mea- 
sured.  

When stroboscopic observation of the motion is possible, 
the effect of the m a s s  of a pickup on the motion can often be 
judged by direct  observation of the behavior with and without 
the pickup present. 

6.2.3.2 Mounting of the Device Under Test .  The actual  vibra- 
tion that a device experiences will depend on the way in which 
it is mounted. If it i s  rigidly mounted to a massive concrete 
s t ructure ,  the vibration may be much l e s s  than if it i s  mounted 
with a ve ry  resi l ient  mount. F o r  many t e s t s  the very  resi l ient  
mounting is pre fe r red  in o r d e r  to  obtain the maximum motion. 
But often the proper procedure i s  to  mount the device for  a 
vibration tes t  just a s  i t  will be mounted in actual  use.  



6.2.3.3 Background Vibration. Some background vibration i s  
always present. If a motor i s  put on a factory floor for a 
vibration test, it will be possible to measure motor vibration 
even when it isn't running. This background vibration must 
be considered a s  a lower limit to the vibration that can be 
measured. But, of course, one can do something about this 
lower limit. Often placing the device on a thick felt o r  foam 
pad will isolate it sufficiently from the background, but then 
the mounting i s  no longer rigid. Another approach i s  to use 
a separate, massive concrete block a s  a table on which to 
mount the device in any way desired. The block i s  suspended 
by resilient mounts. The natural vibration frequency of the 
block on its mounts should be made significantly lower than 
any frequency of interest in the test. (See also 6.2.2.4.) 

6.2.3.4 Peak Versus RMS o r  Average. Although a few appli- 
cations of vibration measurements reauire the use of the 
peak o r  peak-to-peak amplitude, m o s t ' e ~ ~ e r i m e n t e r s  specify 
these values only because they a r e  traditional. When vibra- 
tion signals a r e  analyzed to find the individual components, 
however, the r m s  or  rectified average values a re  more use- 
ful. This usefulness depends on two facts. First ,  r m s  com- 
ponent values can be summed on an energy basis to give the 
over-all r m s  value. For  many wave shapes this result i s  
also essentially true for the rectified average values. But 
the result of combinations of peak values of components can be 
misleading and confusing, particularly for coherent periodic 
signals, which are  relati.vely common in vibration work. The 
second fact is that if  the signal is random in amplitude dis- 
tribution, there i s  an additional inconsistency among peak 
values. As a result, i f  you measure a peak value of a vibra- 
tion signal, it i s  also wise to note the r m s  or  average value. 

6.2.4 CALIBRATION OF VIBRATION MEASUREMENT SYS- 
TEMS. In order to ensure that one can make satisfactory 
vibration measurements, the instruments used must be kept 
in proper operating condition. The vibration meter itself can 
be checked electrically very simply by the built-in calibration 
system, and the instrument should be checked at the s tar t  of a 
test, after the instrument has been on and allowed to stabilize 
for a few minutes. 

The vibration calibrator should also be used regularly to 
check the complete measurement system. If the acceleration 
produced by the calibrator reads between 340 and 430 r m s  
(or  950 to 1220, peak-to-peak) in / s2  on an electrically cali- 
brated vibration meter, there i s  reasonable assurance that the 
pickup and the meter a re  operating correctly. Lf the agree- 
ment is not satisfactory, one should f i r s t  check that the correct 
pickup for the vibration meter is being used, and that the 
internal reference dial in the meter i s  set  to the correct 
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pickup sensitivity. If these a r e  a l l  checked and agreement is 
s t i l l  unsatisfactorv. another ~ i c k u o  should be t r ied (with the 
internal reference" dial s e t  td its iominal sensitivity). The 
next s tep would be to have the pickup and the calibrator 
checked a t  the General Radio Company. 

Vibration pickups a r e  rugged and stable, but they can be 
damaged. Although a damaged pickup will ordinarily be de- 
tected by the check a t  100 Hz provided by the vibration cali- 
brator,  it is possible, but most unusual, for the sensitivity a t  
other frequencies f a r  from 100 Hz to be affected when that a t  
100 1x2 is not. Therefore, the frequency response of pickups 
should be verified periodically by calibration a t  the National 
Bureau of Standards o r  at  the General Radio Company. 

6.2.5 A SIMPLE TWO-PICKUP METHOD FOR DETERMINING 
THE ROTATIONAL VIBRATION OF IIOTATING MACHINERY.' 
When analysis of rotational vibration must be made on an 
existing installation and a torsional pickup cannot readily be 
used, the following technique may be useful. Two vibration 
pickups and a summing network a r e  required in  addition to 
the vibration meter.  One must assume that the engine behaves 
like a rigid mass  and that its center of gravity is equidistant 
f r om a l l  four mounting posts. 

A simple summing circuit is shown in Figure 6-11. The 
voltages e l  and e2 represent the output signals of two vibra- 
tion pickups, and the voltage eo represents the signal fed into 
the input of the vibration meter .  If the three  res i s to rs  R a r e  
equal, eo will be 113 (e l  + eZ). A practical arrangement of 
this circuit  is shown in Figure 6-12. Only two res i s to rs  a r e  
shown, since the third res i s to r  is in the input circuit of the 
vibration meter.  One pickup is 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 a t  position 1, one third of the out- 
put of pickup No. 1 is applied to the input of the vibration 
meter.  When S-1 is s e t  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 a t  position 3, one third of the sum of the outputs 
f rom the two pickups i s  applied to  the input of the vibration 
meter.  

Example: 
The top view of a typical engine and its mounting is outlined 

in F i ~ r e  6- 13. A and B represent  the forward eneine mounts 
while-c and D represent  t he  r e a r  engine mounts. with the two 
pickups (oriented for  vertical-displacement measurement) 

l ~ h i s  method was suggested by Mr. George Kamperman of 
Bolt, Beranek and Newman, Inc., Cambridge, Mass. He has 
used this technique on numerous occasions with gratifying 
resul ts .  



Figure 6 - 1 1 .  A s i m p l e  r e s i s t i v e  
summing c i r cu i t .  

Figure 6 - 1 2 .  A con- 
ven ien t  arrangement of I 

the summing c i r cu i t s  of 1 
Figure 6 -10 .  I I 
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mounted on the two forward engine mounting brackets, the 
translational o r  ver t ica l  amplitude is indicated on the vibra- 
tion mete r  when the output signals of the two pickups a r e  
summed. The rotational mode of vibration is canceled out. 
When the outputs of the two pickups a r e  summed 180' out of 
phase o r  subtracted, the rotational amplitude of vibration is 
indicated on the vibration meter  and the translational mode 
of vibration is canceled out. The gickup can be mounted 
upside down to shift the  output 180 to perform the subtraction 
of outputs, or ,  the pickup can be left in i t s  normal mounting 
position and the 180' shift in the phase of its output can be 
achieved with an electronic phase inverter .  By making the 
se t  of measurements outlined above on a l l  pai rs  of mounting 
brackets (A,B-C,D-B,C) the amplitude of any rotational o r  
rocking motion about the axes a-a '  o r  b-b' can easily be 
sor ted out f rom the direct  vert ical  o r  translational motion of 
the engine. 

.Figidre 6 - 1 3 .  o u t l i n e  of -- 
engine nnd mordnfing 
( t o p  v iero) .  

Q -- 
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NOISE AND VIBRATION CONTROL 

7.1 INTRODUCTION. 

When we want to reduce noise or  vibration, we usually be- 
gin hy measuring the spectrum of the noise or  vibration to 
obtain the quantitative information that i s  helpful in doing 
something about the problem. We compare the measured 
levels with the acceptable levels, which are  often estimated 
by use of one of the criteria given in Chapter 3.  The differ- 
ence between these two levels is then the reduction necessary. 

The next step is to find out how this reduction can be 
achieved most satisfactorily. A complete discussion of this 
problem is not possible in this handbook. But since many of 
those using this book a re  just beginning to work on noise and 
vibration problems, a few introductory statements on the sub- 
ject will be made. Useful information on this subject will be 
found in books on noise control and architectural acoustics, 
in books on mechanical vibrations, in some books on acous- 
t ics in general, in some articles in the Journal of the Acous- 
tical Society of America, and in articles in various trade 
journals. We shall discuss noise control first. 

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. 

7.2 NOISE CONTROL AT THE SOURCE. 

It i s  usually wise to see first  i f  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 a re  welded 
instead of riveted together. A source of different basic con- 
struction 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 partic- 
ular source at  hand might be modified, and this procedure 
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 am- 
plitude,~ and of the radiation of sound produced by the vibra- 
tion. We can separate this problem into three sections: 
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(1) Decrease the energy available for driving the vibrating 
system. 

( 2 )  Change the coupling between this energy and the acous- 
tical 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, struc- 
ture, and mounting) on the spectrum should also help in find- 
ing the important elements. 

The reduction of the vibration that produces noise is dis- 
cussed later in this chapter. 

Change in the coupling system frequently means the use of 
vibration isolation mounts. It may also mean decreased o r  
even increased stiffness in some members transmitting the 
vibration. Or it may mean better fastening of some parts to 
massive, rigid members. Resonant structures a re  often 
troublesome coupling members. The resonance may be in 
the mechanical structure o r  in an a i r  chamber. In either 
situation it i s  usually possible to shift the resonance by 
changes in the structure o r  to damp the resonance by adding 
absorbing material. Mufflers may be needed on exhaust o r  
intake systems. 

Changing the radiating structure often means nothing more 
than reducing the external surface areas of the vibrating parts 
a s  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 different time patterns. 
Large surfaces near the vibrating parts should also be avoided. 
since these surfaces may increase the radiating efficiency of 
the vibrating parts. 

Another possible way of modifying the source to improve 
the noise situation i s  to change the directivity pattern of the 
radiated sound. When streams of a i r  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. 

7.3 CONTROL OF T H E  P A T H  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 between source 
and listener. 

7.3.1 CHANGES IN POSITION. Increasing the distance be- 
tween the noise source and the listener i s  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 a r e  effective only in the region where 
approximately free-field conditions exist. 

7.3.2 CHANGE IN ENVIRONMENT. The most obvious change 
that can be made in a room to reduce the noise level i s  to add 
acoustical absorbing material. A wide variety of commercial 
acoustical materials is available. These materials a r e  often 
of great value in a noise reduction program, but the limita- 
tions of this treatment should be realized. These materials 
a re  mainly useful in the room where the noise originates, and 
there they help mainly to reduce the noise level at  some dis- 
tance from the source. But at  the same time not much reduc- 
tion is obtained at a distance of 2 feet, say, which is a common 
distance between a machine and the operator's ear .  

7.3.3 ATTENUATING STRUCTURES. A number of different 
types of attenuating structures a re  used for reducing the noise 
level fo r  the listener. One of these i s  an ear  defender, which 
may be an ea r  plug, waxed cotton, or  earmuffs. Others a re  
walls, barr iers ,  and total enclosures. Almost any degree of 
reduction of air-borne sound can be achieved by a total en- 
closure o r  a combination of several enclosures. But a s  the 
required attenuation increases so does the complexity, weight, 
and cost. In addition, great care must be taken that the atten- 
uation gained by the enclosure is not lost by sound transmis- 
sion through a ventilating duct o r  by solid-borne vibration. 
Because of this possible flanking transmission in ventilating 
systems, total enclosures frequently require carefully de- 
signed ventilating systems with ducts lined with absorbing 
material. These lined ducts a r e  essentially mufflers for the 
a i r  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 i s  usually satisfactory when it can be used. A total en- 
closure 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 barr ie r  i s  not a s  effective a s  a total enclosure. but it 
does help to shield high-frequency sound. Little attenuation 
of low-frequency sound is obtained unless the barr iers  a re  
very large, and the attenuation of high-frequency sound i s  
usually only a few decibels unless the opening that remains 
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is relatively small. Here, too. absorbing material should 
cover the barr ier  to avoid exaggerating the level by reflec- 
tions from the barrier. 

7.3.4 ZLLUSTRATIVE EXAMPLE. Zn order to illustrate the 
possible noise reduction achieved by use of vibration isola- 
tion, barriers, enclosures, and acoustic treatment, an ex- 
ample made up for t h e  purpose is shown in a serres of 
figures, Figures 7-1 to 7-8. We intend t o  show here only the  
general nature of the noise reduction obtainable as given by 
changes in t h e  octave-band spectrum and the  speeeh- 
interference level. Actual results wi l l  vary in detail, and 
situations do occur where the results differ materially from 
those shown because of factors not considered here. But, in 
general, t h e  noise reduction shown in t h e  figures can be 
considered typical. 

Figure 7- 1 shows the  octave-band analysis of the noise 
from the  assumed machine. The speech-interference level is 
also shown. Th i s  machine ia a noisy one with a spectrum that 
s h o w s  appreciable noise enek-gy all over t h e  audible range. 
AU the  noise measurements are assumed to be made in the  
relative posi t ion shown for the  microphone, designated M on 
the figures. 

The use  of vibration isolation mounts may be an important 
s tep  in noise  control. A s  shown in Figure 2 - 2 ,  the initla1 re- 
sult, however, is often only a moderate reduction of t he  low- 
frequency noise. The machine itself usually radiates mast of 
the high-frequency noise directly to  the alr, and the amount 
radiated by t h e  floor is small. A reduction in the vibration 
level at the floor only is then not important at  high frequen- 
cies. At low freq~encies,  however, the machine may be too 
small to  be effective in radiating saund, a n d  then t he  f loor  
may act as a sounding hoard 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 result is usually found when  
t h e  s t i f f n ~ s s  of  the mounting i s  of such  a value that some 
vibration mode is exaggera:ed by resonance, but resonance 
can  be avoided by proper  design of t h e  mounting. In t he  
illustrative example it is assumed t h a t  t h e  mounting is suf- 
ficiently sof t  that t h e  basic vibration yesonanre of the machine 
on t he  mounting system is below 20 Hz. In t h i s  particular 
example no significant change i n  t h e  speech-interference level 
is s h n w n  as a result  of the u s e  of vibration isolation mounts 
alone. 

The results shown in Figure 7-3 illustrate that a barrier 
is mainly effective at high frequencies, and there it produces 
only a moderate reduction i n  noise level, 

The novice in this  f ie ld sometimes assumes that the m a -  
terials used for  s m n d  absorption can also be used alone f o r  
sound isolation. Lf wre build an enclosure solely of these 
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materials mounted on a light framework, w e  would typically 
find the result shown in Figare 7-4,  M y  a t  high frequencies 
do we have a noticeable reduction in level, and even there it 
is a small reduction. 

A mare satisfactory enclosure i s  built of more massive 
and r i g i d  constructional materials. Assume that w e  enclose 
the machine by a well-sealed, heavy, plasterboard stsucture. 
Then  we might observe the result shown In F i g w e  '7-5. H e r e  
an appreciable reduction is obtained over the middle- and 
high-frequency range. The enclosure is net as effective as it 
might be, however, because t ~ c ~ o  important factors limit t h e  
reduction obtained, First, the vibration of t h e  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 w a l l s  of the enclosure ab- 
sorb only a small percentage of the sound e n e r p .  

The addition of a suitable ~ribratien isolation mounting wil l  
reduce t h e  noise transmitted by solid-borne vibration. This 
effect is i l lustrated in Fiffure 7-6. Here we see a noticeable 
improvement over most of  the  a u d i o  spectrum. 

When the  soand absorption wi th in  an enclosure is small, 
the noise energy f rom the machine produces a nigh level 
w i t h i n  the enclosure.  Then the attenuation of the enclosure 
operates from t h i s  initial high level. The level within the 
enclosure can  usually be reduced by the  addition of some 
sound-absorbing material wi th in  the enclosure, with the re - 
sult that the level outs id^ t h e  enclosure i s  also reduced. This 
effect is shown in Figure 7 -7, which should be compared with 
Figure 7 - 6 .  

Lf even more noise  reduction is required than t h a t  obtained 
by the one enclosure, a second, I ~ n e d ,  well-sealed enclosure 
can be built around the  first. The first enclosure is suppor ted  
within the  second on soft vibration mounts. Then a noise re- 
duction of the  magnitude shown in Figure 7-8 can be obtained, 

7.4 SUMMARY OF NOISE REDUCTION PROCEDURES. 

The approach to a noise reduction problem can be summed 
up as follows: 

I) Consider the source. 
Can a quieter machine be subst i tuted? 
Can t h e  noise energy be reduced? 
Can a useful  change be made in the directivity pattern? 
A r e  resilient mounts of anv USP here? 
Can a muffler be used? 

(2) Consider the  path from the source to the l istener.  
Can the  source or t h e  l istener b e  readily moved to 

reduce the level? 
Is acoustfc treatment a useful solution? 
Should barriers be erected 7 
Is a total enclosure rpquired? 



7.5 VIBRATION REDUCTION. 

The basic procedure for  vibration reduction will be des- 
cribed briefly. Many specialized techniques have been 
developed also, and a complete summary of these is imprac- 
t i c a l  here. More extensive information on vibration reduc- 
tion will be found in t h e  references. 

The appzwach lo reducing vibratiori i s  surrin~arized in Table 
7-1. 

TABLE 7-1 

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

I .  Change source o r  coupling to vibrational driving force. 

a. Reduce i t s  strength. 

b. Eliminate i t  by substitution, or otherwise. 

c. Isolate it ,  

d. Change its character, frequency (speed). 

2. Reduce response to  driving force. 

a. Insert isolating members, 

b. Damp vibrating elements. 

c. Detune resonant systems.  

d. Change mass. Increase mass of stationary elements 
or reduce mass of moving elements. 

e. Change stiffness. 

f. Add auxiliary mass damping or resonant absorbers. 

7.5.1 CHANGING THE DRIVING FORCE. XR ur-der. tu see how 
the dr iv ing  force can  be changed, i t is useful to review the 
many ways that a vibratory force is developed. Here there are 
two basic processes involved. Either mechanical energy of 
some type is coupled into mechanical vibratory energy by one 
or more methods, or energy in some other form is transformed 
into mechanical vibratory energy, as outlined in Table 7-2. 



TABLE 7-2 

Sources of vibrational forces and coupling systems: 

1. Mechanical 

Unbalanced rotating masses. 

Reciprocating masses. 

Fluctuattng mechanical forces or torques. 

Fluctuating lo ads.  

Fluctuating mass o r  stiffness. 

Poorly formed moving components. 

Mechanical looseness. 

Misalignment. 

2 .  Transformation from another form of energy. 

Varying  electrical f ie lds .  

Varying hydraulic forces 

Aerodynamic forces. 

Acoustic excitation. 

Varying thermal  conditions 

Sometimes the source of the vibratory force is readily 
apparent or well known from experience. At other times u s e  
of some measuring instruments can be invaluable in tracking 
down sources. 

Here are some examples: 

Stroboscopic observation of a cam and follower showed 
that above a certain speed the  follower did not remain i n  can- 
tact  with t h e  cam d u r i n g  certain parts of the cycle. When the 
cam periodically came lnto contact with the  follower after the 



Figure 7-9. Sequence o/ photographs shotus misbeJlaving cam 
dnd /ollower. The cam i s  totatiflg at 2000 rpm. T ~ P  photo- 
graphs were taken with sirobos copic illumination at dif/erent 
phases 01 the cam cyc le  to sbow the bouncing action when 
the cam sofares above a critical speed. 
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the gcnr  he[? trlith i fr  speed  n/ 5 rps  i n t r o r l t r c ~ s  a b o r i  of  ronzpenents 
r p c e d  ab0rc.t the main romponc-nt h~ r n u l t i p l r . ~  o( 5 F E T ~ I .  The ? 0 r q r 4 ~  
p r r l ~ n t i o n s  Jrom the IROO-rpm r ~ n r / v r > r r o u s  rnofrjr nnd t lw 120-Ifz mag- 
n r ~ i c n l l y  driuen r~ibmtion irr f l v  rnotvr a l s o  inrlwenct- !he s p ~ r f r r r m .  

period of separation, a s ~ r i o u s  impact occurred,  which re- 
sulted in e x c r s s i v e  vibrat ion a n d  noisrj, 

A frequency analysis of a vibration often s h o w s  u p  s t rong 
components whose frequencies can he  related to cer ta in  shaft 
speeds o r  gear-tooth meshing frequencies, and in th i s  way 
the  source can be tracked do-rrn. Sometimes,  however ,  the 
rclatlons a r e  not simple.  As  polnted out by L. S. 1 ~ i r t l  the 
gear-tooth meshing frequency may hr modulated at rates 
determined by shaft speeds, because of run out, and by the 
ra te  at which t h e  torsional loadine var ies .  

F o r  devices that  a r e  electr ically driven, s t rong vibrat ion 
components at frequencies t h a t  a r u  mult iples  of 120 Hz a r e  
good indications tha t  these vibrat ion components a r e  electro- 
magneticallv excited. Sometrmes one can checlc th i s  deduc- 
tion by monitoring the level  of s u c h  components, f i rs t  when 
the  device i s  operat ing normally, and then when t h e  e lec t r ic  
power is suddenly disconnected. Usual ly  the drlven devices 
will coast long enough so that t h e  rn~chan ica l  f o r c e s  w i l l  not 

'L. S. W i r t ,  " ~ n  Amplitude Modulation T h e o r y  f o r  G ~ a r -  
Induced Vibrations, ' *  Chapter 1 7  i n  MEr'lSURF=MENT ENGI- 
NEERING by P. K. Stein, Stein Engineerinq S e r v i c e s :  Tempe, 
Arizona, 1962.  



change rapidly even though the electrical forces are changed 
abruptly. 

When a device can be driven at varying speeds, the effect 
of changed speeds on the frequencies and amplitudes of t h e  
various important components can be an important clue in 
tracking down t h e  sources of those components. H ~ r e  the 
changes i n  shaft speeas  and mesh frequencies can be related 
to changing or steady frequencies. This  technique 1s particu- 
lar ly  helpful if the  relative speeds of some par ts  can be 
changed or  if a clutch can be used t o  deact ivate some sections. 

When the indication on the meter of a vibration meter or of 
a broad-band analyzer f luctuates  erratically over a range of 
2 to 1 ( 6  dB) or more,  the vibration is usually random i n  
character, a n d  the seurce is then probably t o  be found in some 

lence, p 
>bustion 
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rattle, friction-induced vibration, turbu ,oar ball bear- 
ings, gases or l iquids in motian, or con processes. 
The relative value nf  a peak and averag IR also serves 
to differentiate this type of vibration frc,,, .,,, i imple r  har- 
monic motion of rotating unbalanced masses .  For simple 
Barmafiit motion the peak value will be abbut 1 . 5  times the  
average value (and the peak-to-pcak, about 3 t imes).  For 
random signals the ra t io  is usually much higher,  that is 3 to 
4 times (or 6 to 8 t imes for  peak-to-peak). 

Listening by means of a pair of parphones to t h e  signal 
picked up by the  vibration pickup can be hr3lpful in determining 
the cause of a vibration, particularly i f  the source 1s defective 
ball  o r  ne i r ings  o r  air leaks, wl-i ' a rottgh quality edle be; 

nd, T ~ I  
Dr muff: 

lich FlVf 
.o a gna 
IS sound 

to the sou earphones should hav d pair of ear 
cushions I ; +.o keep out extraneou 

Once the  mechanism producing t h e  vibratory force is 
recognized, a review of t h e  possible mean,.; for reducing t h e  
force is in order .  Thus, balancing techniques can be applied, 
better gears o r  bearings can be subst i tuted,  p r o p e r  lubrica- 
tion can be applied, t h e  mechanical stru an be improved 
(for example by lightening the m o v ~ n g  rr ; a n d i n c r e a s -  
ing the weight  of stat ionary members), o r  liquid 
velocities can be reduced. 

~c tu re  c. 
lember: 
a n d  gas 

7.5.2 BALANCTXG ROTATING R'LPICHINERY. Unbalance i n  
rotating devices is one of t he  chief causes of excessive vibra-  
tion. This  single cause i s  so important  that  extensive discus- 
sions of it w i l l  be found in t he  books cited earlier in t h i s  
section. Some possible p r o c ~ d u s ~ s  for balanclnq a r e  also 
described there. 

Criteria f o r  balancirlg have been recommended by the  
Association of German Engineers  (VDI 2060 - October 19661, 
and some of t he i r  recommendations a r e  given in Figure 7-1 1. 
Their rating is i n  t e rms  of t he  unbalance In gram-millimeter-s 
divided by t h e  weight of the  rotor. This normalized unbalance 
for a given type of device 1s then required to be  inversely 
proportional to  t h e  sn to r  speed*. Subject to t h i s  requirement 



different degrees of unbalance are given quality numbers (Q) 
ranging from 0.4 to 1600. 

Ratary parts of rigidly mounted 4-cycle engines. 
Rotary parts of resiliently mounted sh ip  diesel engines. 

Rotary parts of rigidly mounted, high-speed 4-cyl- 
inder diesel  enginrs .  

100 
Rotary parts of rigidly mounted, high-speed diesels 

with 6 or more cylinders. 

40 
Rotary par ts  of resiliently mounted, high-speed 

4-cycle engines with 6 a r  more cylinders. 
Autowheels and rims. 

16 
Drive shaf t s  with special requirements. 
Parts of crushing and apicultul-al  machinery. 

" .., 
Centrifugal drums, blowers, flywheels, centrifugal 

pumps, machine a n d  machine-tool pa r t s ,  regular 
motor armatures ,  c ranksha  Rs with special 
requirements.  

- ." 
Rotors  of j e t  engines, steam and gas turbines,  blower 

turbines, turbogeneratoss; machjne tool dr ives ;  
medium and large motor armatures with special 
requirements, smal l  motor armatures ;  tu rh ine-  
d r i v e n  pumps. 

Tape rccnrder drums and h i - f i  turntables;  d r i v e s  
fo r  gr inders ,  small  motor a r m a t u r e s  with special 
requirements.  

High-precision grinding spindles  znd pulleys, gyros. 

* This requirement is equivalent to the  velocity amplitude 
of the  periodic motion of the center of gravity being constant. 
Again t h i s  requirement shows the practical sigmificance of 
rat ing in terms of velocity. 



E i ~ u r e  7-1 1 .  Chart 01 the relution between i b ~  unbalance and the 
rated qrrality nr~mbers  (YDI 2060-176 October 1966) .  



As shown by the listing of rotary devices the degree af 
balance required depends on the device and i t s  applications. 
Thus t h e  residual unbalance f o r  the rotor of a small electric 
motor running at 3600 rpm should be less than -004 oz -in./ 
pound of rator we;@. 

7.5.3 REDUCING RESPONSE TO DRIVING FORCE. A further 
important step in the process of vibration reduction is to re- 
duce the response to the driving force. Here, too, measure- 
ment techniques can be valuable in guiding the approach to 
reducing the response. For example, exploring for maxima 
in vibration level may shaw up resonant modes of vibrations 
of plates and other structural members. It can show where 
damping may be most effective or where resonant absorbers 
can be added. It may also show where detuning can be used. 

7.5.3.1 Resonance Effects. The phenomenon of resonant 
vibration occurs frequently;  for example, resonant vibration 
i s  essential to the oGratien of most musical instruments. 
The undesired resonances in some automobiles at certain 
speeds can be very annoying. 

The effects of resonant vibration in rotating machinery 
can be so serious that  t h e  d e s i ~  of these devices includes 
the calculation of the  critical speeds (resonant frequencies). 
These calculations are used to make certain that whenever 
possible, the  critical speeds are not included in the normal 
operating range of the device. 

The resonant or natural modes of vibration for many types 
of simple structures have been calculated. Some of these are 
beams, shafts, plates, and stretched wi r e s .  The  frequencies 
of the resonant modes depend, for example, on the shape. 
dimensions, stresses, mounting, and material  characteristics. 
T h e  frequencies can also be affected by coupling to other 
structures. 

The nature of resonance is readily i l lustrated by vibration 
of a table on which a mass i s  flexibly mounted with t h e  table 
driven at a constant amplitude but at different frequencies. At 
a certain critical frequency the motion of the mass wi l l  be 
greater than for  frequencies just slightly higher and slightly 
lower. T h i s  frequency at which a maximum i n  vibration 
occurs is a resonant frequency. E the structure being shaken 
i s  relatively complex, many such maxima can be observed. 
(It is often helpful to  use a stroboscopic technique to make 
this motion visible at a slowed-down rate.) Minima of motinn 
may also be due t e  resonances. 

In an actual operating device, resonant conditions may be 
obvious because of excessive noise or observed vibration at 
certain speeds. Exploring by means of a vibration pickup for  
the points at which vibration i s  much larger than for other  
places on the devlce will often locate the resonant elements. 
The resonances may be of the simple type where a mass is 



Figure 7-12. An ~ l e  clronir stroboscope armnged /or i r i ~ g e r -  
ing from a p h o t o ~ k c t r i c  jtictoJf wi th  of: adjttstahle delay. 
Tbese ins t rumen t s  were used lo obtain the photographs o/ 
I F P  cam and follower. 

mounted on a flexible support, or they may be of the plate- 
mode type where the mass and flexibility of a plate or sheet 
are in r e s o n a n c e  so that different parts of the plate are mov- 
ing differently. In this latter instance very complicated 
motions may result. 

Unless there is some significant dissipat ion of energy 
(damping) as the system vibrates, the resonant amplitude of 
motion may become very large even with a relatively small 
driving force. These large amplitudes must ordinarily be 
avoided. T h e  two principal ways of reducing these amplitudes 
are detuning and damping. If the driving force is at a rela- 
tively fixed frequency, it may be relatively easy to move  the 
frequency of resonance out of the operating range by a change 
of the resonant-element mass or stiffness o r  both. The use 
of damping devices or highly damped materials is the other 
important possibility. 

Many techniques for damping vibration have been developed. 
They include dashpots and other viscous absorbing systems, 
mastic coatings, sandwich-type dissipative materials, 
inherently dissipative plastics o r  metals, electromagnetic 
damping, frictional rubbing devices, and dynamic absorbers. 

Measurements of the vibration levels at various parts of 
the device under study can help to show where damping de- 
vices can be applied most effectively. Thus if a r e sonan t  
condition is to be damped, an analyzer tuned to the frequency 
of resonance should be used on the output of a pickup. Then 
when the measurements are made at different points on the 



vibrating device, only the vibration component at the resonant 
frequency will be observed s o  that the actual resonant maxima 
can be obtained without being obscured by high-amplitude low- 
frequency vibrations. When such measurements are made, 
the vibration pickup must be light in weight compared with 
the mass of the resonant element so that it does not appre- 
ciably detune the resonant system. Whenever possible 
stroboscopic observations should be made, since this can be 
done without affecting the vibration. 

A s  an  example of the effectiveness of damping in reducing 
resonant vibration, ~ u z i c k a ~  reports on an aluminum chassis 
for electronic modules that was giving trouble because of 
fatigue failures and incorrect operation because of the colli- 
sion of modules during resonant vibration of the chassis. 
The installation of stiffening plates made of visco-elastic- 
damped material  reduced the vibration amplification at the 
main resonant modes by factors of 3 to 4, and the vibration- 
caused problems were eliminated. 

Figure  7 - 1 3 .  S t ~ o h o s c o p i c  ohsc~zvz l ion  o,/ t bc  r n o l i o ~ ~  o/ pnrts 
i n  an e l e c t r o n i c  instrument w / ~ i l e  i t  is be in^ s f inken .  

2 ~ .  E . Ruzicka, " ~ i b r a t i o n  Control: Applications, I"  

ELECTRO-TECHNOLOGY, Vol. 7 3 ,  No. 1, January, 1964, 
pp. 75-82. 



7.5.3.2 Oscillating Conditions. In most instances resonance is 
exhibited when the  natural-mode fresuency of a vibrating 
member coincides with, or is very ciose io, one of the  cornpa- 
nent f r equenc ie s  of the driving force. Certain unstable systems, 
however, do not require this coincidence when the conditions 
make the system self-escilhtory. They require what I s  es- 
sentially a reasonably steady driving force. Galloping trans- 
mission lines and some forms of machine-tool chatter, elec- 
trical brush squeal and automobile shimmy are examples of 
this type of excitation. 

The galloping and torsional oscillations in some suspension 
bridges are aerodynamically induced forms of vibration. Such 
torsional oscillations destroyed the first Tacoma Narrows 
Bridge on November 7, 1940. The proper aerodynamic des ign  
of such a structure can  essentially eliminate t h i s  vibratfon3. 

The Mackinac Bridge as a matter of fact is a classic ex- 
ample of the possible tremendous value that can accrue f rom 
careful control of vibration. In its design the vibratory driv-  
ing force produced by wind was made essentially zero by the 
particular open structure used. This new design also made 
possible great savings in the structure. As an additional pre-  
caution the deck openings and roadway are arranged to damp 
any vibration that may occur. 

T.S ,3 .3  Variation of  Parameters. In any of these  procedures 
for trac-blbratlones, it is often helpful to 
change so& element, for  example the mass, and observe how 
the change affects the vibration levels. This technique can be 
classed as the method of variation of parameters. In  o ther  
words,  change things and  see what: happens. The way of "see- 
ing'' IS, of course, to use  measurements that will  give a good 
basis for j u d s n g  what has changed and b;y how much. In gen- 
eral, one follows a logical guessing procedure. The results 
of the  experiments help one to eliminate o r  confirm the vari- 
ous possible sources of vibration effects. 

7.5.4 VIBRATION ISOLATION. The reduction of t h e  e f fec ts  of 
vibration by isolation is widely used4. This isolation technique 
- 

Steinman, '"e Design of the Mackfnac Bridge for 
A xmic Stability, JOURKAL OF THE PRAN'KLIK INSTI- 
Z u A L, v'ol. 262, No. 6, December, 1956, pp. 453 -468 .  

4 ~ .  E. Crede, VIBRATION AND SHOCK ISOLATION, John 
Wiley: New York. 1951. 

J. P. Den Hartog, MECHANICAL VmRAmON, McGraw- 
Hill: New Ynrk,,, i956. 

I. Vigness, Vibration Isolation,'' PHYSICS TODAY, Vol. 
18, No. 7, July, 1965, pp, 42-48. 

SAE Committee G-5: Aerospace Shock and Vibration, 
DESIGN OF VIBRATION ISOLkTLOTV SYSTEMS, Society of 
Automotive Engineers: New York, 1962. 



is usually illustrated with a vibrating device mounted on a 
foundation by means of soft springs or other resilient devices. 
If the isolation system i s  properly designed, the vibratory 
force transmitted to  the foundation will be less when the springs 
are used than when the device is clamped directly to a founda- 
tion. The device itself, however, wLU ordinarily vibrate with a 
greater amplitude when mounted on a soft mount. Thus it is 
essential to realize that  t h e  isolation is working in only one 
direction, tha t  is, the original source of vibratory force is 
not reduced by this isolation. Of course, if the foundation is 
vibrating as a result  of some other driving f o ~ c e ,  one can re- 
duce the effects of t h e  vibration on a device by suspending it 
on a suitable soft mount. Some scientific ins t ruments  must 
be isolated i n  this way f rom build in^ vibrations in order  to 
operate satisfactorily. 

Many commercial vibration isolators, or shock mounts, 
are available, and the manufacturers of these mounts usually 
suppLy information for their  proper use. It is most important 
in applying isolators to avoid having the natural frequency of 
the mass of the device and the resilient suspension be near ly  
the same as the frequency of the driving force. When such a 
condition occurs, the transmitted vibration may be greater 
with the use of isolators than without. A frequency analysis 
of the  vibration, which gives t he  component frequencies of 
the driving force, and a knowledge of t he  mechanical constants 
should make it possible to avoid t h i s  simple resonance effect. 

Supports should be located to avoid cross covpling from 
one mode of vibration to  another. Such a requirement o r d i -  
narily means that  the l ine  of action of the support should pass 
through the  center of gsavity of the device being supported. 

The foundation, t he  isolating suspension system, and the 
supported structure wil l  have, individually and i n  combination, 
resonant modes at frequencies higher than the first natural. 
resonance. Sometimes these h igher  modes cause trouble, 
because the isolation is reduced from that normally ex- 
pected5. 

The usual commercial vibration isolators include suf- 
ficient damping so that effects of the higher o rder  reson- 
ances in t he  isolator are not serious. But the  isolation is 
usually significantly less at high frequencies than one would 
expect on the basis of the simple idea of a weight supported 
on a spring. 

Torsional vibration is isolated by the use of flexible coup- 
lings, flexible shaf t s ,  and belts. These, toe, include some 
damping, and they also introduce resonant modes of torsional 
vibration in conjunction with the rotational inertia of t h e  
coupled s ystern. 

5 ~ .  Plunkett, "Interaction Between a Vibratory Machine 
and Its Foundation, I f  NOEE CONTROL, Vol. 4, No. 1, 
January, 1958, pp. 18-22,  



Multiple isolators need careful design in order to be effec- 
tive. When two isolator units are used in cascade, serious 
effects tha t  interfere with satisfactory isolation may occur6. 

7 -5.5 MAINTENANCE. When maintenance of proper perform- 
ance or acceptable noise and vibration Levels is the goal, 
symptoms are used as a guide to discover t he  source of any 
trouble that may develop and to decide on the remedy. Before 
these symptoms are reviewed, it is also helpful to keep in 
mind the many ways that  machine performance is affected by 
changes that occur with time. A systematic classification of 
the sources of these changes should serve to point up the many 
possibilities that exist (see Table 7 - 3 ) .  

The changes in machinery tha t  produce changes in vibra- 
tion level are countless, and they include or are  a result  of 
t h e  following: 

1. Wear 
2.  Erosion 
3. Corrosion 
4. Aging 

Curing 
Csystalization and fatigue 
Solidifying of grease or packing 
Loss of adhesion or bonding 

5. Inelastic behavior 
Parts stressed out of shape 
Bent parts 
Increased tolerances 

6. Loosening of fastenings 
7, Broken or damaged parts 
8. Incorrect or inadequate lubrication 
9. Foreign matter 

Di r t ,  chips, dust, grit 
Contaminants 
Humidity 
lee accumulation 
Paint and other finishes 

10. Environmental changes 
Temperature 
Humidity 
Pressure 

1 I.  Chemical changes in materials 

6 ~ .  Skudrzyk, '"eory of Noise and Vibration Insulation of 
a System with Many Resonances," JOURNAL OF THE ACOUS- 
TICAL SOCIETY. OF AMERICA, Vol. 31, No. 1, January, 1959, 
pp. 68-74. 



The existence of a vibration problem m a y  be first noticed 
in a routine survey of the vibration levels on the machines in 
a plant, or it may become evident the performance of a 
machine may be obviously not so good as it should be. In 
either situation the usual first s tep  in tracking down the trouble 
is to locate the point or area where the vibration level is the 
highest. Inspection at th i s  point may show the real  source of 
t he  trouble. It is important t o  remember, however, that vi- 
bration is transmitted very readily by metal, and occasionally 
the point at which the trouble is best corrected i s  some dis-  
tance from t h e  point of maximum vibration. 

The next s t ep  in the search is often a study of  the charac- 
ter of the vibration signal, that is, the dominant frequency 
(low o r  high), whether it i s  a tone, random in nature (a rough, 
ru sh ing  or roaring noise i n  the earphones  at the output of a 
vibration meter), or an impact-type vibration. 

T h e  measurement of displacement tends to emphasize low- 
frequency vibration, and acceleration emphasizes high-fre- 
quency vibration. Thus a vibration meter that can measure 
both these quantities in addition to velocity is helpful in 
diagnosis. When high-frequency vibration or impact vibra- 
tion is significant, l is tening to the  character of the  vibration 
signal can often provide an additional clue. For example, 
poor ball bearings have a characteristic rough tone that may 
wax and wane. 

The na ture  of t he  vibration can be classified into thsee 
broad classes with a host of possible fau l t s .  By t h e  use of the 
position informatit he POSS vtinent faults listed in 
t h e  followrng class n, one r ~ b l e  to track down the 
speclfic fault in a ase. Or :t only a f e w  possi- 
bilities need to be considered and a process of elimination 
used. F o r  a specific machine, the following list, if not per- 
t inent,  at least ,  may s u g ~ e s t  the possihilitles that musl be 
considered. 
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TABLE 7-4 

Vibration Characterist ics and Their Causes 

Low-frequency vibration (frequency of order  of shaft or belt 
speeds) 

Unbalanced rotor (worn,  eroded, broken, o r  corroded pa r t s )  
Misalignment (induces significant axial vibration) 
Eccentric shafts 
Slipping clutches 
M ~ c h a  n i c a l  lonseness 
Loasc foundation bolts 
Oil ~t~hir-1 or whip I1 12 or less t imes shaft  speed)  
W o r n  belts 
Belts and pulleys out  of adjustment 



TABLE 7 -4  (Continued) 

Aerodynamically driven galloping and twisting 
Changed reciprocating elements tha t  introduce added 

torsional vibration. 

High-frequency vibration 

Defective bearings (random or rough vibration) 
Inadequate lubrication 
Poor gears 
Slipping clutches 
Rubbing o r  binding parts 
Ai r  leaks 
Hydraulic leaks 

Impact vibration and rattles 

Parts colliding 
Broken or Loose pieces 
Electromagnetically driven loose pieces 
Water hammer 
Surge 

In addition to position, frequency, and charater of the vi- 
hration, timing may also furnish an important c lue  to the  
nature of the difficulty. Here, stroboscopict observation with 
a photoelectric pickoff to trigger the strobascope can be  
helpful, as illustrated by the  cam and follower study pre- 
viously mentioned. 

W h e n  stroboscopic observation is not possible, the vibration 
signal may be observed on an oscilLoscope with timing supplied 
by the photoelectric pickoff. 

7 -5  -6 CONCLUSION. Finally, all vibration problems should be 
approached to see first i f  a common-sense, simple, quick 
solution is available. For example, the whole device that i s  
causing the trouble may be avoided by the use  of a totally dif- 
ferent kind of device. But i f  a simple solution is not obvious, 
t h e  quantitative results of measurements are  often essential 
elements in the  efficient analysis  and solutlon of the  problem. 
As various control procedures are used, vibration measure- 
ments can show the progress being made and when the attack 
on the  vibration problem must be shifted from one form or 
place to another. 



chapter 8 

SOME CASE HISTORIES 

In order to illustrate some of the procedures given i n  this 
book, we shall describe in this chapter how some industrial 
noise problems might be handled. They a r e  taken from actual 
experience, and whe re  instruments are mentioned, t h e  latest 
equipment i s  named, although some of the instruments actually 
used were earlier models. The principles and techniques 
illustrated remain u n c h a n ~ e d ,  and the  slight departure from 
authenticity is made up for. by t h e  greater usefulness of  refer- 
ence to  a current instrument.  

8.1 NOISE FROM A N  AIR COMPRESSOR. 

Engineers in a group of offices w e r e  annoyed by an intense 
low-frequency noise whenever  an air compressor in another 
part of t h e  same building was running. The noise  was most 
intense when t h e  office windows w e r e  open; the  air intake for 
the compressor was about 50 feel  away on the near side of 
the  building. Fur thermore ,  t he  noise level varied markedly 
in the office; that is, in the middle nf the offlce the nmse was 
hardly noticeable, but near the windows or the door on the 
opposite wall t h e  noise was loudest. T h i ~  standing-wave 
pattern was confirmed by a quick check on a sound-level 
meter, with weighting control in the flat position, t o  shew that 
the  maxima w e r e  about 162 inches apart. When the  windows 
were closed, the  maxima were net obvious because of o t h e r  
background noises. With one o r  more windows open, the pat- 
t e r n  was relatively unaffected by opening o r  closing the door. 

The obvious explanation of t h i s  behavlor was that the pulses 
produced at the  a i r  intake w e r e  propagated through t h e  win- 
dows and excited a resonant mode of t h e  office. Rut one af 
the  engineers suggested that  the result might be produced in 
a different fashion.  He suggested that the dr iv ing  force could 
be a vibration transmitted through the bullding and tha t  the 
windows needed to be open in o rder  for the  room resonance to 
coincide with the frequency of t h e  dr iv ing  force.  (He admitted 
t h i s  explanation was far fetched.) 

In order to decide what  to do about t h e  problem, some 
simple measurements w e r e  made. Since the annoying noise 
was low in frequency, it was decided to u s e  the combination of 
a Type 1560-P40K Preamplifier and Microphone Set driving a 
Type 1 5 6 4 - 6  Sound and Vibrat ion Analyzer .  which could mea- 
su r e  noise components at frequencies as low as 2.5 Hz. A 
Type 1562-A Sound-Level Calibrator was  used to set the level 



controls. The microphone was set up at one of the maximum 
level points near the door, and the third-octave analysis shown 
in Figure  8-1 was obtained. The s t rong components near 16 
and 40 Hz were remeasured with the  11 10-octave bandwidth 
to  be actually a t  14 and 37 Hz. The s t rong component at 37 Hz 
appeared to be the major offending noise. 

A Type 1560-P52 Vibration Pickup was  connected to the 
Type 1564-A. This combination was calibrated by means of a 
Type 1557-A Vibration Calibrator. Then some exploration of 
the office floor fo r  a 37 Hz component indicated nothing 
significant. An analysis of the vibration of the pump struc- 
tu re  produced the resul t  shown in Figure 8-2. These measure- 
ments satisfied the one engineer tha t  his  explanation based  Dn 
vibration was probably incorrect .  

Since the  37-Hz component was so  dominant. it could be 
a s s e s s e d  as a pure-tone. The equal-loudness contours of 
Figure 3-3  indicated that its loudness level was about 70 
phons. Although the rat ing procedures of Chapter 3 apply 
generally to broad-band noise. i t  is obvious from those ra t -  
ings that a significant drop in level  for this very loud tone 
would be necessary  in o r d e r  to make it acceptable. If it could 
be lowered to 40 phons, it would probably be unobjectionable. 
This drop would require  a decrease  in sound-pressure level  
to 70 dB. 

Many possibilities f o r  correcting the annoying condition 
were considered, for  example, changes in t he  offices s o  tha t  
they would not resonate a t  the troublesome frequency, a 
change in compressor  speed, and rerouting of the a i r  intake. 
The solution adopted was to add a pneumatic filter to the a i r  
intake. With the data on the  significant components a t  hand, 
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it w a s  easy to design a proper filter. Thlrty feet of pipe was 
already being used from the  a i r  intake to the compressor, and 
calculations showed that i t  could form part  of t h e  filter. An 
air tank was added at t h e  center of this pipe, and t h e  no i s e  
was so reduced that it was no longer troublesome. The noise 
analysis in the office after th i s  change is shown in F i e r e  8-3. 

8.2 BRAIDING-MACHINE NOISE. 

When a manufacturer introduced a process of putting a 
braided nylon sheath around a cable of wires,  t h e  employees 
in the vicinity of the braiding machine complained about the 
noise it made. In common with other machines of t h i s  type, 
t h i s  was a broad-band noise source, and the obvious instru- 
ment to use was an octave-band analyzer. 

The Type 1558-BP Octave-Band Noise Ana'lver with a 
Type 1560-P6 Microphone Assembly was calibrated with a 
Type 1562 Sound-Level Calibrator. This  equipment was used 
to analyze t h e  noise at a number of places around the machine. 
Some of the results are shown in Figure 8-4. 

A study of the machine indicated that i t  urould be very diffi- 
cult to modify it to  reduce the level at the operators%arrs 
without reducing the production rate. It was decided there- 
fore to supply protective earmuffs for the operators, since 
t he  levels were  in t h e  hazardous reqtons. T n  protect the  other 
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workers, the machine was I separate room heavily 
treated wi th  acoustical ti: ddition, to avoid troubles 
from open windows in the pr bypassing the wall barriers, 
the room was a l r - cond i t i~ , ,=~ .  .'he air conditioning made i t 
unnecessary to open the windows, and it made it possible to  
wear the earmuffs with comfort even in the summer. 

8.3 REDUCTION OF FLUTTER IN 

Measurements of the flutter (. ns in tape speed) of a 
tape recorder showed strong conapu~l~llas at 15, 30, and 7 5  Hz 
and other minor components. Although i t  was expected that 
eccentricities in t h e  drive produced some of this flutter, a 
check on the effects of vibration was made. 

A Type 1560-P54 Vibration Pickup was mounted on t h e  
tape deck and ~ 0 ~ e c t e d  through a Type 15.60-P40 Preampli- 
fier to a Type 1564-A Sound and Vibration Analyzer. The  
analyzed vibration showed strong components at 30 and 7 5  Hz, 
but very little a t  15 H z .  The 30 fiz component corresponded 
to t h e  motor speed .  Although the motor and attached fly- 
wheel had been balanced before being mounted, the vibration 
was easily reduced by rebalancing of these in place. After 
balancing, the flutter component at 30 Hz was negligible, and 
the 7 5  Hz component was markedly reduced also. 
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The 15 Hz component corresponded to the capstan speed, 
and it was the largest remaining component. The fact that  
there was no appreciable vibration at t h i s  frequency seemed 
surprising at first. The flutter could be reduced significantly 
by the placing of eccentric weights on the capstan flywheel; 
but then the vibration of the tape deck increased markedly at 
15 Hz. Obviously, t h i s  f l u t t e r  component was caused by ec- 
centricity in the capstan, and the vibration introduced was 
canceling the effects of eccentricity. 

Measurements at the capstan bearing showed that the vi- 
bration at 75 Hz was a maximum there. What  was happening 
here, apparently, was that the capstan flywheel and shaft 
structure had a vibration resonance at 7 5  Hz that was excited 
either by the fifth harmonic of the  capstan rotation frequency 
or, more likely, by a combination of a multiple of the motor 
rotation frequency and the capstan rotation frequency. Be- 
cause of the resonance, very little energy was required to  
produce a significant vibration. This  mode could b e  reduced 
significantly by a change in the  resonant f requency,  bu t  the 
balancing of t he  motor and flywheel had already reduced it so 
that the 15 Hz component was t h e  only significant one remain- 
ing. 

8.4 A N  OIL-PUMP PROBLEM. 

An oil pump, used in a production setup to supply oil at  
high pressure to a number of hydraulic presses, w a s  so noisy 
that the  workmen objected to  using it. This pump had been 
installed to speed  u p  production with new presses, but t he  men 
preferred to use an earlier production me-thod 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 objec- 
tionable. 

In t h i s  example, it was assumed that the pump i tse l f  could 
not be modified to  reduce the noise, slnce correcting basic 
design faults would be a major problem. Errors  in alignment 
or looseness of mounting, as the source of the high noise 
levels, however, should be taken into consideration. On that 
basis, t h e  apparent  procedure was to investigate these  possi- 
bilities, t o  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 t ake  to the fac- 
tory: 

Type 1562-A Sound-Level Calibrator. 
Type 1558-A Octave Band Noise Analyzer with Type 1560- 

P6 Microphone. 
Type 1568-A Wave Analyzer. 
Type 1560-PI 1B Vibration Pickup System, comprising 
'Type 1560-PSZ Vibration Pickup a n d  Type 1560-P2 13 



Control Box. 
Pair of high-f idelity earphones. 
Ztva sponge -rubber pads. 

Before going to the factory each in~ t rurnen t  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 neisp factory where service facili- 
ties are limited. The procedure was as f ~ l l o w s :  

1. AU equipment was turned on. 
2. Batteries were checked. 
3.  The analyzers were calibrated by means of their own 

built-in calibration circuits. 
4. A Type 1562 Sound-Level Calibratar was used to check 

the calibration of the  octave-band anal+yzer. 

The instruments were  taken in an automobile to the factory, 
where they were loaded on a rubber-tired ca r t  and taken to  
t h e  noisy pump on the ground floor. Incidentally, this type ef 
car t  is a convenient support for  instruments during measure- 
ments. At the pump, the obvious data were recorded. It was 
rated at 5 gallons per minute at 3000 psi, and i t  was 6 inches 
long and 5 112 inches in diameter with seven knobs projecting 
from the outer cylinder. These knobs apparently corresponded 
t o  t h e  seven cams of the pump. The pump was driven through 
a three-pronged flexible coupling by a 10-hp, 60 Hz, 1730-rpm 
induction motor. T h i s  motor was air-cooled. The oil s to r -  
age and heat exchanger tank was about 25 inches long and 15 
inches in diameter. These three main items, the pump, the 
motor, and the tank, as wel l  as a mounting board, some gages 
and a line switch, were mounted on a 33-inch-square, heavy, 
steel base. Steel I-beams were welded underneath as a part 
of this base and these were  securely bolted t o  the floor, which 
was a reinforced cement slab. Four heaty, brass, pipe lines 
were connected to the storage tank. Two of these were for 
water cooling, and the other two were  f o r  t h e  oil. These 
lines ran directly to t he  heavy masonry wall nearby, and they 
were securely anchored in many places to the wall  as they 
ran to the different presses. 

The factory itself was of heavy reinforced concrete con- 
struction with nb acoustical treatment. Numerous small m a -  
chines, benches, storage racks, cartons, and ether items 
were arranged in orderly fashion throughout the large fac- 
tory space where t h i s  pump was located. 

When the pump was turned on, it was clear why the men 
complained. It was very noisy. There were no obvious rat- 
tles from loose pieces, however, and there  seemed to be no 
mounting troubles. T h e  floor did not seem to be transmitting 
vibration. and this conclusion was verified later. The vibra- 
tion in t h e  oil l ~ n e s  could be felt by touch, but they did not 



seem to be an important source of noise. For exampIe, a 
check using Octave-Band Analyzer in the All-Pass position 
carried along near the  lines showed that the noise level  
dropped noticeably a s  one went away f romthe  pump. The  
units mounted on the steel f rame appeared to be t h e  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 octave-band analyzer. 
A s  expected, th&e was no obvious d i rec t ional  pattern. 

The first measurement was made close to the pump. The 
microphone, only 16 inches from t h e  pump shaft was on the 
octave-band anaiyzer, which in turn  was set on an empty 
cardboard packing case on the concrete noor. Th i s  first 
position was selected at t h i s  point to make certain that the 
background noise from other machines would not obscure 
any significant components. 

Wit11 the pump tu rned  on, the output from the  analyzer was 
monitored by the pair of earphones. Listening t o  the output 
of the  various bands showed that  the noise i n  the 600 to  1700 
and 1200 to  2400 Hz bands was the dominating par t  of  the 
annoying, loud noise heard from the machine. 

The complete a3alysis was made at t h i s  point as shown in 
the data sheet of Figure 8 - 5 .  Then the pump was turned nff, 
a n d  t h e  background noise was analyzed,  In all frequency 
bands but the lowest (20 -75  Hz), t h i s  b a c k p o u n d  noise was so 
low that  i t  could be neglected. It w a s  obvious from t h i s  
analysis that  most of the noise uras in the range from 150 to 
2400 Hz. 

There were na apparent characteristic, pitched sounds in 
the noise heard from the  machine, but it could b e  expected 
that some would be present. Just to make sure tha t  nothing 
important would be overlooked, a n  analysis of the noise was 
also made with the Tvpe 1568-A Wave Analyzer on the  output 
of the  octave-band aialyzer. The only discrete components 
(definite peaks in response a s  t h e  analyzer was tuned) that  
were  observed are  l i s ted  on the  data sheet. Of these com- 
ponents, the  one at 205 Hz was t he  basic pumping rate of 
seven times the ratational speed. A comparison of the levels 
from this  analysis with that  in octave-bands s h o w ~ d  that most 
of the energy in the  range from 150 to  600 Hz was from dis-  
crete components, but above that  t h e  noise i v ~ T a ~  generally 
unpitched. 

The next step was to use a vibratien tes t  to find out if  the 
mounting was satisfactory.  The  vibrat ion pickup and control 
box were  connected to  the  octave-hand analyzer. Exploration 
with the pickup and the analyzer showed  the follow in^ behavior. 
The pump itself was vibratinff most  strongly; the high-fre-  
quency components and t h e  low-frequency ones were all 
present .  The driving motor was  not: vibia:ing ser ious ly .  The 
storage tank vibrated most  strongly at l o w  f requenc~es .  A s  



Figure 8-5.  Frequency d n a l y s k  o/ the noise poduced hy a pump. 
LerleJs measuted with the octave-hand onoIyzer Q f P  shown together 
ruiih compcmentr measured on the T y p e  1568-A Watw Analyzer. Back- 
ground band levels are s b o u ~ n  by  horizontal dashed l ines;  solid Irori- 
xonral lines represent pump noise plus background. 

the probe was moved about t h e  mounting base toward the con- 
crete floor t h e  amplitude of motion decreased. At  the floor 
the motion was inslgnificant. This vibration test confirmed 
that the mounting was not faulty. 

The final measurements were octave-band analyses at a 
number af points 5 feet from the pump and one point 12 feet 
away. The sesults of these analyses are shown in the data 
sheet of Figure 8-6. 

The nearest workmen were about 7 feet from the pump, so 
that the levels at 5 feet were nearly representative of the con- 
ditions they encountered. A comparison of the levels from 
the pump with the background data and with t he  speech-inter- 
ference criteria given in Chapter 8 indicated that  a 20-dB 
reduction in noise level in the bands from 300 to 2400 Hz 
would have been des irable. 

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 produces less noise as a byproduct. 

Another  possible solution i s  to enclose the whole pump in a 
t ight housing with lined ducts for air ventilation. The housing 
should be treated on the inside with acoustic absorbing ma- 
terials. 

A third solution i s  to move the pump to another location 
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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 prob- 
lems, was not adopted here because of the y e d  for cornmuni- 
cations and the reluctance of personnel to  wear such devices 
except as a last resort. 

What had been accomplished by these measurements? 
First, they had ruled out the possibility of a simple solutian, 
such as isolating the whole structure by vibration mounts, 
putting flexible couplings in the pipe lines, o r  using acoustic 
baffles. Second, they provided the data needed for  a pre- 
liminary design of a housing, so that its probable cost could 
be weighed against other possible solutions. Zn short, these 
measurements provided the necessary data for a decision by 
management. 
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extends these measurements 
to 20 kHz. 
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8.5 S U M M A R I E S  O F  S O M E  E X A M P L E S  F R O M  T H E  L I T E R A T U R E .  

As a n  example of vibration isolation, Miller and IIyer1 
repor t  t e s t s  on the vibration levels induced in a concrete 
floor by a printing p ress .  When used with 114-inch cork 
mounting, t h e  p r e s s  produced such high vibration levels in a 
concrete floor that the noise in the engineering offices below 

'L. N. Miller and I. Dyer, "printing Machine   sol at ion," 
NOISE CONTROL, Vol. 4, No. 4, July, 1958, pp. 21-23. 



was excessive. Replacement of these mounts by a much 
thicker felt mount reduced the  vibration ampli tudes in the 
floor ta about 11 10 the previous values in the  impol-tant fre- 
quency range of 7'5 to  600 Hz. 

A s  an example of detection of resonant modes o f  vibration, 
Austen and ~ s i e d e z  found excessive vibration of t h e  valve 
cover and the timing cover of a Diesel engine, They found, by 
exploring with a vibration pickup and by making a narrow- 
band analysis of the vibration signal, that the valve cover was 
vibrating strongly at 9150 Hz, while the timing cover had 
strong components of  vibration at 760, 1350, and 2800 Hz. 
Replacing the  cast aluminum covers by "deadened" covers 
eliminated this excessive vibration, 

J?einberg3 a n a l p e a  an in te~es t ing  example af a gyrocom- 
pass mounted in a conventional vibration isolation system. 
The performance of t h e  gyrocompass was unsatisfactory 
when subjected to vibration in the frequency range from 220 
to  350 Hz. The criterion for acceptable vibration levels was 
determined by vibrating the gyrocompass as a function of 
frequency and observing the level at which the performance 
became unacceptable. This vibratfnn tolerance showed a 
minimum of 2 crnls.2 r m s  (66 dB r e  10'5 m/s2  rms) in t he  
frequency range from 240 to  350 Kz. In o r d e r  to achieve t h e  
required low vibration level In this frequency range a tuned 
two-degrees-of-freedom filter was designed. Compared to  
t h e  original simple isolation system, the resulting vibration 
levels at frequencies belowr 150 Hz w e r e  generally higher, but 
the cri terion level was  not exceeded, and the levels in t h e  
sensitive region from 240 to  350 Hz were, with the new s y s -  
tem, sufficiently low that t he  criterion was satisfied every- 
where.  

-- 

2 ~ .  E. W. Austen and T. Priede, "'Origins of Diesel  Engine 
~ o i s e , "  PPROCEEDlNGS OF THE SYMPOSIUM ON ENGINE 
NOISE AND NOISE SUPPRESSJON, London, Xnstitutian of 
Mechanical Eng-lneers, 24 October 1958, pp. 19-32. 

3 ~ .  Feinberg, "New Methods Simplify Analysis of Vibration- 
Isolation Systems,'"art I, MACHINE DESIGN, Vol. 37, No. 
18, August 5, 1965, pp. 142-149. 
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appendix I 

DECIBEL CONVERSION TABLES 

It i s  convenient in measurements and calculations to use  a 
unit for expressing a logarithmic function of electric o r  
acoustic power ratios. The decibel (11 10th of the bel) on the 
briggsian o r  base- 10 scale i m m o s t  universal use for  this 
purpose. 

Table I and Table I1 on the following pages have been pre- 
pared to facilitate making conversions in either direction 
between the number of decibels and the corresponding power 
and pressure ratios. 

Decibel - The number of decibels N ~ B  corresponding to 
the ratio between two amounts of power L i r l  and W2 is 

w1 
NdB = 10 log10 (1) 

When two pressures P1 and P2 operate in the same o r  
equal impedances. 

1 NdB = 20 logl0 (2) 
2 

T O  FIND VALUES OUTSIDE THE RANGE OF 
CONVERSION TABLES 

Values outside the range of either Table I o r  Table I1 on the 
following pages can be readily found with the help of the follow- 
ing simple rules; 

TABLE I: DECIBELS T O  PRESSURE AND POWER RATIOS 

Number of decibels positive (+): Subtract +20 decibels 
successively from the given number of decibels until the r e -  
mainder falls within range of Table I. To find the pressure 
ratio, multiply the corresponding value from the right-hand 
-age-ratio column by 10 for each time you subtracted 20 
dB. To find the power ratio, multiply the corresponding 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 d B  - 20 dB = 9.2 dB 
Pressure ratio: 9.2 dB - 

2.884 x 10 x 10 = 288.4 
Power ratio: 9.2 dB - 

8.318 x 100 x 100 = 83180 

Number of decibels negative (-): Add +20 decibels succes- 
sivelv to the  Aven number of decibels until the sum falls with- 
in th; range OYf Table I. For the pressure ratio, divide the 
value from the left-hand pressure-ratio column by 10 fo r  each 
time you added 20 dB.  or t h e  power ratio, divided the value 
from the left-hand power-ratio column hy 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 I / 10 x 11 10 = -003467 
Power ratio: -9.2 dB - 

.I202 x 11 100 x 11 100 - .0000 1202 

TABLE 1I: PRESSURE RATIOS TO DECIBELS 

For  ratios smaller than those in table - Multiply the given 
ratio by LO 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: Presaure ratio = ,0131 
.Dl31 x 10 x 10 = 1.31 
From Table 11. 1.31 
2.34 dB - 20 dB - 20 d B  = -33 .66  dl3 

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 t ime  you divided by 10. 

Example - Given: Pressure ratio = 712 
712 x 1/10 x 1/10 = 3.12 
From Table II, 7.12 - 
17.05 dB -+ 20 dB -t- 20 dB = 57.05 dB 

USE OF DECIBEL TABLES TO CONVERT 
VIBRATION READINGS 

These decibel tables offer a convenient means of convert- 
ing  decibel vibration readings obtained with the  sound-level 



meter and vibration pickup into displacement in  inches, velo- 
city in inches per second, and acceleration in inches per 
second per second. 

Each control box nameplate i s  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-P21B Control Box are: 

Displacement 120 dB - 1 in. rms 
Velocity 90 dB - 1 in. per second 
Acceleration 50 dB - 1 in. per second 

per second rrns 

N.B. For  Types 759-P36 and 1560-P21 Control Boxes, the 
conversion figures are different f rom the above. When these 
control boxes are used, substitute values given on the name- 
plate f o r  those used below to  obtain correct conversion. 

NCITE: In Tables I and I T ,  t h ~  t e r m  l lpre~sure  ratio" is 
equivalent to the term ''voltage ratio" as used in the following 
instructions. 

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

1. Note decibel readings of sound-level meter when vibra- 
tion pickup is in contact with vibrating surface and control 
box swi tch  is set at DISPlacernent. 

2. If reading for Step 1 is below 120 dB: Subtract +20 dB 
successively from 120 minus dl3 reading until the r ~ m a i n d ~ r  
falls within  the range of Table I of decibel tables. To deter- 
mine rrns amplitude in inches ,  multiply the voltage ratio {left- 
hand column) corresponding to the dB remainder by 0.1 for 
each t ime you subtracted 2 6  dB. Figures obtained are ex- 
pressed directly in inches rrns amplitude. 

If reading for Step 1 is above 120 dB: Subtract +20 dB suc- 
cessively from dB reading minus 120 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 lnches rrns amplitude. 

TO CONVERT DS SOUND-LEVEL METER READINGS 
INTO RMS VELOCITY IN INCHES PEE SECOND 

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



set at YELocity. 
2. If reading for Step 1 is below 90 dB: Subtract +20 dB 

successively from 90 minus dB reading until the remainder 
falls within the range of Table I of decibel tables. To deter- 
mine rrns 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 obtained is velocity expressed directly in inches per 
second rms.  

If reading for  Step 5 is above 90 dB: Subtract +20 dB suc- 
cessively from dB reading minus 90 until the remainder falls 
within the range of Table I. To determine rrns velocity in 
inches per second, multiply the voltage ratio (right-hand volt - 
age ratio column) corresponding to the dB remainder by 10 
for each time you subtracted 20 dB. The value ohtained 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 centact with vibrating surface and control box switch 
set at Acceleration.  

2. If reading of Step 1 is below 50 dB: The value obtained 
from the left-hand ratio column corresponding to 5n mirms dB 
reading i s  acceleration expressed directly in inches per sec- 
ond per  second rms. 

If reading for  Step 1 is above 50 dB (maximum 132 dB}: 
Subtract +20 dB successively from dB reading minus 50 until 
the remainder falls within t h e  range of Table I. To determine 
r m s  acceleration in inches per second per second, multiply 
the voltage ratio (right-hand voltage ratio column) correspond- 
ing to  the dB remainder by 10 for each time yon subtracted 20 
dB. The value obtained i s  acceleration expressed directly in 
inches per second per second rms. 

Example: 
With the vibration pickup placed in contact with some vi- 

brating surface and t h e  control box switch, let us say, on DJS- 
Placement, a reading of 54 dB is obtained, Then, following 
outlined procedure: 

1, dB reading = 54 dB. 
2 .  120 - 54 = 66  dB.  

66 - (+20) - (+2D) - (+20) = 6 dB remainder. 

Voltage ratios corresponding to 6 dB (left-hand column) 
equal 0.5012; 20 dB was subtracted from 66 dB three times; 
therefore Q.5012 should be multiplied by 0.1 three times.  

Result = 0.0005012 or (to 2 significant figures} 0.00050 inch 



rms amplitude. 
Like procedure should be followed for  the calculation of 

velocity or acceleration. 

Acceleration and Velocity Level 

In order to convert the readings obtained with the sound- 
level meter and vibration pickup s ystern into acceleration level 
re 10-3 cmlsec2 (often called adB) or velocity level  re - - 
10'6 crn/sec (often called vdB), proceed as follows: 

'When the conversion figures on the nameplate are: 

Velocity 90 dJ3 = I in./sec 
Acceleration 50 dB = I h . / s e c 2  

add 38.1 dB to sound-level meter reading to get velocity level 
when the control box is set to velocity, and add 18.1 dB to 
sound-level meter reading to get acceleration level  when the 
control box is set ta acceleration. 



TABLE I 
GIVEN: Decibek TO FIND: Power and Pressure Ratios 

TO ACCOUW'FOR THE SIGN OF THE DECIBEL 
For poaltlve (4-1 values of the decibel - Both For negative (-1 value0 of the dedbpl-Botb 

m u m  and poww ratios nrc m t c r  than unit). prcnsilrr urld p w e r  rntios arp lew than unity. Uw r h  the twn r i g h k - b d  mlurnm thr t ao  Irlt-hand roTumw 

Prcnrrrrc P o w  1 Plumr~r 
Ral~o Ratio Ratio ----- 
.5623 .3162 5.0 1.778 
-5559 .YDfil) 5.1 1.701) 
5 .3IlYI) 6.e ] .UP0 
5 ?" 4 . 1  5 3 1.84 1 
.$S7(? .fHHA G I I .  

.5SOD .SBIA 6.5 1.RH4 
,6243 ,2754 b.R l !  
.SlHH .?ti32 8.7 I . t l f R  
.$1Yfi .YI:YU 6 R 3,P.;il 
. t O i ( l  .YG70  5 .  I .  

-5012 -2513 b.fi I 
.I855 .YJ55 6.1 ?t.l11S 
.4n!*8 . . Y T J + ~  r i  e r.u r r  
- 1  I li.3 2.(165 
.'ITHti .QL91 F.4 b? OW!? 

-479E .EZ39 0.3 e.113 
.4677 .YIKS B.D !t.lllFI 
4 ,9134 0.7 E.lt;s 
I . ~ O H ! J  G.R Q inr  
.+%51I1 . ? r r . v  F.I) e.glr 

.44h7 .I995 7.0 2.339 

.+JIB .1R5fll 7.1 9.4G5 
5 .IPlr.7 7.P . 
1 1 7 2 :I17 
:lk'+i(i . I r x r r  7.1 I 

.4217 .l778 7.5 e.971 

."I107 .179H ?,I1 3 309 
-4191 I !  7 7 2.4Y7 
.41i7 I I 7.8 2.455 
.40$7 .IFZY 7.9 E . 4 ~ 3  

q98f .I5RS 8.0 2.512 
..3oqG 1 8.1 4 
.Yq'lIl 1 1 H.!! P.53D 
. 3W i  . I179 8.3 P.fillD 
.hqrl* - 1  113 H.4 Y.ti30 

3 7 5 8  .1QT3 R 5  9.tliit 
.S71t .ISHI) H.tl e.rirlQ 
.SO75 ,1419 K.7 9.793 . 1 .1 Y 1 %  H A !!.3bJ 
. 9 5 ~  .1?.44 . 9 7nil 

3548 .115q Cr.0 2.11118 
.Y(il)H .1Y3O I1.1 f.HS1 
.:151;7 .lEllY 'J Y 'L C H 4  
.J*s'S 1 1 $1.3 P917 
.39hH 9.4 Y.P51 

.3..0 ::::: I n s  ,.,a, 

.391 1 .109ii (1.0 S.OYtI 
.9173 .IUiY U.7 3.055 
.5136 ,1047 0.8 9.0:IO 
. s ~ : # Q  .lads 0.9 s . 1 ~  

P a w  
Ratio 

3.162 
3.PSfi 
3.3 11 
S.3HR 
5.4fi7 

3.548 
3.fiS1 
11.715 
5.8fie 
3 HHO 

3.PRI 
4.074 
4.1 GP 
4.PliS 
4.3fij 

4.407 
4.571 
4.577 
4.7R5 
r.#n& 
5.011 
5.1YQ 
5.l . IK 
5.:170 
5.495 

6.6~1 
8.354 
5 . R H H  
B.(IYR 
tl.ldR 

6.310 
R.157 
S.fifl7 
G.:fil 
B . 9 t 8  

7.079 
7.944 
7.419 
7.5Hti 
7.782 

7.943 
H.IYH 
H.318 
9.511 
0.710 

,913 
9.FfO 
8.9YY 
0.550 
e.77* - 



TABLE I (continued) 

-dB+ 
C I) 

Porncr FTranurc Pouw 1 Ratio 1 dB I t n  1 R a f i  

1 P a w n  
Unrw 

Plrrnns 
Ratio 

.3162 

.SI en 
0 . 
.YIIU(I 

.P985 

.!2?)51 

.Y!* 17 

.w34 

. I  

2818 
.e?sl; 
.*754 
7 
.'dt;!rl? 

.en01 
0 
.Yl;oU 
I 
1 

3 5 1 2  
. I I H Y  
5 .  . . 
.P37l 
3 5 4 4  
I 
.?'!!?I . 
3239 
.??I5 
. Y I W  
I 
I !  

.b?IlS 

.?OR!! 

.21lllS 

.YO4C 

.*Ills 

-1945 
I !  
. i ' 1 . ~  
. I !~<Y 
I 

.1AR4 

. Inn2 
.Is51 
.13?0 
I !  

.I778 
,1768 
.I$:!% 
I X 
.IH!JH 

.I679 

.1RO(l 

.lfibl 
1 
1 

R r t m e  
Ratio 

3.162 
I 
S,?'lIl 
. 
3 ,  I 

3.950 
9.9W 
3.-i i9 
i 
9.5119 

3.548 
S..5K!r 
3 6  
Y.i:73 
!{.i 15 

S.75R 
2.802 
9.3.tt; 
?.Li!ll) 
3 ;  

3.981 
J.lJt'7 
I 
4.191 
4.1,:q 

4.217 
4 . 4  
I 
4.::d:, 
,+.,ill; 

4,467 
4.5173 
4.571 
.).I;?$ 
4,(;77 

4.7SQ 
4 . 7  
4.h'+? 
.$.F;!I~ 
.$.9,.> 

5.012 
6.1!70 
&.I  tv 
5.1~:fi 
3.? 1 1  

5.JllO 
6.570 
h.l:1J 
6.1!)5 
A.b>!t 

5.623 
5.r:sg 
.5,7:.,1 
5.kP1 
5 . 5 ~ ~  

5.057 
U . O f i i  
Ii,(b+45 
G.lt;$; 
I;.?'',: 

P o ~ r r r  
Hotin 

. I O U ~  
I 
5 5  
I 

. O ! i l  

.OHRiJ 

.OH7111 
1 I 
.cr.;:IIH 
.O+IPH 

.07943 
7 
7 t  
.Il:JI:C 
.07q-b-b 

.07079 

.Ot:RIR 
1 -  
1 l 1 7  
.Il1..17 

.Oh310 
I I 
I ?  
.115hkL( 
I i 

.05flPS 

. I ~ M  
7 
.O>Y.LH 
l ! l  

.05012 
.il1S!)!i 
,rr*Tqtl 
.ll,tt;77 
1 

.0&4R7 
.04.91;5 
I 
I I ! I  
I 

.03981 

. 0 . ! !  

. I  

.~I:.Y I -& 

1 :  I 

.0$54R 
4 7  
.(I:;:LHH 
I ! :  I 
I 

.03162 
I !  
1 1  
I !  I 
.ll.?h*1 

.O9HIR 

.0Y7.54 
I !  
.il ';ll 
.(IJiTU 

Povrr  
Ratio 

lo.noo 
1 o . q  
lil.4 
I I ] . ? ~  
I#).~bt; 

Il.'?Y 
11.43 
I 1.73 
I C . ~ I $  
Ir.%l 

12.59 
12.49 
]'\.I* 
1:$,4~1 
l'J.L,lJ 

14.15 
14.45 
I s .7: )  
13.1 ) 
I>,J:l 

15.85 
I0.Y.L 
1!;.1:11 
llI,fl'4 
i ;.:,y 

17.78 
Is.etl 
IH.l;i 
14+,16, ;  
1:1,511 

19.95 
Pil.4f 
< ~ I . S , I  
< I  ,::s 
y]:< 

PQ.39 
Y ? , ! I ~  
u::..$& 
i ;,!#-I 
v) . , - ,5  

25.12 
+!;.:I) 
? C ; . ~ O  
YP: , !~ :  
e7.: & 

98.18 
' rr.54 

<').GI 
~ I I . ? I )  
!,fl,,#o 

31.62 
92.:{11 
:{,(,I 1 
:i.I.S9 
:;b.1.7 

55.44 
313,.ql 
3 7 .  1.5 
:,?.(I? 
::\.I)II 

dB ----- 
10.0 
10.1 
1V.Y 
1n.s 
10.4 

10.5 
10.6 
0 . 7  
I I I . R  
l0,9 

11.0 
I .  
11.1' 
11.3 
1 I.,% 

11.5 
1 l.tj 
11.7 
11.8 
11.9 

12.0 
1 . 1  
I .  
12.5 
15.4 

19.5 
1r.n 
1 . 7  
If.8 
1f.11 

1 3  
1:I.l 
1:i.t 
I .  
15.4 

15.5 
1 
1 . 7  
15.8 
I . ! !  

14.0 
4 .  
I 4.2 
I i.:? 
1 .+.4 

14.5 
14.6 
I 
1.1.8 
11.9 

15.0 
1.5.1 
Id.% 
1 
5 . 4  

15.5 
15.6 
15.: 
15.8 
Is.!) 



TABLE IB 
GIVEN: Pmura RmtIo { } 

POWER RATIOS 
To find the number of dtfIbela one-halt a l  the number of  dcdkl. t b u  
m e a m a d h e  ta a drtn mwer lmtnd .--- 
r a t i ~ - - a ~ ~ ~ m c  the giv& p o w 4  14tld 
to reqw rrl lo find t he  E=ampls-Gimn:rpnwtr r t t iool  b4l. 
ccrrrcrmndrnfl number of decibels lrom tbt 
the table. The desired rcs~zlt iq essctly 5,41-10.055 dB X - 6.328 d B  



TABLE I! (continued) 



appendix II 

CHART FOR COMBINING LEVELS' 
OF UNCORRELATED NOISE SIGNALS 

TO ADD LEVELS 

Enter t h e  chart with the NUMERICAL DIFFERENCE BE- 
TWEEN TWO LEVELS BEING ADDED. Follow the line cor- 
responding to this value to its intersection with the curved 
line, then left to read the NUMERICAL DIFFERENCE BE- 
TWEEN TOTAL AND LARGER LEVEE. Add this value to the 
larger level to determine the total. 

Example: Combine 75 dB and 80 dB. The difference is 
5 dB. The 5-dB line intersects the curved l ine  at 1.2 dB an 
the vertical scale. Thus the total value is 80 + 1.2 or 81.2 dB. 

TO SUBTRACT LEVELS 

Enter the chart with the NUMERICAL DIFFERENCE BE- 
TWEEN TOTAL AND LARGER LEVELS i f  this value is less 
than 3 dB. Enter the chart with the NUMERICAL DXFFER- 
ENCE BETWEEN TOTAL AND SMALLER LEVELS If th is  
value is between 3 and 14 dB. Follow the line corresponding 
to  thik value to  i t s  intersection with the curved line, then 
either left or down to read the  NUMERICAL DIFFERENCE 
BETWEEN TOTAL AND LARGER (SMALLER) LEVELS. 
Subtract this value from the total level to  determine the  un- 
known level. 

Example: Subtract 8 1 dB from 90 dB. The difference i s  
9 dB. The 9-dB vertical line intersects  the curved line at 
0.6 dl3 on the  vertical scale. Thus the unknown level is 90 - 
0.6 or 89.4 dB. 

* 
This chart is based on one developed by R. Musa. 
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TABLE FOR CONVERTING LOUDNESS 
TO LOUDNESS LEVEL 

A simplified relation between the  loudness in senes and t h e  
loudness level in phons has been standardized internationally 
(ISOIR 13 1- 1959). This relation is a good approximation to the 
psychoacoustical data and is useful for  engineerbg purposes, 
but i t  should not be expected to  be accurate enough far re- 
search on the  subjective aspects of  hearing. 

The relation is 
= 2 ~ ~ - 4 e ) / i o  

where S is the loudness in sones and P is the loudness level in 
phons . 

A table of loudness in sones for loudness levels ranging 
from 20 to 130 phons in increments of I phon, calculated from 
the  above relation, is given below. 

Examples: 
Given - loudness level of 72 phons, 
Find - in table under "+2" in the "70" row - 9.2 sones. 



appendix 1V 

VIBRATION CONVERSION CHARTS 

The charts on tb,e following pages illustrate the  elations ship 
between frequency, velocity, acceleration, displacement, and 
jerk (refer  to Chapter 2). 

Figures TV- 1 and W-2 art: general cor~versiorl charts for 
frequency, displacement, velocity, and acceleration. Enter the 
chart with any two of these parameters  to solve for the other 
two. In Figure IV- 1. displacement, velocity, and acceleration 
are given in inches, incheslsecond, and inches/ second2, re- 
spc t i ve ly ,  while Figure IV-2 uses metric units. 

Figures IV-3 through IV-9 shew the direct-reading ranges 
of the Type 1553-A (inch) and Type 1553-AK (metric) Vibra- 
tion Meters. Each of these figures Is merely a portion of 
Figure JV-1 or IV-2, expanded and configured to show t h e  
range of displacement, velocity, acceleration, o r  jerk o v e r  
the frequency range of the instrument. 



r e  V Contle~sion chari /or wihrotiotr P # t d m e t ~ r ~ .  Tor rrse wi th  
T y p ~  1 $53-A Vibration Meter. 



,'.l , , ,  , ,  
F R E R T Z  

F i g ~ ~ r e  IV-2 .  C o n t ~ e r s i o n  rh, ,  . , ,,, ,., krration / ifimmetrrs, /or rrse u ~ i r h  
Type  ISli3-AK Vthrafion Meter. 





MAK VALUES lOOp LIMIT IAV'CI 

F R E O U E M C Y - H E R T Z  

IV -4 .  Direct-readitlg disp lacem~rr i  ranges oJ Ihe Typp  
'on Meter .  



LIMIT 

WEL 
lo/* 

Figure f C'-5. Q n'trci-vadi?)~ c~elnr i ty  ranger oj r h ~  T y p e  
Vibrntiort Meter.  
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VEL 
m/5m 



FREQUENCY-HERTZ 

Figure I V - 7 .  Direct-reading dccelemiion ranges o/ rbe T y p e  1553-A 
Vibration Meter. 



F i g ~ t e  IV-R.  l l i recr-rending accp l~rn! ion  ronges o/ the T y p e  1551- A R  
C'ihrafion M e t e r .  





appendix V 

n ~ e  ~ r r l l t l n  un d*!!nltlons i n ~ l 8 1 d r s  mnsr o! I h e  t c rhnwml  
term:  ,,67,1 L" t l , ~ , ,  h\"d!,f?,.h M,,*L *I l h ~  , I P < , , , , ' . ~ " ,  *re *e- 
!.-r:c J I; .>m t h t  i ~ l m r r l ~ n n  5:mnUmqrd Am:nua,i. 81 T. - rmiwio~Y 
(51 1 .  IL'I:II~, r,n,l ~ h n r . ~  rlm.1,: ~ x ~ i , ; , . ~  . . z r  ,nark.,.: ;vl , :> nn ant, a lak. 
1-hv d t h r - ,  h,,,~ b m . w # ,  nml,kL#-Pm! ~ ' ~ + 7 ~ ~ ? a l l ~  f m t  vnl- ''er,fi,lrn7;,. 

ACCLLLR,\TION* 
i l < r r ! e r z t . a n  ~r 8 ~ , c c t o r  l h r t  4 p c a l i c r  t he  r,mc r a t e  or 
~ll lnb'e cl! rc lmcl ty .  
: ; - . j ~  , .  Varr.<,~a ~PII-PI~~.M:.IY~ rnonr!ler4 nu-t  Ir ;rrzr. 
arm-cl$e. r m i  . ~ r c  0 9 - n  vprr l .  rJ.n '1::1- I:,'.'rva! mmj:+ b? 
, , l . h i u ' - d  F V F T  wharh l h l  * r r r a p  I!*: . rr~n;,l.-t >u..-, m . . L ~ * q .  
>*:-  2 q, m-, . ! " l - , , r ,~"  PW,. tsr ( : I  n!,!81l>,-cr%, I" .wr 4,. t , x5-  
,: ..,A,, b. <'m.:>"e,l 11.: t h *  ,.<:, ~lc,.*,,::> >:7,; ,1 '"m:t> l,< -,,-a; .* 
t,%a !n 1n~m.1 11- I t  - r:nn w ! ~ + l r - r a ' ~ , , r s  u f  < -,r,lmmv~l, ,,r \.'I r >n- 
r - n ~ : ~ + r y r - .  j n  ,-hjrts r n  m.- I t  I- ,'+ IL .~T .~ : - I~  ' I I J C . ~ , , ~ ~ ~ . ~ ' '  il 

"...,. - il."'" n ~ r r l ~ l . , l l ~ n  
AK,?l.Y":!- l< 

[A,: * r 7 j ? * # *  t# A t *mb ,m* l nn  "I a f l l t ~ "  -"-.tern 7,>d ,, # * a -  
f v m  !. r ~ a d ~ r r r l n q  rk - '  rc l l+:v> rnr,? tha! s: o.ra,r.s !&,, z t l rh  
t-c l d - , ~  ~ V G ' .  T ~ I  1,ILm-r ,* um?>:;> a?,>,,Iahl*~ ,,v *P+: 

I: 4. : , , - - > n l  nr>.lll.!O on :cc ! : ~ c r  can ',. rnc.I-,:r'co !q vrrm. 
r f  1t.1. trh!,',. . . n e r ~  p ; , - r d  t b m u r h  :hr :I.-:- , A  3 !uncrinn 
?! '>,? n,;,r,<'rnP,,, n1 . h ~  :,'l*r rr-, l~~6,:~-".-l , .-~:.. .<, r"Gr-  
I i'll* fn.*.l"fUrnmt L.: Li:" mnll rl7,-.'.. I? ;,* 

c.*"-!:,- ,I< 
R.%r!'l.::- 

: t.zl:'l1- k f  2 hnte td~nt  rtrucrurc nr phrrlr lrr , ,  uard t n  I"- 
?rr  #'+ Ibr vrlr:' 1'" 1.-$01# rl! f'r r.l!..7r-li LyIn.;rr , . l  hl 

,'dl t.'I.I.,!.. ' *r. ; I l . L I . - ' l  .'l r n  a 7.2.' v,-r- ,  38,. 1 > r  e x -  
jrr.,,i-, lh*!.rrrrr 'hm Ir m:i an,! b , r r  -' .A,# - !.-. ::,,,.mm,-,!,. 

t?7.3>.: , , .  v. 
c o % w i : ~ r  '-,:t: LIYTITT 

1 -  ,. , . r : .  r,;r. 11r,,1... ,,rr. t\r IIpp'T L"" i"wnr v n l u ~ d  r.! .I.* 
.,-rL,- r,, . 7 *! m r I w 7  :.*77v-,: 7: >3,ur,!l,?,, "I, l , .#*. c-,r 
- 1 4 .  ..I I.. . I  '!... ' ! I , * ,  ..- 3 , .  "'r ,I,: ,71 I<,:, ">,I ., I .mpl. 
I... Oe'rfd5 I,? an 1 I ?. 11:. '?I>'. . un: d. 7i.- :,".I' : . , r r  , ;u l l  !.. PO. :,> >r,c, 1:, 

C R I ~ ' I L A I .  YPIIF.lI' 
Cr,:,c..l ASCE- 1s n ~vrrl of ? n r n f l n ~  ar~::l-m tlmn ~ n r r r -  
..-*1~.. :I# ~..unnnnt r r r ~ : ~ , , r ? r y  :! 1817 *,,.:..n. 

i,k:,,l) t<,rn,i. ( < v "  ,,l:m l.;L:, -,r, ; I , .  Fi+, ,.,'I' 
. \  '!, .'' rFF,m I ,  h 7-m ':'iV .K ?11'11.x!f~r~7 CY h n u h -  
, , * , , " i l l  i..:p "","1I11 C.. ,.,,.,".I ..>; :;,:. .>. 

l,k:t-,l 13, :<- (SV., l$ ,-rv,. ( , ' ,  ! h - . r  > ' " I  
11F.'l[PFI I 

I..., .!PC It..l II r.r:*-Itr,ll* 'I! R n-1 Thw.  fur ?m~-I'rwl S F  -. . r! ivmr-1 whrn I h r  t lnr~ .  r l r q 5 -  I n~ . r~ - r - r n  r t r  - r r e h  
r c ,  * r !  'm-r,. ,Arc ,I,<- ,,,,:4m.,llv7 >,3z,,?v3ei , , r ' r  pr,m,,*, v. ,,&I 
In pnu..r. 
-:,bh?, 1- k:.Z,m:ll~% r.t <pn":h:l- , t  !%a: q u r n l l f ~  m:F ,",*pr (a"! 
I , - rml .  anuorl p r r F s u r n  - p : # r c r l .  n r n , : i -  ; - l m r , t r '  I ,unrP,:. 
.G+ .n*! ~n'k,n,uy. ..ml~r.rl rr.*-c:, o . , r . . : !~  ;nl'-r.. r,c.uarr f ,  
T ~ ~ u I  ':'.. G'!. ,!,,I ,-: . "l,,' I-' .r..n..-:,"C*EI.^r.-. q.lr., ,..! :?".-1, 
I: I :  rwnm-mr ~ ~ ~ R c ~ I c I . .  hn*. .w-r * -  ~ t h a r l ,  0 Illti 1 ~ 1  rrlunl 
,pv,,3,ur* !,,><,I t.*<:.ml*C , . r m : , a * - , ! v  *,r> >rF.!?:p,,.., rv<>,;.,- 

T:r,n, G,- ~!",t,,!. 
yl., -, . - ,.,I, i . . ~ m n f t ~ m  fa ~hnl r51.r Ih* !rnlt. rsol n! 1 P  :* 
' I .  +s .nr  ,>.- "II '1rnr.l th. I - . c , r r ~ r h n ~  1 -  r t r  hhac If,. r ,> . 
!... i. c.,..".,c,. *). :l.rlOll,i ..' . I '  !",,lnL' . :'" :..glor 
7 . 1 . 1 ~  :~..l ~* !~ t l l . n< I .  I I. ?Ih.- I."F ' .P,:mrll l ' l l~ U-1.81 10 .:.. ~ ~ . ? l l ?  
I t , , .  1nr <u-rsm. ,r. rl*!irl,m,nn~. r r r  r l . l , l r ' !  7,: . .s.\ ,r,  I . - * . . - : ,  ..I . 

13IRI r'TI: : 1'. F.;Clr-lh' 
I I I  Tt t .  r l% :mr t l - > t r  i(m-f(tr1.1 7 l r amsdu rc r  l ~ n r r l  in? ~ n l ~ n d  
r r n l * r l ? n  rw t l-- rt.r,, -I rhl- round p7~8aur . .  ~I/Y,\IFII. .>I 

A Mr. II",.~? 1 ' 8  .:=:LC. Uvrl .ill*l l f . .  .: Illrrr.."ll. '0 '! r me,"- 
-r,u I ~ T .  - I,C:L' I . ~ ~ . . - L I I I .  Y I  I! L. mm>ntr r l s - c ~ r ~  r, ;lum.rnr~-;~ - u r r  
3;:  ~ : T * I ' I .  n ~ .  'r;lv# It I' t~anld*l,:m'r. Tb , ' t - f . . 1 1 ~ "  2 . ~ 3 1  br  
C"*' *.r  , .St n.r !!..I 't,. I**m8-r: rp;*mr.. '-,,,.,-)..- .,r,,m--:.- 
.lly rr,?", ".I. I..l,:r.,YI. *r.,c.. ., *.,,,- I,'1t.* .: r,,,.r- *.:, 1:". 
I....: ?'I.. r.131. ..F'1!,1,1!11. 11". I'f.T\rl<' r ! , r r  :+,-r. I* ,,n4r:- .I. nrl I .  ',I. rt at - . I  r n . ~ ~ ~ m ~ ~ . .  r . . r . r r . , l r  

1:I Tl~.- r ' . l . r r t , u~ t "  I I to: 7 ' .  ' I~ '>?, ' ,JL.L. I  um~ll  hr ro.uhd '. - r . w  . . nr I,. ' 1 . 8 .  ril,,.. "' 'hr Iq" , ,  r -  " .he  "ljrn-',rn,:' 
;-i'.b&-. :7.-...h, ,Vd. :.< ,*,7,,,,.- ' 7  F,,,,!>.! ,**., ,,r:,u r,,, \,I a .-.. ,,.-,! r!,:-r..1.,,  t" :I.. 1 . , , 8 - , - ~ - : " 3 P *  I . , : . , : . P  lI1llT vly:n 
I,.. >,v>c I", -.. 8 >,. ,< [ w , - , r - t , "  ,:,r. ,,G+ - 8  ,: 7un,  8 , , ' , I  .>l ,+*  + ,mc 
i , b r : , : . r , .  k t < l  ;?,,->"-A?,,b?,- ,c8,:,<1 67r ,a , , * - ,  
7.l.. 1 r r . . r  r ' .  l ,r l .r '?n mn, :.- .r:.,.;.:.-,: :n r C r C F  the c3.e 
T o  , > f i > t -  f -rqu,,rnr>- t ~ # # # r l , :  ,. L.m .. '! - - \ , -#:m rnb, !,.. < l v c , r ~ - d .  
! : ~ ' r  2 -  Tt.r RLITI.:~ r r ! e . l . ~ i r ?  P . - * I . : M . ~ , ~  m,l$ imr n*.tnl..rml. 
!-.r sumv!,!. 

.I nvmbcr or t h c n r  ddlnl!mnm arm very lerhnic.1 rn order 
lq hr PFSFI?+ %me r c a d m  mbv i h c n  11nC l i  camwlr? to r c f c +  
ln  rhe dmscuaalnn 1" th.- rn~tr. :..I: ol i:.,r ;nrnbtrrcY I13r o b t r ~ n -  
LnR 1 PI.'II.T~~ " " r . ~ ~ % I . ~ n d l l , '  D l  ... ,111. 111 1111'.... :r7,Tln, 

<lI By Ihe use or a a p h t r l i a l  intcprslat 
I.') Rv naumrr lca l  inlr#r. lr,n o l  a ,.vii:clcn: nhmber 01 dr- 
r ~ r t : ~  I t *  $maltern# cu:+uspood~nrz !o u.:Ivr*nI plen..s. o r  
0 1  5, llll..~ratll--n o: "or  .I- 'u; dmrc. ' . r  2.1 p q * : ~ r * ~  * b m -  
CI.-T Ihr p i , ~ t ~ r : : o f  Nh,. l r n n r u u c ~ r  16 Ino-rn 1.1 rorsr5.r  
heclb~tc . u rnrn* l ru .  

[YRl:C II,jN.,.L C:~lr: 1DfRECTllrlTY Nl)t;X)* 
T r r  ..i:#-r:lnr.al D I P  n! n i r a m r l ~ c e ? .  I U  clrc~k+la. !a I n  
t l l l l P  111.' lm>EaPI!t.>l t O  111,- LlBde III .I! l!lV . ~ L I . . . c ' ~  I:Y :&c~OP. 

OLSl,l.:CCL/IPs 1.. 

I), [#.~r.-m.-r,' 1 ,  r v - r t e r  qumntlry t l ln t  npcc l r laa the c l u n p  
bws~l\mm$# m m !  u hr+y  a r  p r20 .1 -  hnd lm udumlly m , - & & ~ , r r d  

 TI,,^ PIS,. ~n-&r. ~ = , t , n n  ,jr F..I:+~>~ ur r.> ,!+,.r!-~:, ,,T 

rvzn 3- :r l jr-,.rnrc2 1 1 . r 1  ro!.: -.n vec to r  o r  ir:ocl:..:.o:~ 
..I. t ,I' or bo th  

€.a PHONI.: 4 ItcCVVER$m 
>\P . -a~ l lhO=+ I& an C ~ C C ~ ~ C O U K ~ ~ C  t n n 4 d u e ~ r  1 n : ~ n n ~ d  to 
t,.. ' Id.-1.1. ."l.pltll .,I.(IIIcIIc~~~~ :3 011' 9.3:. 

N m t "  1%: ~ ~ T T P . - ' T ~ C ? I U P T '  : , ? ~ ~ l d  h- a%nltl*.l ut# *n  L h r r e  

.: - ..!!-. r,v- -. , r ,A ~ T I ' : I . u . ~  h: 1 IL t h c  ronr-mran- 
l , , . l , m ~ .  r . ~ : > z , -  r.1 !-r ~ v . ' ~ r m f u E . > l l . l  .' ,hnd ~r%11IIIPn!l, 6°C: L 
"I."* > r , l k r ~ 7 !  ,, t .:.., p-,',' #,?flO.? :n"s,ml,.:.,:;7:, 13 !!?" 7 9 - v  

01 ~ T I " I I C  wl,ind ~lr..rcurl'!.  ^he ~ n b r  *-.*I rj..v: far .I- lr$:.,- 
, , P ~ I  n,8:1:1><-r ,,I l ,+r~* ,<!~ 23- h n  aaterc , ,~  :,IM ,-nrnphrr,$ :o a 
rflr,v<, I,\ : t , ~  <&.5* r.1 ?, ..#-pc,:-#m!,r ,,,,,#.I pa ? 3 , 3 - - , , ,  :>., 
:.ti-r. a1 ,nw.:d ++ lu8 I: r + w - h  I - mmrr .rbr vr : rm.  o'!?:r~nrl 
r .~.m-c!~mU* UII!CI.~~~*II! O! sn ld :  c.-ircns ln  Lhr- :1<:1b.:h -! ".' LTI...-..~ I ,  
! . - i t  F!.c t e r m  " r l l r c I l v r  6sund p r r a ~ u r r ' '  rs I r c q v r n t l v  
<?,.,7l..",.~! ! \ ,  '4p.,~"-l [,r+-r::ar*, 

*t, I . CI . , . . . . 
I I , t e r  Ir 1 drvlc* lor .-pra!inq m t o r n ~ n c s ~ ~  el o ehrmrl 

I I : I t 7 .  I1 a l l o r *  ,-m,nionn. n:c .:, 
, I " , .  17 ,?,>l.. ~ T ~ ~ I , . . ~ P . .  >,?,. h 61% p.m; r r : q l , r r : l  L,Y,I I l -n,,-  

*:*.I, a1rn.1 .! m ! ' r r . u # ~ I i  L T . > I T , Y ~ ~ * " # .  ! # I  mm:t.*r 18 v.rm..rmm. : 3~11.1* 
1'Rk.m FIT-IINU E'ILI.1, [ r i l t l .  I-!; LLI:. 

,,  PI- I. s:nr: ~!mlr '  ,F 1 r ~ c u  I., a ,~ornnjimrc8~s. ~ s n r r l o i c  
rn".l,,, ! r . . r  !I :rn t .7un. ' .rmr< 1" ,>-*:++,.- ,- I F  0 !,rl*. " 
u n ~ r . n  l h v  r l r rr - r t  ?! t!lr ...,, >r,dar~r , :  ,a:+ n + s l ~ ~ l b l r .  r l - ivl -  the 

,1.:u-r1 '1,.:~1 *?? I  dl!fr.* :. -tn thc , 7 - r ~ s u r c  - -r ~ - 3  .-#,lo rx:nt ..: r-,:"I Ll 'h  ; , , c  r . l , . - ! t  r * m r u , - c ,  "n : rYs  c,.. a .  nqr'1. 

1dl1171'11.1"1~1' n! 411~, r t . l ? r L  . . , u t~ t , * i  tt.,. .,"-11,911~ ,mrm. .'>a,.. "I 

Rmr r lunnt l tp  "p" I .  rnr mcecl r ra t l>n proo,.<ccl h) rh- !nrva 
r.1 c ~ J Y ! : ~ . .  uh1.h . , jr?.-a *,:'I ' " 4 -  ,ari..a,ir an,l r-l,.ual:.an n! 
- t  P ~ v t n l  -r 7% ~ r ? x , ! , n . ~ .  hy ~r,:..r~,::>w,l .>.mr.,-m-.>~. r 
".I". 9'9 .,. ..! , w,,. l . l@.. 06; ..,' ; 1. ::.., !. r,:. 
L ..,. C"* , ,  :L,,,c.-nnr :n,. rr%il<,r, l  >,.,:..1..n::n7 r.: r:?r.'.:. 

tLE \?I;?.< I,<,>\ ) f ; F -  KIYG l.l:X:.!.> 
l t I ; . ~ K I Y T * : - H ! t t ' ~ l ' ~ ~ L . I I  L I 7 V T L > *  

I?. ,#. % E  wn,. I... . ' .r ,.a; .,I ., rwr;tl~.d 1;'ar~ucnr-y I n  Ihr ..... ,,,.I. ." lP..,I.?: I .  ?Y u l l l l  h :om' te-w.h7,o .,! h.l7:h!l,:" i n 7  . ;.? , - ,br  d.TVP4. I- 7 ": ,,,, c ! , ~ .  8 1  ,T,.~,,E"F!! ,,- !br~."*r.l<a, 
y,, '.. m ..?. t,.#,-r,< ,.., .'a?<&:: -pP,.?!,..lt,~>" ! r  r i "d ,~, .  

1 : :  cL.r,.:.1 1,,.,.:n..: ,- PIT",>.  .,..., : ? 4 . - , . l ' l -  i .  nr 
I,,. h!,.=, .,,l,,ln.r..! ,-..,. ,.,..,. >. 



LFYEL- 
In acouabcs. th r  11-1 01 r ysanlrry 1. the iopr l rhrn  of rhc 
rrt lv  nl lhht rphn l l l l  * o  I r%lcrenc- ~~~~~v of t h ~  eomr 
kina m~he k s c  o! t h c  lopr l rh rn .  thr rrfn mcc quxellty. 
and Ulr k ~ n d  ol lru*l murk be nptcl l ied 
Ko:e 1 Z m o l c s  nl kinds nl l r vc le  I n  cnmmon use rrr 
rlc,:!rlc ~ l v r ;  l r v r l ,  s m t n 3 - p r r r s l t r e - r q u d  l e v e l .  mlt- 
s ge-agns r*d !rucl. 
h-tc z ,  ' h e  l e v 1  m. hcrc ddtnsd i s  rn.=murrd in u n l t l  of 
t',+- loplrrunm of I rctrrrncr ra t lo  %s% 1% e7um1 lo Ihc bms* 
nr I n p r t ~ r l r n s .  
r:otc i [ r l  ,rrnkols 

L - log, lqlq.) 
wp,r* t. 1.vrl fl hjan drmrmlnrd  hy *he k ~ n d  nr qulni%?y 

under roeaidsratlon, mtlsurrd In Ilnlt. of IoR,r 
r - b.sr a l  b w l l h m a  and the relercncq n t r ~  
q = Ahr qu3nll'v under constmicrallnn 
qq ~ C I E V C ~ ~ . , '  c lmnt~ ty  of the armr kmd. 

Note 1. D U I m r m c r r  In ~ h r  l+vcla nt luu panttfle. q, s& 
q1 I I C  desr+!hcll L y  the Y . C I ~ C  10mUIP k ~ s u m t .  t? the 
m l t s  O! if iprlrhm,, thm rrfcrcncr queotlty 1- autc!m+llcllly 
. ... .. 

!7?r(q?19d A I-lr(pp!%) ol' l o ~ r h q l f p $  
1 N E  R W N .  

A IIVF room Ls a mem that 18 c b r n t t e r l r e a  by an rnusvd ly  
amnil arnmgnt o l  round ahma-mlw. 

L D l r l l r l ?  86 .  
LourL~c.s I s  thn Lntansluc aitrlwc el on ondltory acnnttion. 
1 ~ .   PI rn- of  rh l fh  mwnQa mqu be erdsrrd on. srm3n rz- 
rend  n$ tram aoIt to !oud. 
r o t c  L m r t n r s s  acp.nc8r ; r r i m a t r ~  InFn the #med pressure 
ol  'hq ~ t ~ r n ~ l u -  h ~ t  I ?  . U C I  drpndn v;ul#a lllc trcqucnry m n d  
l a n ~ r  br-n L '  I.rc otlmulua. 

L O U  >SEX C@ST?Uhm 
,\ I L ~ N - ~ P C ~  ~ n r ' r w r  14 a C U W ~  tlmr a h m e  the r e h r c d  vlhrcs 
r.! , ~ r u l * .  +-=onurv IevtLs and frequency r t q u l r c d  to pre4uclcc 
rn glvl 7. Irudrlosa aFnamtlnn l o r  :he I ~ : r a I  I l a t m r r .  

WTJTrI : .  -.f I,FIrL'<. 

-.?.., I.l.ra.vql I r v e l  or. aound. In phonn, in rmrnrr~cally 
.<:.I :I.. !!w mud~an sounlr prca6ur. I..mI. bnIcr:hrln. r c k -  
i 1 6 ~ .  :o O.T,cG.! mlcrobar. o f  a frcc pmcrCna!vc wave If frr- 
Tplan-y :c,.i' IT, p r r a m n t r d  tn ~! , ; t*n+--  Izcrngrhc rmrcc .  
r h ~ c k  in a svnh- r  r.' I-:ai. !* ,udnc3 b y  :kc :Ilrtm.ncr. tu b* .-,,,,* l l y  1c.ld 
N I:.,  Ttr .nmrmrr a f  lkatmm. to rh. u n w * n  nwnd .  vhbeh 
muct Sr n h c t d .  m y  br ronmlrle-d one a! me c k u n c l - r ~ s t ~ c s  
G,! :I"$ &o>+d. 

I411MPE4K':R (SPEAKERL* 
A :oudrpc2k?T l a  an cl?tr;omcmaiic trmnaducer IntendEd l o  
rnrliat,. a<n~:ntlc v w ~ r  Irttc fhl s lr ,  Ih- I-RHC vmv-!arm 
~E: ; :c  ~ ~ ~ r n : . i l l l v  -uuq.ml~nl  ro t k - ~ t  n: rhr - I r c t ~ l c n l  tnpul. 

(I"'.>' k,r>fl> 9 9 ~ ~ 4 .  
. . 

( 2 1  LL,sr ing ;. the .moue1 by ~ h l c h  :he %hramko7d or mudl- 
hi,:. -I 7 ,mu011 :B m1.m By mc pwecncc nf L ~ O ~ ~ I F P  

1m;.-8%81,<) s ~ u n d  Thr unit ,-ue:nrnmrfl?r u.cd I, thr neclbcl 
MECiC,I:-?C,IL 1M:'BDA HCl.:. 

31.-.'ir.n.cal lnvm*mronc- I *  rhc lmacdnncr obtm~nnd Imm IhC 
t .1 :~~  iurcr - r .  . - r l u c l ~ r  d u r l n e : ~ ~ m p l e  h ~ r r n o l l f  mollon. 

YPl.alr\P.:T,~L >H'-*TU. 
Alm-.~,.#.~l..al sh.,cx m,.z#lrs *ken the w l l l l n n  nl a rvsfcm Be 
5 ~ ~ n ~ ! ~ ~ . l n t l y  :.,i.~grd ~n m rrlmrlvely l h o n  t%me In s n m n -  
r- r I...?,. . mtmnn. r I' IF r h ? r s c I ~ r ~ = e d  bv ~urlml~nliee* jn-l 
11r E ?  ~lInt~l- t r*rnvbl ,  .:re rlrv*lvpa clml!.cunt .rrrr:nI f r rcc l  
L i ,  1I.C -r,*'-.PL. 

MFL. 
---- mrl I@ r unjl of plu?n, 8 . r  k l ln r t lon ,  n a:rr.plc tone of 

i ~ ~ ~ a r i , t y  16@c HL, 4L1 d-r lh- id nh..~,r s ~ ~ s ~ m r y ' m  :n:-nnnid. 
Imvln,,css a pq4ct, nl  lonn mc;r rr~r  p:t-h ~r ally ~ r n n . 1  i t a t  
1, ~*~ds- r l  hv rhc l ~ ~ t r n ~ r  to hr' n t lmes t h t  or .# ? - m r l  rnnc , . 
, A  9 ,  ,,,t.i* 

HICROBJIK, DYSE P E R  SQVRRtI CENTfYR-TL'P.. 
r l  mi, ~ n b r  le  a U71t -6 Ihrraaur? cornrn>nly $r.cd m ~ c n o s -  
.Ira 1 - 1 - 0  m ~ ~ r o b * ~  I *  r,;u.l, to : d n l h  1-7 B,I.~T- rr:n:i- 
,il'.'T 

>.-01.., .rn. *erm 'harm' yroprrly dmotws. prr.rur. OI 106 
? , T ~ * B  per agunre r+nl>n,rtr,:, l'rkro?innxtr.'y !!.v t a r +  wmn 

NOISE LEVEL* 
(11 Nmme ~ F M ]  I. the lml ~ l m l m e ,  thr rw or wwch mumt 
tgc Irtdrrateo hg furlhrr r n o a r ~ e r  o r  cnmcrt. 
r;mt=- The phystc.1 qrunuty mennured ( e . ~  vmlrm~r), ths 
rcfcrcnce quint!ty, thr  Inatmmcnr urcd. and the bmndrrdlh 
or vlhrr  wc>abLrng  rr~lrrmctenmt~r mu,? be ~nd l ra t rd  
(?I F?r ~ l r t 7 r n e  5uuemj dr l e s s  specl?.srl :o mc cr,nlnry. 
n o ~ e  1.r~: 1s thc wr~phtr*!  sound p-rasu*  irvrl ,ellrd 
anvnd Ieucl, the rrclrr,:l:.l: muat b~ 1n2:;stcd. 

w m  F . . . 
v%y. xr k unrr us- tn vlc ~1lc1ht6.111 nf p r f r l v e d  nni*e 1*-1. 

7CTAVP- 
I1 1 a octave i s  the i n l ~ m l  bctWEcn two roundu b v l n u  r 
t..l' 1 r a q . t " ~ ~  m t l o  01 M. 
( 2 )  gz\z- tbr T]l.'h i p l q y J  $ * I Y m m n  Im I n n r m  m l l r h  

that vnr c n c  cmy be r c p r u e d  es  duplrcntlnn tnr barlc 
rnr;*lc *l ,.hwn .>1 11,c o:h*r rnns st  lhr  rrrarcrt yxrll'ul.lc 
hLchcr pl !c l l  
Ic.1:- t -  T,-.;.I. inteml, In o c u w a ,  br1xc.n any zwo frrgurn- 
r m c , .  1. jcysrithrn to the b a s t  2 Inr 3.3!?tr;mtr I l l *  

i o ~ r l t h m  to tl:c LBF In) PJ (hv lreqllency : = r l ?  
Z , : t  :: 9.r f r rqucmy r;ltm rorrsr$o:rllna bo n o  octnw 
r.:r1r I"TL~U.I I., . ~ / ~ ~ , m l l r n t ~ l ~ .  but nlll alus'r* ' u F T ~ ~ ,  

3 !. 

. , 
.hen :hm mmh71111dl: Im s!t*rr'ately ~ C ~ C T  ~ r . 4  emmllrr 
chnn IIW r r r - ~ m ~ c .  

PEAK-?.>- Pil.<lt VALUE* 

I ' .  T C - I L . ~ . ~ ~  1.7:. lrv-1 : L C  I ~ C  l e v e l  hn dB mn!plcd to m nnmr 
t r n r s r ~ .  .,r . -1, u l a t l ~ m  pmredurc  that ~s t,a-cd 07 ,  r 8 ,  

L ~ P ~ C X I ~ Y L O ~  :O ~ U ~ I C C ~ I V F  ~ u i l i ~ r ~ t ! ~ ~ ~ .  ot ' 'n.r '?~ne*.  " 
PHTI:i- 

I..,, phon 41 the unl: t ~ f  Icurlncas l av r l .  IS.. "Loodnaa- 
Lr. rl.") 

PI1 El{' 
<'itch IC h: .hi.~but* or wdilnrg ncnsslloo ~n term ,I 
c : , ~ c h  sonndn mnv bc o:dvrr i l  on p nrale etiendvlc r m m  
:r,w tn h ~ g n .  P ~ t c h  ~4ep-n.lr p r u ~ ~ a ~ l l ?  ,IM:. l h .  i r ~ q ~ c n ~ v  
UI ~ h r  sm-u!~~ m~~rnul~.. 30:  I, blor ~ i r v r n d ,  UPVO 'ttr 1.>~11.1 

[,TC,rnP* rnd V,".. ?.,~rn ,>f ,"- ,,,!,7,,i,,.. 
rr:* 1 'Ih- PL:EIV O! n .loan3 cnx? 1.0 dercrtbcd by thr Ire- 
qu-mr,, o r  fc'ecl*ncl lerr:  ,,: :!:a' a:ahplr Inor. h e r l n y  ,. 
.r,.:~~r,ed sqund nrraaurr I - w r .  *hL;l~ I . I C W ~  t,r !~nleom- 

~ W F R  L L : ~  IVI.. 
Pr,u-r Irl,rl. ul dnclbcle. 1. 10 I imrs  Iho lmrprbthm tn the 
t n s r  lr rr! t l ~ t  ratlo of ~ 1 v . n  p w c r  to r ~ c l r r - r n c r  W**r 
I lha. rcrerentc p v e r  nus:  hr Ind~catrd. ,Tlr  rm.lcryl,oc 
plwrr I+ u k c n  C. 1.n n l i l - ! ?  uur!  in :n?# nunnuook. 

mF.QPYC[RTY . . . . . . . 
r-, V I S Y ~ Y . ,  o II t r .~  etmdltlon of hcmrhn loss n ~ o r l f l e ~ l l r  

r r .  q u , . ? ~ ,  :r u.,.  -rrcc!,vc wund prr-rurr I**rl of:hat 
p,:~ ~ , r  I!,- ,,,pb# , ~ ~ t t t ~ ~ ~ r n d  ~k ;h~m n ~hnn~ i  4 u y ~ ~ r  i,*t a*+  
umd w , l l f .  C C W ~ P C ~  .I th? pavl~1111r irvqUChc 7 Or0111a111y 

Ihhr. 171. .  .,1,:.lll,".0~~.. 0n .y  I"' rn".,"d :>r.*,fi* r IIDnllnuruF 
d%~t~ lbu t ,o . ,  .>I ..r.E+L* W,tt,l,, tnc rrsq8lmi:' range ilnd-r 
~-~njb~~<.r* i .n .  T: refrrenc~  TI 3 6 ~ 7  *hovl4 he * x ~ . l l ~ l t l ?  
* b ' 1 . 1 1 .  

.n[\r;Tlvr: Panloo IPeRloDh* 
C.a pr,rn.trur perlog of ,> wrihd~t w n t l t y  In Tnr * ~ ~ U F I I  
~ : ~ . . ~ - r o ~ m n ~  nr t l ~ r  :n?v;la--,a-nl var,.rb!e lo: *h:ch thc hhnil:nn 
T..O'*!A ,t...II. 
5r.:c :I r,r ambrrmbtu :r I~kclr. the ur%m?l!ve W t r M  ~r -. . . . 
21,s sly rblleml rkr pl.r,ol . I !  l n +  Iunr:lmn 

YUII [.: -[)I'?.-F 
.-,<-* .>:,r-,1* TO"*." 

nlnll TI l l l t lP l r  c r 3 1 3 C .  

R A I I I  O r  I l f : C h > -  
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appendix VI  

WORDS COMMONLY USED TO 
DESCRIBE SOUNDS 

The words l isted below are commonly used t o  describe 
sounds of various types. Such words are often helpful in con- 
veying information on the general nature of a sound. 

BANG 

BARK 

BEEP 

BELLOW 
BLARE 

BLAST 

BLEAT 

BONG 

BOOM 

BRAY 

BUZZ 

CACKLE 

CHEEP 

CHIME 

CHIRP 

CLACK 

CLANG 

CLANK 

CLAP 

CLATTER 

CLICK 

CLINK 

CLUCK 

CLUNK 
CRACK 

CRACKLE 

CRASH 
CREAK 

DINGDONG 

DRIP 

DRUMMING 

FfZ 

GNASHING 

GOBBLE 

GRATING 

GRINDING 

GROAN 

GROWL 

GRUMBLE 

GRUNT 

GURGLE 

KISS 

HOOT 

HOWL 

HUM 

JINGLE 

JAN%Lg 

KNOCK 
MEW 

MOAN 

MOO 

MURMUR 

NEIGH 

PATTER 

PEAL 

PEEP 

PING 

POP 

POW 

POUNDING 

PULSING 

PURR 

RAP 

RATTLE SWISH 

RING TAP 

RIPPLING TATTOO 

ROAR THROB 

RUMBLE THUD 

RUSTLE THUMP 

SCREAM THUNDER 

SCREECH TICK 

SCRUNCH TENKLE 

SHRIEK TOOT 

SIZZLE TRILL 

SLAM TWANG 

SNAP TWITTER 

SNARL WAIL 

SNORT WHEEZE 

SPLASH WHINE 

SQUAWK WHIR 

SQUEAK WHISPER 

SQUEAL WHISTLE 

SQUISH YAP 

STAMP YELP 

ZAP 



appendix VII 

REFER CES 

STANDARDS 

The following standards in acoustics and mechanical shock 
and vibration can be p r c h a s e d  from the  American National 
Srandards Institute, 1430 nroadwav, New I'otk, N.Y ., 100dR. 

S1 .I-  1960 Acoustical Terminology 
S1.2-I962 PhysicalMeasurementofSound 
51.4- 196 1 General-Purpose Sound Level Meters 
51.5- 1963 Loudspeaker Measurements 
S1.6- 1960 Preferred Frequencies for  Acoustical 

Measurements 
S1.lO- 19.66 Calibration of Microphones 
51.11- 1966 Octave, Half-Octave, and Third-Octave Band 

Filter Sets  
52.1- 1961 Shock Testing Machine 
S2.2- 1959 Calibration of Shock and Vibration Pickups 
52.4-1960 Specifying the Characteristics of Auxiliary 

Equipment 
52.5- 1982 Specifying the Performance of Vibration 

Machines  
52.6-1963 Mechanical  Impedance of Structures 
52.7- 1964 Tefrninology for  Balancing Rotating Machinery 
53.1- 1960 Criteria for Background Koise in Audiometer 

Rooms 
53 -2 - 1960 Measurement of Monosyllabic Word Intelligi- 

bility 
53.3- 1960 Electroacoustical Characteristics of Hearing 

Aids 
53.4 Computation of the Loudness of Noise 
S3-W-39 Effects of Vibration on Man 
S4.1- 1960 Mechanically Recorded Lateral Frequency 

Records 
224.5-1951 Audiometers for General Diagnostic Pur- 

poses 
224.8- 1949 Specification for Laboratory Standard Fres- 

sure Microphones 
224.9- 1949 Coupler Calibration of Earphones 
224.12- 1952 Pure-Tone Audiometers for Screening Pur- 

poses 
224.13-1953 Speech Audiometers 
224.15- 1955 Specifying the Characteristics of Analyzers 



224.17-1955 Class H I (High-Impact) Shock-Testing Ma- 
chine 

224.19- 1957 Laboratory Measurement of Air-Borne Sound 
Transmission Loss of Building Floors and 
wa 11s 

224.22- 1957 Specifying the Characteristics of Pickups fo r  
Shock and Vibration Measurements 

224.22- 1957 Measurement of the Real-Ear Attenuation of 
Ear Protectors at Threshold 

224.24-  2 957 Calibration of Electroacaustical Transducers 
(Particularly Those for Use  in Water)  

as wel l  a s  the fallowing recommendations of the International 
Organization for Standardization: 

ISO/R13 1- 1959 Expression of the  physical and subjec- 
tive magnitudes of sound or noise  

EOJRI 40- 1960 Field and laboratory measurements of 
airborne and impact sound transmission 

EOIR226  - 196 1 Normal equal-loudness contours fol- 
pure tones 

ISO/R266- 1962 Preferred frequencies for acoustical 
measurements 

lSOlR354 - 196 3 Measurement of Absorption Coefficients 
in a Reverberation Room 

EOlR357-1963 Power and Intensity Levels of Sound or 
Noise 

ISOlR362-1964 Measurement of  Noise Emitted by 
Vehicles 

ESOIR389-1964 ReferenceZeroforPure-ToneAudio-  
meters 

ISOIR31IPart  VII- 
1965 Quantities and Units of Acoustics 

XSOJR495- 1966 Test  Codes for Measuring the Noise 
Emitted by Machines 

and  the following standards af the International Electrotech- 
nical  Commission 

PEC/ 1 18 (1959) Measurements of Hearing Aids 
IECJ 123 11961) General Purpose Sound Level Meters 
IEC/ 126 I 196 1) Reference Coupler 
XECJ 17 8 (1965) Pure Tone Screening Audiometers 
IECI 119 ( 1965) Precision Sound Level Meters 

Representative List of Mher Standards and Test Codes 

Air Conditioning and Refrigeration hstitute (ARJ) 
STD 443 Rooms Fan-Coil Air Conditioners 



Air Diffusion Council 

AD-63 Room-to-Room Sound Transmission 
in Plenum Systems 

Ai r  Moving & Conditioning Association (AMCA) 

Bulletin 300 Sound Testing of Air Moving Devices 

American Gear Manufacturers Association (AGMA) 

AGMA 295.02 Sound of High Speed Helical and 
Herringbone Gears 

American Society of Heating, Refrigeration & A i r  Con- 
ditioning Engineers (ASHRAE) 

36-62 Sound Power Radiated From Equipment 
36A-63 Sound Power of Ductless, Through t h e  

Wall  Equipment 
36B-63 Acoustic Performance of  Air Control & 

Terminal Devices 

American Society for  Testing and Materials (ASTM) 

C423-65T Acoustic Absorption of Materials  in 
Reverberant Room 

C384-58 Acoustic Jrnpedance and Absorption 
by Tube Method 

E90-6 6T Acoustic Transmission Loss of Floors 
and W a l l s  

Compressed Air and Gas Institute (CAGX) 

Portable Pneumatic Tool Noise Measurement 

Institute of Electrical and Electronics Engineers (IEEE) 

IEEE85 Airborne Noise Measurements on 
Rotating Electric Machinery 11965) 

Society of Automotive Engineers 

J6A Ride and Vibration Data Manual 
S9 19 Measurement of Sound Level at Opera- 

tor  Station 
J952 Maximum Sound Levels for Engine 

Powered Equipment 



GENERAL REFERENCES - SOUND 

L. L. Beranek, editor, Noise Reduction, McGraw-Hill: 
New York, 1960. 

L. PI. Beranek, Acoustic Measurements, John Wiley: New 
Yark, 1949. 

L. L. Beranek, Acuuslics, McGraw-Hil: New York, 1954. 
L. C. Cremer, editor, Proceedings of the Third  International 

Congress on A-art, 195 8, Iclsevier: tbn-  - 
sterdam, 196 1 

D. Davis, Acoust ical  Tests and Measurements, H. W. Sams: 
Indianapolis, 1965. 

C. M. Harris, editor, Handbook of Noise Control, McGraw- 
Hill: New York. 1957. 

T. F. Hueter and R. H. 'Bolt, Sonics, John Wiley: New Yosk, 
1955. 

L. E. Kinsler  and A. R. Frey, Fundamentals of Acoustics, 
John Wilev: New York. 1962. 

H. F. Olson, *~coustical  &gineering. D. Van Nostrand: 
New Pork, 1957, 3rd Edit. 

R. W. B. Stephens and A. E. Bate, Acoustics and Vibra- 
t iona l  Physics, St. Mar t in ' s  Press: New York, 1866. 

G. W. Swenson, Jr., Principles of Modern Acoustics, D. 
Van Nostrand: New Yosk .  1953. 

Acoustical Society of ~ m e r k a ,  335 East 45th Street. New 
York 17, New York. (The  Acoustical Society has pub- 
lished in its Journal numerous papers on the subjects 
discussed in t h e  handbook. Cumulative indexes to the 
Journal and to other acoustical l i tera ture  for the years 
1925- 1963 are available from the Society.) 

Acustica, S. Hirzel ,  Zurich 4, Switzerland (an internat ional  
journal on acoustics published since 195 1). 

(ofthe Japanese), 
c / o  Aeronautical Research Institute, University of 
Tokyo, Kornaba, Meguro-ku, Tokyo. 

Journal of Sound and Vibration Academic Press, London 
and Kew Ynrk, (Quarterly), 

Larmbebrnpfung, Verlag fiir angewandte Wissenschaften 
GmbH, Baden-Baden, Germany. 

Soviet Physics - Acoustics (a translation of ' 'Akusticheskii 
Zhurnal"  of the Academy of Sciences of the USSR), pub- 
f ished by American Inst i tute  of Physics, 335 Fast 45th 
Street, New York 17, N. Y. 

Sound and Vibration, Acoustical Publications, P. 0. Box 
9t iGf ;  Cleveland, Ohio 44140 (Monthly}. 



GENERAL REFERENCES - W R A T I O N  

J. N. Brennan, editor, Bibliography on Shock and Shock 
Excited Vibrations, Pennsylvania State University: 
University Park,  S e ~ t e m b e r .  1957. . .  

British ~ n t e x k l  Combustion ~ n g i n e  Research Association, 
A Handbook on Torsional vibration, University Press: 
Carnbridee. 1958. 

S. H. ~ r a n d a i ,  editor, Random Vibration. Technology 
Press of t he  MVIITT: Cambridge. Massachusetts, 1958. 

5. H. Crandall and W. D. Mark, Random Vibration in 
Mechanical Systems, Rcademlc Press: Xew Sork, - 

C. E. Crede, Vibration and Shock Isolation, John Wiley: 
New York. 1951 .  

J. P. Den EIa&og, Mechanical Vibrations, McGraw-Hill: 
New York. 1956. 

R. C. Duve and P. H, Adarns. Ex~erirnental  Stress Analv- 
sis and Motion ~ e a s u r e k e n t , ~ ~ e r r i l l :  Columbus, 
Ohio. 19G4. 

C. M. Garris and C, E. Crede, editors, Shock and Vibra- 
tmn Handbook, McGraw-Hill:  New U-ork, 196 1, 

C. T. Morro~r,,  Shock and Vibration Enpneering,  John 
Wiley: New - 353. 

J. Ormondroyd bllnutt ,  F. Mintz, and R,  D, Specht, 
" ~ o t i o n  Me: :nts. "Handbook of Exnerimcntal 
Stress Analysis, edlted'by 11. Hetenyi, ~ & h n  Wile?.: 
New York, 1950,  Chapter  8, pp 301-389. 

J, N. MacDuff and J. R ,  Cur re r i ,  Vibration Control, Mc-  
Graw-HiU: New York, 1958. 

R. T. McGoldrick, AJs, 2nd 
Ed., US Navy, P%131785, December, 1957. 

R. T. McGoldrick, Ship Vibratron, David Taylor Model 
Basin, Report  145 1, December ,  1860. 

J .  E. Ruzicka, editor, Structural Damping, American 
Society of  Mechanical Iznglneers:  3;ew York, 1959. 

G. W. Van Santen, Mechanical Vibra t~on,  Philips Tech- 
nical Library,  E l s ev~e r :  Houston, 195 3.  

W. K e r  Wilson, Vibration Engineering, Char les  Griffin: 
London, 1959. 

American Society of Mechanical Engineers, Shock and 
Vibration Instrumentation, ASME: Xew York, 195 2 .  

VDI 205-210, Messung  rnechanischer Schwingungen, Verein 
Deutsches Ingenieure, lhsseldorf ,  October, 1956. 

Environmental Quarterly, 252-46 Leeds Road, Little Neck 
62, N. Y. 

Experimental Mechanics, Society for Experimental Stress 
Analysis, 21 Bridge Square, Westport, Connecticut. 

The Journal of Environmental Sciences, Institute of Envir- 
onmental Sciences. 940 East Northwest Hiahway. .> .. - 
Mt. Prospect, ~ ~ i k i s .  



Test E n e e e r i n g ,  61 Monmouth Road, OaPEhurst, N. J. 

(See also General References - Sound) 
HEARING 

D. E. Broadbent, Perception and Communication, Perga- 
mon Press: New York, 1m. 

H. Davis, Editor, Hearing and Deafness - A Guide for Lay- 
men, Murray HTBor?ks :  New Pork, 1947. - 

H. Fletcher, Speech and Hearing i n  Communication, D. 
VanNostrand: Kew Y o r k ,  1 9 5 3 .  

A. Glorig, Noise and Your Eas, Grune & Stratton: New 
York, 1958. 

1. J. Kirsh ,  The Measurement of hear in^, McGraw-Hill: 
New York. 1952. 

K. D. ~ryter;  h he Effects of Noise on  an," Journal of 
Speech and  Bearing Disorders, American  Speech and 
Hcar ing  Association, Monograph Supplement 1, 1950. 

W. A.  Rosenblith and K. N. Szevens, Handbook of Acoustic 
Noise Control, Vol LZ Noise and Man, WAUC Technical 
Report 52 - 204. PB 1 11274. Office of Technical Services. 
~ e p a r t m e n t  o f  commerce, Washing-ton 2 5 ,  DC, dune 
1953. 

J. Sataloff, Industrial Deafness, Blakiston Division, Mc- 
Graw-Hill: NPW York. 1957. 

S. S. Stevens and F. ~ a i s h o f s k ~ ,  Sound and Hearing, 
Time. Inc: Mew York. 1965. 

S. S. ~ t e k n s ,  editor, ~a"ndbook of Experimental Psycholom, 
John Wiley: New York, 1951. 

S. S. Stevens and H. Davis, Hearing, John Wiley: New York, 
1438. 

American Standards Association Subcommittee 224-X-2, 
 he Relations of Hearing Loss to Noise ~ x ~ o s u r e . "  
ASA: New York, January, 1954. 

N, L. Carter and K, T. Kryter,  askin in^ of Pure Tones 
and Speech, " The Journal of Auditory Research, Vol 2. 
No. 1, ~ a n u a r m  

J .  P. Egan and A .  W. Hake, "On the Masking Pattern of a 
Simple Auditory ~timulus," Journal of the Acoustical 
Society of America, Vol 22, September, 1950, pp 622- 
630. 

I. Pollack, '"he Loudness of Bands of ~ a i s e , "  ~~ournal  of 
the Acoustical Society of America, Vol 24, September, 
1952, pp 533-538 .  

D. W. Robinson and R. S. Dadson, "A Re-determination of 
the Equal Loudness Relations for  Pure Tones," Br i t i sh  
Journal) V~hysics,l 7, May, 1956, ppr 
181. 

D. W. Robinson, "A New Determina t ion  of the Equal-Loud- 
ness Contours,'' IRE Transactions on Audio, Vol AU-6, 

230 



January-February 1958, pp 6 -  13. 
S. S. Stevens, ' procedure  Ear Calcdat  in^ ~ o u d n e s s ,  I' 

J a r d l  of the Acoustical Society of bmerica, Vol  33, 
No. 11, November, 196 I ,  pp 1577- 158:; 

W. D. Ward, A. Glorig, and D. L. Sklar, Temporary 
Threshold Shift fsom Octave-Band Noise: Applications 
to Damage-Risk Criteria, " Journal of the Acoustical 
SociPty of America, Vcll 31, Aprll ,  1959, pp 522-528.  

C. D. Yaf f e  and H. H. Jones, Noise  and Nearin Public 
Health Service Publication No,  850 ,  *vernment U 
Printing Office: Washington, D. C., 196 1. 

hternational Audiolow; Serr6tarlat de la Socigt; Xnterna- 
tionale d" Audiologle, 4, Rue Montvert, Lyon Be,  France. 

The Journal of Auditory Research,  The C. W. Shilling 
Auditory Research Center, 348 Long Hill Road, Groton, 
Connecticut. 

American Industrial Hygiene Association, Industrial Noise 
Manual, AIHA: Detroit, Michigan, 1966. 

NUDE CONTROL 

L. L. Beranek, editor, Noise Reduction, McGraw-Hill: 
New York, 1960 .  

R. H. Bolt et-al. editors. Handbook of Acoustic Noise Con- 
trol, Vol 1, Physical kcclustics. WAuC Technical Report  
52-204, PB 1 I 1200, Office of Technical Services. Depart- 
ment of Commerce, lLrashin@on 25,  DC, December, 1952, 
S .  J. Eukasik and A .  W. Nolle,  editors, Supplement I ,  
April 1955, PB 1 11200S. 

P. V. BGel. Sound Insulation and Room Acoustics, Chapman 
and Hall:  London. 1 Q 5 1 . 

W. nrser ,  Room a i d  I3uilding Acoustics and Noise Abate- 
ment, Butterworth: London,  1964. - 

National Physical Laboratory, The Control of Noise, Sympo- 
sium No. 12, Her Majesty's Stationery Office: London, 
1962. 

P, H. Geiger, Noise Reduction Manual, PBllD828, OTS, 
Department of Commerce.  W a s h i n d o n  2 5 ,  D c ,  1952. 

C. ~ . - ~ a r r i s  (See General  ~k fe rences ) .  
Y. 0. Knudsen and C. M. Harris, Acoustical Designing in 

Architecture, John Wiley: New York,  1950. 
G. Kurrze, Physik und Teahnik der LS rmbekkirnpfung, 

G .  Braun: Karlsruhe, 1964. 
American Foundryments Society, Foundry Noise Manual, 

Des Plaines, Ell., Second Edition, 19fi6. 
P. Lord and I?. L. Thomas, editors, N o ~ s e  Measurement 

and Control, Heywood: London, 196 3 .  
ASHRAE Guide and Data Book, Fundamentals and Equip- 

ment, 1965-196.6, ASHRAE, New Ir'ork, 



P. N. Parkin and H. R. Humphreys. Acoustics, Noise, and 
Buildings, Faber and Faber: London, Second Edition, 
1963. 

H. 9. Sabine, Less Noise - Better Hearing, Celotex Corpor- 
ation: Chicago, 1950. 

Llrmbegmpfung (See General References). 
Sound Vibration { " 

I I I t  

- ---- -- 1 a 

MEASUREMENT OF NOISE 

National Physical Laboratory, "Noise Measurement Tech- 
I t  - niques, Notes on  lied Science, No. 10, Her Majesty's 

Stationerv Office: London. 1955. 
H. C. ~ a r d ;  "Standard ~ecianical Noise S o u r c e s , ' ~ ~ o i s e  

Control, Vol 5, May, 1959, pp 22-25. 
R. T. Jenkins, "A New Sound Integrator, " BeU Laboratories 

Record, Yo1 32, September, 1954, pp 331-335 .  

W. B .  Snow, "Significance af Readings of Acoustical Instru- 
mentation, " Noise Control, septer;l$er, 1959, pp 304- 
307. 329. 

R. G. k t e r h o u s e ,  "Output of a Sound Source in a Revyber-  
ation Chamber and Other Reflecting Environments, 
Journal of the Acoustical Society of America, Vol 30, 
April. 1958, pp 4-13. 

R. W-. Young, A Brief Guide to Noise Measurement and 
Analvsis. kesearch and Develowment R e ~ o r t  609. U S  
_Y- 

Navy Electronics Laboratory, sari ~ i e ~ o ]  ~ a l i f o ~ n i a ,  
PBL1803.6. 

R .  W. Young, "Sabine Reverberation Equation and Sound 
Power Calculations." Journal of the Acoustical Society 
of America, Vol 91, July, 1959, pp 912-921.  

AUXILURY EQUIPMENT 

G. L . Davies, Magnetic Tape Instrumentation, McGraw- 
Hill: New 

C. D. Mee, The, North 
Holland: ~lmsterdarn. 1964. 

J. F. R i d e r  and S. D. ~ s l a n ,  Encyclopedia on Cathade- 
copes and t he i r  Uses ,  John F .  Ride r  
ew York, I Y S O .  

D. A. Snel, Magnetic Sound Recording, Philips Technical 
Library: Wetherlands, 1959. 

H. G. M. Spratt, Magnetic Tape Recording, Heywood: Lon- 
don. 1958. 

W. E. Stewart, E s ,  McGraw- 
Hill: New York, 1958. 



J . Tall, Techniques of Magnetic Recording, MacMillan: 
New !fork, 1958. 

F. T. Van Veen, Handbook of Stroboscopy, Genera l  Radio 
Company: West  Concord, Mass ., 1966. 

ACOUSTICAL MATERIALS 

Acoustical Materials Association (59  East 55th Street, 
New York 22. New York). Sound Abso r~ t ion  Coefficients 
of drchitectu-ral ~ c o u s t i c a m a t e r i a l s . '  

National Bureau o f  Standards, US Department of Commerce, 
"Sound Absorption Coefficients of the More Common 
Acoustic Materials, " Letter Circular, LC 870. 

National Bureau of Standards , US Department of Commerce, 
'%ound Insulation of W a l l  and Floor Constructions,' ' 
Building Materials and Structures Report EMS 144, 
February 25 ,  1455, Supplement, February 2 1 ,  1956. 

C. ~ w i k k e r - a n d  C. W. ~ o s i e n ,  Sound ~ b s o r b l n ~  Materials, 
Elsevier: New York, 1949. 



appendix Vllt 

CATALOG SECTION 

GR 1565-8 and GR 1563 SOUND-LEVEL METERS 
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Type 1561 PRECISION SOUND-LEVEL METER 

w meets IEC 179 and ANSl 51.4 
rechargeable-battery operation 
rack model available 
external-filter connections 

- - 
. I  

Rnrlr Model 

Th15 Instrument 1s capable o f  m a k i n g  sound-level meas- 

urernents requrred under Pan 50 204.10 "Occupat iona l  

No i se  Exposure." of U S  C. T ~ t l e  41 - "Public 

Cont racts  a n d  R o p e q  Manegemen! Sa le f y  and Hea l t h  

- 4  - -  ' I  . Standards for Federal Supp l y  Cont racts"  (Dept .  of 
v Labor). Ref. Federal R ~ q ~ s t e r .  Vol 34. No. 96, 

M a y  20,1969 

t r~dus t r y  standards for acoust ica l  measurements are CHOICE OF MOUNTING 
b e c o m ~ n g  more ~ t r ~ n g e n l .  IEC Publ icat ton 179. 1965  For manv aoDltcatlons. a rack-mounted sound - lwe l  . . .  
requ l r rs  greater accuracy of sound-level meters, p a r t i c u  meter is more approDrlate t han  a portable instrument. 
lar ly at frequencies above 1 kHz. The 1 5 6 1  was d r s ~ g n e d  
to mepl and ,he t,ghrer 

e-R.. I n  complete measurlng systems. The 1561 i s  otfered 

requirements of ANSl  Standard S1.4.1961. It has t he  
I n  both  vers~ons 

w e ~ g h t ~ n e  character ts t~cs,  w ~ d e  sound.leve1 range. Internal RECHARGEABLE B A n E R Y  OPERATION 
calibrntann faci l i ty, h igh- lcvr l  output, 2 n d  other c s ~ a h i l -  €ither of t he  1561 can be powered by nickel- 
itips of p r w e n  v a i u ~  In  a l l  the GR sound.level meters. ,-admiurn batteries; t he  portable model IS avai lable wi th  

SPECIAL FILTERING two sets a n d  separate battery charger o r  w ~ t h  dry cells; 

For spec ia l  needs. t h e  1561 has provisions for the con. t he  rack model  will operate from an ac t ine or f rom re- 
nect lon ol an e r t c rna l  f i l ter t o  shape the frequency re- chargeable hatterfies for which a charging circuit is  
sponse as requ~red.  The GR 1952 Universal F ~ l t e r  is de- built In. 
s igned for  st lch service. -See GR Experimenter for  Apri l  1968. 

speci f ica t ions  
Sound-L1v.1 Rnnw Irms, dB rs 20 r~ lm21:  Meter: Rmr reswnre: last and slow meter speeds In  accordance 

ana IECItandard5. 
calibration: nbro lu l l  calthratlon 01 the 1561 Is su 8~0~s t l ca i l y  

31 to 13008 
at 500 H z  and a level at 114 dB re 20 uNlm7. Mlcrophona r~ 
5 m i c  and icn%ilcv~ly sm mcnrured ;n ~t f r m  l ~ c l d  20 Hz to 

2 I l o  I 9 0  dP 15 kHz by C D ~ O J ~ ~ S O ~  w l h  n WE 640M booratory SIandard 
76 l o  130 dB rn~cropnon~ w f h  cdl i t l r l l~on ImemOle to tne Nationll Rcrreau OI 

A Wr~qhting 31 10 153 dB 27 l o  130 dB Stan68rdl Complete elcclracal I r r aucncy rcsp~n~@ mcnsur~rnllnts 
-#In obtrlrcd -4th xl0 DrramD 8.1". mar wlth 21. ~ T C  maoe an each In4trumr.nl Panel adrustnlenl rrrovldtd far 

at. lnd~rdtin$ ~ s i n  wlln ~ntcrnai caltbration clrruit. w h ~ h  h a s  

All-nFe is Nda ,or poll14wm, ntlo dB, Whm a lirra- aO~u5 tmr l l t  lo  perrntt calisralaon 6n t c r m l  of mmcrwhonc rmrt- 
ran .ipnhl 1% ap(ll,ed to fht 1560.pd0, 1% to 141 t8v.f~ co"lroL i= tnlcrnal ann rcccrsibc thmulh case el  aortahl@ 
dB. Thr %~~na!-to.no,rr r s t ~ o  Is at  least 5 dB lor the lower ~ l u c s  rnodelr, on lronl panel or rack rnode1.l. ThC 1562 Sound-Ladel 
~ i v e n  ehaur. Cillbrato? or 1559 Mlcrophanr R e c l ~ r ~ c i t y  Calibrat,~r can bc uzcd 
FrFclYlnCY Charaetmisticsz P. 8. and C wigh l lnp in mcccrdance 'Of pFr'ad'c Ove'il'' acoust'r checks. 

~ f h  AN51 Sl*ndarU 51.4-1961, IEC Publication 123. 1961 and IEC Tamperatun and Mumia#N Effectst Tnc lnslrument wl l l  acmnfs 
PUulicar~OII 179. 1165 lor precI~IOn %ouna.lPurl m r t t r \  AIcl DIP r # f h l n  specif ic~l~ons. fur meter ~ndications above 0 dB, wer a 
vmded 85  1 11.11 r r lponl r  trom PO M? to 20 kH? to ocrml! meJs- range ct 10 l o  SO-C and 0 10 90% nlatave humld#tf, wncn 
VlPmFnl 01 IOunO-brCs%urC ICVFI. Jacks arc prov?ded tor ~n-r%on standard~zrd oy 11s internal celubratfon crrcuit or an atlernal 
of a n  r r le rn# l  liltnr. ca1st:rator No Uarnaue to mlcfoaho~rt Irnm -10 lo -I-60'C and 

Mkm~hw~o.: The GA 1 S P 7  PmlslOn MiCrOPbon. i. s~pol ied tG  l oo ib  humid'ty. 

~ i : " , ; ~ ~ l ~ a ~ ~ f ~ ~ ~ ~ ~ i : ~ ~ : " , " , ' ~ n ~ " , " [ , " t ~ Y  I ~ \ ~ ~ ~ w ~ ~ ~ ~ ~  Matnclbc-Ficld Effcctl: ln  s 60.H~. 1.oemtcd in0 f i lm)  magnetic 
lnrtrumenr anb o b ~ t r r r r  to rninim,zr d ~ f f t n ~ l , ~ ~  and r.r:ec180n l'eld JnU OriPntra fcr ma1 reading, the tat* m&el WIII inoncata 
e1:ecls t I541 1 %  scl l o  compcnsata lor cable I ~ P S ! .  about 42 on, the po,tnnle. model about 53 a 0  (C weightingl. 

Sound- lsv~ l  Indication: Reading l r  $urn of mclcr and a I lmu~ lOr  fieocrrorie supplielt portable models inslvde Pmlsion Mlcrp 
scttln.. hlmte, calmhralwd -6 to + I0  dB- nrtmUItOf calabmted .hone ryes 1560.~7. lo.*, m8craohons  able. and either o m  set 
J D  lo  140 0 8  (r07O ,Nlrn:)  In  10.OB SIPPI- of dw.cell ba!lcrtCs or tuo YI. of runargeabl~ bal let i t% m a  
o u t p ~ t  [IUI(+UI~ met- rcaaing): 1.25 v -hind ~ X K )  0; na-onic RaW'w Charar*i Tvoa IMO.PG0 Racu mmc l  .ncludms ~ n w c r  cord. 

015'01110~ <O.SVb. A c c ~ ~ ~ o r i ~  An i l r sD ;  1951 U e l w r u l  Filter md 156PPM P* 
Input lmprtlnrcf ZIW Ma, acmm d0 pF in pofiable model. amplifier (power l u ~ 0 l i M  by 1561), 156C~Fl Mlcm~honc, and 
acmsr 90 PF an tach modat. crten5ion cahlal. 



C m r  Rsqu1d.dl Ttm mck-munt 1561-R oDnLIm,s rc  pawor tup. 
pllm 10, werallng the Instrument O M  for mcharginl( Ihc bamrlss 
(no1 suppllcd) lhal cen he used to w m r  Ine ~nstmment Tbas 
model weralP1 lrom 1W to 115 or 2CO 10 250 V M to 611 Hz. 
2 5 W m l x  

The pnflablm 1561 is muo~llsd Ylrlh Elltmr 3 Burgels IYW PM6 
dwccll a ? t t n r l a  (or cqu~valant). which gnvs abwt IM avarnpo 
oprmtson. or with 2 srr5 0 1  mhmrwsble nlcUcIcadmium hat- 
terser and tha 15EQ.PK Baltery Chnrvsr Tho! un8t vrll simul- 
tm-ourly r ~ c h l r g c  two rs t r  of b l te . rc l  lone set nn i 4 0  1','1. 
? h r  otk-r In iha char~ar l  lrom 0 C0vl.i llna 01 105 l o  12'1 or 
210 to 253 V. 50 tn 60 HI. 5 '11. 

The n#ckalcadm~um battsrlar wil l  pmvlde l d m l  20.h of omrs. 
tlon and rtcharea In about 15h; dryCCll3 OboUt 15 h 
Mounting The 1561-R 1s In a rack.rnBunt cabmet. tha porhbl* 
model I r l  a F~IC-TCI! case. tho charger In n n  mtumlnurn c s w  

Number 

Portable MMolr, lncl p m i j i n n  
m8crnpnwa snd 1O.I l  cable 

1561-9700 mllh O r y ~ r l l  b 8 l l ~ f i m  
w,th 7 retx r s c h ~ r ~ ~ m o l ~  hi 
t ~ r m l ,  and rschsrccr 

1561-9701 lor I::, "01~5 

'01 23n V V I : ~  

Gack Wml-l Inn hnllrrr or micr 
Chonel 

Type f 551-6 SOUND-LEVEL METER 

24- to 150-dB measurement  range 
I meets common standards: 

ANSI Standard 51.4-1961 
1EC Publ icat ion 123, 1961 

I 20-Hz to 20-kHz amplifier response 

r internal calibration system 

This instrument is capable 07 makFng saund-l'euef msas- 
urements required under Part 50-204.10 "Occupational 
Noiso Expowre," of U.S.C. T ~ t l e  46 - "Public 
C o n w a s  and Propeny Management Safety and Health 
Standards for  Federal Supply Contracts" (Oept. of 
Labor). Ref: Federal Reqifler, Vo!. 34, No. 96, 
May 20, 1969. 

fhe 15514 is not only a convenient, h~ghly accurate 
sclund-level meter but is also the key ~nstrurnent in a w~de  
vanety of sound and vibral~on measuring systems. In u';e 
as a sound-level meter alone, !he 1551 IS compact and. 
easy to handle, rugged enough for severe envlronmentr. 
and s~mple to use. 

A highly versatile instrument, it wtll, for examplc, s e w  
95 a cal~brated preampl~l~er In combrnelion w ~ t h  other, 
related ~nstrurnents such as spectrum analyzers, specla!. 
PurWSe m~crophones, callbrators, and vlbrntlnn pirkups. 
Many other accessorres, such as graph~c level recorders 
and tape recorders, can he operated from tho sound-level. 
meter output. 

This sound-level meter Ean alw be used a5 a portable 
amplNier, attenuator, and wltrneter tor fabratory mea- 

sutcmcnts ~n the audio-f~equency range. 
Many of rts appl~cations are described In detail in thc 

Handbook of No~se Measurement, a copv of whlch IS 

aval?able to each u;er. 

ks, and an lo 
~ncluding ba 
The rn i c roph~  
hen not in us 
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tler~es, 8s m 
3rke can be t 
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Dsscriptlon 
The 1551-C consists of an omnidimtional microphone. 

a tal~brated atlenuator. an amollfier, standard weighting 
netwarl er. The complete ~nslru- 
men t, ounted in an alumlnum 
case. #zed in sevefal posltlons 
and, wl I lnto a storage posltlon, 

unit i s  available. 

-See GR Exprrim~ntsr for August 1961. 



(left) Microphone In the storage position (batteries automatically discon
nected}. (Center) The sound-level meter operated In Its leather carrying 
case, microphone In the horizontal operating position. (Right) The sound
level meter ac-operated with the Type 1262-B Power Supply, which ·plucs 

directly Into the base of the sound-level meter. 

spe'Ciflcations 

Sound-Level Ranae: From 24 to 150 dB (re 20 ~N/m2). 

Frequency Characteristics: Four response characteristics, A, B, 
C, or 20 kHz, as selected by panel switch. The A·, 8-, and C
weighting positions are in accordance With ANSI Standard 51.4-
1961 and IEC Publication ·123, 1961. Frequency response for the 
2D-kHz position is flat from 20 Hz to 20 kHz, so that complete 
use can be made of very wide.band microphones . 

Microphone: GR Type 1~5. 

Sound-Level Indication: Sound level i~ indicated by the sum of the 
meter and attenuator readings. The clearly mar-ked, open..scale 
meter covers a span of 16 dB with calibration from -6 to +10 dB. 
The attenuator is calibrated in 1o.dB steps from 30 to 140 dB 
above 20 v.N/ m2. 

Calibr•tion Accuracy: When amplifier sensitivity has been stand
ardized, the absolute accuracy of sound-level measurements at 
500 Hz is within ± · 1 dB and at all frequencies is in accordance 
with the ANSI Standard. 

Panel adjustment is provided for standardizing amplifier gain 
with internal calibration circuit. 

Absolute acoustic sensitivity is factory calibrated at 500 Hz. 
Microphone response and sensitivity are measured in a free field 
from 20 Hz to 15 kHz by comparison with a WE 640AA laboratory
standard microphone with calibration traceable to the National 
Bureau of Standards. Complete electrical frequency-response 
measurements are made on each instrument. 

The 1562-A Sound-Level Calibrator or the 1559-B Microphone 
Reciprocity calibrator can be used for making periodic over-all 
acoustic checks. 

Output: 1.4 V behind 7000 0 {panel meter at full scale}. The out
RUt can be used to drive analyzers, recorders, oscilloscopes, and 
headphones. Harmonic distortion (panel meter at full scale} < 1%. 

Input Impedance: 25 MO In parallel with 50 pF. 

Meter: Rms response, and fast and slow meter speeds in accord
ance with ANS 51.4-1961 and IEC 123, 1961. 

Environmental Effects 

Temperature •nd Humidity: Microphone is not damaged at tem
peratures from -30 to +9s·c and relative humidities from. 0 to 
100%. When standardized by Its internal calibration system or a 
1562 Sound-Level Calibrator, the instrument will operate within 
catalog specifications (for panel-meter indications above 0 dB} 
over the temperature range of o to so·c and the relative humidity 
range of 0 to 90%. 

238 

Maanetic Fields: When exposed to a 60-Hz, 1-oersted {80 A/m) 
field, the sound-level meter will Indicate 60 dB (C weighting) 
when oriented for maximum sensitivity to the magnetic field. 

Electrostatic Fields: Aluminum case provides sufficient shielding, 
so that normally encountered electrostatic fields have no effect. 

Vib,..tion: Case is fitted w.ith soft rubber fee·t and amplifier Is 
resiliently mounted for vibration isolation. When the instrument 
is set on its feet on 'a shake table and vibrated at 10 mils pk-pk 
displacement over the frequency rans:e of 10 to 55 Hz, the un
wanted signals generated do not exceed an equivalent C-weighted 
sound.pressure level of 45 dB when motion is vertical, 60 dB 
when motion is lengthwise, or 40 dB when motion ·is sidewise. 

GENERAL 

Power Supply: Two 1lh-V size D flashlight cells and one 67lh-V 
battery (Burgess XX45 or equivalent) are supplied. An ac power 
supply, the Type 1262-B, is available. 

Accessories Supplied: Telephone plug. 

Accessories Available: 1551·P2 Leather Case (permits operation of 
instrument without removal from case}, 1562 Sound-Level cali
brator, 1560...P95 Adaptor Cable for connecting output to 1521-B 
Graphic Level Recorder. 

Mountin&: Aluminum cabinet. 

Dimensions (width x height x depth}: 7V4 x 9V4 x ~ in. (185 x 
235 x 160 mm). 

Weicht, Net, 7:Y4 lb (3.6 kg}; shipping, 16 lb (7.5 kg), batteries 
incl. Add 2 lb for leather case. 

1262-B POWER SUPPLY 

Attaches to the 1551-C Sound-level Meter for ac-line 
operation. 

Power Required: 105 to 125 or 210 to 250 V, 50 to 4qO Hz, 2 W. 

Dimensions (width x height x depth): 5 x 7V4 x 3\o\ in. (130 x 
185 x 80 mm). 

Weicht• Net, 2¥2 lb (1.2 kg); shipplng.e lb (3.7 kg). 

Cotaloe 
Number Description 

1551-9703 1551-<: Sound·Level Meter 
8410·9499 Set of Replacement Batteries 
1551-9602 1551 .. P2 Leather Carryinc Case 

1262-B Power Suppl1 
1262-9702 115-V Model 
1262-9705 23G-V Model 

Patent 3,012,197. 



Type 1562-A SOUND-LEVEL CALIBRATOR 

a c0.3dB accuracy 
m fits many microphones 

ln5r1 
Ares 
its I 

osci 
m n  

T 
and 
with 
Mic 
7 6& 

The 1562 Is a selfcontained unit for making accurate 
&Id calibrations on microphones and sound-measuring 
'--'rumen&. I t  generates a precisely known sound. 

.sure level at five ANSI-preferred frequencies. With 
several frequencies, imprwed accuracy, and bu i l t -~n 
Ilator, the 1562 supersedes the 1552-1307 twinstru. 
~t combination. 
he 1562 will calibrate the Western Electric 640AA 

the GR 156aP5, -P6, and -P7 microphones used 
f current instruments, the GR 1551-PI Condenser 
mphone System, and the older Types 1560-P3 and 

-,-0-PO. Thus sensitivity and response tests can be made 

at several frequencies on a variety of instruments with 
microphones, lncludtnR Typs  15'11. 1561, and 1565.h 
Sound-Lwel Mrters. 1558 Octave-Band Analyzers, 1564-A 
Sound and Vibrat~on Analyler. 1555.4 Sol~nd-Surrey 
Meter, and 1525-A Data Recorder. 

An electrical signal output 1s prwided for tests on in- 
struments w~thout m~crophones. An ~ndicator lamp i s  
provldrd to check for adequate battery vnltaue. 

For even greater accuracy and NRS traceability, use 
the 1559-8 M~crophone Rec~procity Calrbrator 

-See GR Experimenter f w  May-June 1967. 

spsclf icrt ions 

I tOUSTIC OUTPUT ~rmumey ~ h a r m t * r i d ~ e  outout IS nat r 2 % .  
FmQu*ncllrt 125. 250. 500.1WO. mnd 2000 Hz. -3%. DiltaRiOn: ~0.5%. 
Sound.rr~srun h v s l :  114 dB m 2Q rNlm7. connector: Standard mlephono jack 
ICCU~CY 111 23-C and 750 mm nu): 6CNtR.L 

#ifWB 0 t h  f w w n ~ h l  Opersl inl  Lnvlrenm~rrt: 0 to 50.C. 0 to 95% n(sAw humldlh. 
WE- Accr$*ori.s Supplied: C . w i n ~  cam. adeptom for '+..in. mnd %In. 

W aamr :c r  mlcroobo?cs. (Firs l+.t.I.l. rnisfoohmrr wlrhout ndsptor.) 
mulnmnt T ? y t t r r r  r ~ l ~ d r  I - 

&ha, 
Rsrtery: One 'g '.' Burgess PM6 or munl. 120 houn use. 

mKrrrrlwM D~mrnsians: ~en((1n. 5 in. (130 mml: diameter, t* In. 135 mm). 

Tsmmntura -lmb B o h v m  0 and -0.012 dBI'C. 
Wmtllht. net. I In 10.5 kalt ahlDoinl. 4 I8 (1.9 LR). 

Pml%um C o m l 4 o n :  ChaR luopli.6. Catrlnr ku.l:cr - -~ 

ELEfTlRIL O V M n  1551.9101 
V O l b P t  1.0 V 5 0 %  Mind 6om 0. ~ ~ i a - m m  

PIscrINbn 

lW2-A S w n d - L m l  Calibnhr 
R.plac*m.nt smn.v, i q ' d  



Type 1565-2 AUDIOMETER CALIBRATION SET 

Type 1580-P82, -Pa3 EARPHONE COUPLER 

lPOPll3 Earnhone Coupler 

Faulty hearing or faulty audtometer? I n  1963 a study' meter, a calibration chart, a full set of Instructions. and 
revealed that an audiometer only had a 5&50 chance of a convenient carrying case to keep everything together. 
be in^: accurate. Deficiencies included sound pressure at 
or k y o n d  tolerance limits, faulty earphone performnnce, EARPHONE COUPLERS 
frequencv outside l im~ ls ,  excessive harmonic distortion. 
and extraneous instrument noise. 

W ~ t h  this fact in  mind the 1565-2 Audiometer Calibra- 
t ion Sets were conceived - mini-systems with maul-bene- 
fits for tight budgets. Each contains a sound-level meter 
and earphone coupler to measure the output level and 
frequency response of the aud~ometer, a sound.level cali- 
brator to ensure accurate read~nes from the sound-level 

There are two versions of the 1565-2 Audiometer Call- 
bration Set. One includes a 1560-P82 Earphone Coupler, 
wh~ch is an ANSl Type 1 coupler for 'sin.-d~ameter micro- 
phones such as the GR 1560.P5. -P6 and -P7 MicrophonPs 
and Type L laboratory standard microphones such as the 
Western Electr~c 640AA. The other includes a 1560-P83 
Earphone Coupier (mechanically* similar to the NBS type 
9-A coupler) for the GR 15KLP5, -P5, and -P7 Micro- 
phones and WE M O A A  rn~cropbnne. - 

'E. I. CI 11s S M Wlrhlk L 0. Doefier W Melnlck H. S. Levfne W d y  A third coupler, the 1550-Pa1 Earphone Coupler is 
& available separately. t is an ANS 1 Type I coupler for 

M J % ~ ~ , ~ , ~ ~ ,  1063. I!;-in. microphones such as the older GR 1560-P3 and 
.m. l560m3 l~tudas rnicrnpixm locatin8 114 for lreater sass of Microphones. 

UIC. I f e r l e ~  of carahlo ~ontf~lled rncnrunmenls w I I  both MBf. md 
CM.lyQe CPuPjltr  IndicaIcs lhlt !?i% minor dlWrrrnFa i r u l c r  no ditcem- 
LtMe ~ l l i d l l ~ n  mup'*r r-spanre. -See OR Experimenter for October 1966 and April 1968. 

specif ications 

156bPBl  and -Pa2 EARPHONE COUPLERS 1585-2 AUDIOMETER CALlBRATlON SET 
T * p . r  ANSI Type 1. Suppliad: 15654 Sound-&vet M&r. 15624 JQund-Leva1 CIlI. 
Volume: G cm, including aqulwlent mlume M microphana. hatat, catphone cou~lcr. spare bal:srica, along@ case. 
will HOldinr FOICC; 5m gram% Dimmsionsi (width x heilhl x dspth)r 11Y, x 4 1  x 10 In. (290 x 
Frmmnsr: 100 H z  to 6 kHz rl IJE: to a k H z  5 dm (with corn-. 110 125 '  -1. 
iron; for lirtlrura respanre ol micmphcnil 

. 
Wltlhl: Nat. 5 Ib (23 kg)$ dlimlng, 12 Ib (5.1 W. 

Dlmanslonr: Coupler Ialameter x height) 2% x 18, in (57 x 26 
mml,  0ut.r a l l  (welghl r he lm x depth). 1~ x 3 x 3 In. i57 x 76 x 
V h  mml C.1.I.. I 1 

I 1 I U  U I  C.Iibraiion S M  
1560-P83 EARPHONE COUPLER I%=. with I m p 8 2  Earphme Coupla I 

Tma? GR9A lmcdified version of He5 hw 94). 15669901 
UOtuma'! S.642cm8, inctuding volume add@ by mlcmphono. 
*111I HoralnK Forcn 450 grams. nominal. 15-1 

; ' 
mrphonor with MX41!AR earcushions. 
Dimnnsuonsr Coupler (diarnalw n hcipnt), 2q.  x 1w in. (75 x 32 1-9m 
hm): cvcrsll haighl, 31'r I" .  (69 mm). 
WslEhb Net. 8b5 01 1245 shipping. 2 lb (I Lg). 841C-9591 

with 156C-Pa3 Eamhona Couol.r 
15~0-ml EarphOn* Coupler. 

ANSI type I .  14. In. 
1w.W Earphone COUpkh 

ANSl tvoc 1 ,  'V, in. 
~ s ~ w ' 1  Earnh0n~Coupl.r. 

[;R Ww 9 A  
&t Of R a ~ t ~ c ~ m m t  88W.S 



VlBRAT ION PICKUPS AND SVSTEMS /?1 
accessories for sound-level meters 

I select for: 
high-frequency performance 
high sensitivity 
general application, economy 

For the measurement of solid-borne vibrations with the 
round-level meter a vibration plckup is used in  place of 
Iqe microphone. 

Each of these Vibration Pickup Systems consists o l  a 
vibration pickup, a control box, and a connection cable. 
The vibratron pickup i s  an inertia-operated, ceramic device, 
which Renerates a voltage proport~onal l o  the acceleration 
ol Ihe vrbrating b d y  9y means or integrating networks 
in the control box, voltage5 proportional to velocity and 
dirpl~cement tan  also b? dsllvercd to the sound.level 
meter. The deslred response is selected by means of a 
thcee-position switch on the control boc. Conver51an data 
ar? supplied for translating the decibel indicat~ons of 
the sound.level meter into the vibratton parameters of 
displacement, velocity, and acceleralton. 

TYPE 1560-Pl l B 
This system uses a lead.zirconate.titanatc pickup, iden. 

t ~ a l  r i t h  that used on the 1553-A Vihration Meter. Probe 

and probe tips are provided. A permanentmagnet mount 
is also available. 

TYPE 1560-PI3 
For measurements at higher frequencies than the .?1lB 

system affords, the .PI3 combination is recommended, 
consisting of the 1560.P53 Vlbrat~on Pickup and the 1560. 
P23 Control Box. A small holding magnet is included. 

This system with the Type 1551.C or .B Sound-Level 
Meter provtdes the flat frequency respnse and low.noise 
operation required by MIL.STD.740 (SHIPS) for v~bration 
measurement. (The l i o l d ~ n ~  magnet is  not used for meas- 
urements accord~ng to lhat standard.) 

TYPE 1560-PI4 
The vibration pickup used in this system has approxi- 

mately 10 tlmes the sensitivity and 10 tlrnes the imped- 
ance of the l56DP52. 

Psnsnl Purpeu High F n ~ u l n c y  High Smnaltlvity 
1SGO.PI I 0  15611.Pll 

Vbr lben P ~ r k u u  Svstem 
1560.P14 

ViOmtlon P8oh"o Srrttm ViDnlion P m t k u ~  Syslem 

~ 0 1  10 71M -- 
nr,:!ul t o .  

r - C Y ~ ~ C Y  wn 
PmrwnM chnr 

, c.m7nn! +11G11 .. .., .. -- 
r-L'm. 1 3  veinclty. and !?) 
lvt,,l,"2r,:,m~, 

I 

'pi:*up TTD. MI --- ..-. a:..:... ,-* 

n to ion 
n ( ? ? r n )  ---- 
!'<. (din) v -- 
31 < 21 

--- - - 
1,114 Lmnsth I 5 (1.55 m) -- a (2.5 m1 

3.nlniians I.n - - -  - 1% x I:{. X H. k ibex) 2' 0.7 I % -- 
!m 

P. 

42 Y 37 X 15 -- 15.5 E 18 

a 4  wmlrht (=I) 3.1  1!m crsmsl - - - - - - - 1 6 (45 gmrnfl - - - -- - - 1.1 (31 itram?) - - - - - . - - 
C11119K N m 8 m r  
-. 

1?4+!X52 15fXh%.S3 - -~ - -- - - 156&YrA 

-., I n,r r.4 al:r.lrcrment snd vslattr msa~rrrmrrr :  l l t p ~ n d s  upon lrwu~nq and I% dnt*,rnnrr! DY ~ h a  mazlnum accclcra:ian ms8b:e bcfarn nanllnasrvty occun lim E 
:C'  * '11F.  10 ,1 for 1560-P15). ,- a,:.;c.a~loc c *  ~ r a v l l "  



Type 1553 VlBRATlON METER 

direct reading in acceleration, velocity, displace- 
ment, and jerk 

2 to 2000 Hz I120 to 120,000 rpm) to 20,000 Hz 
with suitable pickup 

m portable, battery operated, simple to use 

Vibration in a machine can cause faulty production, 
premature wear, structural fatlgue, and human discomfort 
and fat~gue. 

The 1553, portable and simple to use and to read, is 
well su~ted to makrng rapid, repetitive measurements 
against vrbrat~on cr~teria, such as required in qualrty 
control product testbng and preventive maintenance pro- 
grams. Wrth the 1553, period~c measurements of over-all 
vlbratlon In a rnachrne w ~ l l  quickly show any deterrorat~ng 
performance trends and lead to early preventive main- 
tenance. 

Th~s instrument gives readings in quantitres that are 
physically meanrngful: dlsplacement (for clearance prob- 
lems), velocrty (for a crrterrorr In preventive maintenance 
of machines). accelerat~on (a meesure of the poss~brl~ty of 
mechanical failure), and jerk (related to vehicular r~ding 
cornfoe). 

Its exceltent low-frequency respnse permits the study 
of the operatmn of belt drrves and of the effectiveness of 

mountings designed to reduce vibrations in adjacent 
structures. 

Frequency analysis of vibrations aids in identltying 
their mechanical sources. diagnosing causes, and rneasur- 
rng the effect of rerned~es. The GR 1564-A Sound and 
V~brat~on Analyzer or the 156&A or 1900.A Wave Analyzer 
rs of great value in makrng such frequency analyses. 
The 1553 Vrbrat~on Meter cons~sts of an rnertia- 

operated, lead-z~rconatet~tanate ceramic pickup, which 
del~vers a voltage pproportlonal to the accelerat~on of the 
v~bratory rnot~on; an adjustable attenuator; an ampl~fier: 
and an ind~catrng meter. Networks can be sw~tched to 
convert the output of the vlbratron plchup to a valta~e 
proport~onal to dlsplacement, velocily. or jerk ttrme rate 
of change d accelerat~onl. 

The 15534 lndlcates directly in inches, in.13, in.ls2, 
or in.lsp. The 1553 AK ~ndbcat~m is in metric units: mm. 
mls, mlsz, and mlr'. 

Filter jacks on the panel allwv the use of external high- 



pass filters where it i s  desired to eliminate the frequency Accesrwies include various tips and a metal prabc for 
components below 30 or 70 Hz. the pickup to facil~tate measurements in normally in- 

The vibration meter ir. portable and is mounted in a accessible places. Available a t  additional cost i s  the 
Ft ipTi l t  cabinet, which serves as protective cover and 1560.P75 Permanent.MaEnet Clamp, whicli replaces thc 
case in transit, and as a base on which the instrument probe or tip when measurpments are made under condi- 
can bp operat& in almost any position from vertical to tions where hand-held opnration wollld not be sntlsiactory. 
horizontal. -See GR Exoorimantsr for Novemkr 1061 and 

January 1963. 

specif icat ions 

a=ntlb M;" 

Acceleration 0.3 
VclocIW I 003 
Disolaccmanl 

0.03 

D~SoIaCement 
Jerk 1 

unm 

In.1~1 
in.ls 
mils 
mils 
in.1~9 

hecwnow *TO% of full scale. Dlmmnsiom (wldth x hstahf x depth), Pwbbla made!. 8 x 91(. X 

Inpul Impadanem 25 Ma. 
7'1, !n (205 x 235 x 190 mm): rack modrl. 19 x lOlZ r 5 In. (485 
x z7n x 13n mmi 

Vslfmr8 at Outeul Jack: 5 V mr* behind 75 CO for Iull-le N e t  Weight! Portable model. 104% Ib (4.8 k ~ ) :  rack model. 14 Ib 
drilcrtdm. I6 5 LPI  

Attsnu8lon: A 1-r, amnwlor cksnws the mae-k h n m  
: ~ ~ ~ ' ~ ~ K  w*i'htt m*er' l4 Ib (LS @" rick m*'' 51 Ib 

bv 8 factor 01 100 to 1 Window readout indlcat% full.~cale 
mluw nand Unit. (10 t ime tull-scsle far AVERAGE readin.,). 
tllibnllnns Internal. 
I I I O ~ ~ I ~  m ~ u p  s m ~ l t h n y  for Dlrwt RDadlnm 30 ta 1% mvlg. 
Termlnnln A panel lac* I1 umvidsd for pluUlng In urphana. 
15%-n sound and Vihrstim Analfla. 15560 Impmcl.Nol~a Ann- 
tyzrr, 1538 or 1531 SlmWtncl clectrmic rtmborcow. 1568-A 
0. 19034 WM finalymr, or en ouil loscm. 
r m ~ r  Slippw Portable madel, 3 sirco a l l 5  and me 67VrV 
bnttcw reuqals Type XX45 w mulvalant) supplied. Typical 
Oatfew lifr. i days at  9 h psr day. Far DC mmtlon. we Type 
rzR22 Power Supply [lisfad balm). Rack model. T r m  1262C 
Pourr S u p ~ l y  1% included. 
Iccrlmsfy sueplhd: 1 5 W 5 2  Wbntion Plckup. 
acc*rsorilr Ivribb7c! 15WP35 PetmlncnCM8mst CtDmo: 15574 
Vibratlnn CAllbmtOr, hl4h-frequancy PICUUD 1SM)-P53, and big& 
rcnl.tiu8fy oickua 1560PSd. 
Msuntina? TlipTllt Cmse. R.dGmWnt -ions DISO anll8ble. 

Type 1262-C 

Power Supply 

Attaches t o  1553 for ac operatton. lncluded with rack 
mode I. 

P m r  Rwulnd: 105 to 125 V, 50 to 100 Hz, 3 W, or 19¶ 250 V, 
50 Hz. 6 W. 
Dimvnrions (~16th x h e l ~ h t  x depth), 74% x 9% x 3U In. 1185 
i ??5 r b l  mm). 

17+,2 9703 
E6!&4799 

15r>hosSZ 

1%0.%35 

l l s 2 4  P a r ,  Suppl~ 
Sat nf Rsnlscement Ilaltmrim 
lSso.Pr? Prplrcemont Vibmtlon 

PlCkUP 
lIR0 P35 Perm4nant~mpl.t CIamD 

Patent 3,012,197 



Type 1556-S IMPACT-NOISE ANALYZER 

measures electrical and acoustical noise peaks 
e stores transient peak and timeaverage values 

50-p~ rise-time response 

T h ~ s  device evaluates the characteristics of impact-type 
sounds and electricnl nolse imptrlses, which cannot be 
satisfactorily m e a w e d  w ~ t h  canuent~onal n~ise-meters. 

lmpact Nolser dnclude !hose produced by punch presses, 
fnrpng hammers, fire alums, plle dr~vers, offlee machin- 
ery, and similar equipment From the siandpornt of hear- 
in13 damage, some of these sounds con*lfute a 5erlouS 
prublem for industry. They have hitherto been measurable 
only by comul~cated methods @mploying oscilloscopes. 

The two characterrst~cs of impact sounds that seem 
most signiflcant are the peak amplitude and the durat~on, 
or decay trme Th~s analy:fr measures the: 

FM tnese applications, the 1556-0 operates fmm the 
output of a 1551, 1561, or 15654 Sound-Level Meter or 
1558 Octave-Rand Noise Analyzer and, when a vrbration 
p~ckup 1s used In place ot the microphone, will measur@ 
vibration ~mpacts. I t  will also operate from taae re- 
corders, and vibration meters, 

€leclrl&l Haise Peaks I" a w i n  communication circuit 
Ean be measured w ~ t h  this Instrument a5 One of the tests 
to deterrn~ne the adequacy of the circult ?or transrnittlng 
data pulsss. In such neasunments, many peaks may be 
measured in  a short time, and, after each peat, the stomd 
slnnal must be erased &fore the next Pulse Occurs. TO . mlul, the by noise, lail l l tate thrs a RESET pushbutton IS provided, which can 
a l w  be operated by an ordlnary camera cable release. 

"qwsF-peak", a continuously IndicatTnR measure of the Circuit, A battery4perated, degenerative, twnslstor am- 
high --- levels reached just before the lime of plifier s lmu l tan~us ly  drrvcs thrw at  voltmeter circuits, 
ana whlch comprise rectifiers, storaue capacitors, and a dc 
timMVOraE9. a measure of the average level w e r  a electron~c wltmeter. The electrrcal storage system la 
predetermrned period of time, which, when subtracted capacitor charged by a rectifier) makes rt possible to ma- 
from peak level, IS a measure of the duration of the sure three characleristics of an impulse-peak, ~ u a s i -  
impact. peak, and time-average -wi th a single meter. 

-See GR Erperlmsnter for September 1961. 

lnpuh Any wthglbl. irwn 1 to 10 V lor normal Rngs l n P h  b c l w  
I V d u c e  the ranw of m d l n e  
Input Irnpbdancm Betre tn  75.000 and 1W.W 0, dnmdinm an 
the r e t t ~ n i  o f  the L N C L  contml 
Trmquency Rant*: 5 H z  to M kHz. 
Coral  Ind~cation. Mslsr cal~bmted In dB hwn -10 lo 4-10 Atten- 
UdlOr swlett n~~trna,es nnea by 10 dB 
Peak Readlnl: R l r s  llme IS 10- Man M cl for r valut wlthln 
1 dl3 ol prak value (for nctanaular p u b l l .  Stwag0 t1mw a t  
normal roam Icmnerature Is &rester than 10 1 Cr a 148 chnnpa 
In -rue 
PmasrPamII l u d l n t :  RIsm t l m  ol lass t h n  U mr and dar/ tTmr 
at E m  -120 m r  far rsctifiar clrculL 
Tlrna4r.r.lr RImdinm C h . m  llmr d rsctlfkr efrsult by 
seven pmltlon awllch. Iaavlng Irmrt. oi 0 D(r2, 0 WS. 0 01. 0 01. 
0 0' 0 1. and 0 7 r lw the re¶lrbnC.cllpac~tanw tlma cmslanl. 
5Io~ag. time mt n~rm.1 r w m  I.rn~eraturs 11 greater than 1 mln 
lor B 118 chanpc I" ValUn  

lnpul TmmiMlst Cord with ohma  luga at om M U .  

heeanwy m.gulmdi A MuncLlevol meter, analyzmr. or ottmr ull- 
h t c d  mmpl~fi*r to suoply 15% lnDUt 

esttariem: one 1-V sa1,0 Ooshdlaht a l t  and me b M  bttrry 
am supplrcd 7yu1uI  bal l try lblr 15 100 hours, 

Yaunt#nn hlurnlnurn u b l n a t ,  lsalher u r q l n p  use ~vpyrlled. Cab- 
Irish w n  b. farlancd drrrclb l o  one end 01 # 1551 saunCLrvsl 
M*ter 

Dtmmn&bnr qwldth r hal#hl I deDlhll 7%5 x 6BVI r 412 In .  1190 
a 170 x 110 mml 
Wblahlk Net. 4M Ib (2.1 kpJ~ shlwlnp, 12 Ib (5.5 km. 



Type 1557-A VIBRATION CALIBRATOR 

calibrates vibration pickups, meters 
generates 1 gat 100 Hz 

rn portable, battery-operated 

The calibrator prwldes a singie-frequency (100 Hz), brator appears at two pillbox-shaped, 50gram disks 
single-levef (1 g') check on the GR Vibration Pickups, the mounted on an internal cyl~nder that projects through the 
1553 Vibration Meter, or any pickup whose total mass is srdesof the instrument. 

of 
aft 
cot 
a g; 

300 grams or less. It can prov~de on-the-spat callbration 
vibratron-measuring systems immsdrately before and 

knl 
ant 
by 
the 
Era 

er important measurements and can also be used to 
npare transducers or to calibrate working transducers 
8inst a standard transducer. 
Operation of the calibrator is simple. A pickup of 
swn mass is attached to the shaker, either in place ot 
e of the removable 5Bgram disks or to one of the disks 
double-faced, pressure.sensitive tape. The user adjusqs 
! LEVEL control until the panel meter, calibrated in . war  d the c~llbntor with 

tms, indicates !he mass of the pickup. The pickup will Tme 15W.PS2 Vibntlon Plrk- 
UP a tbched.  

then be automatically subjected to an acceleration of 1 g 
a1 IDUHz. 

The 1557.A i s  a small, batteryaperated unit consisting 
of a transistorized electromechanical osciltator and a 
cylindrical shaker. The acceleration output of  the cali- 

OUTPW AceenICly SupplfmO: Leather cBfwlI$K -¶&. 

Rccelermtlsnt l i rms r l u a .  r g = 586 ln.19 (9.83 mi*). Mounting: ~luminum mau. 
Valocitv: 0.614 in.11 (15 6 rnmlsl rms. Dlmansion% (width x helflht x depth): 4 x B x 4 In. I105 2I 205 X 
Dlspracmmmnr: 0.00097B in. (0.0248 mm) rml; 0.00277 In. ( 0 0 7 W  105 mm). 
mml okgk. Weirht: Net, 3% tb(l.5 k ~ 1 :  rhtpplng, S U  Ib (2.4 W. 
FmqUtnCT: 100 HI 21% lor W8r.m W; 100 Hz 4.0, -2% tw 

HERAL 
fatie% Fouf RM-4 lor wulvalent) mercury cells, gaHw llfa 1557.9701 1 5 5 7 4  Vibntbn CrlibnWr 
100 nourn of ctrntlnuour rrwrat~on. (oy cells wt lwal :  plmma 8410-1172 Replacammt Molcuw Call. 4 M ' d  
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TRANSDUCER ACCESSORIES UUIW nwmaer 
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MICROPHONES 
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Type 156o.R and .s typf:al random nsuonse c u m  
and tolerance. 

156CP5 Microphone 
1560-P6 Micronhone Assembly 

1550-9579 1.INCH CFRAMlC * r l t 4 0 ~ $ 0 ~ ~  CIRTRIDOE ?.am0 ~3. 
,?'!?i:r,!c P: l!;'-r: or,,$ .r,5 !:'>?,., Y , , ~ ' I  3<>c'O* 'r) I t  15fia-PA2 
q ,,,.mL,~ i ' , ~  1-in. Cenmic Microphone Cartridre 1560457C8 

The following microphone sets include a microphone csrlridle, a 1560.P42 Preamplifier, all 
adaplors necessary to m3te Lhc cart r idae f a  the presmpltf~er and l o  the 1562 Sound-Levcl Cal!hrator, 
and a carrylnr case for all compcncnts 8nrludlnR l h r  ~ r ~ n r n p l ~ f ~ ~ r .  Condenser Microphoner: &;I con- 
denser m#cro?hrrrs l ~ s t r r l  h.?vr a IPrnpemtbrr  co -7~r i rn t  ol .-- LO 01 d P  'C from to . 60'C 
l r X C ~ p t  t t 7 ~  $3 snrh rnnrlrnTer r n i ~ r o p n n n ~ ~  which i r v  -0.035 dBl'C', an0 t rmw.n lU rc  rnnm LIP to 
l!fi'C cOn!in~o,lr ,  2511.C interrn~:'?nr j ~ x c e p t  th? 56-111ch S D I I ~ C ~ I C ~  micrnphant.: un,cn operate only 
up t m  100'C con7 nuuurl. 

,:,:7,!,,i? -84, ,> , .3 . : i r , ' : , !  hJ.l,w,. ' . !r  ,,a;, l,.l,., 17~, r .J  
-- .- -~ 

:.I j j b i ~ :  H-in. Condenser Microphone sat !5cr.r.5:7 

r A,. 

%in. Condenser Micmohona Set 

k - 
Win. Condenser Micrnphon. Set 

- 
i57n 9s31 - i . ? r d t  

=a 

, ,. . 
---I Win. Condenser Microphone Set 

- - . - - -. 

IFC[I.9'?-'. 1. - !NCM C'IIJ'IINrEP WISS<IPHONF SET. "*I DI.CC?. . - - 
. . , ' . . ,  

Micmphene Set 1 ~ ~ 1  3 
.- . -- - - 

1 5  ...... :I+ C @ t ! l > r l l l r R  MlCRFPHDIiE SF'. ' 7' r r r v -  - - - -  
,,: .. ,-.,, - 

$%.in, Candenrer Micmphonc Set  :-LS-?I. ' .  



Type 1558 OCTAVE-BAND NOISE ANALYZER 

m 44 to 150 dB direct from microphone 
to 24 db with preamplifier 

m meets ANSI Standards 
A-weighting available in 1558BP 

4 portable, battety-operated 
internal calibration circuit 

Octave bandwidth. The 1550 i s  used for rapid analysis of 
broadband noise where a knowlpdge of ~ndividual frequency 
components is not desrrcd. It I S  particularly usrful for. 
S ~ J ~ I C S  of env tonmental no'se as re X.?d to hear dam- 
JBB: measurement of enr ronmenral I,? s?, as in  en ces a r d  
tictories, where speecli.interference level is  important: 
measurement of aircraft, vehic!~,  and machinew noise: 
loudness determinations: and acoustical studies of rooms 
end materials. 

It comes in  two mcdets: The 1558-BP has octave bands 
centered a t  ANS Preferred Frequencies (ANS Standard 
S1.G.1'380, also specilied by 150 Recommendation 265 and 
German Standard DIN45d01) and conforms to the current 
AN5 Standard Specif icat~on fbr Ochvc. HalfOttave, and 
Thir&Octave-Band F~lter Sets 51.11-1966 for Type E. 
Class II wtave-band filters. And i t  includes an A-wei~hted 

filter that eliminates the need for a separate sound+level 
meter in some cases. The 1558-A has oaave bands as 
specified by the older AN5 Standard for Octaue-Band Fil- 
ters Z24.10-1953, as well as Oandpass filters that extend 
the mnge at  Wth ends beyoqd that specified in the 
standard. 

Expandable. The high input impedance and preampliiica- 
tion p c r r n ~ t  the use of piezoelectric microphones and vibra- 
tion pickups. The 156&P6 Microphone Assembly is  rerom- 
mended as are the1560P40 and 7 4 2  Preamplifiers and 
(he i r  accessaries (useful when the microphnnc i s  11Sed af 
the end of s long cab!e). Fer vibration analyqis, the 15W 
P52. -P53, and -P5d V~bration Pickups are available. 

-See GR Experimenter for October 1962. 

specif ications 

Filtcn: Attenuat~on rnossurcrl wilh siqnal ap l f od  to INPUT ISLMI 
lcrminal? and wjlh respccL to ccnter ,rcquency for hends fmm 63 
In RW9 H I :  

l i x Ih x nornlnml center rmminal 2 x 4 x 
center center culoU frequency culoH center center 

k50 dn *30 dB 3.5%1 dB r l 0 0  3 . 5 ~ 1  dB +2g d B  k50 18 
Tho 7 6 H t  towgsas filter i n  3 5 5 8 A  is -5 86 davn at X X ]  H t  and 
PWdR down st 400 Hz. 

Invut: At MtKE terminslss 44 to 1M dB m ZOclylrn* wlth mlcrp 
pnonc (24 lo  1 Y I  dB with preamp) or 40 pV lo  B V (4 r V  to 0.8 V 
wrtn pwamp) ~ n t o  5? M!l.lwpF. At 5Lh4 terminat,: 0.5 mV In 1 V 
13 V marl #"lo 10n h.1. 

OulpuI f 1 V benino 6 hn, mdcr at ful l  su l c ,  any load u m l r r i b i a  

M*lcr; Rmr respwrrs and for! and r h  spaads meet ANSI 51.4- 
1961 

Atc*UOtl*s Anilrb1.r 1SW.Pb Mlcmphmo *sremDly, I m P W K  
prcampltfler mnd M,crDphonc Set (powered by 1558) 
Power R~ouImd: 105 to 125 or 210 ta 230 V. wG!J Mr. or lntcrnal 
N C d  mt lew  rhrl  o < w ~ d c ¶  3O.n wemtlnn requ8rp% 19 h 10 charge. 
MoUntInI: FI10.Tltl ease rack madel auatlmllle - - 

Oirncnaions (width x height X depth):  PoriaDtn model, 10% x %  
r 7Ls on. (2W x 235 x 165 mm); rash model, 19 x B & i  x 5 in. (485 x 
225 1 130 mmL 

Wright: Portable model @% Ib (4 kg) nat, 12 la  (5.5 kg) &hipping, 
raci. mwel. 9 ID I4 I & ner  22 10 110 v.8~ shippin#. 

0ct.w-nand Noism Ana tmr  
r55%BP, Currant Stnndtd 

Fr@qu#ncies 

Portable M d c l  
Rack Model 

l s Y q  Old s(rndard?rwuemimr 

Po f i 6b l~  Madel 
Rack McdeI 

7-W Mlcmphonn l w m b l y  

Wopl~cmmenl Blttew. 1 mq'd. 

Acc*ssorhcr Supplisdg Csrrylnl WaD, omer  cord for charpfnl bat- 
tcw, sh~clded cable for conn+~lion lo ~ o u n l . t e v ~ 1  meter. 

Patent 0 187,740. 
Patent 2,966,267. 



Type 1900-A WAVE ANALYZER 

r 20 to 54,000 Hz, linear frequency scale 
m 3-, lo-, and 50-Hz bandwidths 
w 30 ,V to 300 V, full scale - 3 $4 with preamp 

80-dB recording analyzer with 1521 recorder 
outputs: filtered or BFO. 100 kHz and dc recorder 
l-megohm input lrnpedance on all ranges 

The wave analyzer 4s used fat measuring the c a m p  
nents or, or analyrlng the spectra 01, complex electrical 
slgnals, acoustrc notse, or mechanical vlbratlons 

Individual components of perlodic complex wavetwms 
such as harmon~c or ~nlerrnodulatron dislortron are readily 
SPparated and measured. ow~ngto the excellpnt selectlv~ty 

Automatic frequency control enables Lhr 1900-A l o  re- 
main tuned to a slowly varylng component that might 
othemlse dr i l l  out of the 50 Hz bandw~dth. 

Thls analyzer is partrcularly suited for analyzing nolse. 
because bts bandwtdth In hertz I S  independent of the 
center frequency. The reqvired averagrng trme IS. there- 
fore, constant, and the calculation of speclrurn lwe l  IS 
srrnple. Furthermore, when the 50-Hz bandw~dth is used. 
the averagtng trme requ~red IS reasonably qhort. 

For automat~c analP15, outputs are pmv~dcd tor driv- 
ing the 1521 Graph~c Level Recorder as well as dc re- 
corders. 

The 1560-P40H Preamplifier and P w r  Supply Set is 
avarlable to extend the full-scale sensltlvrty to 3 mlcro- 
wits and to Increase the input rmpwjance. 

TUHABLE FILTER USE 
The analyzer can also be uscd as a tvnabfe fllter, so 

that the mdtv~duai components of a complex input srgnal 
can be used to drbve other ~nslrvmentr, such as frequ~ncy 
counters, when a highly accurate measure of the COT- 

ponent frequencies 1': desrred, or to drsw earphones. 
When a wdde-band nolse pr~erator drTves the analpor. 
tho output 4s.a tunable nxmw band of noise. Such a 
s~Cnal IS useful in a nurnh~r of prychological and archl- 
tf'ctural-acoust~cs tests 

AS A TRACKINQ GEMERATOR 
In the "tracking generator" mode of operation the out- 

put IS a sine-wave slRnal tumble over the 54-kHz range 
and alwap In tune w~ th  the analyzer. When thrs signal 
IS used to drlve a brrrtnr, or other network, the output can 
be measured by the walyzer, whose selectivity reduces 
the ~nterference from ~xtrancous nnlse, hum, and d~sto-. 
t~on. 

DESCRlPTlOH 
The 1900-A is a heterodyne type of voWmeter. T b  In- 

termed~ate-frequency amplifier at 100 kHz ~ncludes a 



highly selective quartz-crystal filter whose bandwidth can other mode the local osc~llator k a t s  with a 100-kHz 
be switched to 3, 10, and 50 Hz. The use of a heterodyne quartzcrystal osc~llator to function as a beat-frequency 
system makes rt possible to vary the response frequency oscillator. These two outputs are also available at panel 
although the f~ l te r  frequency 15 fixed. The 100-kHz out- tsrm~nals as FILTERED INPUT COMPONENT and IhlDl- 
put of the frlter 15 rnd~caled on a meter and 15 also avail- CATED FREOUENCY. respect~vely. 
able at the panel. In  one mcde of opcrat~on the output is  
also heterodyned back t o  the o r ~ g ~ n n l  freauency In  en. -See GR Experlmcnter for April 1964. 

spscif icat ions 
f I I E I U I H C Y  A~arde f  CmnKtCd. IuIlecaIe OutPui is  at k m s t  3 V. Dynamlt 

20 la HZ, 7he tmuency i, i n d i m t ~  on ~ ~ ~ n t w  range fmm overlwd point Iq internal nplra 1% >go dm wlrn rtte-. 
and a dm1 with a Irnnr amduarlon. 10 Hz per d#vis!on. uator knob fully ctwkwirs. 
Accuracy ol C.llbnll~n: =(Y% + 5 HZ] up to 50 hut; 11% RCc~d in l  AnllPer: See tha 19154 Rscording Anslyzar and 
beyond M kHz. 1921.s Grannlc L-vrl Rccomcr. 
Intrsmantal-Frquwng Dial (a- =1w Hz. Accuracy ir 2 2  HI OC OuilJuk 1 mA I5Uo n, full scale, ona %#do umundcd. 
bslow 2 k ~ r .  5 5  Hz ue l o  54 HHZ. Fillerrd I*vu( Comuon~ni: Outvul at Icast 1 V across MIPV load 
fiVl.rnr~ic rmpuaney control: 41 f*u*nc~rr b l ~  10 r w ~  tot,! lor fuil.ycals rncfcr d s l l ~ t i o n  wilh output control ar mar. 
rsnno of Imou*ncy Iucu 45 400 Hz lor Ine S*HI Oand and 1 M  H z  TIackinl AMIy2cr (lndicnled Fmqucncll: ZO MI to 54 kHz; oulpul 
lor Inn IOU? onnd, ss Ocl~ncd by 4dB drop in  nrponse from ir a! !enst 7 V acrorr 6.n-o loao w-tn ovtpui control r f  ma*. 
rull-5cat@ dcfr@tt#on. A t  50 h H r .  Ins locr rrnpcr decrease ro one- CE,,ERb~ hnlf ot tnrse values 
SELECTIVITY t h m  bandwidths 13. 10. and HI Hz). 

Terminrlr: Input. Dinding mls: wtput, ttlcphone lacks. 
Power ReauimE: 105 lo  125 or210 to 250 V. 50 to 4(W Hz. MI W. 

3 z  Acgsaoricr SupPlica: 155bW5 adaotor Cahlc, enona eluu. m w r  
L,,,u 

SHM* 8mnd. fit ~ s s l t  30 05 d m n  at =6 rmm c*nt@r 1- Aecasrotlc. AvsII~blc. IWPI and 1 w 3  Llnk unil* for COW 
4uenrV. lMrt  60 dB d a n  =I5 Hz, lMst dB do*m pltng 10 1521 Grapntc Lwel R ~ m a r .  1565P4OH Pnamprltlcr and 
e l  s?5 nl  and ~eyond Paw-r Su~ply 5el 
z s u t r h  B a n e  ~t least 30 a8 d m  at 220 HI. at luaal 63 dB  ti^^ ~~k ~ ~ ~ ~ f i  -blnst 
'OYn It *45 "' ICa" 80 at *I0 " 

Dtmenrvons (wodth r haignl r demhl8 Bench mwal. I 9  x 1% 3 
So-nwm Bnn81 ~t laart 30 dB down st =Inn HI, al least F-9 dB 1st. (sa5 8 415 x 3w mml racr mwel, 19 t 1Wn * 1% i n  
down at  r 2 5 0  lit, at lass1 10 88 down at rWm7 Hz and beyond. ( 5 & 5  4~ -0 mm). 
INPUT 
Imp#dmnr.: 1 MO ShuntM by 30 PF On all rangel. 

Wcivht: Net. 55 ih I26 k* sniwin~.  11. 16 (a rrg). 

Voltsym Amn- 30 PV to 3% V full wafq to 3 rV with pmamu, 
in 3. 10 str ics. '~ r l ~ i b e l  -1. 1; a150 PIPY:~C(/. 

Vulrr ls accuracy: Allcr cal8oration by inlcrnal lOUrCQ, tho accu- 
racy vo to 5O kHz 13 ~ ( 3 %  ?f ind8catr.d value + 2% ol full ru le1 
emcepl for Ihe e l f ~ r t a  of lnrcmal nolsc wrien the artcnuatnr Hnob btalO1 hs ~n the rnnximum-sensitlvlly positior.. From M to 5a *Hz. Ihe 
amvm 3 3  ErrOr becomc1 b-5. 

Number 
-- 

Uesiduaf Moaurnuan Prouuctr and Hum: At leart 75 dB d m .  

PUIPUT 
1wm1 
1900-981 1 

I(KMU? O u I ~ u i :  Amolitudo ir umoortimel to ampllludc of rslectsd 1"3*""''" 

cornponcnt rn analyzer inrrut signal. W~IH tn. 1521 ~ m p h i c  ~mvsf 1"'"'-"12 

AUTOMATIC WAVE ANALYSIS 

The 1900-A Wave Analyzer can be used in conjunction 
with the GR 1521 Graphic Level Recorder to produce. 
autornatrcally, permanent graphic records of h i~h-resolu-  
t ~ o n  spectrum analyses. The necessary c o u p l i n ~  mechan- 
Isms and chart papers are available for frequency scaler 
of 50, 500, or 5000 Hz per inch. A choice of 3 recorder 
potentiometers permit5 selection of 20. 10. or 5 dB per 
inch, so lhat  virtually any combination of  horircnral and 
wrtrcal scale resolution is possible 

The ISCIO-PI and 1900-P3 L ~ n k  Units mount on the 
wave anaiyzer in place of the manual frequencytuning 
dlal provlrllng mecnanlcal couplrng to the recorder. The 
1900-P3 permits selection of 500 or 50 HI per ~ n c h  scale 
factors with a lever; thc 1900-PI prov~des 5000 or 500 Hz 
per Inch by the interchaneing of sprocket wheels. 

An assembly of the lW0-A Wave Analy~er, 1900-PI. 
and 15:1-B Graphic Level Recorder IS available as the 
1910.A Rscord~ng Wave Analyzer. 

i:;k? 1 n * s < r i p l l t  

1-9601 1 m P 1  Link Unil 1521-9464 XI0 Hrlln. 
1521.93f,53 WC.9 Hu in. 

19W19M13 1WIOCPS Usk Unlt 152 1-93f14 



Type 1568-A WAVE ANALYZER 

20 Hz to 20 kHz 
m 1% constant-pe~entage bandwidth 

portable, batterydperated 
m 85db rejection 

The 1568-A is an important new instrument for high- 
resolution frequency analyses, whether for measuring 
vibrat~on and noise components or the spectrum of a 
complex electrical signal. Recent design advances com- 
bine the excellent filter shape of a wave analyzer with 
the convenient, simple operation of constant-percentage- 
b~ndwidth analyze6 in a portable. low-cost instrument. 

The voltage sensitivity and input impedance, adequate 
for most uses, can be imprwed to 10 microvolts full-scale 
and > 500 rnegohms, respectively, by the use of a 1560- 
P40 Preamplifier. Power for i t  is supplied at the input 
connector. 

HIGH RESOLUTION 

Narmw bandwidth pennits separation of closely Spaced 
frequencies; w~de dynamic range, high stop-band attenua- 
tion, and law dirtartion allow measurement of small corn. 
pnents i n  the presence of components up to 80 dB 
larger. These capabil~ties are v~ta l  to the Identification 
of unwanted vibrat~on and noise comimnents and to the 
measuring of dlscrete frequencies in complek electrical 
waveforms. At low frequencies bandwidth is narrower, 
stability better, and calibration more accurate than those 
of ftxed-bandwidth neterodyne wave analyzeo. 

The 1568 w ~ l l  excell in such appfications as 

harmonic dlrtortlon measurements at low frequencies - 0 
5 harrnon~c analysts - 1% bw yields 50 comwnents 

g -20 detailed analysis of machinery noise and v~bration 
Z 
f3 

separation of close, dtscrete, low frequencies 

AUTOMATIC ANALYSIS 
K In combinat~on, the 1568-A and 1521-8 Graphic Lwel 9 -so 
F 

Recorder pmduce spectrum plots with as much a5 a 7Od 
4 recording range. Automattc range sw~tching i s  include 
i -eo ' for ease and speed In maklng spectrum analyses. Th 
K analyzer and recorder are ava~lable mounted 10 a cablne 

03 0 5  10 2 0  30 
NORMALIZED FREOUENCY _ Interconnected, and rnechanlcally coupled as a complet 

system, the 1913 Recordlngwavc Analyzer. 

Atlenurtlon chmctlrlrtlct 01 t h  finer. -See GR Experimenter for September 1961 



specifications 

+ 1!1 VOLTS OC 

INPUT NOfiMAL 

FREQUENCY 

Ranae: 20 Hz to 20 kHz In six half-decade bands. 

Dial Calibration: Logarithmic. 
Accuracy of Frequency Calibration: 1%. 

Filter Characteristics: Bandwidth between 3-dB points on selec
tivity curve is one percent of selected fre<tuency. 

Attenuation at 20% above and at 20% below selected fre
quency is greater than 50 dB referred to the level at the selected 
frequency. Attenuation at twice and at one-half the selected fre
quency Is at least 75 dB referred to the level at the selected 
frequency. Ultimate attenuation is greater than 85 dB. 

Uniformity of filter peak response with tuning is ±1 dB from 
20 Hz to 6.3 kHz and :!:::2 dB from 20 Hz to 20 kHz. 

INPUT 

Impedance: 100 kO. 

Volta1e Ran1e: 100 p.V to 300 V, full scale, in 3-10 series steps. 
Power is supplied at input socket for the 1560-P40 Preamplifier, 
which extends the sensitivity to 10 ,.v, full scale, and Increases 
the input impedance to more than 500 MO. 
Distortion: lnput<:ircuit distortion is lower than -80 dB relative 
to input-signal level. 

OUTPUT 

Impedance: 6000 0. Any load can be connected. 

Voltage: At least one volt open circuit when meter reads full scale. 

Crest-Factor Capacity: Greater than 13 dB. 

Output Meter: In addition to normal-speed mode, meter has slow
speed mode for manual measurements of noise. 

GENERAL 

Anatyzinl Range: 80 dB. Components of an input signal that differ 
in amplitude by as much as 80 dB can be measured. 

Automatic Recordina: Automatic range switching is provided to 
allow convenient, continuous spectrum plotting when the 1521 

I IR,tl!i ,1m I U.1!; 

I • h i ~·; N-:' - -- - . - - -

HICH 0 FILTER SECTION 
'l ''i YA'IIIEO WI TI-l "'~IEOUIENC'r CONTROL 
C''i \IIJIIIEO WITI-l ""IE0U[NCY IIIULTI"l.I[RCOHTitOL 

c 

Graphic Level Recorder is used. Medium-speed motor is recom
mended. Chart paper is Catalog No. 1521-9475. Frequency scale 
is logarithmic, 10 inches per decade; vertical scale is 4 inches 
for 20, 40, or 80 dB, depending on the potentiometer used in the 
recorder. 
Amplitude Calibrator: A built-in, feedback~type calibration system 
permits amplitude calibration at any frequency. 
Accessories Supplied: Power cord; 1568-2090 Oetented Knob and 
Dial Assembly, used to facilitate measuring the components of 
an input signal as a percentage or in decibels with an arbitrary 
voltage reference. 
Accessories Available: Preamplifier and Adaptor Set 1560-P40J; 
Link Unit 1521-P15, with Sprocket Kit 1521-P16 for mechanical 
coupling to 1521-B Graphic Level Recorder equipped with Drive 
Unit 1521-P10B; Chart Paper 1521~9475. 
Power Supply: 100 to 125 or 200 to 250 v, 50 to 60 Hz. 2 w for 
normal operation, 3.5 W for battery charging. A rechargeable 
nickel<:admium battery is supplied. Battery provides about 20 
hours of operation when fully charged and requires 16 hours for 
charging. ·rntemal charger operates from the power line. 

Mountina: FliP-Tilt case, rack model available. 

Dimensions (width x heiaht x depth): Po.rtable, with case closed, 
t3V.- x 13 x 8V.- in. (340 x 330 x 210 mm); rack, 19 x 1211.- x 5 
in. (485 x 310 x 130 mm). 
Weicht: Net, 21"" lb (10.0 kg); shipping, 27 lb (12.5 k&). 

CllaiO& 
Number 

1'568·9701 
1568-9702 
1568-9820 
~568·9821 

1560·9510 
1521-9615 
1521-9616 
1521-9475 
841~410 

Description 

1588-A wave Analyzer 
Portable Model, 115 V ac 
Portable Model, 230 V ac 
Rack Model, 115 V ac 
Rack Model, 230 V ac 

1560·P40J Preamplifier and Adaptor Set 
1521·P15 Link Unit 
1521·P18 Sprocket Kit 
Chart Paper 
Replacement Battery 

tt:.11.11ill . ~-'m 
DIIIIIIIUi tmllltlliM: .. at 

m!.~:t. 
t lil• "11 •11" ! J •. ll1i l 1111" 

1111-R·:' 'No~ . ·- - - • a - •- - I 
Frequency spectrum analysis of a 1.0-ms pulse at a 70-Hz repetition rate. The 1% bandwidth 

yields hl(h resolution 1t low frequencies, shows the envelope 1t hiah frequencies. 
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Type 1564-A SOUND AND VIBRATION ANALYZER 

m 2.5 Hz to 25 kHz 
m 2 bandwidths: 113- and l I l 0 e t a v e  
a use direct from microphone orvibration pickup 

ac or portable battery operation 
automatic spectrum plots with 1521 recorder 

The 1564-A Sound and Vibration Analyzer is designed 
orrmarily for rneasurlng the ampl~tude and frequency of 
the components of complex sound and vrbrat~on spectra, 
Its 113-octave (23%) and 1llDDctave (7%) noise band- 
w~dths provrde the tlexibllity needed for analysis of both 
the nouse and ~ t s  causes. 

INPUT SOURCES 
The h ~ g h  rnpul impedance of the analyzer permits di- 

rect connection of piezoelectric transducers for measur in~ 
sound pressures from 44 to 1150 dB re 20pNlm7 and ac- 
celeratlon from 0.0007 g to 100 g. 

The 1550.P40 preamplifier is available to extend the 
full scale sens~t iv~ty of the analyzer by 20 dB (10.1) and 
to allow use of the transducer at the end of a long ex- 
tension table. Alternat~vely, for hlgher sens~t~vity, the 
analyzer can be drlven from a sound-level meter or vibra- 
tton meter. 

AUTOMATIC ANALYSIS 
Au!omatic range switching is p rov idd  so that the 

1521-8 Graphic Level Recorder can record automatically 

the spectrum of a signal under analysis. The combina. 
tion of analyzer end recorder is available as the 1911-A 
Recording Sound and Vibration Analyzer Tor continuous 
spectrum plots. For both stepped and continuous 113. 
octave analysis, the recorder and analyzer are coupled by 
the 1564-PI Dial Drive: this syrtem is available as the 
1912 ThirdOctave Recording Analyzer. 

NOISE FILTER 
The analyzer can be used in  conjunction with the 

13908. 1381. or 1382 random-noise generators for trans- 
fer and reverberation measurements usina 113 or 111G 
octave bands of random noise. 

DESCRIPTION 
The 1564-A consists of a high impedance amplifier, a 

continuously tunable filter havlng a noise bandwidth of 
either 113 or 11 10 octave, an output amplifier. and a meter. 
The center frequency of the filter is cont~nuou$ly adjust- 
able. An all-pass, or flat. characteristic permits measure 
ment of the over-all signal amplitude. 

-See ER Urperimentar for Septemberdctober 1963. 

spscif icat ions 
PREPUENCY ono.hall and (wrm the salcctcd trrouencv. Ultlrnala anenuarion 
nsnte: 2.5 Hz to 25 kHz In lour dccadc tangas, 
Oial  Cal;bntion: Lwar~thmic. 
accuracy d Cnlibratmn: r Z %  or faucncydiol setting. 

it 70 dB or ~ n a t c r  for both chaktte;irltfr. fo; oofi band. 
widtns. m k  rc%oonw I S  uniform r l  dB Imm 5 Hz to lo kHz 
nnd 21 .5  aB rtom 2.5 HZ ra 25 kHz. An ht.L.P~s5, or rllt. 
chaacleris!tc is rlso lnclua-d. 

Fi l ler  Chmnctori~lics: Nolre bandwidtn rr aithcr 45 oclan or 
1/10 cctave. On-third-tnwe chnmclcrisllc ha5 at least 3 M B  
attcnuat~on a t  onchslf and twice the ~ P I F C I C O  frwuoncy. one- Impodmc.: 25 Mn In pnntlsl with BO DF (Indswndent d allen+ 
Icnttr-rave Char3cterillic has st itsst d o 4 6  attenuation ct atorsetting). 



Yonase Rancat o 3 m v  to mV fu l l  scale In  lode stem 
Mncm~hone. 156hP6 U~crnphonc Asumblv or the I56bPdOK Pm. 
amol81 rr and V?croononc Set 15 m d m m c n d e d  

ourpur 
Voltarc: At lorst 1.0 V o m  circulc when meter rmdr ful l  scale 
t m o ~ e a n ~ e ~  6000 52 Anv 1-d can bsconnwted 
Metar Thrh. SCaIeS. 0 to 3 V. 0 to 10. V. -6 I0 i 10 d 8  
Recorrhnc Analyrmr Autamat~c rinse swltchonn a t  the end or @ern 
l r m ~ m c v  amad. e1rOw~ Convem8mt C O ~ ~ ~ I ~ V O Y S  rcco&ng nf 
I F P F t r l  wllh Ihr 1521.0 Cr.n~hlc Lnvrl Rbc~ranr  

CENErnAL 
emDtalude tsIRmtlan. Bullt-In, +&back-tym callbrstlon sy.tsm 
PFrmlti arnplrtod~ ~ b l ~ b r a t ~ o n  atanv frrqucncy 

Detector: Am5 v l t h  thRe avemednp: tlmer Fastrr hw speeds cwr. 
form wuth AM9 %tandam! lor 5auno level mefen 
Powmr bcquhnd. Operates from l(r5 to 125 or 210 lo  230 V. 5PMI 
Hz 01 lrnm n~c l r r l  cadm~um wi tery  muppl~rd Battery prav#dn% 
2' h of owmtlon uh-n  fullv rha ru rd  and mulrw !a h fer 
cIIar#rnfl 
ACC*LIO~~H SUpOIIad! P m r  cord. shleldcd csbk, and dotentrd 
*not, and dral nrremnly. 
& t C ~ ~ l D ~ l ~ r  hVS8lBb'lb' 156- MIrnphone Aflembly, 1560P52. 
PS? P5.4 V~lb,lr,on PICLUO.. 11560.P9O Pmlmolllirr (powlr lor 

Noise 
"stepper 
t han  sw 
dwelts t 
.k.-., --# 

orearno an l lnb ls  mt inout c m m n o r l ,  1 U P 1  01.1 Dr Iw Im 
coupling to 1521 mordcr  lor aleor& l h ~ r d a t a v e  Inaly%lr 

Uounlinl: FliwTifI Caw. Rackmount wmion nlsa available. 

Oimtnaiona { d d f h  r helEM x depth). Portabk model. lot4 r aW 
s 8 In. f260 I: 2x0 x 205 mml. racr mwsr. 19 r l o b  B 6 In 

14R5 r 2711 r 155 mm) 

Hal Weipl: Portsbla mdsl .  14VI Ib U kg]: rock mdml, 15th Ib 
17.5 kUl. 

Shlppinu Wminht: Ponaalc madel. 17 Ib [a kek n c k  m&l. 20 Ib 
(13  he). 

1564-3701 
15M-9120 

POrmhl* Model. 115v 
Rack Model. 115 V 

17hdc170Z' 
1'..,0-99? 1 

Pnrtable Mcdrl. Z3DY 
A x h  ?AMI.I. :'I0 V I 

E.hlO1 
Humhrr 

Patent 3.012,197. 
Patent D 187,740. 
Patent 2,966,257, 

Drstrlntlm I 

Type 1564-PI D I A L  DRIVE 

1- Sound and Vlbntion nnn lwrr  

and v ~ b r a t ~ o n  measurement crrterrn o f ten ca l l  lor 
f '  frequency a n a l p i s  in which t h e  analyzer, ra ther  
eep lng contlnuously throuRh ! ts frequency range, 
~ r l e f l y  at each spec~ f i cd  frpquency. Stepped o w -  

L W ~ U  ULI~V~) analysis rs wrdely used for  nouse measure- 
men ts  t o  check c o m p l ~ a n c ~  11th varrous c r ~ t e r ~ e  such as 
M ~ l l t a r y  Standard-740E(SHIPS). ASHRAE 36A-63 and  
others. 

The 1564-PI synchronizes Me 1564 analy ler  and the 
1521 B Graphic Level A-corder l o r  p r o d u c ~ n g  autornatlr. 
t h r rd -oc tav~  ana l ys~s  p l o t s  T h ~ s  complete  svstern IS ava~ t -  
ab le  as the 1912 T h ~ r d  Octave R P C O ~ ~ I ~ Q  Analyzer, or ?he 
1564-PI can be addpd t o  e x ~ s t i n g  un l t r .  

The d ~ a l  d r ~ v e  au tom? ta ra l l y  sets the a n a l p e r  to the 
one-tfiird.octave center f r cquenc~cs  designated by ANSI  

specif 
STC PIlNG CHIIIIACTZRISTIES 
StRPPInll Motbone 0 7S.lstco: 10 Itmos t30') mr m.n,thlrd wbn.  
controlled lo  -.ten m rwurnca nf 4 (lulrrr = 3' 
Slcpplnu Tlms Ste~pcd  nolalims, aorrrna 0 3 5  6130': cantinuour 
D05.t10'15. 5 3'3q' Or 70 1131)'. W t h  rvnchmnlrcd to 6C-HI Urns 
O la l l  r ~ m r  IDar H€€favc band) W i t  tlma pruj s?#pplnt t lmr  
r~ 1. 3 10 or 30 s, when tonrmrltd by l%2l-8 Graphic Lewel 
AecnwJ~r wllh madlum s p e d  motor ~nstafled There rimer can 
b-3 anc.ellcn by a factor 01 2 or *#In cam ad~usrmcnl Dwell 
llmO c8n al%o be ConlrollM by front wnel  knob ovrr  a range 01 
about 1 tO 60 a 

GCNtRlL 
T*mpenWm n n n m  Opsrallnfi. 0 to W'C; stm*a.  -4 t o  + T O T .  
lHUmld~tp RanW 0 to 95% mlntivn humidity. 
Svnchrmizatianr To 1571 Crnphlc Level R e m r d s r  In botn Icmdd 
an0 cnntlngnur modes 
Racard8ne Systrm: Oulput from 1564.4 Sound and V4brmtlm h a .  
ivzar r l l  be connff led to mny - d i n #  system rstn an Input 
Irnocdaocs o i  10 UO er more and n sensltmw of wt I r w t  10 mV 
Power uequlma: tm to 175 or 200 b 250 V. 60 Hr. 

as Referred Frequencies for Acoust ica l  Measurements In 
Standard 51.6-1960 a n d  in S1.1I-1966. 

The dwel l  t i m e  In each band 1s adjustable to permit 
averaging the noise level m r  a desired t ~ m e  Interval and 
1s control led b y  an i n t ~ r n n l  :rmer (set by front-panel con- 
trol) or bv a s y n c h m n ~ z ~ n g  s~gna l .  This s t p a l  IS normally 
generated by the contactor a t tached t o  the graphic fevpl 
recorder Alfernately, a tape loop c o n k r n ~ n u  a recorded 
s lpna l  l o r  analvsrr cou ld  tr lexer a s e n 5 1 n ~  devkce t o  gm- 
erate t h e  synchronlzrng s1rn31, thus mak lng  t h e  dwell 
t t m r  equal  to the t ~ m e  far on* "pass" o f  f h ~  tape I m p  

The 1564-Pt a lso permi ts  the analyzer frequency to be 
contlnuously swept l o r  more detarlcd ana l ys~s  of a no tn .  

-See OR Experimenter fo r  May-June 1967. 

amnnor lm Surpfl.dt AdaploroblY ancmby,  mwu cord. snb 
tram0 f t t  fmnch mwel> or rack supwr l  s s l  (rack madel>. 

AcCeslOllom fivantabts! Chad P ~ P W  tor Usr with 1511 Grwhlc LNbI 
Rc.come~~ l l i71.9dr0 for 1trpp4 cdnmfy5#% and 1571.~469 tw c m -  
V S ~ V O U I  anmlyrla 
OimensLonr (w~d th  I hetgM r ueptnl' Uel8y-nck w t t n n ,  79 R 3b+ 
x 12W 8 "  (485 r R9 x 3?0 mml. s teppr  mdor. 4V1 (dla)  x 5H in. 
(110 v 335 mm). conlactar 1ll5mblv. 3 1 4 %  I 2% nn (77 1 108 
x 55 mml 

Wriahl: TOW! ihlDulnr. 36 Ib (16.5 kI1): net. mhy-net suction. 
1412 13 (7 kII): rlenDfr motor. 1% lb  to 7 kg!; contactor assembly. 
4 01 (230 EI, 



Type 1521-6 GRAPHIC LEVEL RECOROER 

m 7 Hz to 200 kHz 
r 1-mV ac sensitFvlty 

linear dB plot of rms ac-volbge level 
1 20-, 40-, OF 80-dB range 

-1- r convenient, disposabTe pens 

-- - 

r. ' e l -  - :-- - 

Thc 1521-& is a tamplately hansistorlxed. single The mitlng s p d  is suffldlently hlgh fm the measurement 
channel. s e w t y p e  retarder. I t  produce a permanent, of reverberatim time and othw tramlent phenomena. 
repmduclbre stripchafi record of ac-voltage level a5 a The wide range of paper 5p5-d fac~l~tater; fang-period 
functron of tlrne or some other quantity. studres of the norse produced by traffic and machlnew, as 

Most often thew are records of the frequency response well asaf short-duration transients. 
d a device w of the?requerrcy spectrum of nerse or of a The frequency response can b mended dawnwnrd to 
complex electr~cal signal. The Graphrc Level Recorder 4.5 H r  at the slower wrlllng spwds, Writing speeds and 
can be mhan ica l l y  or elMrrcally couplpd to varmus GR low-frequency cutoff are selected by a single switch. 
analyzers and o ~ c ~ l l a t o n  to synchronlre the frequency Changes o f  ranRe are easily accomplished by use of a 
scale of the chart record with the instrument's calibrated 2QdR or an BO-dB potentlometer In place of the standard 
tunrng-control dm!. Such cornb~nat~ons of wstruments 40-dR unrt. With the 80-dB unit, thc maxlrnum mit lng 
ere ava~fable factory aslembled or as lnd~vidual compc- speed i s  300 dAFsecond. The slwv writing speeds filter 
ncnt5 to add to e ~ l s t i n ~  equipment. our abrupt lewl  var~atrons;, yrelding a smwthed plot with- 

Owing to the high stabil i ty of I& reference voltage and our loss of accuracy. 
amplrficr gain. the 1521 can bc calibrated and used as a A h e a r  patentlometer i s  available, whlch can be used 
recorderof a h l u t e  level. fw dc reoYrdlng and IS earrly substituted for the loe- 

With s sound-level meter, t h  r e c d e r  a n  plot wund arithmic ac poteittometen. 
level< over a wid* dynamic range as a function d time. --See GR Exrmrlmantsr for September 1964. 

spself leations 
Rouodlnm R a m  fir mu HI& 4a dB full-h m m  and B W B  h d l u m ~ s n l  m d ~ r  bopPlld ma mqunth Pamr -a ol 0.5. 
rsnssr sra a130 svs~t*~I%P For ae nmding D Q  lo  1 v (00 t o  1.5 5 15 In rnm ~w ~ ~ t n  mawso and In Isvs!-vr-t;m* plors; 
r o m*) IUII-scsfe, with zero m8tr.n ad)urrdbld over tuf~ scale mist  be u s d w l l i  156CP1 om t)r~ve 
F g u s n ~  Rerpgn*. 4md W d l l n ~  Svamd Lowapaod motor l~uppl isd  on requart): Rmr I w s  & 2-5, 7.5, 
L~~~ R-,,,~ HlghJresuCncY rerpOnl. +. dB.rO *HL 25 75 ~n I h  VIM for Irvrl.us4.flmr mtasunmsntr Imm 1 10 24 h. 

Low r w u e n c v  ; ~ m w a v s  rrsponsa dcptnss m wrlilnR 3 w M .  as ~xtlmml nc ~ c w n n c e :  A n  axtcmal dc rarrrcnec wlrnla d Imm shown I" follovlng b h l e  0 5 10 1.5 Y can b@ appllcd rnlsrrrally l o  corrat  lor wrla%ron$ 
of urr to 3 ra 1 8n 11,s vrnal rcurra of th- ayrtsw up-r Ic* 

Hrltlnt mna (mrm) 1n.h 
*Hn P 1-I& ochomnhwt 

L u # ~ c u t m Y 1  
[ Is l r  tMn  f dB d m 1  

DUs6tor asrponrw: Rmr wlthln 0 25 dl3 tw faultlpla sfm wuar. 
squaw wmvrs, or nolst DTI~clor o?-ntlmg lwel 15 1 V 
Chan Paerr: alncn *ecom-n8 wtEt l~  orr Slmh p p c r .  MI mllr em 
l w  f ra t  long. Sea full l lr l o l  chart- below. 
Accrr$a?im- SuppllWt 4D.dB DO[-mtfomcter 12 dlMOIIbb w r  7(36E darn 814.sHt' wllh n~sor tcd  rnk ~ 0 1 0 ~  I mrl cr 1m.r14im chart wmr, -r 7 (3 dB d m  at IS Hz) 
t C d ,  15"bO PQS P & ~ l o r  C48te (0h3nn to double p l ~ # )  
rccrrrorbct ar#ni#ble: Pormt8omrtrn. c m n  wpr,  m s ,  hl* b I M . l l l l n ~  1 dm d I HZ t e b m  .mvHlude 1- thmn 25% rnpdlurn. an0 (owipzcd  moborr d r , w  and I G ? ~  unltr. or full -lo) 

Wmntlnmatw L l n u m  Power R-qulmdr 105 to I?:: or 210 to 25P V, 50 Or CO HL 35 W. 

Ih 4&. W4U Pmhnll-m I lk d tulCvala dB mlua lua 1 YnY't'n' Rnck-Bench Cdhl"at 
rtwurncv crrm of o.5 d~ at 1tm kHz and 1 s  d~ ot PW RH~. olmnnrwns 1 ~ 0 8 t h  x &Isrant r ~ t h p  Bsncn m a t ,  19 x P x 15~1 
L1na.r Parcnl#arnatrr ~ 1 %  or lull Icbla. In 1485 x 230 r 345 mml; rack mod*, 19 r BY 1 11- In. (085 x 

Rarolullon 3 25% of full m lo .  225  29(1 m n l  
W*irht n ~ t ,  M Ib 123 Lar shlpplnk 62 Ib 1R kg). 

MWX Input VvI1am: IOd V nc. 
Inp-t ANcnuatmr GO 08 In 1 W B  
rnuut Irnpedsnc.: l o . m  n lor ac lavsl racomlnflt 1m 0 b de 
r u o d l n n  
Mar Sa.ritiriW I mV at 0 00 MI -npr 0.m a 1 V 
rull scnh for dc ncadlns. 
Paper Spscdm 
Math-lvcsd m M r  (normwp supfi* dh* 
25 7s sn tmm. UM ror h t g n + ~ I n n s l a n t  
wslh f y p r  13W Bsal-Fwumcy Aurtnu Csneratw. 



GR 1523 GRAPHIC LEVEL RECORDER 

1-Hz to 500-kHz frequency rmge 
r 1WflV sensitivity 

up to 100.d8 dynamic range 

R up to O . l d B  linearity 
3 recorders in one with plug-in vmatility 
remotely programmable - a  sys?emr natr~ral 

An excellent recorder PLUS self-contained 
lweep oscillator for response measurements and 
1 /3~ctave-band analyzer for noise and vibration 
5tudi€s. 

Au- m.ru-tr - limb md p rwh lu l *  The 1523 
IS no! lust anothn recarrbcr, i t  hr.3 m*a?l rcr rmf  rrnter I t  incor 
mlpi !he l e l ~ t  r r t inor r~n l r  of  t h ~  r.ro~rl*r iiellj with l h w  01 
th r  1wwp4~1 l l d to r  and ~ound.analvzcr .IlnIdr and d m  v, In ona 
Inrlrun?vnl I11.t cl~m~ir#at~? tho usual bOlV,..r O (  lryhng to keep 
wrvth .nq wnr:hmni7?d 5irnnly connwt your siqnill or deulcc, 

UP thr. dmlrtd O W O I U ~ P ~ R ~  conrlitrons, a d  purh n buttnn - 
lhm 15?3 dm.5 thn rrsl .  av lomt iml lv  ~ n d  wlrhnut Conrlnnt 31- 
lcntlnn or control mn iw la t i on  

Pmbw tfl3.octn~.band rr*ysk b r  
* D'Odutl-no~YI rl?UCtlorl 

plant and fas-ld nmw- r i ud le  . nwlsrial? t@%li-9 

Inwrt tk? 1523PJSrsopDO 113-OctmSnnd Annlvzw plun.in 
a d  vour rmordw h o r n ?  a 1/3.octavr?-bard anslvrer wrth a 
f r e q ~ r c n q  ranq: of 1 Hr to BO kHz (ANSI standard bands 0 
through 491 You ~ l n  pr for rn  imatyslr on snle~fcd portion3 
w~ th in  thA lul l  r a w ,  and vou c m  swilrh ~n nn all-p3n chanMl 
to dr%plnv thc owf.atl level HI the Stan or a m o d .  Viru can nl3o 
W r r t  JOY one of 11 auroml ic  pwramr to orovidr recordin@ 
w#rh cowfant awraqinm t l w  or, ass unlque i ~ a i u r ~ .  to ~ l m v i d ~  
a n n l m  will> st~!~-,l~col mniodonm of  up l n  0/14. 10 ~ i ' t h - n  t O  5 
dP You can rmord nemurr#rwnfs 31nQly en a nmchar l .  ruccm. 
s l~e lv  on a linqlo Chnrr lor compartmn, or wccm.;b.nlv on new 
charts, rlmply hv the turn ol  a s ~ r y l r  k m b .  

Slmpte -r nnmumnts lor 
* I~l lr-r  ibnd n*t.r*ork resmnrr t m r i v  
* l o l ~ d $ w C ~ .  . i l m ~ l i l t ~ r .  .l'ld ta~".~'YWder P\aluation 
* prtnrrvance lprts lo r  mrcrophonrr, hvdropbonm. 

and lmr lng aldr 
* qeneral mwlrcal and edueatlonal applicallonr 

Vllth thn 1523P2 S w p  Oxillmtor pluq-ln, whirh inmrrx-  
rnfm R % w p  ~14~11alo~.  Your recolder produce Ir~qormcy- 
nmnr t !  rrrordinm at !he pvrh ol a button. You cnn wr lhn; 0s. 
ril!.rlor re I Y ~ D  t h  full 1-H: to 333 k W 7  rang.or vnriour pm- 
t l n ~  o l  it, at rlulput I ~ c t a r a n t i n u o ~ ~ r l v  zdjunilt>lO lrunl 5CO)dV 
tu  5 V brhlnci K U l  R.  A un8oua and w ~ t l l e  cnrnant C l  morlr of 
oprat ion can (u. rrlecled l o  s p M  1h9 recordinn ~ r r  many nopli- 
c3llonr by Innm-mq the ~ r r e l y ?  rate au tom l r~ l l l l y  a5 thE fre. 
qtwnrv hncrewo U n d a  m3ny condilaom. rerordinp m n  be 
FLAP In thc cnnrlarrl Q In 112 l o  113 Ihs l n m .  nornnllv 
r~q~lnrod. 

Tlw a c c u w  and nabi l lw o f  the generstw. plug the rerolu- 
tlon of IM recorder and the mriew of chart r m  and nvprs- 
gingrlmc nra(lranrr. permit prwiw rmmnr  maru remn t l  of 01. 
rmrl any dcurra - w f o r d  wmtl~ llr wrp anrl mnnomv o f  a 
7 1 ~ 3 1 ~  ~~~~~~t rath- lhnn wrlh rhc clulter snd conlurion or 
twq 

V d m  I d  ncadlnp tor 
r@wrbFTdlu~n.llm m c m u r o m t r  
pneral IPWI r~cordlnq anplicatlonr 

S~loct  rtm 152W1 Prmrrylllflar  lupin for t h M  In  (leneml 
rscoru1.r p fo rnh~nce .  The 1571-P1 girm youa bfa* fr6quPno. 
coverx,e lrorn 1 HI l o  %@ 1 Hz, a rm~ ! i u i l y  01 la [E#V.  anrl 18 
chmt I-S l rom asslow in ?O hours iwr ~ n c h  to n% :.m a% tholf a 
record w r  tnch. Continuourtv hY,urrable anenualmn i f om  Ll lo 
70 dR v - o v i b  Th@ vtrnnn I" rwordmg rtwlul ion.and a cholcs 
o l  n8nF swr,wlng li- l rom 10 mr l o  5 5 al lom ex t ram iI@x. 
lbillly. 



F-lmcm rtandsrd All plug-mr feature r e m t a  program owraldon whh that of orher instrumntc. and a cholceof w r a l  
m P i I I I y ,  a variety ui  ~ n p u i s  nnn ourpurr to rvnthmn~ze recorder p t - n l ~ o r m t w s  ~ 4 t h  dvnamlc n n w  from 10 dB ro 1M rlE to 

tal lor I he ~nstrumr-111 t o  your spcc~frc r g u i r r m n l  

I I 
For confinroom, a cwrf rsreutr roc1 ia ~ n c l u d m  b u t  the 

mwr also can bs ierl o u t  d l r w t l v  for rrrmedlntn m s w e t l o r  and 

mth 1623P1 
PREAMPLtFlER PLUG4N 
tDI -.Llm eordw . irrquer~clm trt 5MrHr 
* lrA*v.P"~,t,Y,tv 

1 1 ~ 1  I,, I n0.w nynntt~c 
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18 t nnri ,tmn+ 
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mth 1523P2 
SWEEP OSCILLATOR PLUG-IM 
-ml"l -* orw 
lsvsl ntrsqumcy rgcwhm 

mth 1523 P3 
STEPPED 1/30CTAVE BAND 
ANALYZER PCUG,IN 
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for amtwum mordsng 
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rn8~11v r.1 ~torl-.  p d@cb;,. I n  nf': , : t ~ l  S ' # I C r  *,.?Lrnci T., oul- 
ou: p o p r r  q-18 lo 1% u' :Tvrm ' r , ' , l u , n i v  sr ~il.a?lr + I  rcnr cnnni*:tnn 
S*mp Amplltud.! W3 pV Iv Tm V rn>% ,"lo op-rl c l r ru l l  !xt.rrrl C Y ,  IZ r 
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specifications (cont'd) 

COMMON CHARACTERISTICS 
Input: Chart 0-level can be 0 dB (100 j . .IV) to 70 dB; set in 10-dB steps plus 
(for 1523-Pl and -P3) a continuous vernier. For 1523-Pl. averaging times 
< 50 rns should not be used at maximum sensitivity. MAXIMUM INPUT: 
1523-Pl: :1:10 V pk acto 250kHz, t5 V pk acto 500kHz,redccompo
nent of ±350 V max. 1523-P2: :tlO V pk acto 500kHz. re de component 

~f ~~-V ~~:Eci~~~~~ : t~::~~ ~F10a~~u~~~~ ';.~~ c:~~~~i~~:~ 
potentiometer via internal switch. CONNECTORS: Front and rear BNC 
and rear 3-pin A3 mike connector that also provides power for 1560-P40 
or -P42 Preamplifier. 

Dynamic Range: To 100 dB depending on potentiometer; 5 available, all 
easily interchanged and all with 5-in. scales except for 60 dB which has 
12-cm scale: 10 dB (with tO.l-dB linearity), 25 dB (±0.15 dB). 50 dB 
h:0.25 dB, recommended for normal use), 60 dB 1±0.3 dB, for use with 
1523-P3 only). and 100 dB (±0.5 dB). DEAD BAND: ±0.15% of full scale. 
DETECTION: True rms. error <.0.1 dB for 15-dB crest factor, < 0.5 dB for 
full 20-dB crest factor for frequencies above crest-factor cutoff frequency. 
NOISE : 30-p V rms equivalent input noise direct to potentiometer. AE· 
TRANSMITTING POTENTIOMETER: Provides de output voltage, propor· 
tional to ac input. of 0 to 10.4 V de (2 V/in. of pen deflection). 

Pen Control : Pushbutton switches or external OTL·TTL signals control pen 
position (up, down, or automatically raised or lowered). Pen status also 
indicated by OTL outputs. 

Chart Control : Pushbutton switches or external OTL·TTL ground closures 
start or stop recording, reset paper to start of same chart or advance it to 
start of next chart , and provide fast forward or reverse . Switch settings also 
indicated by OTL outputs. CHART SPEED (also see Chart Speed under 
individual plug-in headings): Can be externally programmed except on 
1523-P3. MOTOR: Stepper motor moves paper in 0.0067-in. increments 
at rates up to 310 pps (2 in./s). Pulses supplied by internal clock or by ex
ternal OTL·TTL input of <. 300 pps. Pulses also available as an output to 
synchronize other recorders. PHOTOCELL: OTL ground-closure output 
corresponds to black marks printed on paper. 

l,imits .-.d Event Markers: LIMITS: 3 DTL outputs provide hi, go, andlo 
results of 2 adjustable limits vs the recording level for go/no-go testing. 
EVENT MARKERS: Two; pushbutton switches control one pen to mark 
selected events on paper; external OTL-TTL signal at;tivates either or both 
pens. 

Interface: A ll plug-in pushbutton-control functions can be remotely indica· 
ted or controlled; other controls cannot be except for Chart Speed and 
Averaging Time controls on -P1 and -P2 and Sweep Time Per Decade on 
-P2. Levels are standard DTL or TTL (closure to ground or +0.5 V, +3.5 to 
+5 V) and are available at 2 rear double 19-pin etched-board terminals. 

Supplied: 3-ft BNC-terminated patch cord, 3 rolls of chart paper, fastrak® 
Marker Set {4 red. 4 green. 4 blue pans). Event Marker Set of 4 red and 4 

black pens. 3 potentiometer contacts, 2 paper cap assemblies, 50 chart· 
mounting sheets, 2 double 19-pin etched-board connectors for external 
programming inputs and outputs. power cord. 

Power : 100 to 125 or 200 to 250 V, 50 to 60Hz. 160 W max. 

Mech•nical: Bench or rack models. DIMENSIONS (wXhXd) : Bench 
19.56X 8 .16Xl9.56 in. I496X207X496 mm); rack, 19X7X18.44 in. 
(483X 178X470 mm). WE IGHT: Bench, including plug-in, 63 lb (29 kg) 
net, 98 lb {45 kg) shipping; rack. including plug-in, 57 lb (26 kg) net. 92 lb 
{42 kg) shipping, plug-in when shipped separately, 9 lb {3.7 kg) net , 161b 
(8 kg) shipping. 

1523 Graphic Level Recorder, with 50-dB potentiometer but 
without plug-in 
MAINFRAME, BENCH MODEL ..... 1523-9700 
MAINFRAME. RACK MODEL . . ... 1523-9701 
REQUIRES ONE OF THE FOLLOWING POTENTIOME· 
TEAS; potentiometers are easily Interchanged so that more 
than one type can be ordered to suit differing applications: 
10-dB Potentiometer ....... . ... 1523-9620 
25-dB Potentiometer .............. 1523-9621 
50-dB Potentiometer, normally supplied .. 1523-9622 
60-dB Potentiometer, used only with 1523-P3 .. 1523-9623 
100-dB Potentiometer .. 1523-9624 
REQUIRES ONE OF THE FOL LOWING PLUG-INS; plug-ins 
are easily interchanged so that more than one type can be or· 
dered to suit differing applications: 
Preamplifier Plug-in, 1523-Pl .... 1523-9601 
Svveep Oscillator Plug-in. 1523-P2 .... 1523-9602 
Stepped 1/3-0ctave-Band Analyzer Plug-in. 

1523·P3 ...... 1523-9603 
Stepped 1/3-0ctaw-Band Analyzer Plug-in. 

conforms to IEC 225. 1523-P31 . 1523·9605 
Event-Marker Set, 4 black and 4 red pens . . 1522-8612 
Mounting Sheets, 8~ X 11 in. sheets with adhesive strips to 
mount charts for filing in 3-ring notebooks, 50 sheets 
per pack. . . • • . . • . . ... pack 1522·9639 
fastrak® Marker Sets: 
Red, 4 pens per set .............. set 1522·9614 
Green. 4 pens per set ......... set 1522-9615 
Blue, 4 pens per set .............. set 1522·9616 
Extender-Board Kit for maintenance ease .. 1523-9630 
Chart Paper, 140-ft rolls of 6.63-in. wide paper with 5-in. wr
tical chart area of 50 dlv (except 1523-9644 • and -9646• 
which have 12-cm vertical chart area of 60 div); include tim· 
ing marks for proper synchronization. 
FOR 1523-P1 PREAMPLIFIER PLUG-IN : 
Linear. continuous scale of 0.2 in. per div. . 1523-9641 
FOR 1523-P2 SWEEP OSCILLATOR PLUG-IN: 
2 10-in. long decades. stans at 1, ends at 100 ... 1523-9645 
3 5-in. long decades, starts at 1. ends at 1 k .... 1523-9649 
3·1/3 2.5-in. long decades. starts at 1, ends at 2 k . 1523-9648 
3-1/3 3-in. long decades, starts at 10. ends at 20 k. 1523-9650 
5-2/3 2.5-in. long decades. starts at 1. ends at 500 k1523-9642 
FOR 1523-P3 ST EPPED 1/3-0CTAVE-BAND ANALYZER 
PLUG-IN 
3-1/3 2.5--in. long decades, starts at 1, ends at 2 k . 1523-9640 

•3-1/3 5-cm long decades. starts at 1, ends at 2 k . 1523-9646 
5 2.5-in. long decades, starts at 1, ends at 100 k .. 1523-9647 

•5 5-cm long decades, starts at 1, ends at 100 k .. 1523·9644 
• For use onlv with 60-dB potentiometer. 
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Type 1952 UNIVERSAL FILTER 1 
4-Hz to 60-kHz tuning 
low-pass or high-pass, 
band-pass or band-reject, ganged for easy tuning 

m high attenuation rate- 30 dbloctave 
line or battery operation 

The 1952 Universal Filter wi l l  perform as a low-pass, ate the effect of limited bandwidth upon signal intelligi- 

high-pa%, hand-pass. or bnd-reject filter at the turn of a bil ity and data-transmission accuracy. As a high-pass filter 
panel switch. It consists of a low-pars and a high-pass it can reduce m r - l i n e r e l a t e d  components, as a I w p a s s  
filter that can be employed slngly, in  cascade, or in  par- filter control high-frequency n o i x ,  or as a notch filter 

allel, to provide the assortment of wer-all characteristics. eliminate single-frequency companents. The 1352 can 

The cut-off frequencies of the tw filters can be controlled also act as part of a spectrum analyze? or distortion 

independently or ~ n g e d  together to provide constant- meter and, with a random-noise generator, pmduce con- 

percentage bandwidth for band-pass or band-reject tuning. holled bands of noise as test signals. It i s  recommended 
This filter is of value in  many signal-conditioning a p  as an accessory lor the GR 1142 Frequency Metw and 

plications. For example. it m n  be used to control system Discriminator and the 1561-R Redsion Sound-Level 

bandwidth for reduction of extraneous signals or to walu- Meter. 
-See 6 R  Expsrinmnhr fw April 1968. 

specif ications 
~ I L ~ U L ~ C Y  m a t  
Cuts# Fnvumncin: AdfmbMm 4 HI b 60 LUX in four nnea. 
Part-BIM Limits: L-fnquancy m$$mnse to dc 1. prox 0.7 Hx 
r l t h  nc ~nput caupl~n~) an LOW PkSS and BAND R e E C T  modss. 
H~eh-lrequency response Uniflrm ?ij2 dB to 360 KH: in HIGH 
PPSS and RAND REJECT mMU. 
Controls: Log Iwurncy-dial catibntimi accuncy S9: vf c u t 4  
frwo~ncy l.?t 3 4 H  p0;ntal. 

FlLTF.IS . . 
ri l l*< cn~nct8risUasr FiNm mn I W M U  ( f ~ ~ r . ~ ~ l e )  ChebyUm 
aPr.oxmmaliDns lo ideal rnagnltuda muonso. m a  nominal purr  
t o o n  r:pple i s  zO.1 dB (LO.2 d D  maxl; nominal attenuation a t  
th- cal.hra!ad cut-on Irwurncy ,r 3 dR; initisl altcnual8on nta  
i s  3n dB per octsuc. Rttrnuatlm at twlcs or a l  on-half the sa- 
lw:l.-rl 4-.*>u+.ncv, a. mppI,c~rI~:. .I at lea',r 30 dB. 
Tun.n@ Modes: Swttch %rl~rt+?d. LOW PASS. HIGH P a s .  8ANO 
FP55 .  and ?AND REJECT I I 

Canrcd Tunint: T ~ P  t w  frequncy c ~ l t m l l  a n  b. p n g d  In Low.~8rr and ' 1 I ( ;  
L!k:.D PA<!. 37.3 84H0 REJECT mode w, the ratio M upper 10 Iligh-vlss Illter n! - !- ' - ' ! -: - ?,--+I- L .,Ib 
lcn. r CU! ,;I? frmucncras n~mnins constant as contfol~ are ad- ~I~~ractctislicr. -..-. ,, ... ,... ., 
11lr:rd Fans- o ~ ~ r l l y  ~3 '.ufgiclent lo permit tuqung tnrwch 
su:ir.s$irr ranee-, n ~ l h o u !  I h r  need lo reset frequencr cuntrols 
I! r.3180 nl upprr :n Ir,wrr cut+U Ireqbsnricl  i s  1 F or krr .  Nabm: elm BV In 8n eWacIv9 b.nd*ldth of IU) kHz. 
Min~rnum Bandridtn:  5 %  (appmr L, ~ t 3 v - j  in 6 4 ~ 0  PASS 
mcec 
HUI! runinat ~n BAND RUECT mod- Ioninl th. fnguency con- v ~ ' ! ' ~ ' '  UP 10 3 " and r rwU*"CaCI  UP to 50 
1rn.l for B critical ratio or u ~ p e r  10 I-, cut-. ~ ~ + ~ ~ . ~ ~ y  (in. Power R e ~ u i m L  100 to 125 w Xwl to 2% V l s ~ l t c h  5 e l r W  
dd.:.lm on dim!%) gtvn, a null ch~rncter~slic {mint 0' ,nf~n,ta at. Sn In 63 ti:. 2 5 W 01 l q ?  V, aoDmr Po nth from recharrrcabld 
I*r>unt.oni that can b. tuned fro71 5 H I  to 50 kHz_ nckrlindrnlum batterms (not suoplirdl, about 10.h operation. 
. .. - L o r ~ l c r l ~ c n t  for exle!inal battaw. .... - ,  

Gain: 0 or -WJ dB, witch ral&d. h u n n  of p i n  Is I 1  dB. 
or 2 , M B  m!tenlUlor is e O 2  dB. 
Impcdanse: 100 ko. 
Coupling, A c  or dc. nvltch saluted. Lonr  cuton fnauancy 
( 3  (3 down) for ac cwplrnp IS about 0.7 Hz. 
Mar Volbre: M.x sinewsva input is 3 V mn (8.4 V pkgk) or 90 
Y r-n- wlth input attonuator n l  20 dB. Max peak input wlbRe 
fnr 0 2  coupliny! 8s ~ 4 2  V. F07 ac coupllnil m x  m k  lcwl 04 ac 
comi;ollcnl must noi exceed 2 4 . 1  V and O c  component must not 
erccrrl lili) V,  lnpul c a n  tolsratr pack volrascs of r 1 W  V wiln- 
out Ilamawe. An LC fill.?, el  hnpul l1m8tr bannw<nth lo 300 *HI, 
tb,us rro~#~..nf dnnfnr 0 1  ovr.rlodd.ng ocltvc crrruils at fR9uOnCbdS 
n b n w  r,;rms on*r>t#ne mnee 

ACC*..O~~B~ Suppl6ad Power cord, h n c b  M MU-mWnt hmmn 
A C C C S S O ~ I ~ N  P.vavlnble: R~harpeable bntterlel (Iwo muiredl and 
175 '%,  R , l t ~ , y  <-1,,r,7,., 
D~rnenrisns ( w : d t h  x height r depth): mnch 19 X 374 a 15 In. 
(dS3 : .Y1 x Iw- mm); n c k  19 x 3VI x li* In. (485 x 89 x 
3n'r mrn? charpr,  UP x 31i x 8 in. 1110 x 96 r 205 mml. 
wc~aht: trrt. 2fiL2 Ib (9.5 h v l ;  Shlpoing. 25 lb (11.5 kg). 

CEHERnL RwAar~sablc Battmry (2 nq'd) 
Out~ul. 6Ml-11 Impedance A n y  bad o n  b. c0nnrt.d wllhoui 
afd+, tang linear entrm M output cinult Tempomtun c o M -  1- 

1 W - P E O  Banery C h a m #  
11' volts 

cipr t o l  output %et volbpe 4s h-n 0 and ia ~vI-c 1544-9661 2 v,,lr: I 

Ubtw 
Nvmbtr 

1932.W1 
1952-9811 

I k r M l m  

l a  Unlv8rul riltmr 
Bench Modal 
R n ~ h  MnOrl 



Type 1569 AUTOMATCC LEVEL REGULATOR 

2 Hz to 100 kHz 
5040 control range 
acoustic-system accessory 

The 1569 Automatic Level Regulator is  intended as an 
1111111 

accessory far an oscillator or for a source of narrow- %; a w m w  

band noise. Its primary function is to control the signal 4 
level i n  swept-frequency sound and vibration tests. I 

The regulator senses a contml voltage from a micro- 
phone, accelemmeter, or other transducer monitoring the PRTT-.IT* 

sound or vibration to be controlled and adjusts its output ~$g+q~sk P ~ ~ , w  %z? -I 
S ~ W ~ C V  

to maintain constant level (see diagram). O u t ~ u t  level is I.., 

bv a oanel meter with a linear40 scale. shw-  Dl*(nm al IS69 Aotowutlc Lnrl R~tulatar ind~cated 
ing the o 
regulator 
variation t 

is comDre 

. . 
perator where i n  i t s  50-dR control range the operating frequency and magnitude-phase conditions i n  
is operating. Regulation is such that a level thecontrol Imp. 
(without the regulator) of 25 dB, for instance. The 1569 can also be used to ngutate wltag@ fmm 
ssed to a variation of 1 dB. The control rate an oscillatot or other signal source. In this made, the 

is adjuitable by means of a panel control to suit the control range is l imitedto 15dB. 

-See OR Exparimentar for April 1968. 
specificattons 

Fnqumw Rmn-: 2 Hz to la0 hHr. N0i.n l'mically bettar than 6s I IB b e i w  3 V In  IOOkHs blnd. 
Control Ran~e:  50 dB. U ~ n o n i c  Dinoftionx 41% total for <I-V output tevel. 
Compntr ian Ratio: 25 (0.04 dB par dB). Autommtic "Shut.Oom": A lor% of driva (Inoult voltaps lmm #lp 
DRIVE (IMPUT) nal raurce c.?urr? Ihe output rnltape to droD to zero to p W u f  

VOltlW RlsuIred ( f a n m k l  o(ramtl0nlr 1 V 
cguipment c o n n ~ l c d  to output. 

Impedance: ~CCI ~ 1 .  CONTROL-SIGNAL INPUT 

OUTPUT Voltmre: 5 mv to 4 V required. 

Vattaw: 3 V mox to 10 mV mln. Imosdann: 25 Ma. 
Imlrcdane.; m 0. Any load I m d a n c t  u n  be Control Rshs snd Cernyondinc Min Opmrttiw C m m w c l m  
out alfecllng linear operation of output EIEuI~. 

h r m r  I).poiNd: 100 to 125 sr 290 to ZSO V Invltch s e l M ) .  
so to 60 nz. 4 w. 
&ccsaorlrs Supmlimdt Powy cord. moumlng Mrdwn 4 t h  RC* 
01 bench models. 
Accrssari*~ Avai1mbl.r OR 1560PU) PrsampltMr ( m r  far prrc 
sm;ll~'~ar avmlable at n r -pane l  Input connsctwli 1304 BMI. 
FIWLIP~CY Aualr, Generator. 1521 Graphic Level R ~ c o l d e r ;  mlcrp 
P h l r l e ~  and ui>rrlion pick~m. 
Mounting: Rack-Bench Cabtnu. 
Olmcnsionl (width x h~ieht x dmth): B a c h  moth i  19 r 3% x 
1 3  lo  ( 4 5  x 9'1 r 330 mml ,  rack model. 19 II  3% ~ ' I O Y  in. 1405 
a 8 9  r2: ' i  mml. 
WeNrht: rict, 13 1b (a kg); shipping, #I I0 (14 Yfl. 

M I l W  
Hunber - 

TLW CUYU 
1559.9700 wid ~ ~ ~ b h l  I= 15699701 

Dmtrlvtion 

1% ~ ~ h m a t ~ o  L ~ I  a m l m t n  
Bench Model 
Ruck M d e I  



RANDOM-NOISE GENERATORS- Type 1381, Type 1382 

Type 
1381 

• 2 Hz to 2, 5, or 50 kHz, Gaussian distribution 
• adjustable clipping 
• 3-V rms output 

Erectrical noise is, by definition, any unwanted ·dis
turbance and its reduction in communications circuits is 
a constant aim of the engineer. Noise from a controlled 
source, however, is useful in studying the effectiveness of 
systems for detecting and recovering signals in noise. 
Well defined random noise is, moreover, a remarkably 
useful test signal that has, for many measurements, prop
erties that are more useful than those of a single-frequency 
signal. Its wide frequency content sometimes permits one 
test with random noise to replace a series of single
frequency tests. Noise is also useful in simulating speech, 
music, or communications circuit traffoc. 

Noise is called random if its instantaneous amplitude 
at any future instant is unpredictable. Random noise is 
specified by its amplitude distribution and by its spec
trum. Many types of naturally occurring electrical noise 
have the same distribution of amplitudes as do errors that 

Type 
1382 

• 20 Hz to 50 kHz, Gaussian distribution 
• white, pink, or ANSI spectra 
• 3-V rms output, balanced, unbalanced, 

or floating 

normally occur in experimental measurements- the nor
mal or Gaussian distribution. In general.purpose ooise · 
generators the design objective is random noise that · is 
Gaussian and has a uniform spectrum level over the speci
fied frequency range. 

The General Radio random-noise generators produce 
electrical noise at high output levels, each model having 
been designed for specifiC uses. The 1381 is useful for 
many audio-frequency applications, and alsO in vibration 
testing as its spectrum extends well into the subaudio 
range. The 1382 is intended tor audio-frequency electri
cal, acoustical, and psychoacoustlcal applications. The 
1390-B is useful -at higher frequencies because its spec
trum extends to 5 MHz. The 1383 generates wide-band 
noise of uniform spectrum level and · is particularly useful 
for tests in video- and radio-frequency spectrums. 

-See GR Experimenter for January 1968. 

specifications 

SPECTRUM 

1311 : Flat (constant energy per hertz of bandwidth) ±1 dB from 
2 Hz to 1, 2 .5, or 25 kHz; upper-cutoff frequency (3-dB point) 
can be switched to 2 , 5, or so kHz. Spectral density at 3.V output 
and for 1-Hz bandwidth is approx 64, 40, and 13 mV, respectively, 
for 2-, 5-, and SO-kHz upper cutoff. Upper cutoff slope is 
12 dB/octave. See curve. 

1382: Either (a) white noise (constant energy per hertz tiandwidthJ 
±1 dB, 20 Hz to 25 kHz, with 3-dB points at approx 10 Hz and 
50 kHz; (b) pink noise (constant energy per octave bandwidth) 
±1 dB, 20 Hz to 20 kHz; or (c) ANSI noise, as specified in ANSI 
Standard S1.4-1961. See curve. · 

Waveform: 

Vo1ta1• 

0 
±• 
±2• 
±3o 
±4a 

Glusslan Probability
Density Function 

0.0796 
0 .0484 
0.0108 
0 .000898 
0 .0000274 

Amplitude-Density 
Distribution of 13&1/ 1382 

0.0796 ± 0.005 
0.0484 ± 0.005 
0 .0108 ± 0.003 
0.000898 ± 0.0002 
0.0000274 ± 0.00002 

These data measured in a "window" of 0.2o, centered on the in
dicated values; o Is the standard deviation or rms value of the 
noise voltage. 

Clippina: The output of the 1381 can be clipped internally to re
move the occasional wide extremes of amplitude. Clipplna, if 
desired, is adjustable to approx 2, 3, 4, or 5a. Such clippina has 
nea:lia:ible effect on the spectrum or the rms amplitude. 

262 

output Volta1e: >3 v rms max, open-circuit, for any bandwidth. 

Output Impedance: 600 o. Can be shorted without causina distor
tion. 1381 output is unbalanced; 1382 output is floating,. can be 
connected balanced or unbalanced. 

Amplitude Control: Continuous adjustment from full output to 
approx 60 dB below that level. 

Terminals: 1381 output at front..panel binding posts and rear-panel 
BNC connector; 1382 output at front-panel binding posts and rear
panel jad(s for double plugs. 

Accessories Supplied: Power cord, rack-mounting hardware with 
rack models. 

Power Required: 100 to 125 or 200 to 250 V, 50 to 400Hz, 6 W. 

Mountina: Convertible-Bench Cabinet. 

Dimensions (width x height x depth): Bench, 81/l x 3711 x 9¥. in. 
(220 x 99 x 250 mm); rack, 19 x 31/l x 9 in. (485 x 89 x 230 mm). 

Welaht: Net, 7 lb (3.2 kg); shippina, 10 lb (4.6 kill. 

CatalDI 
Number 

1381-9700 
1381-9701 
1382·9700 
1382-9701 

Descr1ptlon 

R•ndomooNoiae Generator 
2 Hz to 50 kHz, Bench Model 
2 Hz to SO kHz, Rack Model 
20 Hz to 50 kHz, Bench Model, 
20 Hz to 50 kHz, Rack Model 

·' 



Automatic 
Data-Processing Systems 
with the 

GR 192l REAL-TIME ANALYZER 

W E  AUTOMATIC ANSWER IN NOISE ANALYSIS 

A t  the push of a button, the new GR 1921 Real-Time 
Analyzer cornplitely analyzes audio spectra in third-actave 
steps in a single integration per~od (as I~ t t leas 1W second), 
and it stores the data in a sernieonductw memory for rapid 
a m .  The spectra can be displayed on an m i l l o w p e ,  
t r a d  on an analog plotter, recorded w i t had~g l t a l  prlnter, 
and nored I n  a digital mrnplrer. In a cornputerrzed system, 
the 1921 performs on-l~ne calculations ~ n d  cornparlsons, 
such as: 

Spectrum Cornparisom i n  third-octave or 
octave bands from 3.15 Hz to 80 kHz. 

Stevens Loudness Calculations 1Mk V I  
method) per USA Standard S3.4-11968, 

m ARF Loudnas Calculations {pw Society of 
Automotlve Engineers Standards). 

o Perceived Noise Lwel  {PNL) Cornpu@tions 
including durmion and tone corrections x 
recommended by the Fdera l  Aviation Agwrcy. 

S m h  Interference Level (SILI Cornputatiom. 

Noise Criterion Levels per L L. Baranek. 

ARI Ratings per Air Conditioning and Refrig- 
eration Institute Standard 270. 

AMCA Ratings per Air Mwing and Condition- 
ing Assoeiation T m t  Cod-. 

ASHRAE Measurements per American Society 
of Heatlng, Refrigeration and Ai r  Conditioning 
Enginwm Standard< 

STC Ratings per American Society of fasting 
Materials Standard E9C-66T. 



Ff ATURES 
The 1921 Real-Time Analyzpr IS accurate, verwtile, and easy to 
operate. I h des~qn i n c l u d ~  many rpecual fearures that allow you lor  

ANALYZE AN ENTl RE SPECTRUM RAP1DLY. with 7043 dynamic range. 
Ar a single gain setting, inslanlaneour lwela of the spectrum w &! analyzed rn 
drffer by as much es 70 dB. The m lwe l  an one frequency band can be as 

much as 60 dB greater than that in another band and still be displayed 
wtthPw! g i n  adjurtnt#?ht. 

GET RIGHT ANSWERS. REGARDLESS OF WAVEFORM. 
The 19215 digital detector deri- the root-meanquare level s imultanmsly in at1 
h n d c  hy binary arithmet~c. There are no analm approxirnet~ons 
to degrade its amracy,  regardleu of the tyoe of wawform. 

The deteclor does nm limrt crut-factor copecrty, as is true of analog 
detectorr Since its dynamic rang? is t h  only l imit on cresl factor. the 

192t can handle cresr factors of up to 70 dB lor 3000 to 1) for signals with rms 
levels near 0 dB In the disptav range. This capacity decreass to a minimum of 
10 dB [or 3 to 1) for signal5 with rmr  levels at full scale (GO dB) tn the d~splay range. 

KNOW WHAT HAPPENS, WHEN IT HAPPENS, 
with murare ly  Mined. l i m r  integration. 
The 1971 Inregrates the nctse s~gnals over a fixed time Interval 
that is w i t c h  selectable a t  118, 114. 112, 1,  2 ,4 ,  
8. 16 and 32 wmnds You can select the perlod to include an entire 
signal kg., a pasing automobile\ or to capture shorter portlons 07 the signal 
Band lwcls arc then the true rm5 levels in 1 h ~ ~ 1 e c t ~ l  memremcnt p~r i od .  

READ ANSWERS DIRCCTLY-YOU can make dam mnafHonr hfore  measurement. 
For example, noiw is usually measurd with a microphone whose 
response v a r i ~  with frequency. Oprional cal ibratd attenuatorr, adiustable i n  1-dB 
steps, an each filter channel of the 7921 allow you to correct for such 
variations wfore making tha snalys~c T h w  adiustable atlenuarors also allmv 
thc wpprffsron of unwanted hquerrcy components. extend~np the effective 
dynamtc range 01 the 1921 to as much as 95 dB. 

USE ANY DISPLAY DEVICE-ANALOG OR DIGITAL. 
Frequency band measured and band level are presented in digital 1-2-4-8 code 
and as proportronal analog "X" and "Y" voltaq%. Bend I c v ~ l  can be displayed 
as a dlg~tal readout and fed durectlv to anv rnmrnon d~gu!ol prlnter, analog 
plotfer, oeilloscopa. etc. Yau can set the dara-lranrfer rate to  correspond 
wath tlle optlmum rate of the outprr device 

Digital data are idenfilled by standard band numbers (pet USA Standards). 
each reprenthng a thlrd-octave cmter frcqclw~ncy You can El the tnstrument's 
decibel readings to any rcterenm level (20 u~lrn', 1 f l ~ l r n ' .  1 mV, etcl. 
For anstance, when analyr~ng sound precmre level data recorded on magnetic 
tape, the 1921 can provide direct madinqs i n  the original SPL units r e f e r e n d  to 
20 u ~ / m 2  rather than to the nrb~tmry  uol tege unim of the tape rernrdrnq. 

AUTOMATE THE EMTIRE MEASUREMEPIT. 
The remote programmabilrty ol all measurrmenr functions mekw the 
1921 an Ideal InnrrlmPn! for use ~n cnrnputer lr~d noiw-meawr~menr systems. Several 
nontrol and synchroniz~ng signal5 arc available a t  rear-panel conncctors of the 1921 to 
fmllrtate the control of wch lunct~ons as scow blankinq, plotterpen Irft~ng. 
rvnchronzzation w ~ t h  enrernal dev~cr?. and nnhihitlreadv computer commands. 

APPLICATIONS 
The GR 1921 can be Integrated Into exrsrlngsyrterns or mated whth a wide 
verlety of ~n!Jut/~utput eccmorles to provrde a total rneawrremerlt solutron. A Yew 
appl~carrom In which this Inrlrument can automate and s~ rnp l~ l y  
your measurements ere' 



AIRCRAFT FLYOVER AND AUTOMOTIVE PASSBY NOISE. 
Because of its meaarrement speed and rapid data access. the 1921 
can analyze the limitedduration noise of paaing aircraft and automobilff 
without r m n i n g  ro repeated playbacks of tape recorded signals. Its 
measurement capability can extend over long periods (32 seconds) for 
evaluation of noise produced during an entire panby, or over several repeated 
shorter periods to  derive a time history of the noise levels. Time between 
measurements is limited only by the speed of the display device used. 
Figure 1 showsa measurement system in which the use of a scanning device allows 
you to obta~n a sequential history of noise Imls.  Since the 1921 is entirely 
prognmmable by remote electrical signals, you can also use position-information 
signals to synchronrze the memremens. 

Using the 1921 with an auxiliary data processor, you un make on.line calculations 
of perwlived noise levels, loudness, etc. Digital data, already corrected by 
the 1921's calibrated attenuators, are ready fw fast, efficient reduct~on to  the 
single-number ratings so often required In aircraft and automotive field tests. 

PRODUCT-NOISE EVALUATION. 
For Oualrty Conrrol. The simplified real-time operation of the 1921 brings 
a whole new concept to qualitycontrol nore teting. An ~nexperrenced 
operator can produce an accurate. reproducible noise signature of a device 
rn less tlme than rt takcE to posltlon the device for tenlng. Figure 2 
show a system in wh~ch you can adjust the 1921's calrbrated attenuators to 
correct for transducer differences, making data directly usable 

F~gure 1.Svsnm for 
Pa-By Noi- Malowemants. 

- 

FigurP 2. Produn-NO* 
Tealrig System. 
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With this svstem, you can accornplnsh auromatlc cornparlsons bv means of a 
simple und!cator and can produce a permanent remrr( af each t w t  

For P,-evenrrve Marntenanc~. The same eclurpment shown in Frgure 2 can 
also wive as 0 prwentrve maintenance system. By analyzing at regular 
mtervals the noie or vibration lwelo o f  a device, you can dwelop an 
accurate history of its performance. Changes In 'band levels i nd l ca t~  the 
need 'or servrelng and can be related to components w ~ t h i n  the device Ibearings. 
gears, em). Experience proves that such system y~e ld  warnings far In 
actvance of failures. 

For Cesrgo Smprovement. Even In (am where noire aumt 1s not a design 
parameter, you can u ~ e  spectrum anaylsis o f  a orduct 's  noise to evaluate 
i t s  peflotrnance and detect potential flaws. The f lexib~lrty of fiftw 
frequencies end bandwidths and tha M . 5 d B  accuracy of the 1921 make it 

ally writed for such mmremen ts .  INarrower bndwidths 
are available on special order.) 

For Sound Rating (see also Sound P o w r l .  Several industries are considering 
s r n g l ~ u m b e r  sound ratings for their products Mon of these ratings are 
der~ved from third-oenve norse measurements which are then reduced to a 
single number through a series of calculations. The 1921 meem the 
require men^ for th~rd-mtwe measurement%, performs the measurements 
quickly and awrate ly ,  and yields digital data ready for prnc-ing. 
Since u5e of rhe 1421 eliminates the need for cmly ,  tlmeconsumlng operarw 
interpretatton of p l o t t d  curues, the p r o m l n g  of dala for the% calmlat~ons IS much 
more efflc~ent. The analyzer performs rransdu Eer corrections, time averaging, 
and data referencing. 

SOUND-POWER MEASUREMENTS. 
Its w d e  selection of prec~sely known integration times and true rrns 
operation make the 1920 the ideal instrument f o r  measuring swnd powrtr. 

Morwver, the 1921 obtains the rrns time average of the t e s ~  nom in a 
slngle automatic measurement. tn thc rypk8l s~und .powr  meamrement svs!m 
shown rn Fiqurw 3, the microphone is locat@d on a b w m  which &swung through 
a predetermined path to obtaln a space sveraqe of the n o k .  The 1921 IS 

e t  to meawm round-prm+are lwei during the entire boom cycle. Thrls, it will 
obtain space- and timeaveraged rms levels which, fo r  a room of known 
voluma and dacay-rate characteristic, can tm convened Into sound-power 
lwcls by thc simple addrt~on of a constant (see the GR Hsndbdok of Noise 
MeasuremnrS. The 1921 aecornplishe; the man difficult {and heretofore, 
the most t irneconwrningl pans of the measurement: time mreraging and 
frequency analyss. Memrement rsu l ts  are drsplayed on an ox~l loseope 
end stored automatically on an XY pfmter or d~gital printer. 



T/D 1922 REAL-TIME ANALVZER 

dc to 20 kHz 
selectable bandwidths from 0.05 to 800 Hz 
54-dB dynamic range and 100-mV sensitivity 
digital dB conversion with -c 1-dB accuracy 
linear or dB spectrum analysis 
with digital precision 

m simple 7-step, pushbutton-controlled operation 
built-in CRT dirplays time domain, averaged 
spectra, and measurement parameters. 

specifications 

Fnquancy: DC to 20 kHz in  14 ranpes. % 1 1  frwuencv mccumcY. 

Bandwidth: 0.05 10 BCQ Hz selectaala in 56 I tcp l .  

Arnpliluds; 5 6 6 8  dynamic ranRe, lObrnV full.scale sensllivity. 
f 1-dv I C C U ~ C Y .  

CRT Display: Input r ipwl .  fnqvcncy.limitPd input signal with 
dm%~lav h r8~h t rnM st 1ria;er noinlr for orecire ndiu-,tment in . .  . 
tmn-~r-nt rn~~ . ,u rement .  -n; b;~p~trned ibr dutalton n l  record 
tlm-: w c o r d ~ r l  ~ w n a l :  5DeCtrUm filmOlitUdn vr fre1ucncvl: aDCc- 
trum av~rap,crl: z l r l  IrCquency v? l lmc lor a .#ncln Irenrimcr or 
a b.lnd o! 'r->ur:irte- :,,-.i.ry 8s ~ o n : ~ n u o u s t y  ~ p d . ~ l c . d  Q n  a n  8 x 
lo rrn a-,c#llr..rur,r ialihralcrl V~~rt~i.r l l 'v.  floln 0 1. " 7  d B  nntl 0 
tn  2 50,  101. , ? r b n  153 m7;, and t~w,z,~r~!al ly ~n Irhr,ucniy cnd icme 
l ~ ~ ~ h h ~ l t 0 8 1  ~ n r ~ l r r l l ~ - r l  ni e l !~ - rn I l v  prurrammed frn'n 5 5 to 20 
,.5!01") 

Inpul: Salccllsn, erlsrnal input signs1 lrDm mne l  or rear BNC 
conneclorr. on (input signal disconnected and arnplllicr input 
rhnrLcd to gmundl, 10 mually <ceica frcqucnry rnsrko;, or rx- 
IcrnaI f re4Um~y marMer5 doplinr! :O rear Bt.lC connector. purh. 
hur!nn conlrollrd Pynnmir r m p r ,  5.1 dP frsirn minimum drt-;la- 
hl* r#Anal and n n l ? ~  lo  nu~rloi ld, ovnrlnad #nd,cnt*rl t j (  lamp and 
I.,'oD*. dlrnlry srr,r.f,.~ily. 5 0  n l V  uncali!,ratrd, 103 mV Carihral*d. 
I - l ~ , n i i n ~ ? .  dm- or ~r 15 Hz): mamr, i n d . r ~ t i s  .I-""' l.lrt4: innF.- mn 
R S  :n i ,??r ,  lnlcrnbl Irr,m i w u r  I ~ r r ~ n l  n . f h  ,~mnl!t,ltlc of .,? dlv 
Y . - ; ~ I c R I  d+fIerllimn fin ra<alai. rcc . rv  8 8 ,  8~xtrrn,l l r i r r  nnnc PrlC 
rann?r!or with i lmpll tudi r' 1 1. 4 0  V r *  r 4  ~ n f o  !O h l ~ ,  a,- o r  
dc c r , l p l d .  - rlr,pr, l i# i~~i  Icvcl a@~U:t> l - l~  *? f t  \'. st34 of  ~ P L -  
ord I l r l r  >n tran-.#en! rr,>lil iai- ti- drl lvsd from d=@Iay 6t:rrt 
t .v frrifll 1 rnS lr. 5v .. 
Anenuatlon: o l o  40 dB In l a o e  rtco* plus -648  uncalihmtcd 
coucrrrr. control1r.l r v 50orit  r n  m n r l  <u.lcn and vrrn cr a!. 
ll. b ,%I. r common I -  a mnd'. 

Analyrtr: 0 to 20 k H z  I n  14 pushbutton-conlrollad O r  @*tarnally 
praframmcd ranvcs 

Frequ@ncy Range I Ssl~l e 1.5.u) Bandwidth - H1 

0 ta 10 H z  
0 ta 20 HI 
Ll ID 50 HI 

0 10 100 H r  
0 to 200 HZ 
0 to 5SD H z  

D to k kHz 
OtO 2 k H z  
0 t o 5  kH? 

0 to 10 MHz 
O l - 7 0  k u ?  

5 to I0 kHz 
10 to 1s kH. 
14 t0?0 k H z  

Accvracv 01 c ~ n t e r  f m q ~ ~ n c y ,  21%. Bsndwldlhs. purhbullan COW 
cnnlrolled or crternnllv propmmrncd. ].$-dB points, CMlne 
wc;$htctl. Panel con+rol or rcmotc pmDrernrninE pcrmlls un- 
w u  i.tilvrl 1.5-dR baqdwldths 10.75 r w~;phiedl or ~ D ~ C I S I I Y  deter- 
m:n,-:: aanaub!th? :.~rct~ cs coi+:nnt r,crcal,llp.c rf ?ppl!eO f r l r  
" v r n c y ,  or  I110 crtarc, c t ~  Tcn- tb rn  i , ~ l i l r o l  s l io  perm):% 
mrn?urrmcn:> n l  any , inple SPIPCIPO I I P ~ L ~ P ~ ~ Y .  L O Y C  ~ , n l ~ ' r r - l ' y .  
w#th#n ' 1 ri5 Hi,al*. .ll 1m;t 55 dR hnlow 11111 rcale 

0.05 
0.1 
1115 

0.5 
I 
2.5 

5 
10 
7 5  

TO 
1M 

50 
I W  
1CO 

Sprr tml  Avsraninr: Linear o r  squarcdmapniludc. Input siwnal 15 
sampled. flltcrM. mnurr icd to a,r!$tal ~niorrnatlon an0 avcaRed 
C11~11all~. ar*ri.'?lnO, 1 10 512 %w- r tn  JYCraI:Fd. 01 conl8nllnu'r 
av-.aPong; C:~:l,?ullon Conlrellc~3 cr eXierni.1 v PmRrarnmed en 
$!roc. "1 OOWC~., of 2. Annly l i r  I,mtl ,  40  rv< r b i o f .  br.~dcs .  corlt~n. 
uo-~c lv  upd?l,wi r~cnrds, sin;.le rrcora, strlrrlmcally n r l ~penne l t  
recr,rda, and .ilnclh or m. l ;~~ i~ : runs len i  r,:r-rds; p u ~ h t ~ u ' t o n  
c ~ ~ l r o l l @ d  ~r ~x!~rn.? l ly  ~ m p r a n m ~ l  

Expardable t o  inf ini ty or t o  some l imi t  determined bv your 
requmremena ar tmeg~natoon. In  the vcrrfan shown, an audio 
o:cjllator. toneburst ~ n a r a f o r ,  dc recorder, rnu l r~zhannel  am. 
piltrnr (nconner), dnta urlnler, and taw? recorder have been In. 
cor(>oraled l o  Orovx<is 4 cornplelc r igndl-procel lnq centrmr - all 
vou neerl 15 a ti1ln.21 

Suppllcd: A ful l  set of instrhlction manual$. prngrams. 

Avri l~ble: Bu i l t jn  p o w r  and conlml 9,gnals and slandne, but 
o ~ l ~ n n a l ,  lnlertace electronics permit d wide lalitudr: of Wrt- 
VPcratr, inclulllng rnlcroprrooe presmpliflcrs, 156F, sclnner lor 
up :a '99 o,!fer*n? tilpu:.. 1522 rrreraor f ~ f  str ivrhnrl  recordr. 
x ,  vlotters. rl,!~ pi<rs!,.r'.. tlve <.r ~ i r d  r.unchr=.. nld  remule 
o , ~ v I ~ >  scoots. 

Mcohonical: The 1921 consiws of a control unlt, nnalvnr, pro- 
C F S ~ O ~  unql hlqkspeed laDC reader and a p w e r  rupply. Com- 
p~ptply a%~ehb led  ~n a slandara e n c ~ d w r  rack cantnet. 



T/D 1923 REAL-TIME TIME-SERIES ANALYZERS 

C-to60 kHz frequency range 
dynamic range > 70 dB 
frequency resolution to 0.025% 
automaticanalysis 

fully calibrated displays 

. - - - - - 

--*F-B 

Fust, weum, a d  versatile - these analyzers represent tho Tho wstem dgign allows you t o  cow tnn t  any desirtrl comwund 

most ad oophistimad Jigral.proce3sing equipment 
pmeen~no and input/outpur oprations for automt ic  or repatitint 
deta-reduction mutinw. Parallpl processing i n  both therwocessor snd 

avsilaMeaywhers --yet they car bopraWd by anovicm, controlrcr permits wide.bnd prformanca. Cornplcx. rewtltlve %+ 

Tmlmm mlyri. Tw Tnp,Dnla r923 prDvide broad 
awn= Fan be initiated aufomt iw l ly  or at th- push of a bullon. 

rmge 01 tirrr+?rlerar!alysir techniwes includingsuch OprntlOnS c6 
which ellrninam the ntad lor a t ra lnd owra tw  l o  set UD and s u w -  

spactral analvsir.correlation.f~itcr~ng. md probrsbil~lydmsity anely. 
Y'BeaCnmsaarmrrmt~ 

sic. The snnlvzen are otter& In two basic rncdrls t o  suit widelv 
d i w w t  npeds, e ~ c h  rnde l  can be tailoted to a somilicapplicalion 
bv a variety a! oofions and additional ~ lu i r rment  - ail tul ly inte- 
nrsted into a unlficd ~vstm.  

One model combine the speed of s mlcro~rogrammed fan- 
Fourier.transfam w-r wlth the flexibility of a dialtal control- 
IM while the other fnorlcl uw software for tho operations. Both 
modrls include a full software p x k q e  and, in ecklit~on. custom 
pr~grarnminq is emilable for spxial i icd needs. I !. , . ..- - .-, ~ m m ~ ~ ~  . - +-TI 

Real-rims mdylis These anolyzrrs pcrrnlt real-time, cMtinuous 
ore-inn - vou orocessail rhndeta ail :halimefor rmxlmomatarrr- a 
trcal xcuracy. Widest useful dvnamic ran- IS orascrved by mesnr of 
16-bit words, double-prpri3ion ralculations, and n unique dynamic 
s c ~ l ~ n g  omration itrat outomtically adjusts Ihp scale factor during 
promsing. 

E w  malVrtr A tak.orIentcd control console. manlngful displsys. 
aM w ccomol~t? rofrrvare mckaqe providn true "ona-bullon" owrs. 
tion - there ur no need to know or t o  lenm compulw programming 
and none& forconflantmble~ittchingorcontrol tmnipulatlon. 
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Type 1921 REAL-TIME ANALYZER 

3.25 Hz to 80 kHz 
30 to 45 channels 

111, 113, 1/10 octave bands 
7 M B  dynamic range 
6048 display range 
calibrated attenuators 

w true rms detection 
9 integration periods 

= corrected spectrum 
displayed directly 

The Type 1921 Real-Time Analyzer is a newcgeneration 
analyzer. I t  performs real-time one-third-octave spectrum 
analysis in the frequency range from 3.15 Hz to 80 kHz 
employing a unique dieital detection scheme to achieve 
performance unattainable with analog techniques. The 
major components of the analper are the Type 1925 
Multifilter and the Type 1926 hlultichannel RMS Detector. 

Fulten in th? 1925 conform to American and Interna- 
tjonal standards. The Multif~lter includes a calibrated 
attenuator in each filter channel to permlt pre-whitcnin~ 
or weighting. The attenuators can also Ix used to correct 
transducer or tape-recorder errors or to extend the dynamic 
range of the analyzer. The attenuation is controlled by 
lndlvidual thumbwheels and indicated on a panel d~splay. 
The Multifilter also includes A-. 5-, and C-we~ahting 
networks. 

The Type 1926 Multichannel RMS Detector is uniqve in 
that i t  processes the signal from the Multifilter digitally. 
The outputs of the filters are sampled, the sample data 
converted to digital binary form, and the binary numbers 
fed to a digital processor which computes mot-mean-square 
level. There are several advantages in this method of rms 
detection as compared with analog methods. A very wide 
dynamic range car1 be reallzed wti~le maintaining an accu. 
rate rms characteristic. 

The averaging method is true (linear) integration with a 
choice of nine integration periods from 118 second to 32 
seconds. A true inte~ration scheme not only gives answers 
faster than the runnlng average circuits found In analog 
devices (they 'kaste" time and are not very useful for 
transient signals) but also makes i t  possible to determine 
exactly what events in time have affected the answer. The 



computed band levels are stored in a digital memory to be 
retrieved at a rate limited only by the output recording or 
storage device. The analyzer simultaneously produces both 
digital (1-2-4-8 code) and analog outputs. · 

The 1921 is available in eight standard 30-channel ver
sions including four versions with adjustable calibrated 
attenuators and four without. The four standard three
decade frequency ranges include bands extending down to 
3.15 Hz and up to 80 kHz. A-, 8-, and C-weighted sound 
level as well as a flat frequency-response channel are 
available for all versions. The analyzer's filter section 

(Type 1925 fv1ultifilter) can also function as a spectrum 
synthesizer, equalizer, or shaper. 

The 1921 Real-Time Analyzer has also been designed to 
allow great flexibility in the number and bandwidths of 
filters and for input and output devices. Custom versions 
with up to 45 channels, octave bands, mixtures of octave, 
one-third-octave, and one-tenth-octave bands, and special 
bandwidths can be supplied. Complete custom systems 
from transducer to final data storage (or even including a 
computer for rapid data storage, determining ratings, mak
ing comparisons, etc) can also be supplied. 

-See GR Experimenter for May-June 1969. 

specifications 
OPERATIONAL CHARACTERISTICS 
Frequency Range: 30 1 / 3-octave filter channels from 3.15 Hz to 
80 kHz in standard models (see table). 
Dynamic Range: 70 dB; 60-dB range is displayed, thus allowing 
a crest-factor margin of 10 dB at full scale. 
Sensitivity: 0.1 V rms nominal for full scale. Can be increased to 
5 mV full scale with GR 1560·P40 Preamplifier (power supplied by 
1921). 

INPUT 
Impedance: 100 kn. 
Voltage: AC component, ::!:: 17 V pk max referred to de component 
of input. DC component, ± 35 V max. 
Gain Adjustment: 18 dB continuous, common to all channels. 
Peak Monitor: A peak detector senses levels at two circuit points 
and drives a panel meter calibrated in dB referred to overload 
level . A signal proportional to meter deviation is available at an 
output jack for driving a de recorder; 1 rnA corresponds to full 
scale reading. 

FILTERS 
Characteristics: One-third-octave effective (noise) bandwidths. Fil
ters are si x-pole Butterworth designs and meet current American 
and International standards: 1 / 3-octave filters conform to ANSI 
Sl.ll -1966 Class Ill (high attenuation) and IEC Recommendation 
Publication 225-1966. 
Accuracy of Center Frequency: ± 2%. 
Passband Ripple: 0.5 dB max pk-pk. 
Uniformity of Levels (at center frequencies 1 attenuator at + 25 
dB) ' ±0.25 dB at 25 "C; ±0.5 dB, o to 5o• c. 
Noise: <15 IJ.V equivalent input noise. 
Harmonic Distortion {at band centers): For bands centered at 25 
Hz and above, <0.1% at 1-V output. For bands below 25 Hz, 
<0.25% at 1-V output. 
Welghting: A, B, and C characteristics of weighted channels con· 
form to current American and International standards including 
ANSI 51.4, IEC Rl23, and IEC Rl79. 

ATTENUATORS 
Ranae: Gain in each filter channel adjustable in 1-dB steps over 
a range of 50 dB by front-panel controls . 
Accuracy: ±0.25 dB relative to indicated + 25-dB setting. 
Readout: Panel display indicates attenuation in each channel and 
represents the transmission between input and summed output of 
multifilter. Display has standard 50-dB-per-decade scale factor; 
10 dB per inch vertical, 5 inches per decade horizontal. Key lock 
on panel prevents accidental changes in attenuator setting. 

DETECTOR 
Characteristics: RMS with true (linear) integration. Choice of nine 
Integration periods: %. 1,4, '12. 1, 2, 4. 8, 16 and 32 seconds. 
Unearlty: ±0.5 dB deviation from best straight-line fit over the 
top 50 dB of display range for any channel; ±1 dB over entire 60· 
dB rang~. 

Catalog Number 

With Attenuator Without Atte11uator 

Bench Rack Bench Rack 

1921-9700 1921-9701 1921-9708 1921-9709 
1921-9702 1921-9703 1921-9710 1921-9711 
1921-9704 1921-9705 1921-9712 1921-9713 
1921-9706 1921-9707 1921-9714 1921-1915 

Description 

Sampling: Time between samples depends upon integration period 
selected. Sampling rate is swept over a range of about 1.8:1 dur
ing integration period to minimize coherence effects. 1024 sam
ples are taken during integration periods of 1 to 32 seconds. Below 
l·second integration period, the quantity of samples is reduced, in 
proportion to the integration period, to a minimum of 128. 
Crest-Factor Capacity: 10 dB at full scale, increasing below full 
scale. Repeatabiity is better than 1 dB (one'"(f limit) for tone 
burst with duty factor of 1/ 100 (equivalent to crest factor of 
approximately 23 dB) when rms levels are less than 13 dB below 
full scale. 
Memory Duration: Unlimited while power is on. 

OUTPUTS 
Analog Output: Detected level output (Y axis) is linear in dB for 
a range in voltage of 0 to + 1V ± 10%, corresponding to 0 to 60 
dB. Channel-number (X axis) data are linear with 0 to 1.V nominal 
output swing. Adjustable to 1-V swing, corresponding to quantity 
of output channels ranging from 10 to 45. Channels are designated 
by ANSI Standard Band Numbers. Overload in any channel is 
indicated by a " jitter" superimposed on the ''level" voltage for 
that channel. 
Digital Output: Levels in dB from 0 to 159 dB (in 0.25-dB steps) 
are represented by fh:e BCD digits. Band number is reported by 
two BCD digits. Logic is standard 5·V TTL (positive true) f~ r both 
level and band number. Overload in any channel is indicated by 
presence of an 8 or 9 as the most significant digit in the level 
indication corresponding to the channel number. 
Display: Five neon readout tubes display band level in dB. Two 
ne">n readout tubes disp~y standard band numbers (per ANSI Sl.6 
and Sl.ll) . 
Calibration: Full-scale and zero-level self calibration provided in 
two auxiliary channels. Front-panel controls allow a calibration 
factor to be added to digital output ; full-scale indication is adjust
able from 60 to 159 dB in 1 dB steps. 

GENERAL 
Accessories: Synchronizing and control signals provided for CRT 
display, automatic recorders, scanners, data printers, and com· 
puters. Interfaces specifically designed for GR 1522 DC Recorder, 
GR 1921·P1 Storage Display Unit, Houston Instruments 6400·024-
serles plotters, and Mohawk Data Sciences model 800 High-Speed 
Printer. 1925-9670 Transmission Record Sheets, thin mylar sheets, 
same size and with same scale as 1925 display window; used to 
record position of dots in window with grease pencil or other 
marker; attaches to window w ith self-contained adhesive strip. 
Programmability: All panel-control functions except output d isplay 
rate are programmable by contact closures or sol id-state switches 
to ground. 
Power Required: 100 to 125 or 200 to 250 V, so to 60 Hz, -135 w. 
Mounting: Rack or bench (mounted in single metal cabinet) . 
Dimensions (width x height x depth): Bench, 19112 X 19 X 20 in . 
(495 ·X 485 x 510 mm); rack, 19 X 17112 X 16 in. (485 X 445 
X 410 mm). 
Weight: Bench, 95 lb (44 kg) net, 190 lb (87 kg) sh ipping; rack, 
80 lb (37 kg} net, 120 lb (55 kg) shipping. 

Description 

1921 Reai·Time Analyzer 
One-Third..Qctave Bands 

~5 Hz to20 kHz 
12.5 Hz to 10 kHz 
3.15 Hz to 2.5 kHz 

100 Hz to 80 kHz 

1925-9670 Transmission Record Sheets, pack of ten 
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Type IS25 MULTlFlLTER 

3.15 Hz to 80 kHz 
r 1/3u!tave or octave bands 

calibrated channel attenuators 
display with standard scale factor 
scanned, parallel, and summed outputs 

The GR 1925 Multrfilter mntains up to 30 channels of 
parallel mtave-band or one-third-octave-band filters Fn- 
eluded i n  the frequency range from 3.15 Hz to 80 kHz. 
The ~ndrurn-nt is oRercd i n  sweml options of frequency 
range and frltcr bandwidth, and wlthor w~thout csl~brated 
chanoel att~nuators. 

The 1925 can be supplied with or without attenuatm 
that permit independent control of the gain m each fitter 
channel. Wlth the attenuators. ~t tan be used as an equal- 
izer or spectrum $haper to rlmulate or to compensate for 
inegutarrties In the frequency response of electrrcal or 
acoustical tansm~ssior~ systems of transducers. Wblh or 
w~thout the attenuators, the 1925 Multrrilter can be used 
in a serial or. parallel froqucncy analyrpr system. 

OUTPUTS 
The outputs from the lndivldual filter channels an prr- 

sented simultaneously in parallel, summed in a single 
output, and selecled lndiv~dualty by manual nuitchrng. 
external swltch closure, or by a remoteType 1771 Scanner 
Contol. hddtt~onal outputr, pmvlde thp unl~ltered Input 
slqnal and the signal wlth A, 8, and C ureighl~ng ~ m p a s ~ d .  
P ~ d k  detector\ Lncated both heforo and altar the 11trhvs 
drlvp a meterbng crrcuit which selects the highest peak 
and mdicates In dcc~bels referred to the overload l w l  

Although the 1925 can be supplied without them. call- 
ha ted attenvaton fw each filler channel broaden the Mul- 
tifilter's usefulness. Each attcnuator gives 50 dB of garn 
control walh ],dB-pcr-step resolution. Attmuatlon is cow 
trolled by Fndrvldual thumb wheels and ~ndrcated by 8 
panel display that represents the "transmiss~on" of Ihp in- 
strumnt Tha d~splay h d s  a hor~mnlal  scale 01 5 in./dec- 

ade and a v~r t lca l  scale d 10 dB/ln. (the same x s t e  a 
chart paper 1521-9463 supplied for use wlth the Type 
'1564-b Sound and Vibration Analyzer). A key-operated 
lock guards against un~ntended changes In the attenuator 
control settings. 

FILT€R CHARhCTERlSTlCS 
The filters, built on plug-in etched boards (three pn 

board) for easy Interchange, arm avaltable with efther oc- 
tave or oneth~d-xtave bdndwidths that conform to both 
American end international standards. Both meet the IEC 
Recommendation P~rbl~catlon 775-1966; the thlrd-tave 
characterrstrc meets the ANSI Standard S1.11-1966 Class  
I l l  (hlph attenuatlunk, the mtave meets the same stand- 

'ard, Class II (moderate rate - hrghest far octave-band 
h l t e ~ )  

The A. 8, a d  C watghtlng charactwtstiw stso wfam 
to the requiremen& of the various standards for sound- 
lwe l  meters. 

- Sss 6R Urpnlmrnter for May-Jutm 1969. 
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CCmlldrrnl l o  hN51 51 11-1IlG~, C l a r l  Ill lnlsn nt lcnu~f~onl  Ihr  oc. 
l a v e  rirr'rs i o  nF ls~ l i l .~ l - i~~ l ' r~c ln~s II  inlihrht* b i i  haeheLt 
lor a !mIC l iRnd  h I I C r l ) .  HD:'1 m!IW .011 I l l l r f l Q l a v C  rh.r?zL~r- 
i:r#w coniorm Ic ICC Rwrr?lmendatim FuUlicnl.%8 p>l?+, 

Dmtortlnnt Fnr lwndl carvlcmd a t  25 Hr 4md a m  harmmlc Q* 
Ionrm a1 bdnd csntar is <O 1% at 1 V out  For hAdm with cmta. 
Irmusncy balrr 25 HI, d~stortian at bmnd cmtef  1s <1)25U nt 
1 v nut 

U n l m  Gain hl a c h  c t a n n l  md1urt.b). In 1dB ifum +25 
dn la -25 dB mlallw to nanlnal W B  p i n  by m ~ n n  of p m o l  
conlml. 
l c t u n m  -5 dB nlmtlw t4 +?MB rttUluMlon H P a  



w r t l a l  S l m k  oer daoda kwlmntr+. Lock M wnar pcvmb ~ w l l r n l  (mr lab le  m -*I -1, whlek d l w t w  mnd wmms 
acc ide~la l  chanwa In  attenustw $attin#%. {BCD) the channel number. 

cnmssls 1-rr up 10 m nrtem} 

OwrJ l l  Emln: 0 dB nmnlmt. 
Gain Adlustnbana +S to -12 dB, mmmm to al l  channeb. 
lhput lmpu98nt.: 100 Ma. 
Innut v o l u r r  AC rornpmtnt. ~ 1 7  V k mar nhmd to dc nom- 
prmncnt or rrlnul DC uommnant, r35  Qmmr 
scanner- Anv SinRlc l ~ l t s r  ourput is ~ l s c t c d  by r w r w n t l  Wrk. 
hutton. errrrnal rwltch c l ~ u e r ,  or by U:C 01 a 1721 Sannar 

Psak Yonitor; h pcrk dot& +am l4Wls st WO ctrtult  Wntt 
and dr(ve, a panal mrtcr ullbmtcd In  dB reernla M Dverlovd 
levat. a 51 n r l  p r o ~ r t ~ o n r l  t3 meter lnd l~at ion Ir mnilabie at an  
n~70Llt iRrf lor drlv~nz n dc r ~ o r d a r r  1 mA <or-ondl l o  fulk 

-. - . 
Channel O u W W  I R n I l e l  Ou utt I ~ r m d I I n e s ~  ZP 0 mrmln4l. 
v o , r a c  i42 Y mar (3 v rml 8 s  wave). Load IrncadancP 3 ha 
mrn.mlnrn I*. mar  n~a1nnn m 1 1 1 m ~  . . - -. - - - --- 
Scanned Output. IrnpPdJnte l o  .II nomlnml. Voffsgw e#p V mmx 
13 u rms WPP wave) L W  Irno&anm 3 kO minimum for mar 
output uoltage Two E ~ ~ S J I S  cam 8 s  wlrW i n  mmItC1 lor UP (0 M) 
)ra"*ed ch~nnels  
Summed Oulpul {FM 49u.!i?Tn# and rnaplna apollcallonr): 
I r r ~ M e n c r  &(XI Q. V~N~PPC: f a 2  V mix. Open cneulr. L m d  
Il*rt,-,l .bn~r, npy. Wlll nor ancct I lntar -ratson ot outpol. 
Wewhted and UnatIRrra Outouh: Immarrce  211 U nomlnal. Load 
r m r  rr.rrre 3 LR mlnimvm lor mmr ovtoul vslbpe. Gsmn. O dR 
nbnl~ndf dr 1 LHr. W ~ , G h l l n g  A. A ,  nnd C char.~rter~rtlcr contwrn 
lo  rnn~iwmentq of currrnt Amorlcan and Inter?~ztlonal standard3 
Inclurl8npANSl 51.4. IEC R 1 1 3 ,  and IEC R l l o  

GCHeAAL 
*ccelsorier SwpnM: P m r  wrd, Mlennlna l  plugs 12). Hmn& 
book 07 Noise MaasURmmt. 
Acctscansr Available: 192%%10 Tnnsmluton R r o r d  S h e ,  thin 
mylar -hnqls, ermr r l rc  and wlth same scats s% 1925 drsolay 
w ~ ~ n d w ,  uled to rrccwn por~tion of dot* In uondow wltn create 
pcn..ml or olhcr mnrhcr;  altxchco to v~ndow with sa l r con r~~ncd  
adh-5 lv~  Itl.P. 
P o r t r  Requlreda 100-125 V w XX1.250 V. W Hz. 1 7  W. 
Wauntinm Rack.bcnch mount. 
Ormcn~~ons (u I h x dl Bmch. 1PU x 9W 1 1 4  In. 1500 a 235 x 
35'rnml mck. 19 xBV* r IIk ln. {Ui5x225r315mml 
We8Kht Bench, a9 Ib Id2 5 kg) net, 58 Ib (27 Cgl sh lpp lm  cock. 
3s It 8 I8 hyl  oat. 4 7  Lb (21 5 k9.1 shlppbng. 

Type 1926 MULTICHANNEL RMS DETECTOR 

Tht Type 1926 Mul t ichannel  RMS Detector is the dfgi- is rquired. It is afso w%etul as a mul t ichannel  tcucnns 
tal detector section of the 1921 Real -T~ms Anaiyler. The detector in olhet appi~cataons such as m m l t o r l n g  the 
1326 15 avai lable separately tor use w4th the 1925 Multl- sound pressure a t  a number  of polnls or rneasurlng the 
f l l tc r  or o ther  mul t ichannel  titten where real-time ana l ys~s  e l ec t r~ca l  nolse 01 m u l t ~ c h a n n e l  systems. 

lhluh Chmmh 30 or 45 SsmKMty 1 V hlll scale il05. 1 mv 
to 1 V rmr n n &  d ac cdmwnent 0': V ma* dc cmmncns 3 v 
m a l  r k  45 c o m m e n t  tor lnnsbr owratdon I n p m  ~ r n ~ i r m ,  
g 5k 0 I0 30.U al lo~able  soume ~mDcdanre 
&nelam Output: Leuo IX  arrrl, Ilnaar an 60. 0 10 +1 V -10% 
cornrpondl rn 0 10  €a de. overload 1nQ8caled by ~r t l s r  5upe1- 
Imuo$Cd on I cw I  iha,knel nvmbcr I Y  armrl ~~~~r mdiustBbln la 

Di r l h l  Oubut! LM!, O to 159 8% i n  O S M B  ~twm w r a n t d  
by 5 UCLla8rLts: worlctad indlcatsd by 0 or 9 as the hundreds disit. 
C:*DnnOl ovmbsr.  2 ECD dlglt.. LDgrC Icvcl,., ;t.nd.rd 5 . V  
l7I ( : S V  C T L  anl lable an rcecpal r q u r l t ) .  wrllln lrdc. Out- 
Pu: c ~ y r r M .  advance Prom rms r3.lnn.l m me nrrt is automatic st 
723 IMP to 4 5  5 for 45  chmnnefr or msnunl hy pvshbvnnn or err 
tr.rna1 crrnmrn" -- . 
Om-mrs nlnts: 70 60: W dB I r  d lm t r vd ,  10 60 4t lul l  +cam Is 
cr--1 laclo, n l~m in .  ~nuaallm. blw full . ~ a I e .  Repaataballty 10, 
Ir,.,- burs1 w ~ l n  I I l M  duly lactor ( u~m len t  to crest fmctor of 

23 d e )  4 %  batter than 1 dB (1 f l#rn, l l  wmn rms l*vtl, a,* 
IGwPr thdll I3 65 balou lul l  male 
s*mnlana 1024 s m p l m  lmknn f w  1nt.enli.m parlcdr d F ro Y 8, 
rrduccu ~n F - ~ P O ~ I I O ( ~  10 . n t~# ra l Im  m r l w  for pmrlods <l r to 
rntnmnlum el  128 rrme bcrwcen SrnFr- damdr  wr Inla#r4tam 
prr a+ rat9 8s zntp l  over a nnRa 01 1 H t o  1 during I n t r~n lhon  
o e r l ~ i  to reduce I ovrrencr ct!~-2tr 

!rum best nrnight-lrnr ~t o w  t w n  d~spb)r nnC. MI any 
channel, fl dB Over m t l m  YD~T n n ~ o .  L(rm0ry dvrstbo. Un. 
I l m ~ t w  vhl la p o r n  i ron. 
f rmuanw m c r  2-48 polnt Is Ct Hr  lor chanrmk 1 'to 10, €1 Hr 
lor r l l  o t h r e .  Erior In t w w n C Y  I~PIYISO I S  <1 dB at 100 kHz. 
Dtsplslr. 5 neon md-aur tutu. lor hand I m l  In dB, 2 tor channel 
num?ler tor Sbndard Band Nvmber l f  del~radl. 
E*Ibbratian! FulI.%cnI.: and rsro %elf-level ca l lEnt lm pmrided in  
2 nurul8a.v cnunrr lv  front-oanel conlmlr allow a caiibntlon tactw 
lo  br  added lo  e,rr~<;ll output. lnd~catclr Ievrl ranye is ad/u%tahlt 
in 1-dB :tags lmm F,O t o  I 5 9  dB. 
Pro:rammabiliW. hrl wn* lcontml  IuncUms srcspl output dl* 
 play !#me are prwrnmmbble by rtlndard O R  or nt logrc a l e  
mcnl l  up clo7urcr :o  rround.  
Power: 1m l o  125 01 ?,W 10 2% V, Hz, 13% W. 
Mcthnnicml: Rack modal only. Dlmcoshns (w I h I dl.! 19 x U% 
r 17'i, Ln (-5 x 225 I 4nn mm). WeigM: d6VI ID (102 kt1 net. 
55 Ib 125 Lgl rhlnoinr 



Type 1586 MYLTilCHANNEL AMPLlFIER 

rn 16channels 
m manual or remote channel selection 

' 
m calibration noise source built in 

Many sound and v lbra t lon measurements can be simpfi- and p r w i d e  a bui l t - rn  pinh-noise ca l ibra t ion source that 
f led by use of a; scanner l h a t  connects, in sequence or speeds not on l y  the check out 01 the scanner but also 
rn any a rb~ t ra r y  order, the oulprrts from a number of trans that of any analyzer connPcted to It. The 1566 1s particu- 
dwCerS lo a anaiyzer. scanner 'Ptern can be larly useful the 1921 Real-Time Analyzer, This =om. 
set up to measure signals individually or 10 average al l  
signals. btnafion can automatical ly analyze the spectrum from each 

The 1566 scans up to 16 channels {up to 99 with a hansducer scanned or rt can measure r a d ~ a t e d  sound 
spechal a d d ~ t i e n a l  u n ~ t l ,  amplifies each by up to +55 dB, power(average)using 2, 4,6,8, 10, 12, or 16 mrcmphoner. 

spec i f ica t ions  
EhWbnblSr 16 elus 1 for cslirntlon. cxwndmbls to 119 (add~taonal 
channel5 housed tn r spec>el unlt l  Cofitrol Active channel rr 5- 
1-t~8 manually or by external 1-24 R BCD signal, or eulomat+ 
cnlly LFallnCd In %cqucnr. wllh ranye M chnnnrl! tm ha ?canned 
I ~ ' l r c t r 0  I), thumuwhcrl sw#lchr?, dwell Llmr ad)ustnDl~~ I r o n  
1Pn nl lo 10 : or r n i l n ~ l y  (rhanncl oovance ln8lmvl-d ny prternal 
smvnalrl: scnn s t 1  to occur o l c c  or reu~l.r~wely nnd rlarlcrl, r l e e ~ e d  
08, B C ~ ~ V O  zhannel. 0, r c w l  ta lowel: chonnel b y  ~mulh>ut!~n> OF 
exRpfnsl  c'9rurr.s 10 rrsiJn-3 Ojrr.rav T w ~ ) .  hlen #~>tens,tv neon 
n l ? n u l  +urn< dslplay arthue nhsnnri 
Croqurncy 2 Hz lo  1W kH:. nar wschln r0.5dB 
Lcn%8rw#ly 1 8  mV !o 1 G V rot 1.v outoul. pa lm sat In 116 Ln 
ccrrn .  r,lr oy p-nel conlrnl or 12.3 B 8CO ~ l s n m ~  mt stemdam DTL 
I cbc l~  ( loec u = BrOUrU 1-IC I 1 L 3 V )  Rear.psncl edlust- 
rn. 11 oro*8a@s l o d B  ccniinuou. conlrol M ~ a l n  lor all channels 
icr cnl81'1at8on. Eatn cnanncl rncludes a 6-dB ~ n l n  ad~u?lmm( 
for Iranrr lxer %enr.tlullv rou3l lrat~on 
Irnpcasnce: mniur, Iw ro,  i,,,rrur, 6m n. 
Modst: I I U  IIV eq~bv~ len t  l np~ l l  norse in each channlrl when gein 
i i  m..i#r:um and source ~mrrcdnnc? ms 100 0. 

CLlhb~ t lOhr  Built-ln Dlnk.nol%a ( 2 0 5  dB) source wlth aYmrnttrlEsl 
t s u r r ~ ~ n  dlstmbvtion from 2 Hr io I W  kHz 5peclrrrm.level ~lcrpc 
IE - 3  dB per octave M o l ~ e  r l ~ n a l  spplled to Inlprnal callbrabon 
cnsnmcl Is sdlu5lalrle from 30 to 100 mV rms Hcnr pnmel nolsa 
auteul rs in-cu at loo mV rrrls sntl car. ha loildcd hr 9 05 I ~ F  
w8l3ln~t ~ H e i t ~ n ~  'wclrurn UP !D la0 %HI 
Suopl~c l .  P o ~ e r  cord l w o 2 4  nln d a t a  plugs. 
A v a ~ l ~ b l r -  1550-Pdo and .Po2 Pmampld.crs 11566 omvldss m a r  
for up to Y3 n.l e~ther] ,  rnicrnohon~5, ulhralnm glckupr 
Power. J O O  lo  125 or 1W t o  ZY) V. XI lo  hO Hz. 30 C. 
MFchankCal: Ocnch or racl  mounl O8mandons 1w x h x dl. Bmch, 
19' 5 * 7cl ln 1495 r 130 r 510 mmy, mch, 19 r 3ib x 18% In 
1425 * 89 1 410 rn-nj U'r#Rhl Bencll 31 10 115 h 1 neb. 47 ID 
(31 5 shlpp~rrg, rack ?h In 112 *zI net  41 Ib ( 1 9 t B ]  sh lpp ln~ 

An accessorr for the GR 1921 Real-?lme Analner .  the The 1921-PI 15 a slifzhtlv m d i R e d  Tektmnix  t vm 641 
1921.~1 a o,cillorcope en which the Sforage D ~ s p l a y  Unit. I'i has e l l s o l i d  state circuik, a 5- 

thespectrm analys15 can be displayed. The dlsp,ay ,wnc- ~ n c h  b is tab le  storage CAT, bbvt-in vertical and ho r lmn ta t  
deflection arnpli(ien, and Z-axis W u l a t r o n  capahi hty. It 

t ion5 OF the unit are pmrammab'e and  nec8s-V confiol supplied w ~ t h  ~nterconneclhng cable lor  the 1921 ana- 
end deflection voltages are prOdumd by the Real-The lyzer and gratrcules marked wi th  113 wtaw standard 
Analyzer. band numbers, center frequencies, end a dccrbel scale 

spec4 
FIhqUlnW Raumnlmz Useful to lop RHz for dIsulDYhna wmwformr 
on 9 varsur T plot NO\ more than 1' whose snltl 6ntuwn X ana 
Y Up to 100 kHz 
2 Arlr- On tdmr should aa 3s 1.1 to enrum p w d  aronm 
C.lnbda Ray Tuber S n c h  LaIJac+d blrtnbic slomgs tuOo. ~ h o s -  
vhor rarnslnr to PI. 

D~rDlay s~rn: 8 cm vcrtlcally snd 10 cm hwizDMalty. 
Dl~p1.y Linearity: No m e n  than 5% dflsrenm korlmnlsl ir  or 29; 
uerlmcarlv betwen any 1YIn Cen l lme t r~  
ihnr Wr,t#na Speed Isrorea): >s cmlmr. 
V8tw#nll rrma up to 15 mvn recornmcndsd; amtun k m s r  mato 
Uvff <dl1 ~7 l ~ f o r m ~ t ~ o n  15 s\oma IOnReI 

f i cn t lons  
E m c  Tlma: mg m9. 
P n r N  Regelrod: Oa ta 116 or in0  to272 V, 48 to W Mr. 57 W ,  
mauntlnt. Rack or bench. 
D~rnanr~ona (width a h e l ~ h t  x drplhl: E a c h .  I% a 6 a 17Yl In. 
1220 x 154 r 445 mml: rack. 19 x 7 x 17% In. (485 r 160 x ad5 mm,. 
L e r s R l  Net. 1714 Ib  CA kal; 5hlpvlng. 25 lb  111 5 kg! 

1431.9120 Bench M d c l  
19234723 Racll Model 



Type 1909 REAL-TIME ANALYZER 

100 Hz to 20 kHz 
24 %-octave bands 
70dB dynamic range, 60 dB displayed 
l-pVsensitivity 
true rms detection 
built-in pink-noise calibration source 
built-in scope with flicker-free display 

Why wait For a jet to run out of fuel while you're analyz- 
ing i t s  fly-by noise when real.time analysis can prwide an 
answw before the plane is over the horizon? Or for a tur- 
bine to dlsintegrele in the time i t  takes to complete a 
vibration study when real-fime analysl; can provide corn 
plete data in seconds? Why slow a production line down 
to the pacc ot manual calculations of Stevens loudness 
levels when real-t~me analysir calculate5 the numher in 
half a second' 
Because, Until recently, real-time analysis has been 

largely unavailable except i n  fully digital, discrete Fouder- 
transform analpers-very expensive machines whose 
analysis of complex or randarn signals is not yet fully un- 
derstood, GR's new analyzer, however, the 1909, mrnhines 
the pertormancr and accuracy cf d~eital techniques with 
the simplicity of analoq clrcu~try. irnolher ~n the ~rmr ing 
line of GR real-time analyzers, the 1903 is designed with 
emphasis on user convenience and e35e of uperation and 
is an excellent c h o i e  fnr app l i ~a t i ~ng  that require h i ~ h  
sensitiwty. 

hhcnuat8on~ r: 13 80 do m r m  l oo9  1 1 ~ s  contmllad by 9 panel 
~ ~ h h l ~ l ! ? n 3 .  o8nrnon 10 1 1 1  banor and inputs: nnother pulhbut- 
O r  a,?'?; .,CLdF. allca~uaP,on to ' o r a r  ti Oendri 1100 !n 313 H r l .  



Type 1522 DC RECORDER 

2-mV/lnch and 0.2-&inch sensitivity 
m 65inchlsecond writing speed 
rn 0.25% linearity, 0.5% accuracy 
m programmable writing functions 

plug-in versatility: grounded or 
differential input 

Imagine an automatic testing system that is prp 
grammed by its own analag recorder. As the output data 
are plotted, the recorder programs test conditions and 
measurement ranges, activates and synchronizes other re- 
cording devices. and controls its own writing functions. 
Triggered by timing mark  pr~nted on the chart paper, the 
GR 1522 DC Recorder will control companion instruments 
and itself, chang~ng chart speed, rewind in^ the chart for 
overplotting, qutckly advancing to a fresh graph, all the 
while letnemberin~ to Itft the pen when not plotting. With 
optlonal l imit switches. the 1522 w n  operate sortselect 
m~shanisms, actlvate additional recorders, or alert an 
opprator if the plotted data crtted prmset high or low 
limits. 

As an accessory to the GR 1921 Real-Time Anatyzer, 
for example. the 1522 Recorder will plot the band lwels 
against frequency much faster than conventional X-Y 
plotters. Operating synchronously with the 1921, the re- 
corder pauses briefly a5 each band lwe l  is selected to 
allow the pen to settle, producing e neat bar ~ r a p h  with 
a standard scale factor. 

Bench modml shm rlUl 1an.n mnnpllfi8r. 

with a I-division deflection. and remain linear to within 
Cb of a division (0.2596). 

The recorder accepts one of two plug-in preamplifirrs. 
The 1522-P1 Preamplifier provides a wide mnge of wltage 
and current measurements at an economical price. The 
1522-P2 Dtfferential Preamplifier provides the same ver- 
sat~lity with the added feature of a differentla1 ~npu l  so 
that measurements from ungrounded sources can be made. 
This plugln offers up to 18O.dR of common-mode rejection 
at inputs up to c500 volts. 

DESCRlPTlON 
The 1522 is convenient. A chart taksup reel is in- 

cluded, but the chart paper can feed directly out for fin. 
med~ate inspection and use. Controls are few and obvion; 
the pen. for instance, is lifted electrically by a manual 
switch and automatically when the chart is being posl- 
t~oned in either its fast-scan or slow-scan mode. For re- 
I~abtltty, there are no gears or clutches: speed changes 
anr! control of the slepping drive motor are all done whth 
tntecrrated circuits. ~ . , - - - -  - -  ~ 

The 1522 is a flne program director; I t  Is first a superb The pen in the GR 1522 is the General Radio fastram 
& recorder, comb~ning accuracy, high ~ns i t iv i ty ,  and fast marker w ~ t h  the flbre plastic point for clog-free operation 
writing speed. I t  will plot a full-scale (Sinch) hansient in a disposable cartridge that eliminates messy refilling. 
in under 100 ms, respond to a 2 0 h V  or 20-nA change Cartridges arc easily interchangedand come in threecolors. 

specif ications 
Sbbillin <O.Ol%l&y drlR Wol In 0 1  Vtln. nnpe 4n.r wmmuu, 

IWM WITH 1 ~ t . n  rnuufimtn 
mnnnr: Controllad by ran#* S r i R h s l .  palrrily witch, ma c m  Input Rnbbnurl 

tnnuow control ulth cblibmlrd mll ion that opmts3 mal l  ranpm. Ingut Isolrtion: &lo00 Ma bc from LOW to GROUND tsrmlnrl 
M- V o l f e O ~ .  2 mvlin. to 1Do Vlen . ;  15 nnass. 1-2-5 wucnce.  DC l r p ~ u l  at mo v c 022 PF at.  Vorlnse, mO V max ac or p a r  u. 
C ~ n r 6 m l .  0 2 &PI: in. l o  100 rnAlin.; I R  ranger. 1.2-5 sequence. 

Common-Mede Relactian: 70 dB bc typic41 wilh I-ha rourco Inpcd- 
Atcum41 20.5% of tutl sule. ance: 40 dB sc tfpicsl st  60 Hz. 



OW-t and Drilt! VcifaRc. Idlu5tablr to zero. Dr, f ! .  * 2 5  uVi  .C (ram Rcmol+-Conlrol Outputs: Start, .lop. rownrd, marw Wrv-l- 
o to 50-c al!rr warmup. wsrmilc G r i l l  xo 5 mv. Current jliln*), ttnr error  vo i ta~r ,  rr:ransrn,tt,nn ,mtsn:~ornrtcr. thrr. :ndrpendanl 
0.1 n L  a1 Z S ' C :  d0ublr:cech r . 5 ~  u! 1l'C. r.nlid-s+rle c l n r u r r r  ~n i ie rpon4~ny:  : n  I t n * ~  pr,nle~l on ~~~~r 

Other Outputl: Power lor two sadillonel s t e o w  motnn. www (or 

. . . - . - -  
Accurlce -0.5% o( ful l  ~XI*. conltrts,  ? cuprr c a p  n ~ r r r n b l ~ ~ ,  pi.wer cord,  -.( lam ~UICS 

Cinwmrlh: -1L25K of full -10. Iccalsories Avwilmbl~: 1522-PI1 Ltmil-Sl l tch Set m i d m  hO .d 
justabJc lrmit stops. pen at l ~ m l t  close3 ncd-why conlacts wllh 

n n m r n n  - "~GU LOW tannlnDlr: ~ ~ n ~ ~ ,  I Ma. t0 .V .  .,-O.rnn dc rr!ng. Il7.V. l o b r n A  ac ratmg. 2 1 0 V  hr.enkdQwn 
Curr~nI. 0.11 to M.06 0 d o ~ n d v n q  en acals -1 tollarn: "ling 

Inpn lsol4tlm: 310.' 0 fmm GUARD ?urnin41 to gmund, tn pnlkl mr. 100 l o  I 25  or mO to 250 V. Hr. 90 W. 
wilh <500 OF. Vo!lam. V dc M war ac. 

Wechsmlewl! Bcmh M n c k  cabinets. DimnslmIr l r x h i d l !  
Common-UW* ~ s i a c l i ~ n :  160 d s  dc. M HZ m r i m  gusd, Rcnch. 19l9l 7 I 17 in. I195 x I80 ~ 4 3 5  mml: rack. 19 r 5V. 115% 
h ~ i c a l .  1 M  dB ac up 1oM kHz, driven pusrd. typical. in. (a85 t 13Sx 370 mm). WarRht Bench. 47.5 Ib. (19 3 ky) not. !~8 

11, l1 -tliprnng. rack 38 5 Ib 1:: 5 Cal net. 5.1 Ib 121.5 k ~ >  
0- ma ot rm vo,fsw. a.jusuala lo oritr. p s  ,,vl-c s "~ . . n? ' -~ ; .  1 : :i (5.7 i g  net. 8 lu 13.7 ~ n i w t n a :  .w. 3 2 5  
I- &005% of full s~a1.1.C) from 0 lo  75%. Cvrnnr [bias), 0.1 1" I1 5 i q )  nrl. l o  In (4 6 krr' !h~t )~ inp.  
nh a l  7 5 ' C .  doublar cn, h rise of 11'C. 

WCrcptron 
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defined. .................. 222 
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Mechanical Impedance 
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Narrow-Band Analysis . . . . . . . . .  Cnnstanr Bandw~dth 12.91 
constant percentage bandwidth . .8  8.8g 

. . . . . . . . . . . . . . . .  exarnplzs of 189 . . . . . . . . .  Newtons ptr square meter 4 
N o ~ s c  (see also Noise Level) 

A n d y s i s  ................ uses for 1 4  ......... entize Chapter 5 (1081 . . . . . . . .  and Number lndex 5 6  . . . . . . . . . . . . . . . .  backgrvound 133 .......... control  Chapter T (163) . . . . . . . . . . . . . . . . .  definition 2 2 2  



~f fec ta  on work output ......... 69 
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