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ATMOSPHERIC ABSORPTION OF HIGH FREQUENCY NOISE
AND APPLICATION TO FRACTIONAL-OCTAVE BANDS

BY F. DoueLAs SHIELDS AND H. E. Bass
DEPARTMENT OF PHYsics & ASTRONOMY
THE UNIVERSITY OF MISSISSIPPI
UNIVERSITY, Mississipp1 38677

1. SUMMARY

This report presents the results of a NASA-Lewis sponsored study of
atmospheric absorption of noise in the frequency range of 4 kHz to 100 kHz,
for temperatures from 255.4°K (0°F) to 310.9°K (100°F) and at relative humid-
ities from 0% to saturation. The measurements were made in a large cylindri-
cal tube (25.4 cm I.D. by 4.8 m long). Special solid-dielectric capacitance
transducers were constructed which fit inside the tube. One of these trans-
ducers generated bursts of sound waves and was mounted so that it could be
moved inside the large sound tube. A second transducer of similar construc-
tion terminated the sound path and detected the tone bursts. The absorp-
tion was determined from the decay rate for the burst measured as a func-
tion of the propagation distance as the burst bounced back and forth in
the tube.

Pure tone absorption coefficients were measured at 1/12 octave
intervals from 4 kHz to 100 kHz. The temperature was varied in 5.5°K
(10°F) intervals from 255.4°K (0°F) to 310.9°K (100°F). The relative
humidity was varied in 10% increments from 0% to saturation. The resulting
absorption was compared to a proposed procedure for computing sound absorption
for pure tones in still alr and the agreement was found to be quite good
under most conditions. The results for absorption of pure tones were then
applied to the prediction of attenuation of bands of noise. The band absorp-
tion was found to depend significantly on the shape of the noise spectrum and
the type of filter used as well as the atmospheric conditions and propa-
gation distance.



It was also found that the band loss coefficient does not depend on
propagation distance in a simple way. However, for many cases considered
the deviation between the 1/3 octave band loss and the readily computed pure
tone absorption coefficient at the center frequency of the band was found to
be small.

This report presents the proposed procedures for calculating pure tone
and broad band atmospheric attenuation as well as the experimental data

obtained.



2, INTRODUCTION

Since the early measurements of Duff (ref. 1), absorption of sound
in air has proven to be a fertile field of sciéntific investigation.
The first systematic measurements were make by Knudsen (ref. 2) in the
1930's. The observed absorption was explained theoretically by Kneser
(ref. 3) in terms of viscous and thermal conduction losses (classical
absorption) and vibrational relaxation of oxygen. This theory did much
to exﬁlain the effect of humidity on the relaxation absorption. This
and later work were stimulated by studies of architectural acoustics,
hence the frequency range of primary interest was that important in
auditorium design, i.e., 200 Hz to 10 kHz. Greenspan (ref. 4) measured
the absorption of sound in air at high frequencies (greater than 1 MHz)
and established that rotational relaxation also makes a significant
contribution to sound absorption even at low frequencies. In the 1950's,
increased interest in community noise in the frequency range from 100 Hz
to 1 kHz and large . propagation distances prompted further measurements.
It was recognized that the simple model of Kneser did not provide reliable
predictions under these conditions. As a result, in 1964, Committee A2l of
the Society of Automotive engineers issued an empirical prediction procedure
(ref. 5) which provided a significant improvement over the basic pro-
cedure of Kneser. As is the case with any empirical technique, the
accuracy of the prediction procedure was limited by the data on which
it was based. 1In 1967, Harris (ref. 6) devised an improved empirical
technique based on the impressive amount of data which he had collected.
This data was limited to frequencies below 15 kHz, therefore, predictions
based on this empirical technique at higher frequencies or at largely
different atmospheric conditions could not be considered reliable.

Since 1967, several major developments have occurred which increase
the accuracy of absorption predictions. In 1969 Piercy (ref. 7)
recognized that vibrational relaxation of nitrogen is a major source of
absorption at audible frequencies. Monk (ref. 8) and Evans, et.al.,

(ref. 9) considered a kinetic model for air absorption which included



.the effects of simultaneous relaxation of nitrogen and oxygen. During
this period, experimental studies of atmospheric absorption under a
wider variety of atmospheric conditions  (although still a limited -
frequency range) were accumulating. In 1971, the S1 Committee of the
American National Standards Institute (ANSI) appointed the S1-57 Working
Group to examine theoretical and experimental knowledge of sound absorp-
tion in still air. This working group, chaired by Dr. Joseph Pierc&,
developed a prediction technique for pure tone absorption which is based
on the fundamental physics of sound absorption and available experimental
data. This procedure is empirical only in the sense that measured sound
absorption was used to determine the microscopic energy transfer rates
or vibrational relaxation times. Since it is firmly based_on physical
principles, there is no reason why this technique can not be applied
outside the region of conditions spanned by present experimental data.
However, the numerical parameters used in the procedure become less certain
for frequencies above 10 kHz and temperatures far above or below 294.3°K.

So far, only pure tone absorption has been considered. 1In principle,
the absorption of a band of noise can be predicted if the variation of
the pure tone absorption coefficient with frequency is known. However,
in practice the process of converting from pure tone values to loss
coefficients for bands of noise involves numerical evaluation of an
integral. In order to avoid this complication, ARP-866A (ref. 5) recommends
using the pure tone absorption coefficient at band center at frequencies
up to 4 kHz and at some frequency lower than the center frequency for
bands with a center frequency above 4 kHz. This process recognizes that
most spectra are falling off rapidly at high frequencies but is at best
a first approximation. For most noise control applications, frequencies
above 4 kHz are not wery important so the procedure used in ARP-866A
should be acceptable.

Much modern aerodynamic research in jet noise is done with scale
models as small as 1/10 to 1/20 full scale. Such models frequently

produce significant noise at frequencies up to 100 kHz. If the measured
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acoustic emmission from such models is to be compared to theory or
emissions from other models measured with different atmospheric condi~
tions, the measured noise spectrum must be corrected for atmospheric
absorption. Since there was little pure tone absorption data in the
frequency’range from 20 kHz to 100 kHz, there was no way to compute
with confidence the loss for bands of noise in this frequency range.
It was decided, therefore, to make pure tone absorption measurements
over this frequency range for a variety of atmospheric conditions,

to compare these values to the predictions of the S1-57 Working Group,
to use these results as a basis for computing band loss coefficients,
and finally to compare the band loss coefficients with ARP-866A. The
results of this program aonducted under contract NAS3-19431 with NASA-
Lewis Research Center are described in this report.

The work divides maturally into two parts. Sections (3) through
(5) of this report are devoted to the calculation and measurement of
the pure tone absorption coefficients. The second part, discussed in
Section (6) treats absorption of bands of noise. The prediction pro-
cedures developed in Section (6) for absorption of bands of noise assume
the pure tone absorption can be accurately computed. Although the pro-
cedures are independent of the numerical values of pure tone absorption
coefficients, the tables of band loss coefficients given in Appendix C,
which use the method of Section (6), are based on the pure tone prediction
procedure of Section (3).

The S1-57 Working Group of the American National Standards Institute,
chaired by Dr. Joseph Piercy, provided useful comments, suggestions, and
advice. L. C. Sutherland of Wyle Laboratories assisted in computing atmos-
pheric absorption of bands of noise, Alan Marsh of DyTec Engineering provided
many of the figures included in the report, and Landon Evans of The Boeing

Company made valuable suggestions concerning presentation of results.



3. THEORY OF SOUND ABSORPTION IN AIR

3.1 Sounp ABSORPTION MECHANISMS

A rigorous theory for sound absorption in still air has been
developed and will be published as a theoretical background document
(ref. 10) in support of a new standard for sound absorption in air.
This chapter will give a brief outline of the absorption mechanisms
for sound absorption in still air and will describe a proposed pre-
diction procedure (ref. 11).

The mechanisms which contribute to the absorption of sound in still
air are vibrational relaxation absorption, rotational relaxation absorp-
tion, and absorption due to viscosity and thermal conduction (classical
absorption). At frequencies below 1 MHz, it is convenient to combine
classical and rotational relaxation absorption since they both vary as
the frequency squared. Vibrational relaxation absorption is due primar-
ily to the relaxation of nitrogen and oxygen. The total absorption of
sound in still air, then, is given by a sum of the absorption due to

vibrational relaxation of nitrogen (a ), vibrational relaxation of

oxygen (avib,O)’ and combined rotatiozzi’gelaxation and classical mech-
anisms (aC ). The absorption per wavelength (oA, nepers) due to each of
these mechanisms is given in figure 3.1 for a temperature of 293.15°K,
relative humidity of 70%, and at atmospheric pressure. It can be seen
that under these conditions, nitrogen relaxation makes the largest contri-
bution at low frequencies and oxygen relaxation makes the largest contri-
bution at intermediate frequencies. Classical and rotational relaxation
absorption are most important at higher frequencies.

As the amount of water vapor in the air changes, the position of
the peaks in the avibk versus frequency curves changes. In general,
the peaks shift toward higher frequencies as the water vapor content
increases (see figure 3.2). However, the two curves shift at different
rates with increasing water vapor concentration. The frequency at which

avibk has a maximum is referred to as the relaxation frequency for
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the molecule of concern. If the relaxation frequenciles f and fr

r,N o)
are known as a function of water vapor content, the absorption can be

computed precisely since %oR is well established (ref. 12). The values

of fr,N and fr,O

between Hzo molecules and N2 and 02 molecules respectively, hence they

depend upon the concentration of HZO or absolute humidity, h. The abso-

depend upon the number of collisions which take place

lute humidity can be computed from the relative humidity, hr’ as shown in
figure 3.3 and also by the method given later in this chapter.

10 1 T T T T T

MOLAR CONCENTRATION OF WATER VAPOR, h, percent

2 x1074—

A 1 1 1 1
8

10 20 40 60 80 100

RELATIVE HUMIDITY, b, percent

Figure 3.3 Melar Concentration of Water Vapor for Various
Relative Humidities and Air Temperatures (P/P°=1)

As the temperature decreases, for a given relative humidity, the

absolute humidity decreases, hence £ and fr decrease. This effect

r,N ,0
gives rise to the largest variation of absorption with temperature.



The first of

2 and 02

The effect of the variation in specific heat on the

There are other, smaller, temperature dependent effects.
these is due to the variation in vibrational specific heats of N
with temperature,

absorption due to the vibrational relaxation of 0, is shown in figure 3.4.

As the temperature increases so does the absorptiin when holding the
absoiute humidity constant. An even smaller temperature effect is due
to the change in viscosity, thermal conductivity, and rotational relaxa-
tion frequency with temperature. Each of these effects tends to increase
the absorption slightly with increasing temperature, all other factors
being constant.

The final parameter which affects the observed absorption is pressure.
An increase in pressure has the same effect as a decrease in frequency,
provided the pressure increase is not so large as to effect the ideality
of the gas. For most atmospheric applications on the surface of the

earth this effect is small.
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3.2 SIMPLIFIED EXPRESSIONS FOR PURE TONE ABSORPTION

As explained in topic 3.1, the sound absorption in air (o) can be
considered to be the sum of contributions due to the vibrational relax-
ation of oxygen, the vibrational relaxation of nitrogen, rotational relax-
étion and classical absorption due to viscosity and heat conduction. The
last two can be collected into a single term and o written as,

o , where a =a.,. +a .

= %ib,0 T %ib,N T %r crR - %c1 " %rot
The classical absorption can be written in terms of the coefficients

of viscosity and thermal conductivity as

agy = [62/(20°¢) 1140/3 + (v = 1k/(ye )], nepers-m = (3.1)
where

w = 27 times the acoustic frequency (sec_l)
p° = equilibrium gas density in kg—m_3

¢ = speed of sound in m—sec_1

c, = specific heat at constant volume in J—(kg—mole)-l—°K_1

Y = ratio of specific heats

u = coefficlent of viscosity in kg—nrsec_l

and

Kk = coefficient of thermal conductivity in J—(kg—mole)_1—°K-l-kg—m-sec—l.
At frequencies much lower than the rotational relaxation frequency
(=100 MHz for air), the absorption due to rotational relaxation can be

written as

Gor = 0%/ (YR Tuly(y = R/(1.25 ¢ )1z, (3.2)
where
P = the ambient pressure in N-m _
cp = gpecific heat at constant pressure in J-(kg-mole)—1-°l(.-l
and
Zrot = rotational collision number.

The rotational collision number which is the number of molecular collisions
required to establish rotational equilibrium has been measured over a range

of temperatures and can be represented as (ref. 12)

11



_ 1/3
Zrot_—'60f8 exp —-(16.8/T

), , . (3:3)

where o -
T = temperature in °K. .

Equations (3.1) and (3.2) can be simplified by making some approximations.

First, 1f we use the Euken expression,
K = (15Ru/4)[4cv/(15R) + 3/5] J—(kg-mole)_1-°Krkg-m-1—sec-1 (3.4)
where
R= universal gas constant in J-(kg—m.ole)_l—°K—1

and with values of y,cp, and ¢ for air, equation (3.1) becomes
v

oo, = 5lu’/(1Rc)1(1.88w),  mepers-m L. (3.5

Recognizing that with these substitutions,

/aCl = 0.0681 Zrot’ (3.6)

we can write the sum of classical and rotational relaxation absorption,a

Q
rot

CR’
2 -1

o = o /(yPc)Ju(1.88)[1 + 0.0681 Z__ 1, nepers-m ~. (3.7)

Further simplification results when the coefficient of viscosity is written

in the form of Sutherland's equation

U= BT;/Z/(l + 8/T), kgém-l-sec_l (3.8)
where
B = empirical parameter = 1.458 x 10-'61<g—m_1—sec_l-°K_1/2 for air
S = empirical parameter = 110.4°K for air.
With this substitution and
e = 343.23 (1/1 )17, msec™? (3.9)

where
¢ = speed of sound

and T = 293.15°K, equation (3.7) becomes
o

/3)]

x f2/(P/Po). (3.10)

Gog = 5-578 x 10_9[(T/To)/(T + 110.4) ][1 + 4.14 exp —(16.8/T"

Evaluating equation (3.10) for various temperatures indicates that a
simplified empirical equation of the form

o, = 18.4 x 10'12(T/To)1/2f2/(P/P°), nepers-m (3.11)

CR

12



is within 2 percent of equation (3.10) for temperatures between 213°*K
and 373°K.
The absorption due to vibrational relaxation of nitrogen and oxygen

both have the form

2
s £/f
b 3 = cj LN 5 § nepers-m 1 (3.12)
? 1+ (£/£_ )
r,]
where .
1 i = absorption due to vibrational relaxation of oxygen or nitrogen
ohadt | .
Sj = relaxation strength
fr 1 = relaxation frequency in Hz.
’
The relaxation strengths are readily found for oxygen and nitrogen since
they are
S, = ¢c,"R/[(c_ =-c,")ec 3.13
5 = 'R, —e e ] (3.13)
where :

c,' = vibrational specific heat of nitrogen or oxygen

- xj<ej/r)2e"<ejm/[1 - e85/ 2,

where
xj = mole fraction of the component, 0.20948 for oxygen and 0.78084
for nitrogen )
and ej = characteristic vibrational temperature (2239.1°K for oxygen and

3352.0°K for nitrogen).

Thus far, all quantities have been expressed in terms of nepers-m_l.
Using these units, the signal amplitude, A, at some distance, R, from a
gsource of amplitude, Ao’ ignoring geometric effects, would be given by

Ra

A= Abe- . It is more common to express the absorption in units of db—m-1

where
o § ~1
1 neper-m = = 8.686 db-m .
If the symbol "a" 1s used to denote the absorption coefficient in db/m,
and since decibel levels are related to the square of the signal amplitude,
it follows that
~aR = 10 log(a/A )* or A= A_ x 1072R/20 (3.14)
Combining equations (3.11), (3.12), and (3.13) gives an expression

for the total absorption as

13



1/2

a() = 8.686(1/T )"/ 21£%/(@/p) 111,84 x 107 + 2,19 x 107 /T ) ere )

x (2239/T)2 lexp(~2239/T) 1/[£_ o + (f2/fr S+ 8.16 x 10‘4(T/T0>'1

»0 s
x (2/P)(3352/1)° lexp(-3352/T)1/LE,  +(E°/E, D1} (3.15)%*
where
a(f) .= absorption coefficient in db/m
T = temperature in °K
TO = reference temperature, 293.15°K
f = acoustic frequency in Hz
P = ambient atmosphere pressure,N/m2
PO = reference pressure, 1.013 x 105N/m2
fr,O = relaxation frequency of oxygen
fr,N = relaxation frequency of nitrogen.
The values for fr,O and fr,N are not accurately known over the range of

humidity and temperature covered in this study. Improved values of fr 0
b

can be obtained from the experimental results reported here. For our pre-
diction procedure , the wvalues of fr

and fr suggested in reference 11

,0 N

were used,
£ o= (P/R) {24 + 4.41 x 10*h [(0.05 + h)/(0.391 + h)}}, Hz (3.16) %
£on = (/B (1:/1:0)'1/2 [9 + 350h exp{-6.142 [(T/TO)‘1/3—1]}], Hz (3.17)%

where h, the absolute humidity, in percent can be written as

h = hr(Psat/PO)/(P/PO)’ percent, (3.18)*
where
hr = relative humidity in percent
and
Péat = partial pressure of saturated water vapor, N/mz.

Using the Goff-Gratch equation,
10310 (Psat/Po) = 10.79586[1 - (Tol/T)] - 5.02808 1og10(T/Tol)

4(1 _ 10—8.29692[(T/T01)—1])

76955[1 - (T01/T)]

+ 1.50474 x 10~
3.19)*

+ 0.42873 x 10 3(10%~ -1)

-2.2195983
14
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where T01 = 273.16°K.

The procedure for computing a is as follows:
1. Determine Psat/PO from equation 3.19.
2. Compute absolute humidity using equation 3.18.

3. Compute fr and fr N from equations 3.16 and 3.17.

’O 3
4, Compute a in db/m using equation 3.15.
A program to do this calculation, written in FORTRAN is given in

Appendix B.3, and is entitled AIRAB.

3.5 CoMPARISON WITH PRIOR EXPERIMENTAL RESULTS

During the course of this investigation, a comprehensive review of
prior experimental measurements of sound absorption in still air was re-
leased by L. C. Sutherland of Wyle Laboratories under contract to DOT
(ref. 13). Although the analysis used and conclusions drawn are too
lengthy to reproduce here, Sutherland concluded that the equations pre-—
sented in Section 3.2 provide an excellent representation of prior work.
The reader should refer to the original report for details. It should be
noted that in all previously published work, there are a total of less
than 1500 data points; the experimental work reported here represents
6,847 points.

Following the publication of the report mentioned above, three other
papers have appeared which provide some additional information on sound
absorption is still air. 1In reference 12 Bass and Sutherland report a
review of very high frequency (1 mHz to 100 mHz) sound absorption in air
over a range of temperatures (295°K to 773°K) which allowed them to deter-
mine the temperature dependence of the rotational relaxation time of air
hence ®eRe Their results include those of Bass and Keeton (ref. 14) and
are reflected in equation (3.15). A more recent paper by Bass, Keeton,
and Williams (ref. 15) examines the temperature dependence of the vibra-
tional relaxation frequency for oxygen/water vapor mixtures. Their results
are consistent with the lack of a temperature dependence in equation (3.16)

over the range of temperatures of concern in this report (255°K to 310°K).

15



4, EXPERIMENTAL PROCEDURE

4,1 EXPERIMENTAL SYSTEM

The experimental portion of this study consisted in measuring sound
absorption in air at frequencies from 4 kHz to 100 kHz at 1/12 octave
intervals and at temperatures from 255.4°K to 310.9°K at 5.5°K intervals
and relative humidities from 0% to 100% at 107 intervals. The system used
to make these measurements is diagrammed in figure 4.1. A series of bursts
of plane sound waves from 2 to 10 milliseconds long was generated at the
sound source and then allowed to reflect back and forth in the sound tube.
The tube was made of aluminum and has a 25.4 cm internal diameter, a 0,95
cm wall and is 4.8 meters long. There are suitable systems to control and
maintain uniformity in temperature and relative humidity along the entire
tube length. The amplitude of the sound wave in each echo burst was measured
at each reflection by the microphone that terminates the opposite end of
the sound tube. The path length for the sound can be varied by moving the
sound source within the sound tube. As discussed later, this variation
in sound path length enabled the separation of transmission and reflection

losses.
4.1.1 Sound Source and Microphone Transducers

The sound source and microphone used in this experiment, shown in
figure 4.2, are larger versions of the solid dielectric capacitor micro-
phones described by Kuhl (ref. 16) and previously used in this laboratory.
They consist of a thin dielectric sheet metalized on one side, stretched
tightly across a metal backing plate with the metalized surface on the
outside and insulated from the backing plate. A DC voltage (100 to 200V)
is applied between metalized coating and the backing plate. When used as
a speaker, an AC voltage of the desired frequency is applied in series with
the polarizing voltage. The AC voltage produced when the system is used

as a microphone is amplified by a high input impedance amplifier.
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Figure 4.1 Diagram of the Experimental System for Measuring Sound Absorption
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Figure 4,2 Diagram and Construction Details of the Transducers.
A - sound tube cross section, B - sound tube wall, C -
moveable speaker piston, D - rod for moving speaker, E -
Teflon ring, F - 0.00064 cm aluminized mylar, G - backing
plate, H - temsion ring, I - compression spring, J - insula-
tion, Teflon impregnated glass sheet, and K - insulated screw
for holding the backing plate.

A/F

Experiments were conducted using a 11.43 cm diameter prototype
speaker-microphone system to measure the effects of changing the dielectric
material, bias voltage and backing plate surface on the sensitivity, frequency
response, linearity, and reflection coefficient of the transducer. A 0.64 cm
diameter capacitance microphone with a calibrated frequency response exceeding
100 kHz was used to measure the frequency response of various transducers.
Originally, this microphone was considered for use as the receiver in the
absorption experiments, but investigations showed that the 0.64 cm micro-
phone had poor recovery characteristics when amplifying short tone bursts
of sine waves on the order of 2 to 5 msec. The insertion of the microphone

in the end plate also affected the reflection of the sound at high frequen-
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cles. The successful construction of the capacitor transducers with fre-
quency response exceeding 100 kHz and with adequate sensitivity led to a
decision to use these transducers as both microphone and sound source.
Tests were conducted using 6.35 x 10--4 cm Kapton coated with aluminum
and 6.35 x 10—4 cm mylar coated with gold, aluminum and chromium as the
dielectric. No measurable effect on the sensitivity or frequency
response was noted, and 6.35 x 10_4 cm mylar coated with aluminum was
chosen to be used in the final transducers as the solid dielectric.

Tests were conducted on backing plates with a smooth lathe finish
(0.003cm/revolution, depth of groove less than 0.0003cm), with a polished
finish, and with a coarse lathe finish (0.038cm/revolution, depth of
grooves 0.008cm). No measurable difference was detected between the two
smooth plates, but a uniform increase of 10 db in sensitivity was observed
with the grooved backing plate. For the transducers used in the measur-
ing system, the backing plate was polished flat and smooth. Figure 4.3
shows a plot of the output of one of these transducers as a function of
frequency as measured by a 0.64 cm capacitance microphone located one
meter from the transducer on its axis.

The output increased as the square of the frequency and was still
increasing at the upper frequency limit of the electronics. The dip in
output at about 40 kHz was very puzzling at first but has now been traced
to the effect of Fresnel diffraction on the 0.64 cm microphone. In fact,
the details of the Fresnel diffraction pattern were traced out by moving
the 0.64 cm microphone through the radiation field of the transducer.
This adds confidence that this transducer generated plane coherent waves.

Both the sound source and microphone were constructed so as to com~
pletely fill the cross sectional area of the sound tube. Figure 4.2 shows
some of the details of the construction of these transducers. The sound
source is a spool shaped plunger that could be slipped back and forth in
the sound tube by a 1.27 cm stainless steel rod that passes through an
O~-ring seal in the end plate that terminates the sound tube. The mylar
film is attached to the floating ring, H, and is held under tension as
it is stretched across the backing plate by three springs labeled "I" in
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Figure 4.1 Output of the Solid-dielectric Capacitance Transducer.
The transducer is 25.4 cm in diameter and the output is measured
with a 0.64 cm B & K capacitance microphone located one meter
from the transducer surface and on its axis.

figure 4.2, Teflon gaskets around the outside edges of the two ends
of the "spool" allow the plunger to fit snugly and yet slip easily inside
the sound tube,

The microphone, which terminates the other end of the sound tube, has
essentially the same construction as the right-hand end of the speaker
"spool." The microphone plate is connected by a rod to a bellows in the
end plate of the sound tube. By stretching this bellows it is possible
to move the microphone back toward the end of the sound tube about 1.91 cm
so as to expose exit ports for circulating the test gas. This motion was

accomplished by use of a pneumatic valve.
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4.1.2 Electronic Equipment and Sound Burst Generation

The electronic components for generating and detecting the sound
bursts are shown in the block diagram in figure 4.1. The bursts of
sine waves to be applied to the speaker were produced by a General Radio
1396-B tone burst generator which alternately interrupted and passed the
sinusoidal input signal from an oscillator?-.Ihe'frequency of this
signal-was varied from 4 kHz to 100 kHz and ﬁés monitored with a Hewlett-
Packard 521C frequency counter. The tone burst generator controlled the
burst duration and the interval between bursts. The length of the burst
was maintained less than the time needed for the sound wave to travel
down the sound tube and back in order to avoid the effect of standing
waves. Typically, this burst time varied from 2 to 20 milliseconds as
the effective length of the tube was varied. The time between bursts

had to be varied to insure that the echoes from one tone burst had decreased

to background noise level due to absorption before the next burst was pro-
duced. At low frequencies, temperatures, and humidities sound absorption
is small and a single burst was reflected for as long as a few seconds
before being reduced to the background noise level., At high frequencies

a period of less than‘lOO msec between bursts was required.

The tone bursts from the GR 1396 were amplified by a Krohn-Hite
amplifier and capacitively coupled to the DC-biased transducer previously
described. The received signal was amplified with a Princeton Applied
Research amplifier and passed through a tuned filter prior to being dis-
played on a Hewlett-Packard 141 Storage Oscilloscope and the Canberra
8100 Multichannel Analyzer.

Although it is relatively easy to display each exponentially decay-
ing echo pattern on a storage oscilloscope, it is not so easy to get an
accurate measure of these decaying burst heights out in a short enough
time to allow the needed number of measurements to be made in a reasonable
period of time. To accomplish these measurements a Canberra Data Acquisi-
tion System was used as discussed below. This system included a Basic

Quanta pulse height analyzer ﬁith a 1024 channel storage.
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4.1.3 Temperature and Humidity Systems

Perhaps the most difficult experimental problem encountered was that
of controlling the environmental conditions of temperature and humidity.
For the purpose of controlling the temperature, the sound tube was
wrapped with 0.953 em 0.D. copper tubing. To insure good thermal con-
tact the copper tubing was pulled down tightly against the aluminum
tube with refrigeration tape. The individual turns in the copper coils
were about 2.54 cm between centers. To cover thé complete 4.8 meter
length of the tuhe, 6 coils consisting of 31 turns each were connected
in parallel to 2.54 cm copper entrance and exhaust manifolds. In
order to insure uniform flow, care was taken to keep the flow resistance
the same in each of the six parallel coils. Antifreeze solution was
circulated through these coils from a Forma Scientific Company Model 2324
temperature controlled bath. This bath is capable of removing 650
Btu/hour at 255°K, the circulating pump supplies 760 LPM at a 0.91 n
head and its temperature controller is sensitive to *0.02°K, Tempera-
ture control and heating were accomplished by a 650 watt heater enabling
the circulated fluid to either heat or cool the sound tube. Of course,
the entrance and exit lines for circulating the antifreeze had to be
carefully insulated.

The sound tube and the associated cooling coils were surrounded
by 15.24 cm of polyurethane insulation and enclosed in a box (5.2m)x(0.6m)x
(0.6m) made of 1.91 em plywood. All joints were taped with refrigeration
tape. Temperature was monitored at 60.69 cm intervals along the sound
tube by copper-constantan thermecouples mounted in thermal contact with
the outside wall of the sound tube. The thermocouple voltages were
read using a Hewlett-Packard Model DY 2010A Data Acquisition system.

This system, which is capable of reading twenty-five channels of either
voltage or frequency, was used to read the control variables before
each absorption measurement. This system was interfaced to the PDP-11

computer in the Canberra system and these values became part of the hard
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copy output from the Canberra for each absorption measurement. With this
system it was possible to maintain the temperature of the sound tube both
uniform and constant to within a few tenths of a degree Kelvin.

A second circulating system was required to establish and maintain
the desired humidity. This circulating system is diagrammed in fig-
ure 4.1. 1In this diagram, the part within the dotted lines 1is enclosed
in the temperature controlled box.

To establish the desired humidity within the sound tube the micro-
phone was pulled back toward the end of the sound tube approximately
1.91 cm exposing four 0.64 cm holes in the tube wall. The motion of
the microphone was communicated through the end plate by a bellows that
is connected to the end plate with an O~ring seal. The sound source was
then moved back until a similar set of four holes in the tube wall were
exposed to allow a by-pass path for the circulating gas around the
speaker surface and back into the sound tube in the reglon between the
two ends of the moveable plunger. From there the gas passed through
holes in the spindle and rear surface of the plunger and exited. through
a 1.91 cm 0.D. tube connected through a swagelock fitting to the end
plate.

To establish vapor equilibrium within the sound tube, the pump in
figure 4.1 circulated the gas through the sound tube. Care was exercised
in circulating the gas and in moving the speaker to maintain a positive
pressure on the face of the transducers. This was necessary to avoid
air pockets being formed between the mylar and the backing plate. The
humidity was monitored with a General Eastern Dew Point Hygrometer Model
1200AP. This unit is sensitive to dew point changes of 0.0278°K and
measures dew points to an accuracy of 0.278°K using a platinum resistance
thermometer sensor with a calibration traceable to the National Bureau
of Standards.

The ¢irculating gas could be circulated either through a trap to
add moisture or through another to remove moisture as shown in figure 4.1.
The pump was capable of circulating the gas at a rate of 0,03 cubic meters
per minute. At this rate the gas within the sound tube was completely

replaced about every 8 minutes.
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Experience was required to determine the best technique for estab-
lishing the desired humidity within the tube. Typically, dry air was
first introduced into the system and dry air absorption measurements were
made. Next, the alr was circulated through the humidifier for a few
seconds to add moisture. Then the traps were closed off and the by-pass
valve opened and the gas circulated from fifteen minutes to one hour
while the humidity was monitored. The process was repeated until the
desired humidity was established within the tube. The dew point was
again determined at the end of the measurements which usually required
from 3 1/2 to 4 hours. The experimental dew point was assumed to be
the average between the initial and final dew points. Theilr average values

and the variation during the measurement are given in Table 5.1.

4,2 TesT PROCEDURE

The large amount of repetitive experimental data to be taken dictated

the establishment of a definite test procedure. This was as follows:

a) Sound source and microphone transducers were moved to their outer-
most positions, uncovering the flow ports in the tube walls.

b) A particular equilibrium temperature and relative humidity con-
dition was set in the sound tube as described in Section 4.1.3.

c¢) TFlow was stopped through sound tube and the transducers moved
inward past the flow ports.

d) First of four effective tube lengths for which absorption data
were taken at each temperature-humidity condition was set. The
tube length was set by positioning the sound source at different
locations within sound tube.

e) Atmospheric absorption data for each individual frequency was

taken as described in 4.1.2. After sufficient bursts were generated

to satisfy statistic requirements the next frequency was set and
the procedure repeated until data for all 57 discrete frequencies
between 4 and 100 kHz were obtained.

f) The second effective tube length was set by repositioning the
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sound source and procedure describea under e) repeafed.
g)" Steps d) and e) were repeated for the-other”two efféctiQe
tube lengths. | |
h) ' After data for all four effective tube lengths were obtained,
i~ both transducers were moved to thelr outermost positions, flow

"t

* reestablished through dew point hygrometer to obtain an "end
of test"'reading.of humidity. R
i) * A new température-relative humidity condifion was set and the
whole procedure repeated. ' ' _
The number -of bursts analyzed for each frequency varied from 10 to 2000.
The number - of sinewaves generated on each burét was a function of the
frequency and varied from 25 sinewaves per burst at 4 kHz to 1000 sine-
waves per burst at 100 kHz.

Measurements were first made at each temperature in dry air. Then
the range of humidities from 10 to 90%Z were covered at each temperature.
Generally the measurements at a particular temperature took about one
week and proceeded from 10 to 90% R.H. Before the temperature was changed
the system was pumped down and fresh gas introduced. Before adding water
an abbreviated check run was made on the dry air. 1In appendix A.2 a com-
parison is made between the results of these dry air check runs and the

original dry air values.

4.2.1 Signal Handling Procedure

" The tone burst generator produced a series of tone bursts and the
echo pattern of these bursts was continuously digitized and added in
memory. Data acquisition time was set at 2 seconds for high frequenciles
and long burst length and 10 seconds for low frequencies and short
burst lengths.

The signal from the microphone passed from a B & K 2612 cathode
follower to a PAR preamplifier, then to a filter and on to the analyzer.
Prior to testing, an analysis was made of the Fourier components of the
tone bursts as a function of the tone burst length and time between bursts.

This analysis indicated that a narrow but variable band pass filter could
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be used to pass the frequencies of interest and reduce the noise. Tests
showed that if the 3 db band width of the filter was maintained more
than 4/to, where to is the length of the burst in seconds, the filter
would produce a negligible rounding of the edges of the square burst
envelope. Therefore, the pass band of the filter was made as narrow

as possible by setting both the low frequency and high frequency cut

off at the test frequency.

The data acquired by the multichannel analyzer was analyzed by
the PDP-11 using locally developed software written in BASIC. These
measured values of the amplitude of the waves in the echo bursts were
analyzed as discussed later and the resulting values of the sound absorp-
tion printed out with a teletype terminal with final results outputed on
paper tape.

In addition to the acquisition of data associated with the absorption
measurement, the PDP-11 had an interface to a Hewlett-Packard 2901A
Input Scanner and 2401C Integrating Digital Voltmeter. This enabled
the acquisition and storage of data relating to the temperature, the
frequency, and the pressure for each absorption measurement.

Figure 4.4 illustrates the characteristic decay of the initial and
reflected bursts in a single echo pattern. The average amplitudes of
the sine wave in each echo burst are labeled Al, Az, A3, cee s An in the
diagram. These amplitudes must be measured accurately in order to deter-
mine the value of sound absorption. At high frequencies the initial
burst is quickly absorbed, but at low frequencies and temperatures a
longer train of reflected bursts from each generated burst is observed.

The most accurate method of measuring the amplitude of each tomne
burst envelope would be a measurement of the peak amplitude of each
sine wave in the burst. A technique used in nuclear pulse analysis was
adapted to this task. The amplitude of the peak height of each sine
wave was sampled, converted to a digital value and stored in memory by the
Canberra Basic Quanta System ( the multichannel analyzer with the PDP-11
computer interfaced). The technique for analog to digital conversion

involved a peak sample and hold circuit, the conversion of this analog
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Figure 4.4 Part A is a diagram of the oscilloscope trace of an echo
decay pattern. Part B shows how the echoes separate and
decrease in amplitude as the speaker-microphone separation
is increased.

signal to a digital value, and its storage in one to 1024 channels of
memory, each channel representing a distinct value of amplitude. Each
sinewave amplitude was stored as a count in the channel representative
of its amplitude value. The accumulation of counts in theldifferent
channels allowed the determination of the mean amplitude of each wave
burst. The unique ADC and sampling process associated with this multi-
channel analyzer allowed each sine wave in each tone burst to be sampled
with 0.1% resolution for frequencies up to 60 kHz. Because the data
acquisition and storage time was dependent on the channel addressed,
above 60 kHz it was not possible to count every pulse and retain 1024
channel resolution. We chose to use 1000 channels and count alternate
sine wave peaks for the pulses addressed in channels 500 to 1000. At
100 kHz with a 5 millisecond tone burst, each burst represented the

acquisition and storage of 500 counts.
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4.2,2 Data Analysis to Obtain Measured Absorption Coefficients

The data output used in obtaining the absorption can be understood
by considering figure 4.4. This figure displays the decaying sound
burst as indicated by the voltage coming out of the microphone. The .
electronic system discussed above enabled us to measure the average
amplitude of the sine waves in each reflected burst. These amplitudes
are labeled Al(xl), Az(xl), A3(xl), cee An(xl) in the diagram. The
sound bursts were initiated by the sound source in one end of the sound
tube at a repetition rate dictated by the ring time for the decaying
burst. At high frequencies where the absorption is 1arge-only the first
received burst was detected and the repetition rate was high. At the
lowest humidities and frequencies the absorption was so low that up to
a hundred echoes were necessary to extinguish the burst and in this
case the repetition rate had to be decreased correspondingly.

As the separation between the sound source and microphone is
increased, the echo bursts separate in time and decrease in amplitude
as shown in figure 4.4, If the amplitudes of the different echo bursts
as a function of the distance between the sound source and the micro-
phone are labeled Al(x), Az(x), A3(x), oo An(x), then the height
of the nth burst as a function of x is

—ax]e—Z(n—l)(ax+8),

An(x) = [Aoe (4.1

where

Ao is the amplitude of the sound wave at the source,

a is the total absorption coefficient in neper per unit length
and
B is the reflection coefficient for the ends of the tube.

Unless the surfaces of the microphone and speaker were carefully
aligned parallel, interference effects were observed at high frequencies
that caused the echo decay pattern to be non-exponential. This was
attributed to a variation in phase in the wave across the surface of the
large transducer that resulted from the wavefront making an angle with
the transducer surface. Since this angle was doubled with each reflection,

at high frequencies, where the wavelength was a small fraction of the
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Fube diameter, a variation in alignment of a few thousands of a centimeter
éaused very noticeable effects on the decay pattern. The decay pattern
was also very sensitive to concentration and temperature gradients in
the tube, evidently due to the effect such gradients had upon the shape
of the wavefront and hence the variation in phase across the surface of
the transducer. kL

In order to minimize the error introduced by this phenomena, at high
frequencies (40 to 100 kHz) the absorption was obtained from the variation
of the initial burst height with distance. 1In this case n is set equal
to 1 in equation 4.1 and

Al(x) = Aoe-ax, (4.2)

thus the absorption coefficient was obtained from the slope of the plot
of log(Al) vs X.

At the lower frequencies (4 to 40 kHz) the absorption was so small
that the attenuation of the sound in a single transversal of the tube
was insufficient to measure accurately. At these frequencies the absorp-
tion was obtained from the variation of the decay constant of the echo

pattern with distance. In this case, from equation 4.1,
2(ax + B) = loge[An(x)/An+l(x)]- (4.3)
and o is 1/2 the slope of the log of the decay constant when plotted as

a function of distance. For this purpose the data acquisition PDP-11
was programmed to calculate a decay constant at each position by making
a least squares fit to the peak highs in the decaying bursts. Measure-
ments were generally made at 1, 2, 3 and 4 meter separation between the
speaker and microphone and stored in the computer until the end of the
run. The absorption values calculated by the two methods were then
calculated, printed out and punched on paper tape. Generally, the two
methods agreed over the central range of frequencies. A lack of agree-
ment in the two methods was found to be a good indication that equilibrium
conditions had not been established in the tube before measurements began,
in which case the data was reacquired after establishing suitable equilib-
rium conditions.

The computer program used to acquire and analyze the data is given

in A dix B.1.
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4,3 CORRECTION FOR THE TUBE

Kirchhoff (ref. 17) in the 1860's worked out the theory for the
absorption of sound in a circular tube due to viscosity and thermal
conductivity. However, the analytical equation which he developed for
the tube absorption fails when the ratio of the tube diameter to wave-
length becomes large. We have developed a numerical solution to his
basic equation for the propagation constant (ref. 18) and applied it
in the past to measurements at low pressure (ref. 19). Here, the same
solution was used to get the absorption due to tube wall losses. The
results of this calculation are compared to measured values in argon

in figure 4.5. The measured absorption should be the sum of the free
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Figure 4.5 Comparison of Measured and Calculated Absorption in Argon.
The solid curve is calculated from a numerical solution of the
Kirchhoff equation for sound absorption in a circular tube.
(See reference 19.)
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A

space absorption (af s ) and tube absorption (a ). The free space

absorption, which is the desired result, is thetgngerence between the

upper and lower curves in figure 4.5. Clearly, measured values at high
frequency are lower than those expected from this theory. Since the

free space absorption for argon can be rigorously computed (ref. 20), the
problem must be in the tube correction term. Figure 4.6 shows similar results

for nitrogen. For nitrogen, which more closely approximates air, the
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Figure 4.6 Comparison of Measured and Calculated Absorption in Nitrogen.
The solid curve is the sum of the classical losses, calculated
from a numerical solution of Kirchhoff's equation and the
rotational relaxation absorption assuming a retational relax-
ation frequency of 313 MHz
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difference between computed and measured total absorption 1s much less.

This is in part due to the fact that nitrogen has a greater free space
absorption (with réspect to the tube losses) which can be accﬁrately pre—
dicted. A more important difference, however, is probably the longer wave-
length which results from the larger sound velocity in nitrogen. Figure 4.7
shows the error in the absorption assuming all the error is due to the calcu-

lation of tube absorption.
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Figure 4.7 The Fractional Error in the Theoretical Tube Correction as
a Function of the Reciprocal of the Sound Wavelength for the
25.4 cm Diameter Tube. Solid line is given by (ame -

3.1 as
atheor)/atube = 0.014(1/2) , when A is in cm.

It can be seen that for a given wavelength the error is relatively
independent of gas and temperature. This feature suggests that the

source of error is in the decreased wavelength encountered at high

frequencies and also suggests a means of correcting the measured absorp-
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tion for tube losses in the absence of an accurate technique of com-

puting that term. The corrected tube absorption, then, is written as

Bie = Bgpell-0 - 0014/ (4.4)
where ' E
' a. = corrected tube absorption, db/meter
4, ibe - tube absorption calculated using the numerical solution
to the wave equation, db/meter
and, A = wavelength in cm.

The free space absorption can be computed as

ag, = a oo " A db/meter (4.5)
where

a = measured absorption in db/meter.
meas

The computer program used to correct the measured absorption to free
space conditions is given in Appendix B.2. The free space absorption is
argon computed using equation (4.5) is shown in figure 4.8.

It should be noted that the different symbols shown in figure 4.8
representldata taken three months apart. The speaker diaphram was replaced
between these measurements. We conclude, therefore, that the tube absorp-
tion was independentlof minor day to day variations in the system.

The use of an empirical correction introduces the possibility that
at least part of the correction term could actually be compensating for
an inaccuracy in the procedure used to calculate sound absorption. For
example, if the rotational relaxation frequency used in the prediction pro-
cedure was too low, the experimental points at high frequency should fall
below prediction. Similarly, 1f the viscosity assumed for argon was
too high, the experimental results would fall below predicted values.
Actually, these basic physical properties are known quite accurately,
however, in order to insure that errors in these quantities or some
unidentified term in the free space absorption was not responsible for
the observed discrepancy, a new tube was constructed.

The second tube was a smaller scale replica of the primary tube.

It was 110 cm long and 5.715 cm inside diameter. Figure 4.9 shows
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Figure 4.8 The Free Space Absorption of Sound In Argon. The data
represented by the x's were taken November 19, 1975, and
those represented by @'s were taken February 16, 1976.
The solid curve is the classical free space absorption
due to viscosity and thermal conductivity. Measured values
were corrected by equation (4.5).

experimental measurements made in the new tube with nitrogen and argon
along with the theoretical curve with no empirical correction. At higher
frequencies, the systematic deviation between measured and calculated

total absorption is now absent. It is clear, therefore, that the discrep-
ancy observed in the large tube is associated with the tube diameter and
does not represent an error in the method used to compute free field absorp-
tion., This conclusion is further substantiated by the measurements made

in the small tube shown in figure 4.10. In this figure, the absorption
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Figure 4.9 Absorption in Argon and Nitrogen Measured Using the Smaller Tube.
(110 cm long x 5.715 cm inside diameter)

measured in the small tube in dry air converted to free field conditions
with no empirical correction term is compared to that measured in the large
tube corrected with the empirical term. The excellent agreement indicates
to us that the empirical correction is justified and accurate. 1In calcu-

lating 3 for both the small and large tube the energy and tangential

s
momentumtzzzommodation coefficients for argon were taken from the litera-
ture as 0.7 and 0.9 respectively. The corresponding values for N2 and
air were assumed to be 0.6 and 0.8. The uncertainty in these values
produces a negligible error in the calculated atube'
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DRY AIR

e 299.8°K (80°F) LARGE TUBE WITH EMPIRICAL
CORRECTICON

X 297.6°K (?76°F) SMALL TUBE WITH NO EMPIRICAL
CORRECTION

1
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Figure 4.10 The Free Space Sound Absorption in Dry Air as Measured
In Two Different Size Tubes. Large tube: 480 cm long
x 25.4 cm I.D.; small tube: 110 cm long x 5.715 cm I.D.

36



5 DISCUSSION OF EXPERIMENTAL RESULTS

5.1 Pure ToNE RESULTS

Graphs and computer printouts of measured pure tone absorption in

db/m corrected for tube effects are given in Appendix A.l.

Also included

are the predicted values calculated using the computational technique

described in section 3.2. A typical graph is given here as figure 5.1.

310,99 (100°F)
30.27% ReLative HumiDiTy

— THEORETICAL LINE

® EXPERIMENTAL POINTS

1

|

L1 llllll

11

S T N A RN a1 ]
1.0 10.

FREQUENCY (kH2)

100.

0l

ABSORPTION COEFFICIENT (db/m)

Figure 5.1 Sample Measured and Predicted Absorption Coefficients
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The most striking feature of figure 5.1 and the figures in Appendix A.1l
is the excellent agreement between predicted and measured absorption. A
more careful examination will disclose some differences which will be dis-
cussed in this section. The general agreement between theory and experi-
ment is very satisfying since a great deal of effort was involved in develop-
ing the equations in Section 3.2, It is also satisfying that the.experiment
suggests some slight improvements to this theory.

The origimal plan called for measurements in 10% relative humidity
increments from 07 to saturation. In order to provide a ready compari-
son to calculations, it was decided to express all relative humidities
in terms of the relative humidity which would be measured over water.
At low temperatures, the actual relative humidity, which one would mea-
sure with an instrument such as a dew point hygrometer, would be that
over ice. There is a significant difference here, so one must be careful
when defining this term. We chose to follow the customary practice of
using the vapor pressure of water to compute relative humidity. Therefore,
at low temperatures, it was not possible to achieve 80 or 90% relative
humidity because these humidities, calculated from the vapor pressure of
water, correspond to greater than 1007 relative humidity when the vapor
pressure of ice is used. In addition, at saturation conditions the
acoustic signal was very noisy and was not very stable with time. For
this reason, some of the measurements at saturation were omitted. Enough
were made, however, to insure that the absorption continues to vary as
expected. Other omissions in the data in Appendix A.l consist of a few
individual frequencies where the measured value contained an obvious error,
and some low frequency and low humidity values where the absorption was so
small that the measured values were deemed unreliable. The actual exper-
imental grid of dew points in °K is given in table 5.1. These were the
values actually read from the dew point hygrometer. The experimental dew
point was taken to be the average of the dew point measured at the beginning
of the run and the value measured after the data had been collected (approx-
imately three hours later). The deviation between the average dew point and
beginning or final values are also given in table 5.1 as the uncertainty.

These dew points are expressed as relative humidities in table 5.2.
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{2

Measured Dew Points (°K)
) " Target Relative Hupidity Z
0 | s T "so |"eo 70 80 90 100
245.3:0.1)247.740.1[250.0:0.1}251.820.1f253.420.1] - - -
3{249.320.2(251.9+0.6| 254.820.1| 256, 7+0.1] 258.520.1259.520.
264.720.

10
255.4|233.621.3
260.9|237.521.4245. 7
266.5|262.910.3]249.5+0.2|254.120.2] 257.2:0.1] 259.450.1) 261 .220.2[ 263. 110.

266.210.
271.3:0.

1 3
2 1 1
272.1|246.720.4(253.9+0.1]258.320.1{261.7:0.1[263.620.5]266.25 - |267.5:0.2|269.420.2 2
277.6]250.620.3258.420.1|262.920.1| 266.2+0.1[268.8:0.1|270.920.1]272.520.1|275.520.1|276.020.1
283.2{254.620.2 : 277.9:0.1|279.9:0.1(281.520.2 -
260. ¢ 283.2:0.1[285.220.1]287.0:0.1

1 1 1

1 1 1

2 1 1

1 1

1
2{267.310.1[270.710.3[273.210.1]275.9:0.0
1[271.7¢ = |275.1:0.1[278.420.1{281.050.1
+0.1|276.240.0| 280.120.1[263.4+0.0| 286.220.1) 288. 720,
0.2|281.020.0[285.120.1|288. 520.1|291 .4+0.1]293.9+0.
1 1 1
1 1

Temperature (°K)

288.7]260.620.1
294.3262.820.1|270 292.4310.
299.8) 266.3:0.2

290.8:0.
296.1:0.
302.420.
306.8x0.

298.0+0.
303.4+0.
308.8:0.2 -

[305.4)270.8:0.0]279.820.

289.9:0.1|293.7:0.1]296.6+0.1]299.3:0.

285.710.
295.0+0.1]298.7:0.1]304.5+0.1]301. 520,

310.9]274.2+0.1{284.120.1|290.5:0.

Table 5.1 Experimental Dew Point Grid

Actual Relative Humidity Grid

Target Relative Humidity %

10 20 30 40 50 60 70 80 80 100

255.4 1 8.342,0 120.2x1.7{29.020.2 | 40.420.4 | 50.0+0.6 | 59.7+0.7 | 70.00.7 == == -
260.9 | 8.0+2.2 |19.8:0.8 |29.420.8 |38.1+2.3 | 50.3+0.6 } 59.720.6 | 70.720.4 | 78.422.5 - -=
266.5 | 9.920.6 |19.5:0.5 | 30.520.5 |39.0+0.5 [ 50.020.6 | 59.7:1.0 | 69.6+1.5 | 80,020.4 | 91.7:0.9 —

? 272.1{ 9.520.6 [19.7:0.1 | 29.520.4 | 40.40.4 | 47.9:2.4 | 60.0% - | 67,.6+1.0]79.2+1.3 | 92.9#1.7 —_
: 277.6 | 9,420.5 (20.0:0.3 | 30.220.3 |40.4:0.2 | 50.3:0.3 | 60.320.3 | 69.00.3 | 80.320.7 | 89.6:0.7 100
E 283.2 | 9.420.3 [19.520.4 | 30.5:0.2 |40.420.1 | 49.8:0.2 | 60.5£0.0 | 70.020.3 | 80.3:0.6 | 89.70.7 100
g 288.7 |11.5:0.1 [20.2:0.2 | 30,7+ - 39.8%0.2 | 50.2:0.4 | 60.20,2 | 69.70.3 | 79.3:0.3 | 89.320.6 -
nE: 294.3 {10.1£0.1 |19.920,2 | 30.3#0,0 | 39.920.3 | 49.820.1 | 60.020.2 | 70.220.5 | 80.0+0.3 | 89.310.3 100
© 299.8 | 9.720.3 {20.220,3 {30.520.0 {40.020.3 | 49.820.4 | 60.020.2 | 70.020.3 {1 §0.020.3 { 89.7:0.3 100
305.4 |10.620,0 | 20.420.1 | 30.320.1 [39.720.2 | 50.00.2 | 59.8+0.4 [ 70.220.2 | 79.620,3 | 89.1:0.6 100
310.9 [10.1#0.1 }20.0+0,1 | 30.2%0.1 }{40.00.1 | 50.0+0.2 | 58.8:0.2 | 70.0+0.2 | 79.820.3 | 89.2:0.9 100

Table 5.2 Experimental Relative Humidity Grid

A careful examination of the experimental data in Appendix A will
reveal a systematic difference between measured absorption and the
predictions of the equations in Sectiom 3.2. This difference is most
noticeable at 10% relative humidity and a temperature of 299.9 °K. This
difference is beyond the range of experimental scatter. On first exami-
nation, we felt the difference was possibly due to an error in humidity
so several of the rums were repeated. The second runs removed some dis-.
crepancies and confirmed others. For example, as discussed in the follow-
ing section on experimental error, a point by point comparison of the
data at 299.9°K and 10% RH taken on March 22, 1976, with that taken on
May 21, 1976, showed an average difference of 0.006 db. We conclude that the

difference between experiment and theory is real and that some improvement is
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required in the prediction procedure. The variation of this difference
with humidity leads us to conclude that the problem is in the oxygen

relaxation frequency. Figures 5.2 and 5.3 give predicted values of the

u
MEASURED VALUES PREDICTED
®  255.4°K FROM EQ. 3.1l
O  260.9°K
¥  266.5°K B R
v 277.6°K
A 283.2°K
[ ]
O  288.8%
O 294.3°K [ ]
. [
A 299.8°K =
z
® 305.4°K
= 5
| 3109°k z
=2
g
w
E
x
]
F
2
! — ix10® <
w
i [-4
1 l | | | | o
o 2 .

4
ABSOLUTE HUMIDITY (%)

Figure 5.2 Comparison of Experimentally Obtained Values of the Relaxation
Frequency of Oxygen in Air as a Function of Absolute Humidity
(h) with Predicted Values from Equation 3.11.

relaxation frequency of oxygen, fr,O’ using equation 3.11 and the values
determined in this study. In order to extract values of fr,O from the
experimentally measured absorption, the experimental points were first
corrected for tube effects to give the free field absorption. Then the
classical absorption and nitrogen vibrational relaxation absorption,
computed as described in Section 3.2, were subtracted from the free field

absorption leaving the absorption due to the vibrational relaxation of
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Figure 5.3 Comparison of Experimentally Obtained Values of the Relaxation
Frequency of Oxygen in Air as a Function of Absolute Humidity
(h). See figure 5.2 for symbols list.
oxygen. Finally, the oxygen relaxation absorption was computed using
equation 3.16 with several values of fr 0 above and below the value from
>
equation 3.11. The value of £ 0 which gave the smallest standard devia-

tion between predicted and mea;ared relaxation absorption was taken to be
the correct value for fr,O at that humidity. These values are given in
figure 5.2. It can readily be seen that at high values of the absolute
humidity, h, equation 3.11 predicts a relaxation frequency significantly
higher than that measured here. At lower humidities or temperatures where
there exist prior exberimental measurements, the agreement is quite good.
At high humidities and temperatures, the vibrational relaxation of oxygen
is shifted upward in frequency to where it is a small part of the total
absorption hence there is no noticeable difference between experiment

and theory as shown in the graphs of Appendix A. It was not possible in
the time allotted to modify the equations in Section 3.2 accordingly.

This modification will be made in the following months and the results
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published in the open literature. This difference will also be brought
to the attention fo the S1-57 Working Group so that modifications can
be incorporated in the proposed ANSI standard.

5.2 ERROR ANALYSIS

There are several potential sources of error in the experimental
measurements. These include an error in dew point, an error in frequency,
an error in pressure, an error in temperature, error in lengths, errors
due to gas impurities, and error in absorption measurement. Each of
these terms will be examined below, however, it will be shown that errors
in the measurement of these quantities is small compared to errors not
directly associated with these definable parameters.

Dew point: The dew point could be read with the dew point hygrometer
to within 0.06°K. The platinum resistance thermometer in the hygrometer
has a calibration traceable to the National Bureau of Standards and is
accurate to within +0.06°K. The dew point was measured before and after each
run. The deviation of the initial and final dew points from the average
provides the best measure of changes in dew point with time and hence error
in the dew point. In order to determine the effect the deviations listed
in Tables 5.1 and 5.2 would have on the measurements, the average relative
humidity was replaced by the maximum deviation from the average and the
predicted absorption, as shown in the tables of Appendix A, was recomputed.
The difference between the absorption predicted at the average relative
humidity and that predicted for the maximum deviation from the average
was taken to be the maximum error in absorption which might have resulted
from an error in dew point measurement. In all cases, this error was
less than 7 Z, a quantity which is smaller than the size of the data
points in Figure 5.1.

Frequency: The frequency was simultaneously measured with a GR 1192
Frequency Meter and an HP Digital Voltmeter. In all cases, the frequency
was within 0.2% of the target frequency as listed in the Tables in
Appendix A, A 0.2% error in frequency will lead to approximately 0.2%
error in absorption. This error was only encountered at the lowest fre-

quency (4 kHz) and was equally probable in either direction. Therefore,
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errors in frequency could give at most a 0.2% scatter in the data at
4 kHz., At 100 kHz, the error in frequency was completely negligible.

Pressure: The pressure was measured on a mercury manometer and
monitored with a Texas Instrument Company quartz-bourdon pressure gauge.
The pressure readings were good to a few tenths of a percent. However,
the pressure varied over the course of .measurements by about 0.5% due to
the variation in temperature of various parts of the gas handling system
and to the change in volume of the system when the speaker moving rod
was moved into and out of the sound tube. In some cases, when adding
water vapor the pressure occasionally was allowed to go above atmos-
pheric by about 4%. Even so, this variation could produce only a
few tenths of a percent change in the absorption.

Temperature: The temperature was monitored by nine thermocouples
equally spaced along the outside of the sound tube. A tenth thermo-
couple of the same type (Copper-Constantan) was placed in an insulated
Dewer along with a calibrated thermometer. The temperature at each
location was read each time the transducer separation was changed. The
reading on the thermocouple in the dewer was compared to the reading on
the standard thermometer and always found to be within .4°K. This
led us to conclude that the thermocouple accuracy was ¥ .4° K. The
temperature variation over the sound path was never greater than 1°K
and generally less than 0.25°K. Based on this, we conclude that the
error in temperature was less than 0.7°K with a corresponding error in
absorption of less than 0.77.

Distance: The measurement of the change in distance between the
speaker and microphone need be made only to an accuracy of a few milli-
meters in order for the distance measurement to introduce megligible
error in the absorption. This accuracy was easily obtainable with a
well calibrated meter stick. Error in the distance measurement, therefore,
contributed negligible error to the results.

Gas Purity: The gas purity was carefully controlled in all measure-

ments. The gas used for the measurements was Matheson ultra-high purity
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air. The listed composition is as follows: Nitrogen 78.0847, Oxygen
20.946%, Argon 0.934%. Carbon dioxide 0.033%, rare gases 0.003%. The
dew point is listed as 213.7°K maximum and the hydrocarbon level as less:
than 0.1 p.p.m. The system was pumped down to 6.67 N/m2 and leak
checked before introducing the test gas. The combined leak and out-
gassing rate was less than 1.33 N/m2 per minute. Near the end of -

the experiment a leak was discovered in the cold trap that allowed some
ethylene glycol (antifreeze) into the system. This material has a low
vapor pressure and should have a negligible effect upon the absorption.
Runs that might have been influenced by this material were repeated to
eliminate errors  .that might have resulted.

The Absorption Measurement: The accuracy of the absorption measure-

ment depended only upon the linearity and stability of the microphone
and associated electronics. This linearity was easily checked by
measuring the decay constant of the echo decay pattern with different
sound levels. (If the electronics were linear the decay constant

should be independent of sound amplitude.) No consistent variation from
linearity was observed in this check. The stability of the electronics
was checked periodically by repeating initial measurements at the end

of a run. These tests eliminated non-stability and non-linearity in

the electronics as a source of appreciable error in the results.

Generally the signal to noise ratio was so great as to eliminate
noise as a factor. Only at high humidities where the transducer output
decreased or at very small absorptions, where the decrease in amplitude
between reflections was very small, was there any problem in resolving
accurately the heights of the various peaks.

This discussion of error in definable parameters sets an upper limit
of error in the absorption at approximately 1%. This figure can be com-
pared with the difference between measured values. As explained in the
section on experimental procedure, measurements were first made on dry
air at each temperature and then later (sometimes as much as 5 months
later) abbreviated check runs were made on dry air each time fresh gas

was introduced into the system. A point by point comparison has been
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made between the check runs and the original runs in Appendix A.2. The
next to the bottom row in Table A.2.1 gives the average percentage dif-
ference in the measured values at each temperature, counting all differ-
ences as positive. This can be taken as a measure of the accuracy of an
individual measurement. The bottom row in this table gives the average
percentage difference, counting this difference negative when the second
value is larger than the first. The ﬁalues in this row, therefore, are
a measure of the consistent error that might result from long term changes
in calibration. We consider these two rows to be "worst case" values
since the absorption in dry air is small and the check runs were sometimes
made before temperature equilibrium was well established.

In making check runs one of the runs repeated was at 299.9°K and 10%
RH. The first was made on March 22 and the second on May 21. A point
by point comparison of these measurements is given in Table A.2.2 in the
appendix. These two runs were made on different gas samples, before and
after the discovery and correction of the ethylene glycol leak, and before
and after the measurements with the small tube. Even with these changes
and time lag, the examination of the data, point by point, shows an average
difference of approximately 1% in the total absorption measured at the in-
dividual frequencies. This difference in the two sets of data was too
small to plot on a 299.9°K/10% RH curve in Appendix A.1l.

Probably the largest source of error is not accounted for in the
above analysis and arises due to a departure of the sound from plane
wave propagation. As already mentioned, the response of the micro-
phone was very sensitive to changes in the shape of the wavefront and to
the angle the wavefront made with the large transducer surface. At the
highest frequencies, the wavelength was only a few millimeters long and
such changes produce interference effects across the sdrface of the trans-
ducer. In addition, at certain frequencies on occasions the echo pulses
were not square. An examination of the pulse showed an interfering wave
overlapping part of the pulse and extending into the region between pulses.
This phenomena was Interpreted as being due to transverse or higher order

vibrational modes within the tube, and sometimes could be associated with
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an air pocket between the mylar and the backing plate on either the
microphone or speaker. We can conclude that temperature gradients,
concentration gradients and alignment limitations probably are the pri-
mary source of experimental error. These effects produce disturbances
in the shape of the wavefront that cause changes in the microphone
response that far exceed that due simply to the variation in the sound
absorption. Such errors, however, should be random from run to run.
Errors attributed to these effects were sufficiently large to warrant
repeating part or all of only 12 out of 113 runs. The runs repeated for
this purpose were: (all written as °K/%Z RH) 266.5°/30%, 266.5°/50%,
272.0°/20%, 268.7°/10%, 268.7°/20%, 268.7°/30%, 283.2°/10%, 283.2°/20%,
283.2°/30%, 283.2°/40%, 294.3°/10%, and 305.4°/80%. The check runs
eliminated some obvious errors but reveal no change in the calibration of
the system or consistent error in the original data. The rest of the
tables and figures of Appendix A.l contain data with only minor editing

to remove obvious errors.

Tube Corrections: One of the most difficult problems in any experi-

mental effort to measure low frequency sound absorption is the correction
for secondary effects. The tube method used here was chosen because, hope-
fully, the only secondary effect that would have to be considered would be
the wall losses and these could be reliably treated theoretically. As dis-
cussed in the experimental section, over most of the frequency range this
proved to be the case. At the high frequency range (60 to 100 kHz) a small
empirical term was developed to bring the theoretical tube loss into agree-
ment with experimental results. In order to insure that the tube losses
were being correctly calculated by this method, a small tube was constructed
and used to measure absorption in argon, nitrogen and air. With this tube
no empirical term was necessary and the free space absorption measured with
this tube agreed with the high frequency values measured using the large
tube (see figures 4.9 and 4.10).

Of course, the accuracy of the free space absorption measurements is
dependent upon the accuracy with which the tube correction can be made.
The accuracy of this correction is especially critical at the smallest

values of absorption shown in the figures in Appendix A. At 4 kHz, for
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example, the tube absorption is approximately 0.15 db/m. As seen in the
figures,this is 50 times the free space absorption in dry air. Therefore,
any error in the tube correction or the measurement causes an error 50
times as great in the reported free space absorption. At higher humidities
and frequenciles this ratio is much more favorable and over most of the
range the tube and free space absorption are the same order of magnitude.
To obtain a check on the accuracy of the tube correction, we examined
the measurements in dry nitrogen since this gas closely approximates air
and in this gas the free space absorption is accurately known, being due
only to the classical effects of viscosity and thermal conductivity plus
a small contribution due to rotational relaxation. (In this frequency
and temperature interval vibrational relaxation absorption is negligible
in nitrogen.) The computer program for the numerical solution for the
tube absorption plus the empirical term was used to correct the absorption
measurements in nitrogen to free space conditions. The average difference
between these measured values corrected to free space conditions and the
theoretical free space absorption divided by the tube absorption was
taken as a measure of the percentage error in the tube correction. This
comparison between theoretical and measured values in nitrogen gives an
average error of 0.2% in the tube correction in the frequency interval

4 to 25 kHz and 0.6% in the frequency interval from 25 to 100 kHz.
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6 CALCULATION OF ATMOSPHERIC ABSORPTION FOR BANDS OF NOISE

6.1 ANALYSIS

6.1.1 Known Source Spectrum

The measurements and theory described in the previous sections

considered the absorption of a pure tone. In practical applicationmns,

it is more common to encounter a finite band of noise. Therefore, a

procedure is required which will allow the pure tone results to be

applied to propagation of bands. The band loss is defined as the

difference in decibels between an integral over frequency of the power

spectral density at the source and an integral over the same band at

the receiver.

where

and

Defining
< 3
B, = f W(E)T, (£)df watts/m
i 0 i
Bi = band power for the ith band
W(f) = acoustic power spectral density

Ti(f) = transmission function of the filter (0 to 1)

the band loss AL{

where
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ALy =

B, (R)

B, (0)

Hh
Il

acoustic frequency in Hz,

in db becomes

-10 log10 (Bi(R)/Bi(o)) db

band power for the ith band a distance R from
the source

band power for the ith band at the source.

(6.1)

(6.2)
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The sound pressure, P, at a distance R from a source with sound pressure
Po can be written as

p = p 1072R/20
o

newt/m2 (6.3)
where '

a = pure tone absorption coefficient in db/m

R = propagation distance in meters
and spreading losses have been ignored. Spreading losses can be added to
the final result without loss’of generality. Since the acoustié energy 1is
proportional to the squéré of the rms pressure amplitude, '

-aR/10

W(f,R) = W(£,0)10 joules/ms (6.4)

where W(£,0) = energy density at frequency f at the source, jouleé/m3,

so the band loss ALi becomes

ML, = -10 log,, [ W(£.0)T,(£)1072R/10
o

ag/ [ w(£,0)T,(£)Af, db. (6.5)
o

i

Due to the complex form of a(f), equation (6.5) can not be evaluated in
closed form even for simple functions W(f,0) and Ti(f)' In order to
evaluate ALi’ then, numerical integration is required. Therefore, evaluation
of band loss becomes merely the performance of this numerical integration
for the required conditionms.

It is informative to set up the numerical problem in a way that makes

the results easy to interpret. This can be done by writing W(f,0), Ti(f)’
~aR/10 ’
and 10 j

a constant to be determined. 1In this form, the integrals in equation (6.5)

in the form (£/f,)% where fj is a reference frequency and q is

can be divided up into small segments over which q is constant. This pro-
cedure allows one to identify the important properties .of AL 4.

While setting up this procedure, we will assume the band is a fraction

of an octave in width so that

faa/fy =t (6.6)
where ,
fi+1= center frequency of the i+l band, Hz
fi= center frequency of the ith band, Hz
and

r = frequency ratio between band centers.
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We will further divide the ith band into b segments by defining a set of

frequencies in the band

£ = fi[r'l/z][r(J‘l)/b] Hz (6.7)
where
fj = a geometrically spaced frequency in the ith band, Hz
fi = center frequency of the band, Hz
b = number of segments into which the band 1s divided.

This procedure is illustrated in figure 6.1.

Initial Spectrum Level
with Constant Slope

i

Attenuated
Spectrum Level
p=—with Constant Slope

A(f), Aflr for jth Segment

Absorption Loss

Relative Level, 4B

\

N

t,/ Vv f U O

Log (Frequenocy) —p.

Figure 6.1 Illustration of Segmentation of the ith Band for
Integration of Attenuated Spectrum Level

The band level Li of the ith band can be written as

-aR/10 40y db  (6.8)

ref’

L; = 10 log of W(£,0)T, (£)10

Ti(f) the filter response for the ith band
and

Wref = arbitrary reference power.

If we let Lio be the band level at the source, then
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L, = 10 log g Of W(E,Q)T, (D)AE/W__, db. | (6.9)

By comparison to equation (6.3),

AL

y = Li - L db. (6.10)

io’

Over a finite band, the source spectrum W(f,0) will generally vary. If
the variation takes the form of a sharp spike then narrow band analysis

is required. However, if the varigtion is smooth over a band, then a .
constant slope for the input spectrum will be a reasonable approximation.
In this case, the spectrum level Lk for any band with a center frequency
fk can be written in terms of the spectrum level Li of any other band with
center frequency fi as

= +
L =L, 10m log,, (fk/fi) db. (6.11)

The term m serves to characterize the slope of the source spectrum which
is assumed to be independent of frequency. If one writes the energy density

1
at any frequency, f, as W(E) = W(fi) (f/fi)m , joules/m3 (6.12)

then for a fractional octave band filter it can be shown that m' = m -~ 1.
For a fractional octave band filter, if m' = 0, then the source consists of
white noise and the spectrum level will increase for successive bands at
a rate of 10 db/decade since the filter increases in width as the center
frequency of the filter increases. If m = O, the fractional octave band spec-
trum level will remain constant (pink noise) but the energy density must de-
crease with increasing frequency. (For a fixed bandwidth filter, m' = m.)
We are concerned here with fractional octave band filters where m' = m - 1.

If one plots spectrum level versus log f, 10m is the slope of the
line, i.e., when f/fi varies by 10, Lk
input spectrum level, then, is 10m db/decade. Over a single bandwidth the

changes by 10m. The slope of the

slope is given by

SB = 10m log(r) = 10(m' + 1)log(r) db/(band)_l. (6.13)
It is generally more meaningful to specify SB’ the input spectrum slope/

band and then compute an effective value of m over the bandwidth using
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equation_(6.13)...._sB for the ith band can be found from the source spectrum
level by taking the difference between the level for the i + 1 band and
the 1 - 1 band and dividing by two. "

. So far we have considered only the change in the source level with
frequency. Next consider the change in absorption e¢oefficient a with
frequency. . Following the suggestion of L. C. Sutherland, we will represent

the absorption by a function which varies linearly with log £, i.e.,

1072(DR/10 aE) (£/£)7 (6.14)
where
A(fj) = 10-'51(fj)R/lo = atmospheric transmission at fj
§ = the lower frequency of some band segment
n = a constant to be determined.

Taking the 1og10 of both sides,

-a(f)R = -10n loglo(f/fj) - a(fj)R db (6.15)
or

n = [a(f)R - a(fj)R]/(lO log10 (f/fj))' (6.16)

If the band is divided into b constant percentage segments, from
equation (6.7).

= 1/
fj+1 = fjr Hz. (6.17)
Using equation (6.16) for the jth segment of the band,
[a(f, ) - a(f)IR
n = —tL 1 : (6.18)

(10/b) loglo (r)

As was done for the slope of the input spectrum, it is useful to define

a slope of the attenuation curve, SA’ as

S, = 10n 1og10(r), db/octave. (6.19)
However, in this case, SA is not a constant over the width of the band.

SA is a measure of how rapidly the air absorption is changing over the

total propagation path.
The only term remaining in equation (6.5) which must be considered

before evaluating ALi is Ti(f). There are two cases which will be con-
sidered in detail here:
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Case #1 - Perfect 1/3 octave band filter

/6

T, = 0 for f < fi/(2)1 or £ > fi(2)l

/6 (6.20)
T, = 1 otherwise
1 +.0 -.05
If we had chosen to define the bandpass as f > fi(10) ‘"7 to £ < fi(IO)W' ’

the result over a single band would differ from those based on equation

5

(6.20) by approximately .04 percent.
Case #2 -~ ANSI Class III 1/3 octave band filter (minimum limits)
T, =1 for 9 fi/10 s £<10£,/9

T, = (8/13 + 2500(£/f. - £./6))™Y for £./5 < £ < 9 £,/10
i 1~ % 1 1 6.21)
and 10 £,/9 < £ <5 £, .
. -7.5
Ti = 10 for f < fi/5 or f >5 fi'

Most real analog filters closely approximate Case #2, an ANSI Class IIl
filter, while digital filters come closer to Case #l. We will again find it

convenient to write the filter response in terms of the ratio f/fj, i.e.

T (6) = (£/£)T(s,), (6.22)
where
Tj(f) = the filter function at some frequency f in the jth segment
fj = lower frequency for the jth segment
T(fj) = filter function at fj
k = constant to be determined.

Using the same procedure as before, k is the filter roll off per decade

[T(E,, )/T(£)]
1
k = loglO I+l o db/decade (6.23)
10
( /b)loglor
and
SF = ~10k log 10°F db/band (6.24)
gives the filter roll off per band. One must be careful with the signs

here since the sign on both k and S_ will change at fi' Below £ k is

F i’
always negative (or zero) and above fi’ it is always positive (or zero).

Using equations (6.1), (6.4), (6.12), (6.14) and (6.22), the attenuated
band power over the jth segment is

"-n+k

f, .
f i+l W(fj,O) (£/£)" Ydf, watts/m3 (6.25)

3

Bj(R) = A(fj)T(f

h| 3

£
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and the source band power level for the same segment is

£
BjCO) = ff I+ W(f R ) (f/fj)m'+kT(fj)df (6.26)
J
where
W(fj,O) = source energy density at fj= W(’fi)[r—l/2 r(j_l)/b]m'
m' = slope parameter of input spectrum (equations (6.12), (6.13))
n = slope parameter of attenuation curve (equation (6.18))
k = slope parameter of filter function (equation (6.23))
A(fj) = atmuspheric transmission function at fj (equation (6.14))
and

T(fj) = filter transmission function at fj (equations (6.20) or (6.21)).

Evaluating the integrals in equations (6.25) and (6.26),

Bj(R) = A(fj)T(fj)W(fj,O)(m—n+k)_l(r(m'_n+k)/b—l)fj watts/m3 for mntk # O
or (6.27a)
B.(R) = A(£,)T(£f IYW(£f,,0)f.(In r)/b for m-nt+k = 0

] J N J J

and (6.27b)
B,(0) = T(fj)W(fJ.,o)(ur+1<)’1<r(“‘J’k)/b—l)fj watts/m> for (mk) # 0
or (6.28a)
B.(0) = T(fW(£,,0)f, (An £)/b for m=k = 0

J ] J J
where (6.28b)

m=m' + 1 = one tenth of the slope of the input spectrum level/decade as
defined by equation (6.11). The band loss ALi from equation (6.5) can now

be written as

b b
AL, = -10 log [ } B.(r)/ } B.(0)], db (6.29)
1 4=1 3 j=14

Evaluation of (6.29) using (6.27) and (6.28) constitute the numerical

integration of (6.5) for this case. It should be noted at this point that
for the ANSI Class III 1/3 octave band filter, the sums in equation (6.29)
must include contributions outside the normal band limits since T(f) does

not sharply terminate the integral (equation (6.5)) at fi//; and fi/; .
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6.1.2 Known Received Spectrum

Up to this point, we have considered the band loss in terms of the
source spectrum. In practice, however, it is often necessary to record the
spectrum at some distance from the source and then reconstruct the
source spectrum. In this case, the slope of the source spectrum, m, is
not known before correcting for atmospheric losses. However, the theory
can still be applied by writing all the equations in terms of the received
spectrum slope. Let W(f,R) be the received energy demnsity. If the re-

ceived spectrum has a constant slope over the ith band, we can write
. . '
W(E,R) = W(E,,R)(£/£) (6.30)

where, as before for the m's,

W(f,R) = energy density at distance R from the source at frequency f,
joules/m3
fi = center frequency of the band, Hz,
and 10 q' = slope of energy density change/decade.
If we write the slope of the received level per bandwidth as SB' then
s,' = 10q log(r) = 10(q'+ 1) log)or  db/bandwidth (6.31)
where

10q = slope of received spectrum level in db/decade.

The band loss can now be written as

FaR/10 ey 4 (6.32)

AL, = -10 1og10[of W(E,R)T, (£)df / Of W(£,R)T, (£)10
since

-aR/10

W(f,R) = W(0,£f)10 from equation (6.4)

Using this procedure, equation (6.27) becomes

B, (R) = T(£)W(E,R) (q + k)“l(r(q+k)/b-1)fj for q + k # 0 (6.33a)
or
Bj(R) = T(fj)W(fj,R)fj(ln r)/b for q + k=0 (6.33b)

and equation 5.28 becomes

T(f.)

B, (0) = — i W(ER) (q+n+ k)_l(r(q+n+k)/b—l)fj for q+n+k #£0
AlEy) (6.34a)
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or

T(£,)
B, (0) = —J— W(E,,R)E. (1n 1) /b forq+n+k=0 (6.34b)
| 3 h|
A(f))
J
In this case, ALi’ the band loss in db can still be found from equation
(6.29)

£.1.3 Correcting to Standard Conditions

So far, we have derived expressions for computing the band attenuation
when the source spectrum is known thus allowing the received spectrum to
be computed; and we have done the same for a known received spectrum which
would allow one to correct back to the source. There is a third case
frequently encountered. That is, the received spectrum is measured at
some temperature (T) and relative humidity (RH) and we wish to know what
spectrum would have been measured on a day with a standard temperature
(Tref) and relative humidity (RHref)' This can be done be combining
equations (6.5) and (6.32),

§ = -10 log [ [ W(E,R)T, (D)ag/ [~ W(f,R)Ti(f)10+a(T’RH)R/10df]
(6.35)
+10 log, o[ [ w(f,0)T1<f)1o‘a(Tref’RHref)R/lodf/of°° W(E,0)T, (£)df]
where
§ = number of db to be added to measured spectrum to obtain
the spectrum one would have measured for the same band
on a reference day
a(T,RH) = pure tone absorption coefficient in db/m at temperature,
T, and relative humidity, RH
a(Tref,RHref) = pure tone absorption coefficient in db/m at the reference

temperature, Tref’ and humidity, RHref
and all other terms have been defined.
Equation 6.35 can be simplified by recognizing that

W(£,0) = w(f’R)10+a(T,RH)R/10’

to give

56



o[a(T,RH)-a(Tref,RH)]R/lO df

(6.36)

Equation (6.36) is equivalent to first correcting the received spectrum

§ = -10 1og10[0f°° W(f,R)Ti(f)df/oj°° W(E,R)T, (£)1

back to the source to get the source spectrum and then computing the loss
the source spectrum would have encountered traveling back the same path-on
a standard day. Actually, for the computations reported here, the programs
for evaluating equations (6.5) and (6.33) were merged rather than writing a

new program to evaluate equation (6.36).

6.2 NuMERICAL INTEGRATION

The results discussed in the following sections were computed using
the numerical integrations of equations (6.5) and (6.32), represented by
the values of the Bj's given in equations (6.27) and (6.28), and (6.33)
and (6.44) respectively. The programs used for the various calculations are
included in Appendix B. In all cases, the programs are set up to generate
tables for various spectrum (received or source) slopes, atmospheric
conditions, and filter types. The function, a(f), is in all cases com-
puted from equation (3.15). The only approximation made was to represent
the source spectrum with a constant slope. With this assumption the
accuracy of the numerical integration is limited only by the integration
step size, b, (B in the programs). A typical value of b was 10 which
gave results accurate to within *.5 db. On a DEC System 1077 each loss

coefficient required a computation time of about one second.

6,3 SIMPLIFIED TECHNIQUE FOR ESTIMATING BAND Loss

It is often useful to make a rapid assessment of whether, for the
experiment of concern, the difference between the readily computed pure
tone absorption coefficient and the more difficult to compute band loss
coefficient is significant. A guide for such decisions can be found in
the following graphs. 1In figure 6.2 the difference between band loss
and pure tone absorption coefficients as a function of frequency is shown
for various propagation distances assuming a perfect one-third octave
band filter and a flat 1/3 octave band received spectrum, (SB' = 0).
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Figure 6.2 Difference Between Band and Pure Tone Loss Coefficients in db as a Function of Propagation
Distance, R, for a Range of Atmospheric Conditions (0-100% RH, 263-313°K) and Frequencies.
A Flat 1/3 Octave Band Received Spectrum and a Perfect Filter Were Assumed,



The hatched areas represent upper and lower bounds corresponding to dif-
ferent atmospheric conditioms.

The effect of the source slope is shown in figure 6.3 for a propagation
distance of 20 meters and the same range of atmospheric conditions (0-100%
RH, 263-313°K). It can be seen that the shape of the received spectrum
slope does not radically change the frequency at which the band loss
correction becomes significant but does change the magnitude (and sign) of
the correction. A similar family of curves would be applicable to different
propagation distances.

Figure 6.4 illustrates the differences one might expect when using different
types of filters.

BAND LOSS - PURE TONE LOSS (db)

4K 10k 00k
FREQUENCY (Hz)

Figure 6.3 Difference Between Band and Pure Tone Loss Coefficients
in db for Several Received Spectrum Slopes and Atmospheric
Conditions. A Propagation Distance of 20 meters and a
Perfect Filter Were Assumed.
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Again, it can be seen that the band loss correction factor still becomes-
important at about the same frequency, however, it should be noted that
for the ANSI Class III One Third Octave Band Filter, the correction is
much more dependent on the slope of the received spectrum. ‘

If figures 6.2 through 6.4 illustrate that for a large range of
conditions the band correction is large enough to be of interest, one
of the techniques described in the following sections may be used to

compute the band loss coefficient.

PERFECT /

4
( ANS!

BAND LOSS -PURE TONE LOSS (db)

10k 100k
FREQUENCY (Hz)

Figure 6.4 Difference Between Band and Pure Tone Loss Coefficients
for Different Types of Filters and a Range of Atmospheric
Conditions and Frequencies. A Propagation Distance of
20 meters and a Flat Received Spectrum Have Been Assumed.
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6.4 Use oF TaBLES To DETERMINE BAND Loss

The numerical integration described in section 6.2 is the most
accurate way to determine the atmospheric absorption for a band of
noise. When it is not feasible to resort to numerical integration, one
of two techniques can be employed; use of tables or use of correction
graphs. The band loss will be a function of relative humidity, tempera-
ture and frequency since the pure tone absorption coefficient depends on
these parameters. In addition, the band loss will vary non-linearly with
propagation distance since the slope of the alr attenuation curve, SA’
varies with distance, and the band loss will depend on other parameters;
slope of the input spectrum, slope of filter response, and bandwidth of
the filter. In all, the band loss is a function of seven variables,
therefore, a set of tables to span all possible ranges of the various
variables is not practical.

Even though a complete set of tables is not practical, it is not
difficult to devise a set which will allow one to cover the range of
variables most frequently encountered in the field. A reasonable set of
variables for high frequency noise propagation would be

Temperature = 261 to 311°K in 10°K intervals

Relative Humidity = 0, 50, and 1007

SB = 0,*+2, *4 db/band = slope of source spectrum

SB' = 0, *2, ~4, -6 db/band = slope of received spectrum

Frequency = 4 kHz to 100 kHz in 1/3 octave bands

Propagation Distance = 5, 10, 20, 50, 100, 200, 400, 720 meters.

In order to increase the accuracy of interpolating between tables only
A, a correction factor to be added to the total absorption for a pure tone
at band center, is given. One can then obtain the band loss from the equation

Ali =aR + A db (6.37)
where

a 1s the pure tone absorption coefficient at the center frequency

of the band (see Section 3) in db/m,

R is the propagation distance in meters,

and, A is the correction from the tables in db.

Programs to generate such tables for a Perfect 1/3 Octave Band Filter and
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an ANSI Class III 1/3 Octave Band Filter, defined in equation 6.21, are
included in Appendix B. The program gives the pure tone absorption coef-
ficient, a,in db per meter, and values of the correction factor, A, for
distances mentioned above. Using a set of tables with the grid as above,
one should be able to determine A to one significant figure and ALB to
two significant figures. Tables can also be generated which will give
correction factors for a standard day. A program to generate tables of
this type is included in Appendix B with abbreviated tables again given
in Appendix C.

For application where a different type of filter is to be used, it

is recommended that the programs be modified accordingly and a new set

of tables be generated.

6.5 UsSe oF GRAPHS TO DETERMINE BAND Loss

6.5.1 Known Source Spectrum

When only an estimate of A is required or when one is only interested
in determining how A varies with the several parameters of concern, graphs
of A can be useful. It is most convenient to prepare such graphs with S

A
and SB as variables where we will use

SB = input spectrum roll off in db/band (positive means the
level increases with increasing frequency) = (Li+l - Li_l)/2
SA = slope of air attenuation curve = [a(fi+l) - a(fi—l)]R/2
where
Li+l = band level of the next higher frequency band
-1 " band level of the next lower frequency band
a(fi+1) = pure tone absorption coefficient at the center frequency
of the next higher band in db/m
a(fi—l) = pure tone absorption coefficient at the center frequency of
the next lower band in db/m
and R = propagation distance in meters.
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In order to find A from one of the fol%owing graphs, determine SB from
the known source spectrum (or SB' from the recorded spectrum), compute
5, as described above and then using these as the ordinate and abscissa,
locate the point (SB, SA) on the correction graphs. Next determine which
constant A curve this point is closest to. This value of A can then be
used to compute the band loss from equation 6.37. Interpolation between
constant A curves is possible subject to the limitations discussed below.

Graphs as a correction tool are limited by the determination of SA'
For example, for two different distances say R1 and R2, the slope of the
attenuation curve over the band at 4 kHz times Rl might equal the slope
of the attenuation curve over the band at 40 kHz times R2, yet A could be
quite different due to the way in which SA varies within the band. 1In
"order to examine this effect in detail, a series of correction curves
has been developed spanning the range of variables described in the
section on tables.

Figure 6.5 was prepared using correction factors computed at 50 m
(293°K, O%RH), 100 m (293°K, O%RH), and 200 m (293°K, OZRH). Each calcu-
lation at a given distance gives a value of A for a particular (SB, SA)
combination. The three separate calculations gave A within f.2db of each
other. 1In figure 6.6 the values of A were computed at distances of 50 m
to 400 m at 293°K and 100% relative humidity. A comparison of the two
graphs indicates that for a given (SA, SB) combination, A does not differ
more than 1 db over the total propagation path for the conditions consi-
dered here. An error of 1 db was only noted for extreme values of SA
(=20 db/ 1/3 octave). For values of 5, more common for say a 20 meter
propagation path (=5 db/1/3 octave) the correction factor A does not
vary by more than 0.2 db. One should be careful when applying these
results for propagation distances greater than 1000 m. But the small
variation in A noted for the large change in relative humidity indicates
that use of these curves over the temperature range covered by the grid

of the previous section should provide A within 0.5 db of the correct

value.
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Figure 6.5 Curves of Constant Band Correction Factor (A in db) in
Terms of the Slope of the Source Spectrum and Atmospheric
Attenuation Curve for an ANSI Class III 1/3 Octave Band
Filter at 293°K and 07 Relative Humidity.
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Figure 6.6 Curves of Constant Band Correction Factor (A in db) in
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Attenuation Curve for an ANSI Class III 1/3 Octave Band
Filter at 293°K and 100% Relative Humidity.
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It should be noted that for Sg < -4 db/bandwidth and Sy > 20 db/band-
width, the sum In equation (6.29) in many cases does not converge. For

large negative values of S_ and large values of SA’ the energy entering the

B
filter increases more rapidly with decreasing frequency than the filter trans-
missission decreases. Meaningful results can only be obtained by using nar-
rower band analysis. We can write the condition for convergence mathematically

as

SF > SA - SB

where SF is the roll off of the filter near the band edge per bandwidth.
In figure 6.7 a correction curve for a perfect 1/3 octave band filter

is given. The same errors in A are encountered but, since the A's
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Figure 6.7 Curves of Constant Correction Factor (A in db) for a
Perfect One Third Octave Band Filter in Terms of Source
Spectrum Slope (SB).

are always smaller for the perfect filter than for the real filter, the
error in computing AL using the correction chart is less than 10% for the
conditions considered here. There is no problem of convergence with the

perfect filter since SF = o, 65



6.5.2 Known Received Spectrum

If a received spectrum is to be corrected for absorption by the
atmosphere, figures 6.8 and 6.9 can be used for ANSI Class III and
perfect 1/3 octave band filters respectively. The source spectrum can
bé fouﬁd from the receilved spectrum using the equation

Source Band Level = Received Band Level + (a(f)°R + A) db
where

a(f) is the pure tone absorption coefficient/meter at the center

frequency of the band
R is the propagation distance in meters
and A is the correction factor in db from figure 6.8 or 6.9,
It should be noted that the source spectrum found in this way is the
spectrum that would be measured using the same filter if atmospheric

absorption was absent.

SLOPE OF RECEIVED SPECTRUM LEVEL (Sg)
db/(/3 Octave Band)

| ] | 1
5 0 15 20 25
SLOPE OF ATMOSPHERIC ATTENUATION CURVE (Sp)dbAi/3 Octeve Band)

Figure 6,8 Curves of Constant Correction(A in db) for an
ANSTI Class III One Third Octave Band Filter in Terms

of the Received Spectrum Slope, SB'
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6.5.3 Example

As an example of the graphical correction procedure, assume a

source spectrum as described in figure 6.10.

Further assume that
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Figure 6.10 Example Source and Received Spectrum Levels.
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a microphone is placed 20 meters from the source, the temperature is
293°K, the relative humidity is 50% and the received signal is passéd
through an ANSI Class III 1/3 Octave Band Filter with transmission
characteristics described by equation (6.21). First we will calculate

the received spectrum. The appropriate values of SB’ read from figure
6.10, the pure tone attenuation coefficient for band center frequency, and

the SA computed from the pure tone absorption are summarized in table 6.1.

Center Source SB iggznzggion SA o M‘i Received Band
Frequency Band Level (db/(1/3) octave) Coef;R(db) _(db/(1/3) octave) (db) (db) Level (db)
4 40 .564
5 37 -3 .832 .35 -.0 -8 36.2
6.3 34 =3 1.26 .56 -.1 1.2 32.8
8 31 -3 1.96 .85 -.12 1.8 29.2
10 28 -3 2.96 1.24 -.18 2.8 25.2
12.5 25 -3 4. 44 1.96 -.28 4.2 20.8
16 22 -3 6.88 2.79 -.4 6.5 15.5
20 19 -3 10.01 3.65 -.55 9.5 9.5
25 16 +.5 14.18 4.84 B 13.8 2.2
31.5 20 +4 19.68 6.19 -.1 19.6 . N
40 24 +4 26.55 7.16 -.2 26.4 -2.4
50 28 +4 34.00 8.20 -.4 33.6 =5.6
63 32 +4 42.94 10.15 -.7 42.2 -10.2
80 36 + 54.30 12.70 1.2 53.1 -17.1
100 40 68.33

Table 6.1 Band Loss Coefficient Example Calculation for Source
to Receiver Path.
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The values of A were taken from figure 6.6 since an ANSI Class III
1/3 Octave Band Filter was assumed and the source spectrum slope is known.
The band levels one would measure are given as the Corrected Band Level
column of table 6.1 where the corrected band level equals the initial
band level minus ALi'

In order to check internal consistency and demonstrate further use
of the tables, let us now assume we have measured the corrected band level
given in the final column of table 6.1 and shown as the received spectrum
in figure 6.10. Further assume that we wish to correct the spectrum back to
the source using the same atmospheric conditions and filter characteristics.
Actually, we could assume any conditions, 1.e., a standard day, but such
an assumption would not allow us to check internal consistency. The
received band levels along with the slope of the received spectrum are

given in table 6.2 along with the values of S, and pure tone absorption

used previously. Values of A, the correctionAfactor, are now taken from
figure 6.8 since the slope of the received spectrum is known. The final
column in table 6.2 gives the source level predicted using this pro-
cedure. Note that in each case, the reconstructed level equals the level
we started with. Hence, the procedure is internally consistent. 1In some

cases, error could be introduced by reading the graph twice.

Pure Tone
Center st Attenuation s a aL Source
Frequency Received Band B Coef. (db) i Band Level
(kHz) Level (db) (db/(1/3) octave) aR (db/(1/3) octave) (db) (db) (db)

5 36.2 .832

6.3 32.8 -3.5 1.26 .56 -.2 1.06 34
8 29.2 -3.8 1.96 .85 -.2 1.8 31
10 25.2 -4.2 2.96 1.24 -.3 2.7 28
12.5 20.8 -5.8 4. bk 1.96 -.4 4.0 25
16 15,5 -5.6 6.88 2.79 -.7 6.2 22
20 9.5 ~6.6 10.01 3.65 -.8 9.2 19
25 2.2 ~4.6 14.18 4.84 -.6 13.6 16
I1.5 V4 ~2.3 19.68 6.19 -.2 19.6 20
40 ~2.4 -3.0 26.55 7.16 -.3 26.3 24
50 -5.6 -3.9 34,00 8,20 -.5 33.5 28
63 -10.2 -5.8 42.94 10.15 -.8 42.1 32

80 -17.1 54.30

Table 6.2 Band Loss Coefficient Example Calculation for Receiver
To Source Path ' '
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7/ PREDICTION PROCEDURE

7.1 RecoMMENDED PREDICTION PROCEDURE

Although the equation for the relaxation frequency of oxygen, equation
3.11, varies from values deduced from this work at high humidity values,
the prediction procedure described in Section 3.3 for pure tones agrees
well with experimental results over a wide range of temperatures and
humidities. Since this prediction procedure does agree well with exper-
iment, and since it differs from the predictions of ARP-866A by as much
as a factor of two, we conclude that the prediction procedure for pure
tones described in Section 3.3, more specifically equations 3.15 to 3.19,
provide the best method of calculating pure tone absorption coefficients
available at this time. Further, since the proposed ANSI S1-57 standard
for sound absorption in still air when released will reflect an improve-
ment on the procedure of Section 3.3 as a result of this work, it will
at that time provide a highly accurate prediction procedure. Until such
time as that document is available, for pure tone calculations, we recom—
mend the use of equations 3.15 through 3.19.

It is more difficult to make specific recommendations concerning
band loss coefficients due to the large variation in accuracy and complex-
ity involved with the various procedures outlined in Chapter 6. The
first step in any application should be to consult Section 6.3 to determine
if the difference between the pure tone absorption coefficient and the

band loss ceoefficient (A) is significant for the particular application

of concern. 1f not, the equations for pure tone absorption in Section 3.2
(eq. 3.15 to 3.19) can be used with the frequency equal to the center
frequency of the band under comsideration. If the correction (A) is found to
be significant, one must choose the graphical correction procedure, prepar-
ation of tables, or direct numerical integration. If only a few data points
are to be corrected for atmospheric losses, the graphical procedure is
preferred (figure 6.6 or 6.7 if the source spectrum shape is known, figure

6.8 or 6.9 if the received spectrum shape is known). If the data are to be
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corrected by hand and the conditions at which the data are taken are
standard, a set of tables should be generated using one of the programs
in Appendix B, modified to reflect the propagation distances encountered
in the particular experiment of concern and atmospheric conditions most
common. If the data is to be corrected in a computer, direct numerical
integration using programs in Appendix B and the exact experimental
conditions will provide the most accurate results.

Correcting data to standard conditions is a more difficult task to
perform manually since two steps are required. When only one spectrum is
to be corrected, the received spectrum can be corrected back to the
source using the graphical technique of Section 6.4.1 and then corrected
back to the receiver assuming reference conditions when computing the
pure tone absorption coefficient (a) using the results of Section 6.4.2.
Again, when the experimental conditions are standard, tables can be
generated using the programs in Appendix B designed for this pufpose.
Or, if computer manipulation of the data is standard, the program can
be used to correct individual data points to standard conditions.

Correcting for atmospheric conditions when the atmosphere along the
source to the receiver path is not uniform presents special problems not
addressed here. In addition to the fact that the pure tone absorption
coefficient, a, is not constant along the path, one must also consider
refraction of the sound and turbulance. When the latter two effects are
small, the absorption of a pure tone along the path is a simple integral.
For bands of noise, when the graphs in Section 6.3 indicate the band
correction is not insignificant, the resultant integral becomes more

complex and will require additional study.
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7.2 CompARISON wITH ARP-866A

A definitive comparison of ARP-866A predicted absorption values with
those of this work is complicated by the different ways in which the results
are presented. The absorption predicted by ARP-866A is sai& to be applicable
to bands of noise, yet:

(1) the absorption along a path is found by multiplying the absorp-
tion/unit length by the total propagation distance, a procedure known
to be analytically inexact

(2) the absorption is independent'of the spectrum shape in contrast
to the strong dependence known to exist and demonstrated for some cases

(3) the predicted absorption does not depend on filter shape
(only on whether the filter is a 1/3 octave band or a full octave band
filter).

In order to compare the two prediction procedures, therefore, it
is necessary to choose some common point for comparison. We arbi-
trarily chose the propagation distance to be 10 meters, the received
sbectrum roll off to be 0 db/ 1/3 octave, and the filter to be an ANSI
Class III One Third Octave Band Filter. In figures 6.11 and 6.12 the
predictions of this study using the graphical correction procedure are
compared to ARP-866A for four representative humidities and temperatures.

It should be noted that the curve attributed to ARP-866A above 10 kHz is
an extrapolation based on the procedure outlined in ARP-866A, but it is
beyond the limits for which that document is applicable.

There are several features of these figures which should be noted.
First, for the cases considered, the difference between ARP-866A and the
procedure recommended in this report in some cases differ by a factor as high
as two. This difference is generally largest at high frequencies and is
aggravated by the ARP-866A process of computing band loss by using the
lowest frequency in the band. However, it is apparent that this is not
the only problem with the predictions of ARP-866A as can be seen in fig-~
ure 6.11(b).
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Figure 6.11 Comparison of the Prediction Band on This Study With Those
of ARP~866A Assuming a Propagation Distance of 10 Meters,
and an ANSI Class III One Third Octave Band Filter. Solid
line represents the predictions based on the work presented
here; the dashed line is the prediction of ARP-866A. The part
of the curve below x 10 has been displaced upward one decade.

A complete comparison would require consideration of different
spectrum shapes, propagation distances, filter shapes, etc., but con-
sidering the rather crude computational technique employed in ARP-866A
and the poor agreement with these new results, extensive comparison
with ARP-866A did not seem worth while within this program. Information
available from this report could be used for comparison purposes with

ARP-866A outputs on the basis of pure tone attenuation.
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Figure 6.12 Comparison of the Prediction Band on This Study With Those
of ARP-866A Assuming a Propagation Distance of 10 Meters
and an ANST Class III One Third Octave Band Filter. Solid
line represents the predictions based on the work presented
here; the dashed line is the prediction of ARP-866A
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8 CONCLUDING REMARKS

The experimental work reported here along with prior work at lower
frequencies provide overwhelming evidence in support of the prediction
technique proposed by Sutherland, Piercy, Bass, Marsh, and Evans for
abéorption of sound in still air; at least so far as pure tone absorption
is concerned. At frequencies well above the relaxation frequency of
nitrogen the prpposed technique should provide reliable results at
frequencies up to 1 MHz at higher and lower teﬁperatures. Additional
work on the equation for the oxygen vibrational relaxation frequerncy
at high humidities is needed but this small modification will only
slightly improve the excellent agreement between predicted and measured
pure tone absorption.

Attenuation of bands of noise is more complex. However, for many
cases of interest, the difference between band attenuation and the pure
tone absorption coefficient at the center of the band is insignificant.
Experimentally, the effect of a finite band width can be reduced by using
narrow band analysis, a procedure which is now feasible using digital filters.
Extrapolation of ARP-866A to frequencies above its stated limit (10 kHz)
can provide only qualitative results. A more precise determination of
the band loss requires a knowledge of filter characteristics, spectrum
shape and propagation distances.

Based on prior work at different atmospheric conditions and lower
frequencies, the physical mechanisms for sound absorption are well understood.
The work presented here is the first comprehensive experimental documentation
of these mechanisms in the frequency range 4 kHz to 100 kHz and the only
quantitative verification of calculations of sound absorption in this
frequency range. Based on the quantity and quality of the data presented
here and the agreement with theoretical predictions, we conclude that the
absorption of sound in the frequency range 4 kHz to 100 kHz, temperature
range 255.4°K (0°F) to 310.9°K (100°F), and any value of relative humidity

is sufficiently understood and documented.
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APPENDIX A EXPERIMENTAL AND CALCULATED ABSORPTION

A.1 Fi1cures AND TABLES FOR PurRe ToNE ABSORPTION.

" The following figures present the experimental results of this
study after correcting for tube losses. The experimental values of free

field absorption are given by solid points on the graphs. Theoretical

predictions based on the theory of Section 3.2 are given by the solid line.

At low humidities, the absorption values spanned four decades. 1In order
to get all the data on a single graph with reasonable dimensions, it was
necessary to shift the points and line upward one decade at frequencies

below 10 kHz. 1In these cases the shifted line is labeled x10 indicating

the absorption values shown have been multiplied by 10.

76



TENPERATURE ®255,4 K

PRRQUENCY
(KRE)
100,0

98,0
90,0
08,0
90,0
78,0
71,0
.7.0
63,0
59,0

ABSORPTION OF SOUND IN AIR

NEASURED ABS
(DB/M)
2.,0063
1,5240
143198
1,2107
1,0311
0,9538
0,0194
0,6449
0,650%
0,5811
0.4779
0,4662
0.,3909
0,3633
0,3366
0,1972
0,2472
0,2647
0,2117
0,2197
0.,1447
0,1531
0,1122
0,122)
0,0800
0,1037
0,0679
0,0702
0,0577
0,0878
0,0498
0,0463

RELATIVE HUMIDIY, 0,0 &

PREDICTED
. . (DB/M)
1.4927
1.34712
1.209:
1.0787
0.5556
0.8399
0.7528
0.6704
0.5928
0.5200
0. 4685
0.4197
0.3736
0. 3444
0.3028
0.2639
002353
0.2104
0.1876
0.1671
0.1487
0.1322
0.1176
0.1054
0.0939
0.C86E
0.0728
0.0664
0.06C3
0.0545
0.0490
0.0437
0.0388
040342
0. £259
0.C155
0.0102
0.CC43
0.0030

255,49 (0°F)
0% ReLaTIvE HuMmIDITY

1 111

1.0

FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



8L

TEMPERATURE =2%55.,4 K

FRFEQUENCY
(KHZ)
100,0

9510
90,0
R5,0
ROGD
75.0
11,0
67,0
f3,0
59,0
5640
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35.4
33,4
31,5
29.7
28,0
7“.‘)
2h.0
24,0

ARSORPTTUN OF SOUND IN ALR

MEASURED ABS
(DR/¥)
2,2819
1.6049
1,4575 -
1.2870
1,177
1,0304
06,9752
0,8520
048210
0,6976
0,5943
N.5106
0,4718
N,ape9
n,3R97
N,3/14
0,3473
042704
01,2456
04,2007
Ne1520
0.1728
Na1404
Ne1135
n,0941
NgNHH33
1,022
Nn,0776
N, o7ty
n,N44y
1,nN52G
NeN497
N,Nats
n,0391
nyni3v
n,N374
6.031%
(1,023¢9
0,N215
N,0217
n,n223
naujpdi
nNgn1hy
DgN1RQ
n,n121
u, 1129
NgDi1xn
H,010n
0,00Kp
W OChA
HaNdkE
n,0077
heN1)A3
N,NGrR

RELATIVE HUMIDITY = 8,3 %

PREDICTED
(DB/M)
1.4%48
1.3453
1.2113
1.08C7
0.,957¢
Ne B420
947549
D.6725
0, 5649
00,5221
0.47N6
N, 4218
0,3757
0,3465
0.3C48
0.26%9
Ne.2416
N. 2125
0.1R97
Nele91
fe 15C7
Nel343
0.1197
Ce.1C75
00,0689
D.08846
Q,C745
N.0€85
0,0€74
f.0E€5
2,0851n0
0,065
Mo Cllh
N,0367
2.0319
Y C2FT7
J.d260
T.0235
Yo 214
D.0163
40176
".{1€2
T.0142
RIS 33

.Ml22

«7111

.102

. (G4

N.0CR6

7.9079

Ne CCT4

D008

ngnus7

n,00u81%

b IS S NN B

255.4%K (0°F)
8.3% ReLaTIvE HumipITY

L 11 aaAtld

111

It

10.
FREQUENCY (kH2)

100.

.0l

ABSORPTION COEFFICIENT (db/m)




WL

TEMPERATURE m255,4 K

PREQUENCY

"(KHZ)
100,0
95,0
90,0
85,0
80,0
78,0
71,0
67,0
63,0
$9,0
86,0
83,0
50,0
48,0
45,0
42,0
40,0
37.5
25,4
33,4
31,5
29,7
28,0
26,5
25,0
24,0
22,0
21,0
20,0

ROV ANRARNILDODO®OO
I EEEEEEEREERE YR
ONNVDOWRARVWIr-r-ROUWOWN

ABSORPTION OF S8OUND IN AIR

MEASURED ABS
(DB/M)
1,6150
1,3744
1,2329
1,0529
0,9385
0,98161
0,777
0,6600
0,6233
0,5237
0,4493
0,4121
0,3647
0,3156
0,32114
0,3121
0,2841
0,2762
0,2418
0,1937
0,1587
0,1592
0,1371
0,1147
0,0980
0,0836
0,0792
0,075¢0
0,0710
0,0605
0,0623
0,0540
0,0467
0,0407
0,0353
0,0412
0,0334
0,0271
0,0248
0,0242
0,0256
0,0152
0,0178
0,0195
0,0182
0.,0162
0,0164
0,0143
0,0119
0,0102
0,0113
0,0104
0,0101
0.,0148
0,0064
0,0073
0,0092

RELATIVE HUMIDITY = 20,2 %

PREDICTED
(DB/M)
1.49%9
1.3535
1.2156
1. 0849
0.9618
0. 8461
0.7560
0.6766
0.5950
0.5262
0.4748
0.4260
0.3759
0.3506
0.3090
0.27¢C
0.2456
0.21€7
0.1538
0.1733
0.1549
0.13€4
0.123¢
0.1116
0.1001
0.0928
0.0790
0.0726
0.0665
0.0607
0.0552
0.0500
0.0450
0.04C4
0.0361
0.0328
0,0301
0,0275
0,0255
0,0235
0,0217
0,0203
0,0189
0,0176
0,0163
0,0152
0,0143
0,0135
0,0127
0,0120
0,0115
0.,0110
0,0105
0,0102
0.0098
0,0094
0,0002

255,49 (0°F)
20,27 ReLaTIVE HumMIDiTY

1 111}

L &350l L SRR
.0 {0. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



TEMPERATURE =255,4 K

FREQUENCY
{XHZ)
100,0

95,0
90,0
85,0
80,0
78,0
71,0
6740
6340
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
31,8
38,4
33,4
31,8
29,7
28,0
26,5 .
28,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15.0

SLLBRAARPIANII®®O
® ® & % & o 8 © & ® & 8 ¢ o
OCNWOWROWAIRAONOD

ABSORPTIUN 0OF SOUND IN AIR

MEASURED ABS
(DB/M)
1,6636
1,4162
1,2792
1,0975
0,993}
0,8623
0,8120
0,7238
0.6785
0,5618
0,4860
0,4503
0,4202

10,3642
043434
043290
0,3031
0,2968
0,2482
0,2029
0,1645
0,1743
0,1460
0,1096
041042
0,1016
0,0850
0,0760
0,0730
0,0658
0,0851
0,05%0
0,0806
0,0416
0,0420
0,0444
0,03%6
0,0309
0,0284
0,0272
0,0274
0,0226
0,0231
0,0242
0,0230
0,0202
0,022)
0,0191-
0,0166
0,0151
0,0156
0,0169
0,0134
0,0168
0,0166
0,0151

RELATIVE HUMIDITY = 29,0 §

PREDICTED
(bB/M)
l. 5027
1.3573
1.2163
1.0887
0.9€56
0. 8500
0.7629
0.6805
0.6029
0. 53C1
0.4786
0.4268
0.3837
0.3545
0.3128
0.2739
0.2494
0.2205
0. 1677
0.1771
0.1587
0.1423
0.12177
0.1155
0.1039
0.0966
0.0829-
0.0765
0.0704
0.0645
0. 0550
0.0538
0.0489
0. 0443
0.0399
0.0367
0. 0340
0.0314
0.0294
0.0274
0.0256
0.0241
0,0227
0.0214
0.0202
0. 0150
0.,0182
0.0173
0.0166
0.0158
0.0153
0.0148
9.0143
0,0136
0,0132
0,0830

255.49K (0°F)
297 ReLaTIVE HuMIDITY

L garval L1

10.

ABSORPTION COEFFICIENT (db/m)

L rieilon

10.
FREQUENCY (kH2)

100.



18

TENPERATURE ®285,4 K

FREQUENCY
{KHZ)
100,0

98,0
90,0
8,0
80,0
75,0
71,0
$7,0
63,0
89,0

ABSORPTION OF SOUND 1N AIR

MEASURED ABS
(DB/M)
1,6936
1,4511
1,3109
1,1332
1,0304
0,8978
0,8445
0,7378
0,6931
0,5747
0,4969
0,4634
0,4240

~ 043716
0,3493
10,3346
0,3331
10,2727
0,2411
0,2083
041565
0,1780
0,1508
0,1199
0,1091
0,1076
0,0987
0,0859
0,0849
0,0637
0,0643
0,0564
0,052%
0,0464
. 0,0434
0,0474
0,0436
0,0332
0,0330
0,0347
0,0326
0,0299
0,0260
0,0268
0.,02458
0,0240
0,0242
0,0218
0,0210
0,0194
0,0194
0,0204

RELATIVE HUMIDITY ® 40,4 %

PREDICTED
(DB/M)
1.50€7
1.3632
1.2252
1.0546
0.9715
0.8559
0,7687
0.6864
0.6088
0.53¢€0
0.4845
0.4357
0.3696
0.3604
0.3187
0.2758
0.2553
0.2264
0.2036
0.1830
0.1646
0. 1482
0.1336
041214
0.1098
0.1025
0,0888
0.0824
0.0762
0.0704
0, 0649
0,0597
0.0547
0.05C1
0.0458
0.0425
0.0398
0.0373
0.0352
0.0333
0.0314
0.0300
0.0286
0.0273
0.0260
0.0248
0.0240
0,0231
0,0223
0,0216
0,0210
0,020S

0 .
255.4 K (0°F)
40,4% ReLATivVE HuMIDITY

1 t 1

10.

)1l SN AN NNEY
1.0 o IQ. R _IQ_O.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



28

TEMPFRATIIRE =255,4 K

FREQUENCY
(XHZ)
100,90

95,0
90,0
85,0
80,0
7540
71,0
67,0
63,0
59,0
§6,0
53,0
50,0
48,0
45,0
42,0
40,0
37.5
35,4
33.4
31,8
2947
28,0
26,5
25,0
24,0
22,0
21,0
20,0
19,0
18.0
17,0
16,0
18,0

AHSORPTTUN NF SOUND 1IN ALR

MEASURED ABS
(DB/M)
1,7154
1,4702
1,3219
1,1455
1,0471
0,9145
0,8596
0,7529
0,7250
0.,6113
0,5276
0,4982
0,4548
0,4005
0,3905
0,3717
0,3471
0,2880
0,2547
0,2082
0,1772
0,1783
0,1537
0,1202
0,1162
0,1167
0,0977
0,0886
0,0825
0,0693
0,0675
0,0652
0,06085
0,0515
0,0598
0,05%7
0,0467
0,0389
0,0383
0,0426
0,0382
0,0306
0,0354
0,0334
0,0322
0,0300
0,02084
0,0275
0,0250
0,0245
0,0232
0,0244
0,0229
0,0223
0,0223
0,026

RELATIVE HUMIDITY = 50,0 %

PREDICTED
(DB/M)
l. 5144
103609
1.2308
1.10C3
0.67172
D.8616
. 7744
0.6521
0.6145
0.5416
0.46C2
0.4416
0.3653
N.366€0
0.3244
0.2854
1. 2610
0.2321
0.2052
0.1€€7
0.,1703
0.1538
0.1352
0.1270
0.1155
0.1082
0.0944
0.0880
0.0819
0.0761
0,07C5
0.0653
0.0604
0.0557
0.0514
0.0481
0. C454
0. 0429
0.,0408
0.0389
0.037¢C
0,0355
0,0341
0,0328
0,0345
0,0303
0,0294
0,0285
0,0277
0,0269
0,0264
0,0258
0,0253
0,0244
0,0239%
0,0236

255.49¢ (QOF)
50% ReLative Humipity

IR ERRL 31

10.
FREQUENCY (kH2)

11t 131].00
100. -

ABSORPTION COEFFICIENT (db/m)



€8

ABSORPTIION OF SOUND IN AIR
TEMPERATURE =£255,4 K RELATIVE HUMIDITY = 59,7 &%
FREQUENCY MEASURED ABS PREDICTED

(KHZ) (DB/M) (DB/M) ] 10.
100,0 11,6364 1.52¢C?
95,0 1,3911 1.3752 -
90,0 1,2613 1.2372 _
85.0 1,0854 1.1086
80,0 0,9857 0.9835 -
7540 0,8299 0.8679 _
71,0 0,7704 0.7807
67,0 0,6632 0.6584
63,0 0,6631 0.62C8 =
59,0 0,6048 0,5480 ’
56,0 0,5222 0.4%65
53,0 0,4915 0.4477 : -1
50,0 0,4544 0.4016 0 0 !
48,0 0,4003 0.3723
45.0 0'3223 o 3307 255.4°K (0°F)
42,0 0,3 0.2918
40,0 043431 e 2673 59,77 ReLative HuMmiDiTY
37,5 0,3188 0.2384
35,4 0,2652 0.2155
33,4 042193 0.18590
31,5 0.1874 7.1766
29.7 0,1882 0.160?2
28,0 0,1560 0.1455
26,5 0.1324 2.1333
25,0 0,1151 0.1218
24,0 0,1161 0.1145
22,0 0,0923 0.1CC7
21,0 0,0984 0.0943
20,0 . 04,0929 0.C882
19,0 0,0719 0.€823
18,0 0,0871 0.0768
17.0 60,0789 0.CT1%
16,0 0,0663 0.DEkE
15,0 0,0617 0.0620
14,0 0,0624 0.0576
13,2 0,0599 N.0544
12,5 0,0504 0.0516
11,8 0,0469 0. €451
11,2 0,0450 0.€470
10,6 0,0449 1.0450
10,0 0,0444 Ne 0431
9,5 0,0377 7.C416
9.0 0,0379 0.0402
8,5 0,0383 n.C388
8,0 0,0357 0.0375
Ta5- 0,0359 0.0163
Tul N,0363 0.C154
6,7 0,0336 2.C344
6,3 N,031% 7,033¢
5,9 0,0209 0,0327
5.6 0,0289 0,0324
5,3 0,0299 0,0314
5,0 00281 De030H b vl L4 11 1tr1lo
4,8 0,0315 0,0304 1.O 10. 100,
4,5 06,0307 0,029R
4,2 0,306 N Ngay
4,0 N N280) n'{)zg, FREQUENCY (kHZ)

ABSORPTION COEFFICIENT (db/m)



TEMPFRATURE =255,& K

FREQUENCY
(XHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29,7
28,0
26,5
25,0
24,0
22,0
21,0
20,0
19,0
. 18,0
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,6
10,0

b RAARIMANDINLDOOO
NIEEEEEREEEEREEEEEREE
ONAVOWRrRrOVWNFUNIOROWNW

ABRSOKPTTUR OF SOUND 1IN AJR

MEASURED ABS
(OB/M)
1,7765
1,5405
1,3911
1,2182
1,1033
n,9033
60,9132
n,8007
N,7734
0,6556
0,5624
0,5410
N.4919
0,4432
60,4229
0,38R9
0,3751
N,3144
0,2634
0,2363
0,1887
0,1888
0,1813
0,1399
0,1268
0,1205
0,1089
0,1006
0,1039
0.,0825
0,0860
0,0811
0,0753
0,0709
0,0699
0,0677
0,0588
0,0533
0,0518
0,0496
0,0489
0,0478
0,0483
0,0459 -
0,0467
0,0416
0,0429
0,0405
0,0380
N,0364
0,0372
0,0348
0,0349
0,0398
0,0308
0,0270
0,0342

RELATIVE HUMLIDITY = 70,0 %

PREDICTED
(DR/M)
1.5280
l.3828°
1,244%
1.1139
0.,9908
02,8752
N.7880
0.7057
0.6281
0.5%%3
0.5038
0. 4550
0,4€89
0.379¢
0.,3380
042691
0.274¢
0.2457 .
0,2228
0.2023
0.1839
0.1674
0,1528
0.14C6
0.1290
0.1217
0.1080
0.1C15
0.0954
0.086S
0.0840
0.0788
0.0738
0.C691
0.0647
0.0¢&15
0.0587
0.,0561
0. 0540
0.0520
0.,0501
0.0485
0.0471
0.0456
0, 0443
0.0430
0.0419
0.0410
0,0400
0,0390
0,0383
0,0375
00,0368
0,0363

.0,0355
0,0346
00,0340

255,49 (0OF)
707 ReLative HumiDITY

N S Il_

-
el Lt 1ttt
10 10, 100.
FREQUENCY (kH2)

L1111

ABSORPTION COEFF ICIENT (db/m) -



TENPERATURE 2260,9 K

FREQUENCY
{KHZ)
100,0

98,0
90,0
85,0
80,0
75,0
7140
87,0
6340
59,0
56,0
53,0
50,0
46,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29,7
29,0
26.5
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,8
11,8
11,2
10,6
10,0
9,5
9,0
8,5
8,0

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
1,75814
1,4832
1,3645
1,1946
1,0959
0,9413
0,9034
0,743%
0,6955
0,5608
0,5420
0,4705
0.,4162
0,3836
0,3425
0,3118
0,2712
042271
0,1965
0,1799
0,1378
0,1320
0,1107
0,1083
0,0887
0,0822
0,0708
0,0755%
0,0534
0,0540
0,0455
0,0466
0,0376
0,0343
0,0332
0,0362
0,0195
0,0229
0,0202
n.0221
N,0139
0,0167
0,0126
0,0123
0,0136

RELATIVE HUMIDITY = 0,0 %

PREDICTED
(DB/Y)
1.5089
1.3519
1.2224
1.05C4
0.9660
048481
0. 17610
0.6778
0. 5963
0.%257
044727
044244
0.3778
0,3482
0.3061
0, 2668
0.2420
0.2128
0.189%7
0.1690
0.1504
0.1337
0.1189
0.1066
0.0550
0.0876
0.0737
0.0672
0.0610
0.0551
0. 04S¢
0.0443
0.0362
0. 0346
0,0303
0.0270
0.,0243
n.0217
N.0166
0.C176
0,0158
J.0143
0.Cl29
0,0116
20,0104

260,99 (109F)
0% ReLaTive HumipiTy

1l

L1 1 111l LA,

I

1111

10.
FREQUENCY (kH2)

100.

ABSORPTION COEFFICIENT (db/m)



ARSNEPTTION OF S0UND IN ALR

TEMPFRATURE =260,9 K RELATIVE HUMIDITY = 8,0 %
FREQUENCY MFASURED ABS PRENDICTED
(kBZ) (LR/M) (LB/4) d|cx
100,0 1.,7736 l.517¢ =
95,0 1,5109 1.3653 =
90,0 1,3514 1.22¢3
85,0 1,188% 1.0643 -
RO,LN 1,0579 0,565 e
7540 n,94R1 7 RE30
71,0 0.8513 7. 7649 -
67,0 N.7577 n, 817
63,0 0,7026 0.60332 -
59,0 Ne6213 n.5267
56,0 0,5380 7.4176 0 0
53,0 n.5116 0.4283 260.9°K (10°F) -
50,0 ,4479 9.3817 3% RELATIVE HumIDITY e
48,0 0,3841 0. 2521 —
45,0 0,3653 0.31C1 £
42,0 0.3505 0.27C7 ~
40,0 0,2800 0.2460 Q
37,5 042799 n.2167 T
35,4 0,2248 0.1936 -
33,4 n,1982 0.172% -
31,5 0,1724 0.1543 z
29,7 0,1621 0.1377 w .
28,0 0.1323 0.122¢ S B
26,5 0,1163 0.1105 ~
25,0 0,0937 0.0989 ™
24,0 0,0950 0.0615 W
22.0 n,0788 0.077¢ ]
21,0 0,0715 0.0711 O
20,0 0,0680 0.0650 (&
19,0 0,0660 0.0591
18,0 0,0544 0.0535 > .
17,0 n,0511 0.0482 o
16,0 0,0432 0.0432 O
15,0 06,0333 0.0386 =
14,0 0,0349 0.0342 o
13,2 0,0233 0,0309 o
12,5 0,0352 0.0282 'e)
11,8 0,0253 0.0256 7
11,2 0,0246 0.023¢ o
10.6 0,0191 0.0214 g
10,0 0,0216 0,0197
9,5 0,0195 0,0182
9,0 0,0152 0,0168
8,5 0,0223 0,0155
8,0 0,0146 80,0143
7.5 0,0128 0,0131
7.1 0,0129. 0,0122
647 0,0106 0,0114
6,3 0,0101 0,0106
5,9 0,0095 0,0099
5.6 0,0100 0,0094
5,3 0,0091 0,0089
5,0 0,0060 0,0084 1 |
4,5 0,0069 0,0077
4,2 0,0092 0,0073 .0 10. 100.
4,0

040065 040070 FREQUENCY (kHz2)




L8

TEMPERATURE =260.9 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
8040
75,0
71.0
€7,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37l5
35,4
33,4
31,5
qu.’
28,0
2645
25,0
24,0
22,9
21,0
20,0
19,0
18,0
1740
16,0
15,0
14,0
13,2
1245

10,0

MR EEEEEREERERRE)
CRNNCWO Sw~mtoloWw

ABSORPTTUMN OF SOUND IN A]R

MEASUREDN ABS
(DB/M)
1,7394
1,4887
1.3352
1,1758
1.,0385
0,96R6
0,08559
n,7628
n,6831
0,5888
n,5049
0,4775
0,4183
0,3606
0,3424
0,3165
0,2577
N,2821
0,2387
0,1995
Na178%0
N,1750
0,1368
0,1272
0,1055
0,1042
0,0851
0,0813
N,0740
0,0667
n,0598
0,0555
0,0489
0,040}
00,0414
0,0316
0,0412
0,031%
0,0321
0,0286
01,0297
n,0N293
040224
0,0286
0,0232
0,0209
0,0211
0,0196
0,0199
n,0t73
0,0193
n,0173
040177
0,0140
0,0173
n,0154

RELATIVE HUMIDITY = 19,8 %

PREDICTED
(DR/M)
145217
1.3747
1.2392
1.1032
~.6788
1.9619
nN.7728
24 66C5
N.6121
0.5285
0.4865
0.4372
0.3906
0.3610
7.3189
0.2795
90,2547
0.2256
0.2075
0.1F17
n,1631
0.1465
12,1317
N.1194
1.1078
0,10C4
0,0865
0.0R00
0,738
0.0679
0.0623
0,571
0.0521
0.0474
N,.0430
0,0399
0.0370
20,0345
0,.0324
0.0304
0.0285
n, 0271
2.0257
N.0243
0.0231
0.0219
0.C21¢
0.02C2
0,0174
0,0186
0,0181
0,0176
0,0171
0,01h4
0,0160
0,0157

260,99 (10°F)
19,87 ReLATIVE HumiDITY

Lol L L1111
1.0 10. 100.
FREQUENCY (kH2)

.0l

ABSORPTION COEFFICIENT (db/m)



THEMPERATUKE =2AU,9 Kk

FREGUFANCY
(XHZ)
100,0

95,0
40,0
85,0
RO, 0
75.90
1.0
67,0
53,0
59,0
56,0
83,0
50,0
4R ,0
45,0
42,0
40,0
37,5
35.4
33,4
31,%
29,7
20,0
26,5
25,0
24,0
22.0
21,0
20,0
1900
18,0
17,0
16,0
15,0
14'0
13,2
12,5

10,0

PBEBERARNAIPINILITD OO
IR EEEEEEERENIEERE IR
ONVO W OCWI=NSUW DO

ARSORPTTUM OF SOUND IN ALR

MEASURED ABS
(bR/M)
1.,66h9
1,435
1,2683
1.1044
0,9943
N,8855
0.,8030
0,7152
0,642¢
0,5569
n.,479%
Ne4488
N,3925
N,3424
n,3310
Ne3185
Ne2620
D.2724
0,2440
n,2147
N,202%
na1470
N,13648
n,1120
0,1044
N,0895
0,964
N,0834
0,0791
N,0770
0.,0617
0,0627
0,0537
0,0585
0,0317
n,0521
0,0409
0,03R0
00374
Ne0349
01,0325
0,0344
0,0389
0,0316
0,0297
N,0278
0,n261
0,0267
Ne0244
0,0261
0,0256
0.0191
0,0213
0,0273
0.,0267

RELATIVE HUMIDITY = 29.4 %

FREDICTED
(DB/N&)
1.5312
1.,3842
1. 24417
1.1127
0.9887
Ce 8714
N,7833
0.7000
7.6216
n,5480
7 e/980
PR TY 1)
2.40CN
3.37C5
0.3224
0.2890
042€43
0.2351
0.2120
0.1912
0.1726
0.15¢&C
041412
0.12¢89
0sll172
7.1068
0, 0959
0.CASS5
0.0833
0.0774
0.071¢
0.06¢5
0.0615
0.0568
0.0525
0. 0452
0.04¢4
0.0439
0.041°%
0.0398
0.0279
0.03¢4
0.0350
0.0337
0,0324
n,0312
0,0303
0,0294
0,0286
0,0278
0,0272
0,0267
0,0261
0,0253
0,0248
0,0245

260,99K (10°F)
29,4% ReLative HuMipDITY

L1

L ) o -
L vl I N
1.0 10. - 100,

FREQUENCY (kH2)

.0l

ABSORPTION COEFFICIENT (db/m)



68

TEMPFEATIRE =2260,9 &

FREOUELCY
(KHZ )
100N
LTt}
Ko
FRRI

Ti,
PTG
LR ]
I‘l,,'Q.
1"7‘-')
By
LY
48,0
44,0
42,0
40!“
37,5
35.4
33,4
31,5
29,7
2R 0
2h,5
25,0
24,0
2720
21,9
20,1
1440
1R, 0
17,0
16,0
15,0
1400
13,2
12.%
11.8
11,2
1046
10,0

.

BN I ARIRR AL D O
REREREEEEEEREEEREREE

TN DBDOWDPR LW~ =T OunN

ARSNRPLTUN NF SOUND Iw
HELATIVE HUMINITY = 38,1

HWEASUPED
(hinys)
1,708,
1,332y
1,111
1,u73a
n,nh17
N, ThED
0,711
149900
N,5930
f,447p
n,4440
Ne3R3I4
Ne3675
n,3450
0,2907
Na3020
n,2597
Na2226
N,1948
nga1857
N,1676
ve1452
0,1297
n,t1241
N,1164
N 1053
aN022
N NPRO
0,06%8
n,n7a9
n,074%
n,0674
0,0710
N,N622
N,0620
0,521
n,0504
n,N475
00,0501
0,0504
nN,0453
N, 0480
n,0419
D.0412
N, 03H8
N,0389
0,03k9
N,0351
0.,0339
0,035¢6
n,N0328
01,0393
0,03%7
ne0356
N,0323

ABS

ALK

PReEDICTEL
(LR/™)
let4ll
le2%bs
1.122%
N.3984
0.7674
A, 71C1L
1.6317
N. 55F1
T.50¢61
Y4567
0.4171
3, 3306
Je3308
Ne?6C1
T1.2744
V24651
M. 2221
D.2013
NG1R27
Jelefl
J.1513
N,1389
N, 17273
2.119%
0.,10£0
0.86°h
11,0023
2.0076
N.TE1E
D0TER
V,NT15
D DEE?
N,0624
.05
e CHESL
D.0N522
N.0516
Jef4CE
V0477
Ve04E?
Ua Ca47
N.04%4
0,0420
Qe C4CY
NeD3%E
N.,037%
N,0379
0.,0370
N.0364
0,0357
0,0351
0,0347
0,0340
0,0333
0,0328

%

IS

260,9% (10%F)
38.1%7 ReLaTive HumipITY

o

10.

L a1l ]

11 1§ 11

10. - ~ 100
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



06

TEMPEKATURE =260,9 K

FREQNENCY
(xHZ)
100,0

95,0
90,0
85,40
R0OL0
75.0
71.0
670
630
59,0
56,0
53,0
5040
4R, 0
49,0
42,0
40,0
37.5
35.4%
33.4
31,5
2947
PR
26,5
?5.0
24,0
27,0
21,0
20,0
19,0
18,0
17,0
then
15,0
1 4.0
13,7
12,5
11,8
11,2
10,6
10,0
9.5
a_n

el

W T S N

T,

e % 2 8 8 % 8 e e ¢ s & o

SH e pS AN ST ISR

ABSORPTTOM OF SOUND IN AIR

MEASURED ARS
(DB/M)
11,7834
1,5448
1,4060
1,2376
11211
0,9957
0,9859
0,RULE
N,7631
0,6703
n,58R0
n,5500
0,5046
0,46723
n,4399
N,4190
1,3551
ne2978
00,2710
0,2410
0,2132
n,1949
n,17R6
N,1634
n,139%6
0,130
0,1160
06,1248
00,1144
n,ng4afg
0,09972
0,0924
0, ,NRT7
N,0400
N,N794
N,0782
n,0746
neNu?Y
n,06a40
N 0629
NaLe0}
0,0556
n,hed
O N5kT
N,0557
n,0531
Nn,0%4%
D,0515%
DaNHN2Y
0,044
N, NG9K
(LR
N,nath
0,0451
n.N448
neNaal

RELATIVE HUMIDITY = 50,3 %

PREDICTED
(DB/#)
1.5576
l.4105
1.2710
1.1360
1.0146
7.8977
J.8066
0. 7267
N.6479
N.5743
N.5223
N.4729
V.4243
N.36%8
N.3547
Je3153
N, 2%C6
N.2€613
N.2382
7.21174
. 1989
J.1822
Do 174
0.155¢0
Deld4
Ne 1379
741220
Nal15%
0.1053
V.1024
J.0917
1. 0524
7.%873
N.0826
N.C7€1
2.0747
N.771%
N.C€67
D.0671
1.06A9

«CF28

Dan612

JeNBET

N.N5E2

Te05€7

J.NER2

A 0841

N.0529

0,0517

260,99K (10°F)
50.3% ReLaTive HumipiTy

Ll | Lt ia1il.o
1.0 10. 100.

FREQUENCY (kHz)

ABSORPTION COEFFICIENT (db/m)




16

ARSOKPTIL T OF SOUNDL [® ALIR
TEAPFRATURE =260,9 K& KELATIVE HUMIDITY = H9.7 %

FREQUEMCY MEASURED ABS PREDICLED
(€47) (DR/¥) (LB/M) _]10.
100,0 1.6957 1.5715 -
95,0 1,5714 1.4234 -
an 0 1.3270 1.,2849 _
A4, 0 1,1731 1.152%
RO L0 1,0603 1.02E% ﬂ
75,0 0,9532 0.511¢&
71,9 N,8530 1.8235 -
67,0 0,7659 9. 74C2
3,0 N,7135 N, 6618 -
59,0 n,6420 2,.5R82
Shol) n,6009 0.,53€2
53,0 0.563% 3. 4860 260,9% (10°F) -
50,0 09,5003 044602 59,7% ReLATIVE HuMIDITY 3
4R, 0 0,4%33 N.41€58 o
45,0 0,4262 N.3605
42,0 0,39098 11,3291
40,0 0,3422 0.3C44
37,5 0,3167 D.2751
35,4 042919 0.2520
33,4 60,2556 0,2312
315 r,2373 7.2126
29,7 0.2147 0.1959
28,4 n.1878 D.1E1L
26,5 0,1737 Ne1€E7
25,0 n,1545 0.1579
24,0 0.1469 N0.,14%6
22,0 0,1300 0.1356
21,0 0,1343 n.1291
20,0 Ne1163 0.1228
19,0 0,1132 N.1168
18,0 Ne10RS n,1112
17.0 0,1074 0.10%8
16,0 n.0984 0.10C¢
15,0 0,0879 2.,0058
14,0 0,0894 0.0912
13,2 0,0805 n.0077
12,5 0,08RU 0.N848
11.8 n,0764 0.€870
11.2 n,0760 N, Q7S7
10,6 10,0749 1.0775
10,0 N,0737 ' 0D.C753
9,5 0,0665 0,0725
9,0 0,0666 V,0717
8,5 0,0702 0,0700
8,0 0,0659 00,0682
745 0,0622 0,0665
7.1 0,0609 0,0650
6,7 0,0610 0,0636 ‘ -
6e3 01,0591 0,0620
5,9 N,N562 0,0604
5.6 n,0563 0,0591
5,3 0,0556 0,0578
50 Dt oaes 00363 b1 1ol 1 L it ailo
4,9 0,0638 09,0553 1.0 10. 100.
4,5 0,0479 0,0536 FR
4,2 0,0484 0,0517
4,0 0,0486 0,0504 EQUENCY (kHZ)

ABSORPTION COEFFICIENT (db/m)



26

TEMPERATHRE =2A0,9 K

FREQUENCY
(L VD)
100,0
95,0
qg,n

RSN
BN,L0
TR0
710
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40.0
37.%
35,4
3304
31,5
29,7
28,0
26,5
25,0
24,0
22.0
21,0
20,0
10.0
18,0
17.0
16,0
15,0
1410
13,2
12,5
11,8
o2

.
)

.
no 3

-
&b:,ammm.nrmqq-z»@ooo

DNPXLIWIT SfwAN=-=nNC RD

ARSNRPITUN NF SOUND IN AIR
RELATIVE HUMIPITY = 70,7 %

MRASURED
(bn/m)
1,8278
15902
t,4430
1.2718
1,1528
1,0382
0,928
n,B8622
0,7639
0,6710
0,584y
0.,5750
0,5104
Ne4472
,4307
0,4409
N,3799
0.3371
0,3091
n,2647
N,2502
n,7244
n,2031
0,1865
N,1634
n,1747
0,1479
0,1426
0,1369
0,t303
n,1240
N,t160
0,1144
n,1064
n,a1120
N,N991
0,1023
0 ,09820
06,0891
0,0R80
0.0837
N,0800
0,0824
0,9850
0,N784
n,07406
N,N724
00,0713
0,0676
0,0657
0.06A0
0,0646
N O5RY
n,0604
N.N553
0,0657
N,NH48

AbS

PREDICTED
(DR/M)
1.5891
1.4421
1.302%
1.17C6
le04F1
0.6252
0.8411
N.7578
7. 6754
N.6058
0.5537
N.5C44
0.4577
Ne 6282
0. 28€0
Nelbth
J.3218
De 2626
J).2694
Ne 24685
Ne 2269
N.2122
0,1983
N. 186G
N.1741
NelE67
0.1526
741460
141366
0. 1332¢
D.1278
N.1273
N.117¢C
0.1120
2.10672
%.1Mn35
N.1004
D.0974
N, =47
J.0923
J.0R68
0.€877
N.0854
0,0834
N,0812
n,07R9
D.0770
0,0750
60,0778
N,070%
0,06R6
0,0660
0D,0644
90,0629
00,0603
n,0576
n,N556

260,99 (10°F)
70.7% ReraTive HumipiTy

b gl )

B W O N W T

10. .
FREQUENCY (kH2)

100.

10.

ABSORPTION COEFFICIENT (db/m)

.0l -

L.
Y
1



€6

ABSORPTION OF SOUND IN AIR
TEMPERATURE =260,9 K  RELATIVE HUMIDITY = 78,4 %

FREQUENCY MEASURED ABS PREDICTED
(KHZ) (DB/M) (DB/M)
100,0 1.7404 . 1.6022 _
95,0 1,4996 1.4552 -7
90,0 1,3522 1.3156 :
85,0 1,1978 1.1836 -
80,0 1,0899 1.0592 ~
75,0 0,9864 0.9423
71,0 0,8831 0.8542 -
670 0,7891 0.7700
63,0 0,7244 0.6524 -
59,0 0,6731 0.6188
56,0 0.5298 0.5667
53,0 0.5572 0.511 260,99 (10°F) -
50, 0,5037 b
490 0.4523 04811 78.47 ReLATIVE HumipiTY 1
45,0 0,4203 043950
42,0 0,3986 0.359%
40,0 0,3431 0.3347
37.5 043072 0.3054
35,4 0,2776 0.2823
33,4 0.2421 0.2¢14
31,5 0,2317 0.2427
29,7 0,2453 n.22%9
28,0 0,1955 0.2110
26,5 60,1832 2.1985
25.0 0,1667 0.18¢7
24,0 10,1826 041797
22,0 0,1524 041649
21,0 0,1534 0,158€?
20,0 0,1418 0.151#
19.0 0,1383 0.,14%7
18,0 0.1380 n.1398
17,0 0,1291 9.1341
16,0 0,1240 n.1267
15,0 0,1162 n.,1235
14,0 0,1157 N.1185 —
13,2 0,1048 7.1146 -
12,5 0,1139 0.1113 7
11,8 0,1002 0.1080 ]
11,2 0,1003 0.1C%2 N
10,6 #,0920 0.1C24
10,0 0,0972 0,099 -
9,5 01,0977 2,0972
9,0 0.0886 5.Cc49 -
8,5 0,0935 0,0922
8,0 0,0842 0,0896 -
7.5 0,0819 0,0868
7.1 0,0799 0,0844
67 0,078 0,0819 -
P 0,0733 0,0792
5,9 0,0721 0,0763
5.6 0,0719 0,0739 °
5,3 0,0695 0,0713
50 0v0633 010686 t ot orragid NN NEEE.
4,8 0,0676 0,0666
4,5 0,087 0,0635 1.0 t0. 100.
4,2 n.0618 0,0600
4,0 N,06N2 0,0576 FREQUENCY (kHZ)

ABSORPTION COEFFICIENT (db/m)



Y6

TEMPFRATIIRE. 2266,5 K

FREQUENCY
(KHZ)
100,0

95,4
90,0
RS .0
’N,0
7540
T1.0
67,0
63,0
59,0
56,0
53,0
50,0
4R, 0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29,7
28,0
26,45
25,90
24,9
22,0
21.0
20,0
19,0
18,0
17'0
16,0
15,0
14,0
13,2
12,5
11,8
11,2

-
=]
.

BDLSRAARDIADJD D OO
MR EEEEEEREERER)

DUUMOSWTEOWN=NORDULVDID

ARSORPITUN OF SOUND IN ALR

RELATIVE BUMIDPITY = 0,0 %
MEASURED ABS PREDICTED
(DR/M) (DB/M)
1,6816 1.5250C
1,5070 1.3764
1,3031 1.2354
1,2295% 1.1070
1.0585 1.97¢€3
0,9941 17,8582
0.8392 J. 7652
0.773%4 N.6850
10,6456 0.6058
0,5737 N, 5314
0.5277 0.4788
0,4922 2.4289
n,3937 0.3P19
0,3940 2.3520
0.3600 7.3065
0,3468 N, 2657
0,2625 D.2447
n,2114 7.2151
n,19824 N.1518
01,1659 n.17¢C8
01,1475 7.1520
0,1363 0,138?
0,1110 0.1203
0,1047 29,1073
0,0765 0.06€1
N,0877 0.0886
0,703 0.0746
0,0660 N.CERC
0,0622 0.0618
0,0541 N.0558
0,0440 0.05C2
0,0450 0.0448
10,0302 20,0398
0,0339 0.0351
0,0309 0.0307
0,0264 0.0274
D.0184 0.0246
0,0213 0.0220
0,0157 0.0159
0,0202 0.0179
0,0180 0.0160
0.0147 2.0146
0,0114 0,0131
0,0143 0.0118
n,0086 72,0106
0,0313 N, 0054
0,0077 0,0085
0,0104 0,0076
0,0006 0,0068
0,0057 20,0061
0,0059 0,0056
0,0045 0,0051
0,0031 0,0046
0,0081 0,0039
0,0035% 0,0032

266,5% (20°F)
0% RecaTive HumipiTy

L ratfel L
10.
FREQUENCY (kH2)

100.

0l

ABSORPTION COEFFICIENT (db/m)



2>

S6

TEMPERATURE =2266,5 K

FREQUENCY
(xHZ)
100,0

95,0
Q0,0
85,0
80,0
759
71,0
6740
0340
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29,7
28,0
26,5
25,0
24,¢
22,0
210
?oln
1q.o
18,0
17,0
16,0
150
14,0
13,2
12,5
11'8
11,2
10,6
10,0

k=]
.
L w =~ ADN BN

AN ATADI>PANINYT DL

ABSORPTIUN DF SOUND IN AIR

MEASURED ABS
(DR/M)
1,7409
1.5440
143795
1,2757
1.1512
1,0303
09313
N4R269
0,7044
0,6120
0,5718
N,5115
Ne4659
0,4323
N,4178
Ne3510
0,3364
142873
Ne25H6
0,1924
N,a1767
N, 1547
N,1467
N.1258
01119
N,1033
N,N933
n,0817
N.N703
NyNeb3
D,0591
0,0573
N 0500
n,0474
N,0527
n,n37¢
n,0318
06,0294
0,0311
01,0269
n,N224
0,0194
0,0206
N,01R9
001091
0,019
n,0Llhy
n,0155
A,Nnibe
n,0165%
n,0114
n,ni27
N4N16Y

RELATIVE HUMIDITY & 9.9 %

PREDICTHD'
(bB/M)
1.5353
1.38¢7
1.2457
1.1123
0,5866
0.8684
0.,7754
0, 6553
0,6160
N.541¢
0.4861
0.4292
N.3921
N,3622
N.3197

.2799
04,2549
N.2254
n.,202%
9.1°11
N.1623
1.1455
J.13C6
N.1171
J.1063
Q. 0can
0.0R4%
n,0783
0.0720
J.0661
D.06064
0.C5%1
7.9501
7.0453
1. 0409
17,0376
0.9349
0.0323
7.0202
.02
0.02681
0.924%
7,02 324
N.Cc21
N,0208
0,0196
0,0187
n,0179
Ne0171
0,0163
n,n158
09,0153
D,0148

266.5% (20°F)
9,97 ReLaTtive HumipiTy

Lol L1 11
1.0 10. i00.
FREQUENCY (kHz2)

ABSORPTION COEFFICIENT (db/m)



TEMPERATIIRE
FREQUENCY
(KHZ)
100,0
95,0
90,0
R5,0
RN, O
75,0
71,0
67.0
6340
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37l5
35.4
33,4
31.5
29.7
28,0
2645
25,0
24.0
22,0
21,0
?-nlo
19.0
18'0
17‘0
1640
15.0
14,0
13,2
12,5
11,8
11,2
10.6

-
R, NARANRNI DO DROOVO
ONADOWT VWL, NOUNONO

ARSORPTTON NF SOUND [N AIP

=260,5 1 RELATLVE HUMINDITY = 19,5 %

MRASURED MBS
(DB/M)
1,8502
1,6425
1.44890
1.3130
1,1627
1,0290
0,9216
N,8042
0.6847
0,5819
0.5493
0.,5022
0,4158
0,3971
01,3978
0,3503
0,3414
0,2823
0,2308
0.2129
041958
n,1837
0,1618
0,1301
60,1220
0.1139
0,1142
0,0994
0,0888
0.0865
0.,0791
N,0712
N,0689
0.,0636
0,0569
0,0518
0.,0460
06,0466
0.,0484
0,0399
0,0414
0,0419
0,0381
0,0362
0.0338
0,0337
0,0324
0,0309
0,0316
0,0331
0,0285
0,0298
0,0270
0,0334
0,0268
040236 -
0.0269

PREDICTFD
(DB/V)
1,551
1.4027
1.2617
1.12R3
1. 0026
0.8844
047954
0.7113
0.h322C
0.587F
e 5CEN
D.4552
0.4081
0.3782
7.3257
N.295"
0.27CY9
02414
0.2181
n. 1571
9.1783
0.1615
0. 1465
N.1341
0.1223
0.1148
n0.1008
2.0942
0.0880
2.0820
N.0764
0.0710
0.0660
N.,0613
0.05¢€8
2.0535
0.0507
0.0481
0.04€0
0.0440
0.C421
0.0406
0.0392
0.0378
040365
0.,0353
0.0344
0,033%5
0,0326
0,0318
0,0312
0,0307
0,0303
0,0297
0,0292
0,0287
0,0283

266.5°K (20°F)

19.5% ReLATIVE HuMmiDITY

Lol L L b Lt

10. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



L6

TEMPERATURE =266,5 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37'5
35,4
33,4
31,5
29,7
26,0
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,6
10,0

bbb NARARGES~BVPDVMOPY
® 8 ®» & o 8 ® a8 8 W 6 2w
CUWDOQWAIO WD NDUNOWM

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
1,6564
1,4397
1,2856
1,1670
1,0395
0,9618
0,8993
0,7682
0,7764
0,6475
0,6020
0,5692
0.5213
0,4773
0,4443
0,3759
0,3417"
0,2919
0,2386
0,2102
0,1837
0,1837
0,1951
0,1481
0,1504
0,1273
0,1276
0,1151
0,1167
0,1060
0,1010
0,0961
0,0827
0,0925
0.0893
0,0767
0,0760
0,0737
0,0863
0,0772
0,0746
0,0666
0,0620
0,0662
0,0593
0,0570
0,0606
0,0564
0,0573
0.,0542
0,0505
0,0500
0,0583
0,0502
0,0523

RELATIVE HUMIDITY » 30,5 %

PREDICTED
(DB/M)
1.5753
1.42€7
1.2857
1.1523
1.02¢6
0.508
0.8194
0.7353
0.65€0
0.5816
0.526C
0.4792
0.4321
0.4022
0. 3567
0.3199
042949
042653
80,2420
9.2210
042022
0.1854
60,1536
2.1461
N.1387
0.1246
2.1180
J.1117
09,1057
00,1001
7, 05947
0, C8S6
0.0848
0. C8C3
0,070
1.0741
a0,C714
0.C€52
N.0e71
0,680
N, Ce34
1.0619
3. 0603
0,05¢€9
0,0574
0,0563
0,0551
06,0540
0,0529
0,0520
0,0511%
0,0501
0,0494
0,0484
0,0464

266,5°K (20°F)
30.5% ReLative HumIDITY

i 111

. ]

-

]

NI REREE Lot o1t

1.0 10. 100.
FREQUENCY (kH2)

10.

.0l

ABSORPTION COEFFICIENT (db/m)
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ARSDKPLITUNM NF SOUND IN AIR
TEMPFRATIRE 226n,5 K RELATIVE WUMINITY = 39,0 %

FREQUENCY MEASURED ABS PREDICTED

(kHZ) {OB/M) (OB/M) 10. .
100,0 1,7710 1.5672 . -
95,0 1.,5476 l.54485 -
90,0 1,3769 1.3076 -
85.0 1.2786 1.1742
ROLO 1,1744 1.04864 =
75,0 1.0937 0.5203 |
7140 1,0354 N.8413
67.0 0,9521 5.757 ° o
6340 0.8352 . 6770 266.5°K (20°F) -
2er0 823;3 o 5509 39,02 ReLaTIVE HuMIDITY
53,0 N,6126 N.5010
S0,0 0,5571 0. 4529
48,0 0,50R2 N.4240 -
4%,0 0,4862 L2815 E
42,0 0.4150 - 9.3416 B
40.0 0.3993 N.31¢ 5
3745 0,3692 0.,2071 S
35.4 0,3052 0,2637 -
33,4 0,2864 00,2427
31,5 0,2624 0.2238 P=d
29,7 0.2322 0.2070 i
28,0 n,1981 0.1920 )
26,5 N,1645 3.1765 _
25,0 0.1748 9.1676 &
24,0 0.1602 9.1601 ]
22,0 0,1489 0.14€0 o)
21,0 0.1393 0.1383
20,0 0,1311 0.1330 o
19,0 0.1308 0.1270
18,0 0,1219 0.1212 Z
17,0 0,1178 0.1157 o
16,0 0,1112 0.11¢5 =
15,0 0,1029 0.1056 -
14,0 0.1112 0.1009 o
13,2 0,0957 0.0974 o
12,5 0,0894 0.0944 (@]
11.8 0,0900 0,0915 123
11.2 0,0890 0.C8S2 a
10.6 0,0864 0.0868 <1
10,0 0,0822 0.0846

9,5 0,0861 0.0827

9,0 00,0772 59,0809

8.5 0,0795 2.0790 -

8.0 0,0741 0,0772 ‘

7.5 0,0753 0,0753

7,1 0,0719 0.0738

6,7 0,0695 0,0721 ~

6.3 0,0699 0,0708% -

5.9 0,0701 0,0687 ,

5.g 0,0599 0,0672 -

s 06 :

5.0 882?2 8;0622 | L1 1l L1t 111110

4.9 0,0761 0,0629 L0 10. : 100.

:.g 0,0586 0,0610

. 0,0440 0,0589

4,0 0,0499 0,0573 FREQUENCY (kHZ)

R



TEMPERATURE %266,5 K

FREQUENCY
(KH2Z)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
$9,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35.4
33,4
31,5
28,0
26,5
25,0
24,0
22,0

AR ANARGIDD OO
MVOWRVWN=OUMOWL

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/N)
1,7335
1,5105
1.3419
1.2342
1,1053
1,0173
0.9544
0,8796
0,8201
0,6921
0,6423
0,6064
0,5294
0,5102
0.4724
0,3567
0,3866
0,3342
0,3475
0,3121
0.2749
0,2466
042466
0,2131
0,2116
0,1764
0,1713
0,1679
0,1706
0.1708
0,1471
0,1455
0,1391
0,1362
0,1339
0,1354
0,1216
0,1241
0,1212
0,1189
0,1205
0.,1027
0.,1082
0,1119
0,0968
0,0966
0,0938
0,0956
0,0838
0,0896
0,0808
08,0742
0,0767

RELATIVE HUMIDITY & 50,0 §&

PREDICTED
(DB/N)
1.6289
1.4803
1.3393
1.2059
1.0801
0.9620
0.8729
0.7888
0.7095
0. €351
0.5824
0.5326
0.4854
0.4555
0.4129
0,3730
0.3480
5.3183
0.2649
N.273R8
N.7549
h.2229
n.2107
0.1983
9.1907
D.1763
0.1655
0.1630
0,1548
0.15¢8
7.1450
7.1365
0,1343
9,1292
9.1252
9.1218
0.1184
n,1155
o.1127
7.1097
0.1073
0.1C47
97,1021
0.09¢3
0,0938
0,0912
0,0893
0,085%
0,0826
0,0798
0,0768
0,0747
0,0713

i

266.5°K (20°F)

50% RecaTive Humipity -

gl {41 bpid

o - 100,
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



001

ABSOKRPTIUN OF SOUND IN AIR
TEMPERATURE =266,5 K RELATIVE HUMIDITY = 59,7 %

FREQUENCY ¥FRASURED ABS PREDICTED
(KHZ) (DR /M) (DR/M) Jl0.
100,0 2,0123 l.€5¢5 -
95,0 1,7846 1.5109 =
90.0 1,6096 1.3699 _
85,0 1,4584 1.2%¢4
80,0 1,3180 1.1107 -
75,0 142075 N.9925
71,0 1.,1254 7.9034% =
67,0 0.,9917 0.8192
63,0 0,9258 9.7399 266,5°K (20°P) : -
59,0 0,7984 N.6654
56,0 047346 0.6128 59,7% ReLaTIVE HuMIDITY {
53,0 0.,6861 0.5628
50,0 0,6384 0.5156 _
48,0 0.5879 0. 4857 ~
4540 045330 0.4430 S
42,0 0,5245 0.4030 25
40,0 0,4811% 0.3779 o
37.5 0,4168 0.3482 -
35,4 0,3621 0.3246
33,4 0.3253 0. 3034 =
31,5 0.2917 0.2843 z
29.7 0,2824 0.2672 w
28,0 0,2691 7.2520 )
26,5 0,2354 0.2392 >
25,0 0.2178 9.2270 T
24,0 0,2105 n.2162 L
22,0 0,1898 0.2044 w
21,0 0,1928 0.197 - O
20,0 0,1813 9.19C6 (&
19,0 0,1879 0.1840
18,0 0,1701 0.1777 >
17.0 0,1633 0.1715 o
16,0 0,1570 0.1655 -~
15,0 0,1450 72,1597 -
14,0 0,1524 2. 1539 o
13,2 0,1412 0.1493 (1e
12,5 0,1352 0.1452 Ne)
11,8 0,1316 0. 1411 N
11,2 0,1288 0.1375 m
10,6 0,1259 0.1337 g
10,0 0,1235 0.1299
9,5 0,1192 0.1265 ]
9,0 0,1110 0.1230
8,5 0,1145 0,1192
8,0 0,1072 0,1152 -
7.5 0,1055 0,1109
7.1 0.1016 0,1072
6,7 0,0976 0,1032 ~
603 0,0948 0,0989
5,9 0,0910 0,0943
s.g 0,0879 0,0905 _
s 0,084 0
5 e S44: L1 gl L L i ia1ilo
4,8 0,0804 0,0792 1.0 10. 100.
:.; 0,0746 0,0745 :
. 0,069% 0,0694
4,0 0,0683 0,0689 FREQUENCY (kHZ)




TOT

TEMPERATURE ®266,5 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
Bo.o
75.0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35'4
33,4
315
29,7
28.0
26.5
25.0
24.0
22,0
210
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13.2
12,5

.
SWwN-. NSO

e dpLmNUN I I DO

CNOWVR DD WD

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
1,7578
1,6272
1,4586
11,3438
1,2085
101191
1.0601
0,9330
0.8825
0,7591
0,7124
06225
0,5504
0,5024
0,4433
n,4384
043990
0,4290
0,3707
0.3430
0,3267
n,3076
0,.2892
0,2657
N.2535
042460
04,2260
n,2244
N,2130
0,2013
0,2007
0,1906
N,1806
N,1690
0,1798
0,1618
N,161}
Na1536
Ne1483
041460
0,1411
0,1399
Ne1270
N.1293
0,1221
06,1182
0,1113
n,1076
n,1023
0,0965
0,0925
n,0887
0,0797
0,0800
D 0779
Ne0637
06,0679

RELATIVE HUMIDITY = 69,6 %

PREDICTED
(DB/M)
1.6928
l.5441
1.4031
1.2696
1.1438
1.02¢%6
0.G365
N.8522
D. 7728
N.6983
0. 6455
3. 5655
D4.5482
Ne.5182
D. 4754
0.4353
. 4100
0. 38C1
0.3563
N.3349
0.3156
Ne2982
N.2826
0e 2€65
06,2570
0.2489
N.2335
N.22¢60
d.2180
N. 2118
0.2048
N.1980
N.1612
NelB44
7.1775
0.1719
0e1669
D.161F
7.1570
0.1521
De1459
Ve 1424
N.1375
Nel324
Ne 1260
N,.,1209
T.11%58
C. 11C4
Je 1046
0,0985
0,0936
00,0885
0,0631
0,0794
0,0736
Ny,NeT06
0,Nb36

266,5% (20°F)
69.6% ReLative HumipiTy

111

.0l

b1 g L1 L1
1.0 10. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



AHSOKPTTUN OF SOUND M AR
TEMPEHRATIRE =266,5 K RFLATIVE HUMIDITY @ BO,v %

FREDIHNCY HEASURED ALS PREDLCTRD

(KHZ) (Lb/M) (irR/H) _J10.
100,0 1,9848 17256 .
95,0 1,5870 l.580% _
90,0 1.4250 Y.s30n
85,0 1,3294 1.3063 ]
RO, 0 142060 1.18C4
75,0 1.1067 1.9621
71,0 1,0286 7.6725 -~
67,0 0.8922 n.ragps
53,0 0.8399 0.anec -
59,0 172990 0. 7342
56,0 0,6351 N.ER1E
53,0 06171 0.631% 266.5%K (20°F) -
80,0 0,5583 N. 5020
380 0lares ool 80% ReLaTIvE HumIDITY -
45,0 0,4561 Ne51C7 E
42,0 0.45R8 2.47C2 ~
40,0 0,425¢ Nebb4p 0
37,5 0,4648 744145 °
35,4 n,4174 7.38C5
33.4 0,3803 0.3627 =
31,5 0,359% 1.3450 Z
29,7 0,3413 N.3312 w
28,0 10,3244 0.3152 —
26,5 0,3126 9.301% O
25,0 n,2716 0.2RE4 w -
24,0 0,2756 0,279% w
22,0 0,2572 N.263% TR}
21,0 0,2515 0.2554 ')
20,0 0,2395 0.2475 O
19.0 042368 0.2356

18,0 0.2288 2.221°

17,0 0.2182 0.2240 Z
16,0 0,2084 n.21€0 9
15,0 0.1957 0.2C79 -
14,0 0,2056 0.1995 o
13,2 0,1869 0.1925 o
12,5 0,1830 0.1861 o
11,8 0,1737 0.,1794 ah
11,2 0,1707 0.1734 a
10.6 0.1624 0.1670 <
10,0 0,1583 0.1602

9,5 0,1551 0.1542 .

9,0 0,1402 0.1479 —

8,5 0,1389 0.1411

8,0 60,1311 0.1340 -

7.5 0,1251 0.12¢4

7.1 0,1178 0.1199

6,7 0,1121 0.1131 -

6.3 0,1053 0.1060

5,9 0,0978 0.0985

5,6 0,0937 0.0927

5,3 0,0879 0.0867

5.0 0,0786 0.0806 L1 1yl L1 111110

. 0,0803 0.0764

4.: 0,0752 0.07€0 10 t0. . 100.

4, 0,0620 9.0636

4,0 010636 7.0552 FREQUENCY (kH2)




€01

TEMPERATURE =266,5 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85.0
80,0
75.0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29.7
28,0
26.5
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
16'0
15,0
14,0
11,2
12,5
11,8
11,2
10,6
10.0

-
NAXOQWTOWNI= DRSS N

BRSSP RUID TN DOD
® 6 o 2 ® 8 @ % o * 4 u a2 o

ABSORPTION OF SOUND IE AIR

MEASURED ABS
(DB/M)
1,08468
1.6013
1,4269
1.3147
1,1789
141025
1.,0111
04,9166
0,8700
0,7436
0,7186
0,6875
0,6377
0,5925
0,5183
0,5086
0,4811
0,5062
0,4488
0,4321
0,3939
0,3807
0,3633
0,333
0,3169
0,3079
0,2825
0,2845
0,2724
n,2651
0,2619
0,2406
0,2354
0,2226
0,2174
01,2026
n,2001%
0,1905
N,1875
0,1734
0,1635
0,1638
N,1461
0,1465
0,1328
0,1295
0,1213
ne1122
0,1036
0,0963
n,08R9
n,0846
0,0749
n,0772
0,0662
0,0545
0,0572

RELATIVE HUMIDITY = 91,7 %

PREDICTED
(DB/M)
1.7727
1.6239
1.4828
1,3462
1.2231
1.1047
1.0154
0.93C8
0.8511
N.7762
0.7232
0.6728
0.6250
‘0. 5947
0.5512
0.5104
0.4846
0.4528
0.4292
0.4069
D.3865
0.36B0
N.3512
0.33¢7
1.3227
02,3125
N0.2953
D.28¢64
0.277
0.2683
0.2592
0,24%8
9.2402
).?2302
n,21¢7
0.21C8
2.2027
9.1941
D.1263
2.1781
0.1€55
0.1618
n,.,1539
0.1455
N.1367
1.1274
J.11¢7
D.1113
J.10%6
1, 0082
J.0608
).0823
7.C757
N.0713
JeDe4AT
Y. NEE2

J.0529

266.59K (20°F)
91.7% ReLaTive HumipiTy

1

0.

FEN I EENE L 4 1 p i1t
1.0 10. 100.
FREQUENCY (kH2)

.0

ABSORPTION COEFFICIENT (db/m)



ARSNRPTTON OF SOUND IN ALR.

- TEMPERATURE =272,0 K RELATIVE HUMIPITY = 0,0 %

e FREQUENCY MEASURED ABS PREDICTED 0
(KHZ) (DB/M) (DB/M) .
100,0 11,7388 1.5409

95.0 1,5441 1.35C8 -
90,0 1,3554 1. 2483 —
85,0 1,2550 1.1136 _
80,0 1,0570 9.9865
75,0 1,103 9, 8672 -
71,0 0,0415 n.7712
67,0 0,8171 0.6922 —
63,0 0,6134 0.6121
59,0 0,6178 n,.5370
56,0 0,4727 0.4839 2729 (30°F)
3 -1
200 g:;gzi HPEEH 0% RELATIVE HUMIDITY
48,0 0,3870 0.35%7 "E‘
45.0 0,2505 n.3128 <
42,0 60,3211 0.2726 P
40,0 0,2116 D.2473 o]
37.5 0,2520 0.2175 ~
35,4 0,1837 9.1639 -
33.4 0.2129 0.1727 e
31,5 0,1279 0.1537 5
29,7 0,1495 D.1367 b
28,0 0,1102 2.1216 (&)
26,5 0,1251 0.1060, TS
25,0 60,0895 0.0572 ™
24,0 0,0965 0.0896 Y
22,0 0,0733 0,07%4 o
21,0 0,0758 0.0688
20,0 0,0567 0.0625 o
19,0 0,0610 09,0565
18,0 0,0474 0.0508 z
17,0 0,0517 0.0456 's)
16,0 0,0371 0.,0403 -
15,0 0,0450 0.0356 =
14,0 0,0332 0.0311 o
13,2 0,0331 0.0277 o
"12.5 0,0258 0.0250 (o]
11,8 0,0249 n.0223 1]
11,2 0,0195 0.0202 m
10,6 0,0232 0.0182 <
10,0 0,019% . 0.0163
9,5 0,022% 0.0148
9,0 0,0192 0.0134
8,5 0,0174 0.0120
8,0 0,015% 0.0108
7.8 0,0124 0.0096
7.1 0,011 0.,0087
° - T
) I N O A | 1 4 1 1111400
1.0 10. 100.

FREQUENCY (kH2)




[ -

SOT

TEMPERATURE %272.0 K
~ FREQUENCY

(KHZ).
100,0
98,0 -
90,0
85,0
80,0
75,0
71,0
67.0
63,0
59,0
56,0
45,0
40,0
37,8
35,4
33,4
31,5
29,7
28,0
26,5
25,0
24,0
22,0
21.¢
20,0
19,0
18,0
1.7-0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,6
10,0

22 RANRNOTRNJJD®DOD
ON VO W BWN=UONOWM

ABSORPTION OF SOUND IN AIR

MEASURED ABS
{DB/M)
1,4841
1,3074
1,1420

11,0242
1,0074
0,7911
0,7041
0.6026
0,5119
0,4468
0,4175
0.3427
0,2864
0,3160
0,2424
0,1808
0,1716
0,1838
0,1407
0.1181
0,1158
0,1024
0.0900
0,0805
01,0802
0,0598
040649
0,0679
0,0542
0,0532
0,0503
0,0449
0,0401
0,0389
0,0375
0,0363
0,0299
0,0283
0,0298
0,0286
n,0301
0,0262
0,0258
0,0236
0,0246
040225
0,0236
0,0215
n,0207
0,0164
0,0238
n,n181

RELATIVE HUMIDITY & 9,5 &

PREDICTED
(DR/MY
1.5602
1.4101
1.2676
1.1329
1.0058
0.8865
0. 7965
0,7115
0.6315
0.5563
0,5032
0. 3321
0.2666
0.2368
0.2132
0.1920
1.1720
ha15€1
0.1410
0.1204
0.1165
0.1089
3.0948
7.0881
0.0818
0.0758
0.C7C1
0.,0647
7.059¢
0.0548
0.0504
7.0479
0.0442
2.06416
0.2795
0.C375
0.0356
n.0741
2.€326
0.0313
7.,0300
90,0288
12,0279
2.0270
0.0262
7.0254
7.0249
0,0243
0,0238
0,0235
0,0226
0,0223

S

2729 (30°F) . -
9,57 ReLaTive HumiDiTY

p gl I L i1 ttrijo
1.0 10. 100.
FREQUENCY (kHz2)

ABSORPTION COEFFICIENT (db/m)



ARSORPTION OF SOUND IN AIR
TEMPERATURE =272,0 K RELATIVE HUMIDITY = {9,7 %

FREQUENCY MEASURED ABS PREDICTED
(KHZ) (DB/M) (B/M) 0.
100,0 1,6515 1.596C Z
95,0 1,4880 1.4453 -
90,0 1,3182 ) .307%%
85,0 1,1891 1.16€6 =
80,0 1,0551 1.0416 -
75,0 0,9486 0.9222
71,0 0,8607 0.8223 ~
67,0 0,7489 0.7473
63,9 0.6563 0.6672 272.0°K (30°F) -
59,0 00,5301 0.5920
56,0 0,5300 0.5379 19,7% ReLaTive HumipITY
53.0 0.4547 0.4885 -
50,0 0,3745 0.44C9 .
48,0 0,3801 n.4107 —_
45,0 0,3200 9.3e78 1=
42,0 0,3010 9.327% N
40,0 0,3021 043023 Q
37,5 0,2827 0.2724 =
35,4 0,2644 0.2489
33,4 0,2328 n.2276
31.5 0,2232 9.2086 Z
29.7 0,2039 0.1517 L
28,0 0,1838 0.1765 o
26,5 0,1689 9.16139 O
25,0 0,1596 0.1520 w
24,0 0,1502 N.1444 L.
22,0 0,1417 741302 W
21,0 0,1240 0.1236 (@]
20,0 0,1234 0.1172 QO
19,0 0,1136 0.1112
18,0 0,1099 0.1054 >
17.0 0,1036 0.1000 o)
16,0 0,0971 7.0949 O
15,0 0,0867 0. 0900 =
14,0 0,0859 0.0855 o
13,2 0,0796 0.0820 o
12,5 0,0759 0. 0752 o
11,8 0,0741 0.0765 D
11,2 0,0772 0.0742 o
10,6 0,0734 0.0721 <
10,0 0,0646 9.07¢0
9.5 0,0644 0.0684
9,0 0,0657 0.0668 ]
8,5 0,0624 0.0653
8.0 0,0643 0.0638 ~
7.8 0,0626 0.0623
7.4 0,0580 0.0612
647 0,0%98 0,0600 -
6,3 0,0568 0,0588
5.9 0,0831 0,0577
5,6 0,0571 0,0568
$,3 0,0530 0,0558
s.g 0,0587 0,0548 L ] b Lol I 1t 1 1t a1tl.0
4, 0.0538 0,0542
:.; o.o&:g 0.0“3 1.0 10. _ 100.
A, 0,08 0,081
4.0 0,0547 0,0810 FREQUENCY (kH2)




L0T

TEMPERATURE =272,0 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
7540
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37.5
35,4
33.4
31,5
29'7
28,0
26,5
25,0
24'0
22,0
21,0
20,0
19,0
18,0
17.0
16,0
!5'0
14,0
13,2
12,5
11 '8
11.2
10,6
10,0

SR RUTU O -~ ® OO
ONUVDOoOWITPIOW~N=NOoOWNNO N

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
1,7100
1,533%
1,3625
1,2361
1,1001
1,0114
0,9139
0,8166
0,7097
0,5935
0.5718
0,5132
0,4233
0,4208
0,3732
0,3430
0.3442
0,2977
0,3176
0,2693
0,2526
0,2431
0,2035
0.,1876
0,1782
0,1733
0,1568
0.1536
0,1523
0,1501
0,1335
0,1328
0.1252
0,1209
0,1204
0,1100
0,1035
0.1041
0,1032
0,1001
0,0908
0,0907
0,0954
0,0918
0,0936
0,0876
0.0853
0.,0841
0,0626
0.0776
0,0792
0,0761
0,0752
0,0736
0,0683
0,0727
0,0668

RELATIVE HUMIDITY = 29,5 §

PREDICTED

0.-7117
0.6365
0.5833
0.5329
0.4853
0.4551
0.4121
0.,3718
0.3465
0.31¢66
0.2930
042717
0.2526
N.2356
9,22C4
0.2076
N0.1956
0.1880
0.1735
N.166%
0.16C3
0.15%1
N.1481
7.1424
N. 1370
0.1319
0.1269
0.1271
0.1198
0.1167
0. 1140
N.1113
0.1c87
0.10¢4
0.1042
0.1018
0. 0654
0.0969
0. 0948
0.0525
7.0900
0.C874
0.0852
0.0829
0.08C3
0. 0785
0.0755
0,0723
0,0699

272.0°K (30°F) -
29,5% ReLaTive HumipiTy

Ll L1 1t
.0 10. ' 100.
FREQUENCY (kHz2)

ABSORPTION COEFFICIENT (db/m)



801

TEMPERATURE =272,0 K

FREQUENCY
(KHZ)
100,0

95,0
90'0
85,0
80,0
75.0
71.0
67I0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29,7
28l0
2655
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,6

) ’ "
SR BUARRARLILIOD OO
ONMBDOWRO WA ROROUND

ABSORPTIOUN OF SOUND IN AIR

MEASUREDP ABS
(DB/M)
1,6602
1.6050
143297
1,3203
1,0791
1,0835
0,9026
0,8810
0,7039
0,6863
0,5704
0,5701
0,4186
0,4887
0,3702
0,4088
043362
n,4367
0,3786
0,3163
0,3180
0,3066
0,2646
0,2475
N,2345
0,2309
0.2129
0,200%
0,1986
0,1861
0,1870
0,1735
0,170%5
0,1665
0,1584
0,1561
0,1519
0,1442
0,1438
0,1410
0,1401

" 041251
0,1301
0,1252
0,1238
0,1191
0,1167
0,1074
0,1090
0,0997
0,0974
0,0931

- 00883
0,0038
0,095S
0,0799
0,0723

RELATIVE HUMIDITY = 40,4 %

PREDICTED
{DB/M)
1.6985
1.5483
1. 4059
1.2711
1.1439
1.¢245
0.9245
0.8454
0.7653
0.6940
0.6408
0.55C2
0.5426
n.5123
0. 4651
2.4297
0.4033
n.3732
0.3494
0.32179
0.3085
0.2912
0,277
2.2626
0.2502
0.2423
0.2271
0.2199
9.213¢C
0.2062
0.1996
n.1932
0.1869
0.1807
2.1745
0.1655
0.1651
0.16086
0..1566
0.1524
0,148}
0.1443
0.1402
0.1359
0.1313
0.1263
0.1220
0.1173
0.1123
0.1068
0.1024
0.0977
0.0927
0. 0892
0.0837
0.0778
0.0738

2729k (30°F)
40,47 ReLaTive HuMIDITY

L1 gl 11 L1
.0 10. K)Ci
FREQUENCY (kH2 s

" ABSORPTION COEFFICIENT (db/m)



601

TEMPERATURE *272,0 K

FREQUENCY
(KHZ)
10040

95,0
90,0
83,0
80,0
75.0
71,0
6740
63.0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
39,4
33,4
31,5
29,7
28,0
26,5
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,6
10,0

LA AANRORLd JDDOOD
ONNODDWIROWSN NODVOWC

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
1,7923
1,6238
1,4372
1,3186
1,1822
1,0870
1,0048
0,8890
0,7932
0.6713
0,6413
0.5766
0,5043
0,5028
0,4522
0,4227
0.,4193
0,3768
0,3802
0,3720
0,3514
0,3447
0,3230
0,2972
0,2836
0,2805
0,2567
0,2500
n,2466
0,2301
0,2250
0.2269
0,2154
0,2011
0,2038
0,192%
n,1880
50,1770
0,1759
0,1719
0,1609
0,1523
0,1526
0,1470
0.1440
0,1351
0,1271
0,1200
0,1156
0,1090
0,1033
0,0966
0,0906
0,0782
0,0762
0,0776
0,0677

RELATIVE HUMIDITY = 47,9 &

PREDICTED
(DB/M)
L7422
1.5920
1.4465
1.3146
1.1875
1.0680
0.5779
0.8827
0.8125
0. 7371
0.6827
D.6332
0.5853
0.5549
Je5115
0. 47C9
044453
0e4149
0.39C8
03690
J.3493
0.3315%
0.315%
0.3021
0,2862
2.28C8
N.2648
0,2570
N.2494
D.2419
Ne?2344
N,2271
D.2196
%.2121
0.2045
d.1081
0.1923
0.1862
Ja.1808
7.1750
01,1699
N.,1675
0.1577
041515
041449
0.1378
0.1317
041252
N.1183
0.11C9
3.1051
N. €S9C
n.0527
).0884
0,0817
0,0748
0,070%

272°K (30°F)
47,92 ReLative HumiprTy

1 111 IJ;[, | S—|

11

10.

| |
1.0 10. 100
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



TEMPFRATURE =272,0 K

FREQUENCY
(KHZ)
100,0

95,0
90.0
RE,0
80,0
75,0
71,0
67,0
63,0
59,0
5640
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33.4
31,5
29,7
28,0
26,5
25,0
24,0
22,0
21,0
20,0
" 19,0
18,0
17,0
16,0
15,0
14,0
13,2
12.5

e hddRAVTURR IO DO
R EEEEEEEREEEIEIN I
ONADO WO VWN—IOoOUIOWN

ABSORPTION OF SDUND INM AIR

MEASURED ABS
(DB/M)
1,8967
1,7366
1,5668
1,4540
1.3212
1,2352
1,150%
1,0388
0,9479
0,837%
0,8172
0,7317
0,6408
0,6405
0,5868
0,5487
0,5384
0,5454
0,5184
044558
0,4388
0,4183
0,3765
0,3504
60,3337
0.3322
0,3144
0,2987
0,2881
0,2767
0,2728
0,2707
0,2443
042396
0,2381%
0e2219
0,2144
0,2070
0,2038
0.,1907
0,1807
0.1783
0,1678
0,1606
0.,1516
0,1383
0,1312
0,1223
0,1151
0,1063
0,1004
0,0914
0,0054
0,0722
0,0689
0,0682
0,0641

RELATIVE HUMIDITY = 60,0 %

PREDICTED
(DB/M)
1.8175
1.66M
1.5245
1.3895
1.2621
1. 1424
1.0521
0.9667
n.88€2
0.8106
0.7568
0.7C58
0.6575
0.6268
0.5828
0.5415
9.5153
0. 4841
0.4592
0.4365
0.4158
n.3969
0.3797
043650
0.3506
0.3411
043225
0.3132
0.3038
042944
0.2849
042750
9. 2649
0.2543
0.2431
0.2337
0.2249
0.2156
0.2C72
0.1983
0.1889
0.18C6
0.1719
0.1627
0.1530
0.1428
0.1343
041255
0.1164
0.1071
0. 0959
0.0927
0.0853
0.08C4
0.0730
0.0657
0.0609

272% (30°F)
60% RetaTiveE HuMmIDITY

Lol L1

10.
FREQUENCY (kH2)
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TEMPERATURE =2272,0 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29,7
20,0
26,5
25.0
24.0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
’3l2
12,5
11,2
10,6

-
BAEAELANNNT O IIDDOLOD
ONNDODWIRrOW~NEADIRNRDND

ABSOGRPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
1.9513
1,7702
1,5875
1,4774
1,3619
1,2662
1.,1884
1,0708
0,9385
0,8177
0,7740
0,7043
0.6341
0,6358
0.5978
0,5525
0,5771
0,5800
0,5527
n,4828
0,4843
0,4809
0,4161%
0,3893
0,3776
0,3601
0,3474
0,3379
043270
0,3163
Ne3060
0,2962
0.2801
0,2745
0,2661
00,2419
0,2307
0,2120
0,2057
0,1910
0,1718
0,1693
0,1591
0,1542
0.1394
n,1276
0,1192
0,1076
01,0968
0,0941
0,0860
0e0810
0,0798
0,0662
0.0612
0,0527

RELATIVE HUMIDITY = 67,6 %

PREDICTED
(DB/M)
1.86€5
1.7165
1.5737
1+ 43E5
1.3110
l.l0ll
1.16C6
1.0149
0.9340
0,8579
0.8040
0.7526
0.7039
0.6728
0.6283
0.5862
0.5565
0.5275
2.5¢017
0.4782
N.45¢65
0.4366
0.4172
0.4022
2.3845
0.37¢0
0.3550
0.3442
0.2325
0.3225
043111
0. 2653
0.7869
De 2747
Ne26C2
0.24A5

0.2376
0.,2159

0.205%
0.1637
J0.1638
0.173%
0.1627
0.1516
J.14C1
0.13C7
M.1211
0.1113
0.1014
0.0940
0.0865
0, 0751
N.0742
N.CH69
J0.056¢8
0.0551

272°¢ (30°F)
67.6% RELATIVE HUMIDITY

P gl NN
1.0 0. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



) ABSORPTION OF SOUND IN AIR
TEMPERATURE =272,0 K RELATIVE HUMIDITY = 79,2 &

FREQUENCY MEASURED ABS PREDICTED

(KHZ) (DB/M) (DB/M) 10.
100,90 1,9487 L5447 -
95,0 1,7567 1.7540 -
99,0 1,5859 1.6509 B

85,0 1,4676 1.5153

80,0 1,3441 1.387% : -

75.0 1,2494 1.26€9 _

71.0 1,2058 1.1759

67,0 1,1215 1.0897
63,0 1,0459 1.0081 -

59,0 0,9375 0.9312 . 0

56,0 0,9313 0.8765

53,0 0,8468 - 0.8243 22°K (30°F)

50,0 0,7152 0.7745 79.2% Rerative Humipity

48,0 0,8306 0.7427 —
45,0 0,7296 0.6569 3
42,0 0,7746 0.6522 -\D
40,0 01,6710 0.6253 °
37,5 0,6377 n.5915 -
35,4 0.5963 045640

33,4 0,5445 0.5386 ~
31,5 0,5387 D.5148 2
29,7 0,5244 N.4926 ".l_'l
28,0 0,4954 0.4718 o
26,5 0,4672 0.4535 =
25,0 0,4318 0.4350 L
24,0 0,4023 0.4225 L
22,0 0.3804 0.3969 Lad
21,0 0,3645 0.3837 O
20,0 0,3616 0.3702 o
19,0 0,3378 03561

18,0 0,3247 0.3415 Z
17.0 0.3166 0.3263 o
16,0 0,2972 0.31¢3 p—
15,0 0,2841 0.2935 |
14,0 0,2708 0.2756 o
13,2 0,2543 0.26C6 i
12,5 0,2390 0.2468 o
11,8 0,2258 0.2324 | N
11,2 0,2203 0.2156 ' a
10,6 0,2039 0.2064 ! .
10,0 0,1875 0.1927

9,5 0,1777 0.1810 _

9,0 0,1720 0.1690

8.5 0,1564 0.1568

840 0,1424 0.1443 -

7.5 0.,1314 0.1318

7ot 0,1214 0.1217

6,7 0,1107 0.1116 -

6.3 0.1020 0.1015

5.9 0,0923 0.0916

5,6 0,0824 0.0842

3 .0769

520 500777 0s 0698 Ll L1 11 iailo

4,8 0,0633 0.06%52 .0 t0. 100.

4.: 0,059% o‘osg;

4, 0,0552 0.051

a0 o 0504 AU FREQUENCY (kH2)
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TEMPERATURE =272,0 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29,7
28,0
26,5
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,6
. 10,0
9,5

' .
R LAANNNIR INDDO
ONUNDOWT VW= ROWNO

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
2.1824
1,9849
1,8073
1,7007
1,5565
1,4715
1,3952
1.2532
1,1394
1,0137
60,9768
0,8961
0,8239
0,8200
0,7480
0,7237
0,7144
0,7184
0,6931
0,6246
0,6014
0,5845
0,5456
0,5151
0,4750
0,4766
0,4354
0,4128
0,3865
06,3679
0,3571
0,3386
043157
0,2985
0,29833
0,2572
0,2429
0,2259
0,2146
10,1976
60,1767
0,1577
0,1568
0,1418
n,1321
0,1163
0,1053
10,0962

. 0.0878
040772
0,0729
0,0640
0,0644
0,0589
0,0483
0,0454
0,0383

RELATIVE HUMIDITY = 92,9 &

PREDICTED
(Da/M)
2.0387
1.8874
1, 7637
1./608s
1.4TA7
1.3533
1.2654
1.1781
1.0953
1.01¢8
0.96C8
0.9071
0.8556
0.8224
0.7743
0.7280
0.6580
0.6€12
0.63C9
0.6C23
0.5753
0. 5456
0.52%50
0.5030
0.4805
0.4651
0.4332
0.4166
0.3994
0.3815
0.3630
n.3437
0.3235
0.3025
0.28C%
0.2623
0.2458
0.2289
0.2141
0.1951
0.1839
0.1711
0.1582
0.1453
0.1324
0.1197
0.1096
0.0997
0. 0900
0.0805
0.0736
0. 0659
2.06C4
250562
0, 05C0
0.0442
0.0404

2729K (30°F)
92,92 ReLative HumipiTy

L il L

ABSORPTION COEFFICIENT (db/m)

1 1141100

10.
FREQUENCY (kHz)

100,
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TEMPERATURE =277.6 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80.0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
29.7
28,0
26,5
25.0
24,0
22,0
21.0
20,9
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,5
11.8
11,2
10,6

=Y
MAPOPIIDDODO
QWA= UIOUROWNO

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/¥)
1.,6640
1,5784
1.,3327
1.2695
1,0534
1.,0094
0,8470
0,6772
0,6518
0,5944
0,5010
0.4940
0,3761%
0,4062
0,3035
0,3166
042435
00,2697
0,1874
0,1758
0,1468
0,1363
0,1068
0,1067
0,0920
0,0946
0,0734
0,0722
0,0596
0,0591
0,0463
0,0485
0,0357
0.0418
0,0281
0,02714
0,0209
0.,0243
0,0186
0,0194
0,0182
0,0234
0,0159
0,0159
0,0837
0,0139
0,0106
0,0115
0,0069

- 0,0086

RELATIVE HUMIDITY = 0,0 %

PREDICTED
(DB/M)
1.5567
1. 4050
1.2611
1.1250
7. 9966
0.8761
Ne7852
0.6554
0.6185
0.5425
0.4889
0.4380
0.3899
0.35%4
0.3160
0.2754
0.2459
N.2198
0.1960
0.1746
0.1554
0.1382
0.1230
0.1103
0.0982
0.05C6
0.0763
0.0666
0.0632
0.0572
0.0514
0.0460
0.0408
0.03&0
0.0315
0.0281
0.0253
0.0227
0.,0205
0.0185
0.0166
0.0151
0.0136
0.0123
0.0110
0.0098
0.0089
0.0080
0.0072
0. 0064

L

277.69K (40°F)
0% ReLative HumipiTy

L%l L1

L1

L1y

I

10.
FREQUENCY (kH2)

100.
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TEMPERATURE =»277,6 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
40,0
37.%
35,4
33.4
31,5
29,7
28,0
26,5
25,0
24.0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2

ONRDOWIVWNr,rOoOMOUNNO O™

-
P ARRNPARN N LIDDOOIO0O

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
1,8038
1,5190
1,3409
1,2155
1,0934
0,9027
0,9094
0,8098
0,6987
0,5974
0,5442
0,5485
0,4214
0,4587
0,4090
0,3379
0,3033
0,2987
0,2734
0,2209
0,1910
0,1782
0,1641
0,1472
0,1349
0,1227
0,1137
0,1047
0,1000
0,0963
0,0835
0,0850
0.0774
0,0752
0,0679
0,0651
0,0613
0,0579
0,0583
0,0564
0,0496
0,0501
0,0505
06,0492
0,0494
0,0476
0,0455
0,0426
0,0431
0,0403
0,0411
0,0412
0,0364
0,0422
0,0294
0,0445
0,0356

"RELATIVE HUMIDITY = 9,4 %

PREDICTED
(DB/M)
1.5942
1o 4426
1.2987
1.1625
1.0342
0.9136
0.8228
0.7369
0.¢5€0
0.5801
0. 5264
0.4755
0.4275
0.3970
0.3536
0.3130
0.2875
0.2512
0.2335
0.2121
0.1529
0.1758
0, 16C5
0.1478
0.1357
0.1281
n. 1128
0.1071
n.10C7
0.0546
0.0889
0.0834
0.0783
7.0734
0. 0689
0. 055
0.0627
0. 0600
0.0578
0.0557
0.0538
040522
0,0607
0,0493
0,0480
0,0467
0,0457
0,0448
0,0439
0,0430
040424
0.0417
0,0411
0,0407
0.0401
0.0394
0.0390

277.6°K (4D°F)
9,47 ReLATIVE HuMIDITY

i S

100.

ABSURPTION COEFFICIENT (ab/m)



ARSORPTION OF SOUND IN AIR -
TFMPERATURE =277.6 K RELATIVE HUMIDITY = 20,0 %

FREQUENCY . MEASURED ABS PREDICTED ) R .
(KHZ) (DB/M) (DB/M) 10.
100,0 2.1944 1.67C0 _ S a1
95,0 1,9806 1.5163 . 7 :
90,0 1,7946 1.3744 .

85,0 1,6201 1.2382 -

80,0 1,2564 1.1099 . -

7%.0 1,4089 £.9063 » -

71.0 1,33%83 0,8684 -

6740 1,2023 8.8125 .

63,0 1,0154 0. 7316 -

59,0 0,8748 n.6557

56,0 0,8098 0.6020 :

53,0 06,7514 2.5511 —

50,0 0,6610 0.5020 4

48,0 0.5990 0.4724 —

45,0 0,8311 0.4290 B

42,0 - 0,4960 0.2883 o/ | B

40,0 0,4081 J.3627 o o -

37.5 0,4030 0.3325 277.6°K (40°F) - ﬁ'- z
4 1.3086 : .

;::4 2;3‘;’;: 922871 20% ReLaTive HuMIDITY 1

3.5 0,2903 0.2678 - =

29,7 0,2675 0.25C6 . 7]

28,0 0,2429 0.2352 4 5

26,5 0,2250 0.2223 g

25,0 0,2214 0.21€2 ~ -

24,0 0.,2084 0.2024 TR

22,0 0,1989 0.1878 - w

21,9 0,1932 0.18¢09 O -

20,0 0,1038 0.1744 (&

19,0 0,1806 01481 N _

18,0 0.1662 0.1620 >

17.0 0,1611 9.1562

16,0 0,1561 0.15¢C7 9 )

15,0 0,1552 0.1454 R

14,0 0,1420 . 0.1403 _ [ Qo

13,2 0,1437 | D.1364 =3

12,5 0,1386 0.1331 o

11,8 0,1330 0.1298 4 &

11.2 60,1321 0.1270 — a

10,6 0,1302 9.1242 _ <.

10,0 0,1234 0.1214 ﬁ :

9,8 0,1209 0.1190

9,0 0,1211 n.1166 -1

8,5 0,1213 0.1141

8.0 0,1172 0.1115 -

7.5 0,1121 0.1087

7ol 0,1123 0.1064 )

6,7 0,1064 0.1039 -

6,3 0,1035 0.1012

5,9 0,1014 0.0982

5.6 0,0993 0. 0958

5,3 0.,0957 0.0931

5.0 0,0914 0.0903 1 Lol BN EEERI R

4,0 0,0882 0.0882

:.: 0,0856 0.0849 1.0 0. IOO

“4ed . 0,0806 0.0811 )

4,0 0,0781 0.0784 FREQUENCY (kH2)




L1t

TEMPERATURE »277,6 K

PREQUENCY
(KH2)
100,0

95,0
90,0
85,0
80,0
75.0
71,0
67,0
63,0
59.0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5

8,0

ol AARROO N~
EEEEEEEERERIXE)
SNV BOWOROWd=n

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
1.,2556
1,1134
0,9056
0,9074
0,8693
0,7564
0,6988
0,6316
0,%463
0,5739
0,5396
0,5022
0,4392
0,4380
0,3929
0,3889
0,4220
0,4847
0,4311
0,37%6
0,3637
0,3437
0,3333
0,2992
042906
0,2791
0,2693
0,2598
0,25214
0,2503
0,2346
0,2340
042223
0,2132
0,2408
0,2018
0,1994
0,1903
0,1074
0,1703
0,1752
0,1679
0,163%5
0,1579
0,1522
0,1447
0,1417
0,1326
0,1253
0,1193
0,1138
0,1066
0,1012
0,1000
0,0896
0,0890
0,0772

RELATIVE HUMIDITY ®» 30,2\ &

PREDICTED
(DB/M)
1.7629
1.6113
1.4672
1.33%0
1,2026
1.0819
0. 99C9
0.9049
0.8239
0.7477
0.6939
0.6428
0. 5945
0.56138
0.5201
0.4751
n.4523
0.4227
0.3984
9.37¢5
0.3567
95,3389
0.3229
00,3094
0.2965
n.2882
0.2722
02645
72,2570
0.7249¢
N,2423
0.2351
0.2279
N.22C7
0.2123
2.2072
9.2017
N.1959
1.,1907
n.1852
N.1794
D.1742
2.1687
n.1628
0.1%564
N.14¢5
Na1425
0.1371
0.1362
Ne1226
2.1170
2. 11C8
0.1043
03,0997
7.€927
N.NR54
J.2R03

268.7°K (40°F)
30.2% Rerative HuMmIDITY

L il 11 11 .0l
1.0 10. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)
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TEMPERATIRE =277,6 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
8540
80,0
75,0
71,0
67.0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37'5
35.4
33,4
31,5
29,7
28,0
26,%
25,0
24,0
22,9
21,0
20,0
19,0
18,0
17.0
16,0
15,0
14,0

10,0

BRI APIIID DOD
ONVNMDOWRVWNI=IORROW

ABSORPTYTON OF SOUND IN AIR

MEASURED ABS
(DR/M)
1,9168
1,7400
1,5742
1,4359
1.2339
1,1859
1,1347
1,02714
10,9304
0,8060
0.7421
0,6991
0,6057
0,602¢F
0,5463
0,5208
0,4727
0.4708
0,4638
0,4946
0,4612
0,4391
0,4104
0,3774
0,3715
0.3569
0,3479
0,3370
0,3214
0,3173
0,3002
042950
0,2844
0,2709
0,2652
0,2495
0,2462
0,2365
0,2242
0,2140
0,2055
0,1971
0,1860
0,1767
0,1675
0,1553
0,1449
0,1368
0,1271
0,1178
0,1113
0,1029
0,0952
0,0955
0,0822
0,0789
0,0682

RELATIVE HUMIDITY = 40,4 %

PREDICTED
{DB/M)
1.9679
1.71€0
1.5719
1.435%
1.30€8
1.1858
1.0946
1.00683
7.9268
3. 8502
0. 7560
0.7444
0. 6956
0. 6644
0.6199
0. 5780
0.5515
0.5198
0.4944
0.4713
0.4502
0.4309
0.4123
0.3982
7.3833
0.3735
0.3541
0.36444
0.3346
N.3247
0.3145
0.30641
0,2932
0.2818
0.2668
9.2595
0.2459
0.2398
9.2305
0.2207
0.21¢3
0.2011
0.1914
0.1812
0.1705
0.1591
0.1457
0.1399
0.1298
0. 1154
0.1114
0.1033
0.0952
0.0897
0.081%
0.0723
0.0679

277.6%K (40°F)
b0),4% ReLATIVE HUMIDITY

L1

Pl [ 1
1.0 10. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)
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TEMPERATURE =277,6 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31'5
29,7
28,0
26,5
25,0
24,0
22,0
21.0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10.6

[
o hEaES2ARNNNRENNDDOOD
ONUDOWI VWL AOASUTC

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
2,0338
1,8224
1,7045
1,5085
1,4168
1,2824
1,2144
1,1064
1,0105
0,8849
0,8300
0,7855
0,7098
0,6949
046411
0.6162
01,5977
02,6679
0,6290
0.5752
045537
0,5239
0,5047
0,4709
0,4537
0,4361
0,4074
0,13982
043806
n,3708
0.3458
0,3435
0,3270
0,3085
042960
0,2791
0,2689
0,2513
0,2395
0,2262
0,2105
01,1938
0.1871
0,1749
0,1632
0,1449
10,1377
0,1259
0,1156
0,1058
0,0969
0,0988
0,0818
0,0781
0,0697
0,0682
0.0556

RELATIVE HUMIDITY = 50,3 %

PREDICTED
£DB/M)
1.9768
1. 8247
1.6802
1.5433
1.4142
1.2926
1.2008
1.1138
1.€316
0.9541
0.8990
0o R4ES
0.7964
0.7645
0.7185
0.6747
0.£468
9,6120
0.5857
n.5603
0.5368
0.514n
0.4943
0.47€2
0.4580
0.4457
044207
0.4077
043944
0.3806
n.3663
0.3513
n.3355
043187
7.3008
0. 2857
0.2717
042570
n.2439
0.2301
7.2158
0.2035
9.1508
0.1717
. 1€44
0.1508
7.1397
9.1286
0.1174
2.1063
9.€980
0.0898
0.0817
0.0764
0.0685
0.0609
0.£560

277.6% (40°F)
50,3% RELATIVE HuMIDITY

A 1111

| S I T O I | I

byl L1 t1gt
1.0 0. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



ABSORPTIUN OF SOUND IN AIR
TEMPFRATURFE =277,6 K RELATIVE HUMIPITY = 60,3 %

g FREQUEMNCY MEASURED ABS PREDICTFD
(KMZ) (DB/M) (DB/M) 10.

100,0 2.,1002 2.0907 -
95,0 1,8887 1.9330 .
90,0 1,7376 1.7929
85,0 1,6036 1.65%3 : ]
80,0 1.4862 1.5253 —
15,0 1,3489 1.4027 .
7140 1,2624 1.3C$9 -
67.0 1,1618 1.2217
63,0 1,0662 1.1361 -
59,0 01,9591 1.0550
56,0 0,9136 1.002% 0 0
530 08668 0. 9483 277.6°K (40°F)
50,0 0,7797 0. 8563 60.37 ReLative HumipiTy
48,0 0,7693 0.8629 —
45,0 0,70714 0,.8144 £
42,0 0,6942 0.7677 ~
40,0 0,6816 0.7374 Q
37,5 0,6787 2.7004 - B
35,4 0,6620 0.6£58
33,4 0,6611 0.6410 -
31,5 0,6244 9.6137 =
29,7 0,5921 0.5078 1]
20,0 0,5675 7.5629 o
26,8 0,5320 J.5406 >~
25,0 0,5058 2.5178 TR
24,0 0,4863 0.5022 TR
22,0 0,4593 0.4657 w
21,0 0,4448 0.4526 (@)
20,0 0,4127 0.43%0 (&)
19,0 0,4024 D.4166
18,0 0,3780 0.3975 =
17,0 0,3725 0.3774 o
16,0 0,3472 0.3564 o
15,0 0,3297 0.3343 -
14,0 0,3092 0.3111 o
13,2 0,2827 0.2917 o
12,5 0,2778 0.2742 o
11,8 0,2548 0.2561 N
11,2 0,2392 0.2401 a
10,6 0,2234 0.223%8 =3
10,0 0,2013 0.2072

9,5 0,1960 0.1932

9,0 0,1763 0.1761

8,5 0,1670 0.1649

8,0 0,1508 0.1506 -

7.5 0,1373 0.1364

7e1 0,1276 0.12%2

6.7 0,1143 0.1141 -

6,3 0,1046 0.1032

5,9 0,0940 0.0925

5,6 0,0847 0.0846

5.3 0,0773 0.0770

5.0 00710 0.0696 L1 1t anl L1t ybraril.o
4, 0,0748 0.0648 '

:.: o.osg: 0.0578 10 10. 100.

. 0,05 0.0511 : '

42 00594 0.0511 FREQUENCY (kH2)




2T

YEMPERATURE 2277,6 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,40
48,0
45,0
42,0
40,0
37.5
35,4
33,4
31,5
29,7
28.0
26,5
25,0
24,0
22,0
21,0
20,0
19,0
lsln
17.0
16.0
‘5!0
14i“
13.2
12,5
11,8
11,2
10,6
10.0

PEADANUVANANIC TILT OO
I EEEEEE TR
DMV ADIWTODW I AONOWN

ABSORPTTIUM OF SOUND IN AIR

MEASURED, ABS
(DB/M)
2,2131
2,0226
1,8674
1,7517
1,6102
1,4754
1,3969
1,2926
1,2102
1,0753
1,0213
0,9771
0,98941
0,8305
0.,8143
0,7809
n,B528
047853
n,7721
0,7125
046750
0,6404
0,6021
045669
0.5372
n,5229
0,4854
0,4731
n,4377
n,4282
0,3977
0,3806
04,3468
n,3274
0,3007
n,27R5
Ne2640
0,2451
00,2327
0.2106
0,1936
0,1773
05,1670
n.1517
0,1409
n,1214
0.,1156
0,1017
n,0937
Ne,N838
n,076b6
n,0700
0,001
0,0500
01,0494
0,0385

RELATIVE HUMIDITY =& 69,0 %

PREDICTED
(DB/M).
2.1911
2.0377
1.8917
1..7532
1.6220
1.4980
1.4039
1.3143
1.2289
1.1477
1.0893
1.0331
0.9787
0.9434
0,8918
9. 8415
0.8085
0.7677
0.7334
0. 70C7
0,6692
0.6389
0.6055
0.5829
0.5554
0, 5365
0.4969
2.4762
0.4547
0.4325
9.40%4
0.3855
0.3606
0.3348
043082
0.2863
7.,2667
2.26468
1,2296
J.2122
2,1549
0.1804
n.164C
1.1517
1.137¢
1.1237
0.1120
7.1023
9.0920
0.0820
0.0748
0.,b678
0.0611
0.0505
0. 0445
29,0407

277.6%K (40°F)
692 RecaTive HuMiDITY

Ll L4t 11
1.0 10. 100.
FREQUENCY (kH2)

L1111

ABSORPTION COEFFICIENT (db/m)



ARSQRPTTON OF SOUND IN ALR
THMPERATHKF =277.6 K RELATIVE HUMIDITY = B0,3 %
= FREQUENCY MEASURED ABS PREDICTED

] (XHZ) (DR/M) (DR/M) 10.

100,0 2.3317 5.3212 -

95,0 2.1363 2.16¢4 -

Q0.0 1.9720 2.01R9 -

5.0 1.8444 1.2785

RO,0 1,7282 1. 7452 =

75,0 1.5857 1.6197 _

7140 144991 1.5222

67.0 1,3823 1. 428

63,0 1,2855 1.34132 -

59,0 1,1515 1.25¢€3

5h,0 1,0897 1.1947 0 0

53,0 1.0406 1-1348 277,6°K (40°F)

50,0 0,9607 1.07¢2 80.3% ReLAaTIVE HumMIDITY

48,0 n,9418 1.0379 fg
45,0 0,8785 7.9811 E
42,0 N,B366 Ne G248 a
40,0 0,8183 1.92873 . ©
37.5 n,R440 n.2402 ~
35,4 0,8321 . 80C2 - -
33,4 0,7622 1. 7615 -

31,5 n,7389 1.7238 _ 2
29,7 De6801 0. 6872 i
28,0 04,6551 Te6515 1 (&)
26,5 0,6027 7.6189 _ ™
25,0 00,5702 J. 5852 |J-
24,0 n,5374 T.5621 LI.'
22,0 01,5051 7.513% - o
21,0 n.4934 0.4689

20,0 0,4486 0.4632 o
19,0 0,4368 Ne42€7

18,0 0,4037 N,40°6 2
17,0 n,3796 n.381° o
16,0 0,3505 0.3534 =
15.0 0,3188 0. 3245 —
14,0 0,2932 N.2952 i @
13,2 0,2675 n.2715 - (0
12.5 042550 0. 25C7 4 Q
11,8 0,2334 0.2300 - o)
11,2 0.2196 17,2122 - a
10,6 0,1975 01647 <
10,0 0,1798 0.1772 ﬂ

9,5 n.1617 0.1631 R

9,0 n,1510 0.1451

R,5 0,1377 9.1354 ]

R0 60,1213 9.1220

7.5 0,1097 0.1061

7.1 0,1017 0.0990 4

6.7 0,0912 1.0864

643 0.0802 0.0800

5,9 0,0703 0.0711

5.6 0,0666 0.0646

5,3 0579 .

5.0 070338 0n058 L0 o oreragel 1t b .o
4.8 0,0555 0.0487 1.0 10. 100.

4,5 0,0484 0.0432

4,2 0,0410 0.0380

4,0 0,0382 0.0347 FREQUENCY (kHZ)




€1

TEMPERATURE £277,6 K

FREQUENCY
(KHZ)
100,90

95.0
90,0
BS, 0
80,0
75,90
71.0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42'0
40,0
37.5
35,4
33.4
31,5
29.7
2840
26.5
25.0
24,0
22,0
21,0
20.0
19,0
‘n'l)
170
16,0
15,0
14,0
13,2
12,5
11.“
11.2
10,6
ln-(]
9.5

A FIANAIC NIV O
PNV S WIHRO WA= OO

IR EEEEE )

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
2.4546
2,2738
2,1078
1,9656
1,8556
1.6991
1,6241
1.,5019
1,3960
1.,2435
1,1944
1,1365
1,060
1,0345
049622
N.9168
0,9260
0,9188
0.8853
N.8114
0,7796
0,7227
0,6749
0.6311
0,5881
0,5569
n,5090
n,4900
0,4479
n,4301
01,3987
0,3690
0,3394
01,3072
0,2804
042552
0,2388
0,2189
0,2015
0,1817
N,1645
0,1486
0,1384
N,1260
n,tisd
n,1012
0,0905
0,0800
0,0705
0,0627
0,0602
0,0521
n,0480
0,0453
0,0379
0,0408
n,0311

RELATIVE HUMIDITY = 89,6 %

PREDICTED
(DB/M)
2.42¢66
2.2703
2.1210
1.9786
1. 8429
1.7136
1.6145
1.5161
1.4272
1.3383
1.2733
1.2C96
1.14¢€8
1.1053
1.0433
0. 5813
0.7396
0.8868
0. 8415
0.7975
0.7545
0.7125
2.6718
0.6346
0.5663
n.5701
D.5166
n.4889]
n.4597
7.43C7
0.4C14
9.371¢
0.3415
0,112
0.2809
n.25¢8
n.23%9
0.2151
N.167%
0,1004
1.183%
2.145¢
7.12€5
n.1235
5.1110
9.0%89
n.0R9E
2.08C6
n.0721
0.0620
0.C500
N, 0524
N.04170
N, 0434
0.02F7
0.0340
7,931)

277.6% (40°F)
89.67% ReLATIVE HumiDITY

11

.
]
i
J
L egel L lllLlJ.Ol
.0 0. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



TEOPERATHNE
FRECHEACY
(k4¢)
10n .0
98 ,0n
angu
RS, 0
$p, 1)
T8
AT, 0
3,0
KG, 0
Wh
R0
50,0
an 0
45,0
4740
An 0
37.5
35,4
33,2
3,5
9.7
28,0
2h.h
25,10
21,1
7.0
21.0
20,0
19,1

W1

LARENEP T iy 3 B’nunb
=270 & KELALLVE
PEASHRED ARS
(NMR/V)
244632
7.03F0
2.,08110
1.hbbhh
1.A995
1 A2RN
1,538
1.,497%
1.hAk4
t.4870
1,.3907
1.308Y
1.2028
1.2431
1.0735
NgkI9k
n,IAG
1,0822
NgHLbH
n,F0al
N, 1556
n,7095
Neht3a
(eHh0uL
G ,AH79
N,S1720
N, Auh7)
40607
NaA1913
N, 34806
0,3944
f,a3h11
0,3158
0,2811]
n,2444
n,723%1
0,2073
n,2136
N41929
N 1820
n,1521
00,1222
Na1361
n,1143
0,N905
00,0718
0,077
01,0502

IM ALR
HUMLDITY =100,0
PHREDLLCTFL
(LR/M)
2.%417
T.3827
2.23C°
2.08427
1,046¢E
1.8134

N.hl1°1
J.3872
T.36¢F2
nN.32¢2
62945
T.26040
Je 2401

2195
1.1963
De 1R2hH
J.168¢
Nal458
N. 1368
V.1243
71122
7.10C%
V.NR9%
Ya0a08
Je 0726
0.0648

%

277.6%K (409F)
100% ReLATive HuMmiDiTY

Lty L1

10.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)




TTPEMPFRATURE =283,.2 o

FREGIENCY
(kRZ)
1p0,0

Qs 0
40,0
5.1
RGO
18,0
71,0
60
63,0
L8.0
ﬁh'ﬁ
53,4
LY(H
48, N
4%, 0
42,0
An N
37.5
35.4
33,1
11,5
27.7
2R, 0
2645
25,0
24,0
22.9
21,0
7!_1'“
19,0
JR
1749
1hath
14,40
13,2
12.5
11.#
11,7

LRSAKPTYIUN (IF SOUND N AW

MEASUREDN ABS
(Dh/¥)
1,7246
1,5011
1,3020
t.259%0
1.1817
1.,0120
N,929y
N,8692
0,7788
Nehq37
Nabb10
0.5644
0, 4484
Ne,d4761
n,4364
n,3174
n,3289
Ne2199
(14,2068
Ne1284
0.1682
N,1069
N,1099
06,0891
n,ne2g
N,N709
N,0(9A7
0,N533
N,N65%0
N,05%56
NeNH21
n,0426
0,N0381
0,274
0.0290
n,0285
0,0193
na0220
n.N171
0,0221
NeNLT0
Ny0165
N.0128
N,0071%
Ne0117
0.0091
n.,nus7

KFLATIVE HUMIPDJITY = 0,0 %

PREIICTED
(OR/™)
1,572
Lenl1
1.2739
1.13¢2
1.7067
J.386¢
N.79322
11,7064
0,82467
Ye 5401
YV, 4G39
7 .6475
J.793%

W 3621
N,.3193
N,27¢€7
7.2525
142221
9,198
J.17¢4
7.1579
n.13¢7
Ne 1242
17.1115
n, a5
N.06 1€
n,0772
0, C7C4
. 0640
N.2879
J, 0527
Ta04€E5
D04 14
7.931°
31,0205
J.C257
P.N2IN
Jes70N
.'). Pl £2
D168
D.0192
n,01°%
1.0175%
V,0112
2.0100
2,06G%1
J.n0e"

283.29K (50°F)
0% ReLaTive HumipiTy o

R4l L L 111

10, 100,
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



9zt

TEMPRRATIHRE =293,2 K

FREQUENCY
(KHZ)
100.0

95,0
90,1
RS.0
A0,0
75.0
71.0
6740
63,0
59,0
56,0
53.0
50,0
48,0
45,0
42,0
40,0
37.5
35,4
33.4
31,5
29,7
78,0
26.5
25.0
24,0
22.0
21,0
?.n.n
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12.5
11.9
11.2
10,0

b b PIAUN AN LI DDODD
OO W DWW~ NCTODT D

R EEEEEEEEREEIIENE

ARSOEPLIUN DF SOUND IM AR

NFASURED ABS
(DR/M)
1.7447
145504
1,36826
1.2338
1,1050
N.9959
N,AHB5
O4R511
0,7244
0,5971
0,5623
N.5163
0.,4713
0,4333
N,4046
0.3319
1,3187
0,3521
06,2860
042440
N,2%92
0.2324
0,2242 ..
0,1820
0,1897
0.1712
N,1514
Ne,1517
N.1443
0,1247
0,1225
N,120%
0,1112
0.1135%
0.1118
Ne1041
n,nN973
0,096%
0,0915
N08717
0,MR22
0.,06870
0,0824
n,0837
N,NE20
60,0841
0,0797
01,0745
N,0767
0,N739
0,0716
0,N734
0,0650
0,0691
0,0709
0,0619
0,05580

RELATIVE HUMIRITY = 9,4 %

PREDICTED
(DB/%).
l.6452
1.4920
1.34€7
1.2C52
1.6766
7.9578
N, 8&EQ
Je 772
N1,6976
Ne 820
Ve REET
Y.5152
0.%688
Je 43ED0
71,2621
743511
N.7263
047949
T.27CH
J.24°1
N,2293
N.2124
N 1G67C
N.1341
V.1719
Ne 1642
7.1497
Ne1429
N.13¢4
N.13n2
D.1242
2.118°
N.1138
N.10°5
D.102°
Jl.1027
N.COT?
Ne0C45
N.002?
[P v
N, 1878
J.0PGY
0.,0644
0,0627
N,0811
NL0795
0.07R2
00,0769
0,075%
0.0742
0,0731
0,0719
0,0707
0,0699
0,0685
0,0669
0,0658

283.,2°K (50°F)
9,47 ReLATIVE HuMIDITY

Lol L1

1

t0.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



[AA

ABRSOKPTTION NF SOUND 1IN AIR
TEMPERATURE =2R3,2 K RELATIVE HUMIDITY = 19,5 %

FREQUENCY MEASURED ABS PREDICTED
(KHZ) (DB/M) (DB/M) ! -
100,9 1,9047 1,8073 ! -
95.1 1,6486 1,6292 -
90,3 1,5036 1,4898 N _
B4.Y 1.3645 1,3416
80,0 1,2259 1.2184 =1
75,0 1,1073 1.0965 _
71,0 1.0032 1. 0046
67.0 0,9213 0,9178
63,0 0,8252 2.8360 .
59,0 0,6991 0, 7591
56,0 0,6670 0.7048
53,0 0,6060 0.6532 ~
50,0 0,5821 0.6044 ‘ 283,2°K (50°F) o
48,0 0,53689 n.5735
45,0 0,4984 0.,5294
2.0 04291 AT 19,5% ReLaTive HuMmipiTy
40,0 0,4360 1.4620
37,5 0,4735 0.4211
35.4 0,4425 0.4067
33,4 0,3948 0.3846
31,5 0,3862 043647
29,7 0,3411 0.3468
28,0 0.3266 0.33C7
26,5 0,3013 9.3172
25,0 0,2779 0,30643
24,0 042806 (.2960
22,0 0,2670 2.2800
21,0 0,2527 0.2724
20,0 0,2453 01,2649
19,0 0,2432 0.2576
18,0 0,2340 0.25C5
17.0 0.228% N.2434
16,0 0,2219 7.2364
15,0 0,2127 9.2293
14,0 0,2140 9.2221
13,2 042045 7.2163
12,5 U,1950 0.2110
11.8 0,1928 N.2054 -~
11,2 0,1862 1.2005 —
16.6 n.1867 7.1952 _
10,0 0.1830 7.1897
9,5 0.1796 9.1847 _
L) 041750 0.1795
8,5 0,1682 1.1738 |
R,0 0,1596 1.1676
7.5 0,1545 0.16C9
7.1 0,1486 N.1551 |
he7 0,1452 7.1488
6.3 041390 2.1420
5.9 0,1312 a,1247
h.6 0,1281% 2.128R .
a
> oitae SRV Lol R R B B W X
4R 0,110 n,1112 1.0 10. 100.
4.5 0.1122 2.1030
122 01096 2. oce? FREQUENCY (kHz)
1,n 140955 7.090"7 :

ABSORPTION COEFFICIENT (db/m)



8¢1

TEPERATINE =283,2 N

FREQUENCY
(KHZ)
1NG,0

9%, 0
90,0
RS, 0
RD,0
75,0
T1.0
67,0
63,0
59,0
56,0
53,0
50,0
4R, 0
25,0
42,0
40,0
37,5
38.4
33.4
31,5
29‘7
28,0
26,5
25.0
24,0
22.0
21,0
20,0
1949
18,0
17,0
16,0
15.0
14.0
13,2
1245
11.8
1142
10,6
10,0

PRI NNARIPIRNI DD OO
® % @ @ o 6 9% s @ s e e 2
ONNDO WO OwWwI=rorodn

ARSNEPLTUN QF SOUMD LM

1mEASURED ARS
[QREVALD]
2,0329
1.R690
1.h854
1.,5838
1.4298
1.3555
1.2480
1,1420
1.0871
n,9554
0,9136
0,R790C
0,7842
0,7562
0,7209
0,6891
0,6332
0.6421
N,h186
0,5570
0,5471
0,5083
N,4498
0,4648
0,4450
N.4143
043939
0.3830
Ne3617
10,3757
0,3543
N,3398
0.32R7
0,3213
0,3034
0,2898
04,2782
0,2657
0,2556
0.2430
0,2244
042154
0,2091
041970
0.1832
0.1704
041610
0,1493
N41352
0,1227
0,1153
n,1053
0,0990
0.,0902
0,0881
0,0701
0,0690

AlR

RELATTVE HUWIDLTY = 30,5

EREDLCTED
(DhB/4)
1.7708
1.4179
1.4712
1.52132
1.4C31

$290¢
l.1€%2
1.1C07
1,01°1
Ge G4Ch
U.8882
7.832¢
N. 7827
0,75C9
1.,7083
De 6621
0.6346
046016
N, 87590
N.5504
N.5221
9.5C713
D 4800
Vet713
N.45406
Ve bh34
2.4209
Ne 4CC4
V.287h
‘D) .385%
Ce32729
Ne359R
N.3460
Ne1214
nN.3157
J.302?
N, 2887
N,27¢&4
V2644
7.2517
0.23282
Ne2265
0e2142
0.2013
N.1879
N.1741
Ne.1626
0.1509
0.13s0
D.1269
0.1177
0. 1085
0.0994
0.0933
0.0842
0,07%3
0.0695

%

283.2 K°(50°F)
30.5% ReLative HumiDITy -

Ll L0011

10. 100.
FREQUENCY (kH2)

.0l

ABSORPTION COEFFICIENT (db/m)




621

TEMPERATURE =283,2 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75.0
71,0
67.0
63,0
59,0
56,0
53,0
5040
48,0
45,0
42,0
40,0
37.5
35.4
33,4
31.5
29.7
28,0
26.5
25,0
24.9
22,0
21.0
20'0
19,0
18,0
17.0
16,0
15.0
14,0
13.2
12.5
1144
11.2
100
10,0

9,5

9.0

el aTP,ITAT

* = o 2 2 2 » e =

DNVI T D w L w =)

AHSDORPTTUM NF sSOUND

MEASURED ABS
(DR/M)
2.1560
1.,9961
1.,8269
1.7495
1,5844
1.5047
1.3907
1.30006
1.1967
1.1033
1,0593
1,0225
0,9305
0.9002
0,8621
N,R377
0.7859
n.,7389
n,7117
N.6268
0.6604
N.6264
0.5990
N,5608
N,5474
0,5081
N.4923
0,4665
N,4475
0443660
Ne4102
0.3944
0.3776
043583
0,3391
0,3123
N,2964
0.2794
0,2657
042437
0,2263
0.2130
0420tu
N,1805
Ne1695
ng,a1533
n,a1429
N,1301
0.1169
Na1057
N,0871
N,0890
Ne.N802
N,N724
N 070y
G074
n,Nn%73

In ALP

RELATLVE HUMIDITY = 40,4 %

PRED1CTEL
fDB/M)
2.1526A
1.7982
1.851R
1.7128
1.5214
1.457¢%
1.3€38
1.2767
1.19C2
l.1102
1.0531
N, 582
0.5457
D.9119
2.9¢627
0.8153
0.784¢
0. 747¢C
N,7180
0.6866
Ne 6RER
N.h322
N.t0LR
N, 582"
N,56C3
V.5442
2.51C5%
DeaC2°
N.a743
2. 4551
7,.4750
N.413°
0.7916
N,36R2
.34
0.3275
N.3027
N.2842
n,2669
N,24G7
1.72311
N.2158
0.200%
Ne1RaT
Je 160
1.1533
T, l14ane
Jel2°8
Yoll€é3
i.1044

. \:(‘L‘A
Y.rer71
V.a787
e 77372
SenERS
LN A

RPALKY |

— 10.
| |
"‘ 283,2°K (50°F)
1: 40,47 ReLaTive Humiprty p
T
SIS S R S | L 111100
1.0 1G. 100.
FREQLEHCY (kH2)

ABSORPTION COEFFICIENT (db/m)



ARSORPTTIOM (QF SOUND [N A[R
TFHPERATIIRF =2R3,2 RELATIVE HUMIDITY = 49,8 %

FREQIENCY MNFASURED ABS PREDICTED
B (kML) (DR/M) (DR/H#) 10.

100,0 2.3165 2.32¢%5 .

95,0 2,1344 2.1749 -

Q0,9 1,9827 7.0258

€5,0 1,8417 1.A8€0 .

®0,0 1,7327 1.7515 4

78,0 1.5727 1.6251

710 1,4808 1.5299 ~

6T 1,4005 1.4370

6340 1,2710 1.3473 -

53.N 1.,0882 2654

56,0 1,1082 1.7045 b

93,0 1.0551 lel4€?2

50.0 1,0134 1.08%2

48,0 0,9876 1. 0520 283.29K (50°F) =
45,0 n,3510 n.7572 E
42,0 0,86%4 00427

a2 ot o e 49.8% ReLATIVE HuMIDITY 1, 8
3745 n,R846 0,0629 a4 <=
15,4 0,8638 n.8282 -]

33,4 0,785 0.7Rc7 . =
31,5 n,7566 N.7534 _ =
29,7 n,7243 n.7160 w
28,0 0,6690 N.6855 - 6
2645 n0,6369 V.6%54¢% et
2540 0,6081 0.6231 = w
24,0 01,5760 7. 6011 L
22.0 0,5362 9.5551 - )
21,0 0.5140 0.531% (@)
29,0 n,4831 2.5CE% O
19,0 0,4692 0.48CH -~

18,0 n,442y V.4572 z
17.0 N,4233 Ne42%4h o
16,9 0,3898 0.3967 O
15,0 n,3652 0.3670C -
14,0 0,3338 0.33¢5 —4; a
1342 0,3117 0.3115 J o
12,5 0,2866 0.28%4 - '®)
11.9 0,2710 0.267¢ - N
11,2 n,2536 2477 - a
10,6 0,2303 D.2284 L=
10,0 0,2084 2, 20°1 -

9,5 0,1926 0.1911

9,0 0,1825 N.1773 ]

8,5 0,1691 2.1616

8,0 0,1491 N.1463 -

7.5 0,1372 7.1313

7.1 0.1249 n.11556

6,7 0,1112 7.1082

6,3 0,0986 J.0972 -\

5,9 0,0890 2.0865

5,6 50,0815 2.0788

5,3 0,0738 J.0714

510 010649 910643 L gl L1 taaiio
4,9 0,0569 0.0597

4,5 0,0521 N.0530 10 10. loQ

4,2 0,0530 0. 0467

32 040530 2. 0487 FREQUENCY (kH2)

i
s

B ot ¥ = |



€T

TEMPERATURE =283,2 K

FREQUENCY
(xHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
4R, 0
45,0
42,90
40,0
37.5
35l4
33,4
31,5
29'7
?Rl(\
26,5
25.0
24,0
22,0
21,0
20,0
19,0
1R, 0
17,0
16,0
15.0
14,0
13,2
12,5
11,8
11,2
10,6
10,0

® @ 2 o e 8 8 & 2 0 8 8 0 a v
QN DWW =0NOSSTF oWV

LS AL ARANTIPIIDDD O

ARSORPITUM OF SOUND IN AIR

MEASURED ABS
(DB/M)
3,1204
2,8391
2,2730
2.1292
1,9539
1.8631
1,7450
1,6630
1,5167
1,3936
1.3273
1,2557
1,1980
1,1520
1,1030
1,0026
0,9873
0,9873
0,9499
0,8664
n,8248
0,R008
0,7331
0,68h1
0,6507
N,6067
0,5544
0,52R85
0,4861
n,4748
n,4377
0,4054
0,3800
0,3405
n,3128
09,2873
n,2634
0,2399
0,2225
N,20h3
N, 1816
0,1619
0,1561
N,1422
0,1252
N,1123
0,103
0,0921
0,0806
0,0723
06,0661
0,0586
0,0546
N,045¢0
00,0400
0,0432
D,0432

RELATIVE HUMIDITY = 60,5 %

PREDICTED
tDB/M)
2.5289
2.3707
2.2196
2.07%4
1.9379
1.80¢8
1.70¢3
1.6C%4
1.5158
1.4252
l.3%€S
1.2927
1.2293
1.18¢7
l.12209
1.05¢87
1.0155
0.960%
0.6123

L8671
0.8219
N. 77174
N.7343
0.6948
0. 6536
0.6259
n.5¢78
0.5377
D.5070
N.4156
0.4437
N.4113
0.378%
n.3453
n.3121
N.285%
0.2625
0,2397
0.2203
n.2013
0.,1826
0.1674
0.1526
0.1382
0.1242
0.11cC7
0.1004
N.0904
0. 08Ce
0.0717
N.0651
1, 058R
2.0528
0,0460
0.0475
90,0382
7.0250

283.2°K (50°F)
60.5Z RetaTive Humipity

7 Ll L1

Pl

10.
FREQUENCY (kH2)

100.

.0l

ABSORPTION COEFFICIENT (db/m)



ABSDRPTTUN OF SOUND IN AIR
TEMPERATURE =283,2 K RELATIVE HUMIDITY = 70,0 %

w  FREQUENCY MEASURED ABS PREDICTED
w (KHZ) (DR/M) (DB/M) 110, -
100.0 2,7094 246963 N
95,0 2,5293 2.5378
90,0 72,3556 2.3830 =
85,0 2.1964 2,2344 -
80,0 1,9795 2.0919 -
75,0 1,9460 1.9549 -
71.0 1,8164 L.84C -
67,0 1,7235 1. 74¢0 -
63,0 1,6037 1.6454 -
59,0 1.4661 1.64€9
56,0 1.4122 1.4739
53,0 1,3381 1,4013
50,0 1,2763 1.3288
48,0 1,1741 1,2802 283.29K (509F) —
45,0 1,1278 1.20¢8 £
42,0 1,0233 1.1321 707 ReLaTive HuMIDITY N
40,0 1,1256 1.0814 o
37,5 1.0668 1.01¢€5 —l. B
35,4 1.0174 0.9605 7
33,4 N,9146 7.9056 a —~
31,5 0,8706 N.A516 2z
29,7 0,8341 0.7996 - &
28,9 n,7827 N, 7487 _ —_—
26,5 0.7026 3,705 O
2540 N,6544 1.6553 - ™
24,0 0.6070 1.6232 ™
22.0 n,5527 2.5576 _ W
21,0 0,5211 0.5242 ')
20,0 20,4774 044905 O
19,0 n,4495 Do 45€8 )
19,0 0.4209 7.4224
170 0,3834 N.3082 2 ;
16,0 0.3485 0.3542 o ;
15,0 n,3150 7.3204 - i
14,0 n,2948 n.2870 a !
13,2 0,2645 Ja26C3 — &
12,5 0,2425 J.23932 ] o
11,4 0.2146 2.2162 - 5]
11,2 0,1979 2,1¢78 i a
10,6 0. 1827 9.1798 b
10.0 n,1589 J.1624 -
9,5 0,1462 0.1483
9,0 n.1368 741346 -
Re3 n.1219 n,121%
8,0 0,1106 9.1c€n -
7.5 n,0999 7.00€7 ‘
7,1 LY 71./0875
B 0,0791 0.079 .
6,3 0,0682 1.0702
549 0,0620 1.0621
5.6 10,0558 0.0564
5,3 0,050% 0.1509
520 0u0482 0457 L 11l 1l Lt riaio
4. 0,0395 Ve D424
4,5 n,0365 7.0276 1.0 10. 100.
4,2 n,0377 1.9332
a0 00311 0.0303 FREQUENCY (kH2)




el

TEMPERATURE =283,2 K

FREQUENCY
(KHZ)
100,90

95,0
90,0
85,0
79,9
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
4‘8-0
45,0
42,0
40,0
37l5
3504
33,4
31,5
29,7
28,0
?6l5
25,0
24'0
22,0
2"0
20,0
lqlo
18,0
17'0
16,0
15l0
14,0
13,2
12.5
11,8
11,2
!Olb
10,0

9,5

B DANT NI I D DO
® 5 5 0 6 v 3 % 4 8 8 " e = e

ABSORPTIUN OF SDUND IN AIR

MEASURED ABS
(DB/M)
2.8300
2.6406
2,4517
2,3216
2,0971
2,0149
1,9181
1,R101
1,8743
1,5383
1,46%56
1,3797
11,3117
1.2464
1,2196
1,2543
1,1606
1.1012
1,0359
0,9581
0,8857
n,8555
0,7541%
n,6905
0,6356
0,5863
0,5317
0,4920
0,4490
0,4329
0.3964
0,3606
0,3272
0,2959
0,2646
0,2365
0,2121
0,1944
0,2073
N,1608
0.1428
N.1504
0,1195
n,1113
0,0972
N,0864
60,0801
N, 0681
0.0611
n,n545
0,0496
0,0448
n,0419
n,0319
0,0304
n,0298
n. 0250

RELATIVE HUMIDITY = 80,3 %

PREDICTED
(DB/M)
2.8725
2.7073
2.5470
243623
2.2427
2.CG76
1. 6844
1.8732
1. 7635
1. 6547
1.,5733
1.4916
1.40%2
1.3538
1.2693
1.1831
1.1242
1.0461
0.,9P43
0.9211
0.8593
2.8004
N. 7432
N.6919
J.£401
0. 6052
04.5349
2.4997
0, 4€45
744255
7.3948
D.326C4
N.5266
0.2935
n.2612
N.23¢€1
N.2148
J. 1941
N.17€S
1.1603
Te 1443
T.1214
7.1191
0.1C72
7.06¢49
J.0851
D.07¢€9
J. 0660
T.0¢e18
7.C545
2.0494
Ye0447
M. 04C1
1.0372
7.0331
.€262
2.0267

B 3
v
|
283,29 (50°F)
80.3% RetaTIVE HuMipITY :
gl
Lol L 11t
1.0 10. 100.
FREQUENCY (kHz)

10.

ABSORPTION COEFFICIENT (db/m)



ARSNRPETUN NF SOUND 1IN AR
TEAPFRATIIRE =2R3,2 K RELATIVE HUMIDITY = 89,7 %

FREQUEICY MEASURED AisS PHEDICTFD

(VHZ) (DR/F) (DB/%) !0,
100,0 2,9670 33,0207 -

9h 0 ?.7926 2. 84¢SQ _

90,0 2,6025 2.h826 _

0%, 0 2.4369 2.5210

20,0 2.4067 2.3637 -

75,0 72,1488 2.,20¢9

71,0 2,255 2.0889 =

67,0 1.909% 1.9662

#3,0 1,7668 1.95C2

59,0 1.5907 1.7312

56,0 1.5164 l.041C

53,0 1,4342 1.5812

5Nt} 1.36724 1.45%7 0

48,0 1,3313 1.3979 283.29K (50°F) e~
45,0 1,2151 1.3038 3
42,0 1,0946 1.7076 89,7% ReLaTive HuMmIDITY 3
40,0 1,1491 1.1421 —lI. ©
37.5 1,1147 1.058% - -~
35,4 1,0499 N. G874 -

33,4 n,9417 0.5182 - |-
31,5 n,8703 0.8515 _ 2
29,7 0,8454 20,7875 wl
28,0 n,7382 0.7265 - o
26,5 0,6748 0.6723 N -
25,0 0,6256 10,6180 w
24,0 0,5707 n.5818 L
22.0 0,5073 n,5098 m L
21.0 0.4725 0. 4741 194
20,0 0.4308 2.4388 (&
19,0 0,4028 2.4029 —

1R, 0 0,3765 7.3656 Z
17,0 0,3377 9.3350 o
16,0 0,3020 J.3031 psed
15,0 0,2722 0.2712 -
14,0 n,2439 0.24C3 —} o
13,2 n,2201 J.2166 -
12.5 0,1943 3.1965 - o
11,8 n,11776 N.1771 - (7]
1.2 0,1040 0.1611 - a
10,6 0,1476 9.1457 <<
10,0 0,1275 0.13C9 -

9,5 0,1139 n.1191

9,0 0,1117 2.1077 7

R,5 0,104 0.0c69

8,0 0,0879 040865 ]

7.5 0,0786 0.0767

7.1 0,0715 0.0653

6,7 0,0614 140622 -

6,3 0,0547 n.0555

5,9 0,0504 9.0491

5.6 0,0459 0.044€

5,3 0,0404 . :

2 50371 Bt L el L 4 1 t11ito

4.8 0,0318 20,0327 1.0 10. . 100.

4,5 0,0282 0.03C0

4,2 0,0302 0,0265

4,0 0,0246 0.0243 FREQUENCY (kHZ)




SET

TEMPERATURE =283,2 K

FREQUENCY
(KHZ)
100,0

95,0
80,0
7540
71,0
67,0
63,0
59,0
56,0
53'0
50,0
48,0
45,0
42,0
40,0
37'5
35,4
33,4
31,5
29.7
28,0
2649
25,0
24.0
22,0
21,0
20,0
19,0
18,0
17.0
16.0
15.0
14,0
13,2
1245
1,'8
11.2
10,6
10,0

bRV RPN IDD OO
s 8 e 8 ¢ ® W e % & s e ® e »
CNNTFEDIoCWITDiwNOhoWU

ABSORPTIUN OF SOUND IN AIR
RELATIVE HUMIDITY £100,0 %

MEASURED
(DR/M)
3.2124
2,7017
2,3891
2,322}
2.,2365
1.8875
1,6774
1,8776
1,6659
1,7233
1,6868
1,5119
143645
1,1857
t.1881
1,1225
1,0854
1,0152
N,8760
0,8031
0,7716
0,7073
0,6164
0,5670
0,5158
045125
0,4376
0,4199
N,3930
04,3598
00,3151
0,2767
042560
0.2281
0,2076
0,18R4
041723
0,1567
N,1321
N.1277
0,1190
D,1116
N,0926
0,08b4
10,0823
0,0702
0,0644
0,0600
0,0573
n,0358
0,0405
0,0294
0,0426
04,0297
0,0295

ABS

PREDICTED
(DB/M)
3.1671
24 SBE4
2.4771
2.3128
2.1825
2.0528
1.9230
1.7526
1.69349
1.5942
1.4932
1.4250
1.321?
L.2156
1e1442
1.0537
N.97¢67
J3.6C27
748320
DeTLLS
CeTC 14
T.6456
J.5201
045525
T.4R14%
V.H4€0
",4112
T.3771
1.3438
Je 3114
N.77¢9
J).2496
Qe 22CE
N,1983
7.1795
2. 1£15
N.14%7
N.1325
N. 1187
J.1081
31,0977
. CF73
N,0T7€4
7.066%
d. 028
N,0564
7.5503
Ve That
1. 0405
NL03ET
2.0330
21,0207
D027
N (262
1.0223%

283.2%K (50°F)
100% ReLative HuMIDITY

bl 11

1

| I N | Lll

1111l

10.
FREQUENCY (kH2)

100.

ABSORPTION COEFFICIENT (db/m)



TEMPFRAJURF
§ FREQUENCY
(KHZ)
10040
9%, 0
90,0
RS540
§0,0
TS0
71,0
AT.0
h 0
50,0
56U
53,0
50'0
4R, 0
as,0
42,0
40,0
37,5
1%,4
33.4
31.5
29,7
'Zﬂln
2h,.5
2540
24,0
22.0
21,0
20,0
19,0
18,0
1740
16,0
15,0
14,9
13,2
12,5

BRUIARIRADIID® OO
MEEEEEEEERENEEE
NAWSPOWALEmROAC N

ARSNRPTIUN NF SNHUND IN ALR
=286,7 K RFLATIVE HUMINITY = 0,0 %
YEASUREL ABS FREDICTED
GLYED! (DB/%)
1,A283 1.:¢78
1,5031 1,433
1,3160 [
1,2735 1.1475
1,0547 1.O1EC
1.0283 N.N937
0,8240 3.8010
0,8197 1.717%
N,6397 "L E7(9
0,6214 7.5535
0,4942 1.4988
0,5191 N, 44€9
0,3978 043679
0,4075 N.36€3
0,2677 9.3225%
n,3270 .2R11
0,2572 9.2651
n,2291 0.2244
01,1602 n.2001
N.1531 7.1732
0.,1508 7.1587
0,1327 N.1612
0,1099 7.125¢
N.1041 2.1127
0,0920 0.10C4
0,0812 0.092¢
N,n717 n.C781
0.,0648 3.0712
0,0545 N.0667
60,0548 7. 055
0,0459 0.0527
n,0418 10471
0,0384 7. C419
0,0366 n,0370
0,0272 1.0324
0,0216 N.0289
n,0219 D, 0261
0,0148 0.0234
0,0201 0.0212
0,0200 0.0191
0,0227 0.0171
0,0143 0.0156
0,0165 N0.0141
0,0119 0.0127
60,0138 N.Cl14
0,0103 0.01C2
0,0097 040093
0,0087 0,0084
0,0079 0.0076
0,0068 0.0068
0,0063 0.C062
0,0061 0.0057
0,0036 0,0045
0,0045 0,0041

288.7°K (60°F)
0% RecaTIve HuMIDITY

Ll 1

1.0

10.
FREQUENCY (kH2)

100.

ABSORPTION COEFFICIENT (db/m)

K



LET

TEMPFRATIURE =288,7 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75.0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35l4
33,4
31,5
29,7
28,0
26,5
25,0
24.0
22,0
21,9
20,0
19,0
18,0
17,0
16,0
15.0
14,0
13,2
12,5
11,38
11,2
10,h
10,0

ABSORPTTON OF SOUND IN AIR

MEASURED ABS
(DR/M)
1,865%
1,6964
1.5384
1,4201
11,3093
1,1768
1,0768
0,9718
0,8717
0,7950
D,7306
0,6685
0.6157
0,56830
0,5668
0,4909
0,4788
0,4478
0,3964
n,3683
0,3568
0,3199
0,2935
0,2786
0,2652
0,2552
0,2500
N.2421
0.2324
10,2295
11,2200
042167
n,2056
0,2039
n,1942
0,1866
N,1916
0,1773
0.1799
N.1687
Nn,1528
nga1612
N,1660
N,1640
n,1585
N,1533
0,1493
0,1417
n,13R3
0,1337
n,1275
N,a1202
Nel1140
N,a1107
n,1039
N.N977

RELATIVE HUMIDITY = 11,5 %

PREDICTED
(DB/M)
1.7722
1.6185
1.4717
1.3328
1.2019
1.0789
0.98&2
0.8986
0.8160
0.7385
0.6837
0.6317

. 5825
0.5514
0.5069
0. 4653
0.4392
0.4082
0,38127
0.3616
N.3418
0.3240
0.3099
N 42947
0.2820
1.2739
9.25%
n.2511
042440
9.2372
n.2305
0.2241
3.2173

$2116
N,2055
0.2006
0. 1947
0.1518
T.1279
.183@
2.1767
1.1759
1.1720
Ne16748
T2.1637
3.1583
041540
Vel493
1. 1441
V. 1335
n.1333
0.1234
101198
no1l22
41064
JJ1010

1

288,7°K (60°F)
11.5% ReLaTive Humipity

Ll L1

| SR N N

t il

1

10.
FREQUENCY (kH2)

[WNEE;

10.

ABSORPTION COEFFICIENT (db/m)



8ET

AHSORPLITION N SNUNMD LM ALR )
TEHPFRATURE =288,7 & RELATTVE HUMINITY = 20,2 %

FREQUENCY MEASURED ARS PREDNICTED

LV (DR/E) (uhs9) _IO,
too,o 2,0193 "L0012 7]

Q8,0 1 B5k2 1.4¢6n -

gn 0 170135 lec@Q? -

A%, 0 1.5735 1.56C0

ROLN 1,4569 le629¢% .

5.0 1,3146 1.3050

71,0 1,2132 l.7113 =

&T,0 1,1211 1.1275

63,0 1,0212 1.0401 -

59,0 0,9400 V.2¢17

6,0 N,ARNG J.9CE1 o o

53,0 n.R1RY 3.8532 288.7°K (60°F)

50,0 UeTh0d J.RO?2%9

48,0 n.7208 3. 7700 20.2%7 ReLative HumipiTy —_
45,0 01,6965 NeT24" £
37,0 N,h258 T.6B13 B
40,0 0,R230 N ES5392 he
37,5 0,AT04 N1.6208 T
39.4 0,A238 1.5942

33,4 n,58R0 A ,56€2
31,4 n,%7a46 Ve 5474 pad
20,7 0,5296 1.52¢7 w
2H0 N, aRT6 N.5075 (—5
26,5 0,4677 7.49CS O
25,0 0,4516 Ve4T44 w
24,0 n,43495 1. 4624 (TH
22,0 144247 V4412 w
21,0 0,111¢ 21,4799 e
20,0 0,4062 N, 41P4 O
19,0 10,3925 744065

1R.0 0,3800 743942 >
17,0 N, 3699 n,3914 O
16,0 N,3565 N.3678 QO
1540 n, 3431 0.3534 -
14.0 n,3211 2.3380 o
13.2 Ne30RY Y.3247 x
12,5 n,3027 7.3123 (®]
11,.K 00,2825 2.29%¢C D
11,2 n,2693 V42869 o
10,6 01,2624 0.2741 <L
10,0 0.2515 0.26C8 ‘

9,5 0,2351 0.2485

9,0 0,2300 n.2359

B,.5 n,2148 . 2226

R,0 0,2615 0,2086 -

745 N 1887 7.1041

7.1 0,1758 n.1820

6,7 Ne1645 0.1695 -

6e3 n,1492 0.1567

5,9 0,1368 : 0. 1436

Se6 n,1283 0.1336

5.3 01,1198 0.1226

5.0 0,1083 0.1135 } [ I lj 1 L 1 1t i1q11il.0

4,8 0,109% 0.1067

4,5 740903 0.0967 1.0 0. 100.

4.2 0,0849 0.08€67

4.0 0,0792 2.0802 FREQUENCY (kHZ)




E

6€T

TEMPFRATURE =2R8,7 K

FREQUENCY
(KHZ)
10040

95,0
G040
85,0
80,0
75,0
71,0
67,0
63,0
56,0
$3,0
50,0
48,9
45,0
42,0
40,0
37,5
35,4
33,5
31,5
29,7
28,0
?6l5
24,0
22,0
2].0
27,0
19,0
19,0
17|0
16,0
15,0
14.9
13,2
12.5
11,8
11,2
tn, 6
10,90

S aeBNUASTIIPNNDE OO
R EEEEEEREERERS
CENATTWwIHR LWNS=ADND

ABSORPTTUNM OF SOUND IN AIR

MEASURED RBS
(DR/M)
2,3197
2,1766
2,0175
14R909
1,755%
1,6476
1.,5324
1,4151
1,3052
1,1587
1.0948
1,02R8
049909
1,0809
0,8936
0,8826
0,8950
0,8341
0,8006
N, 75R4
0,7054
n,6885
0,6465
0,6358
0,5550
0,5384
045058
0,4804
0.4640
0,4479
N,4190
01,3923
n,3703
0,3393
0,32585
0,2999
0.2797
0,2583
0,2431
0,2228
0,2122
0,1945
0,1772
N,1609
0,1475
0,133n
n,1206
0,1078
N,0987
01,0909
0,0774
0,0733
0,050
0,0619
01,0535

RELATIVE HUMIDITY = 30,7 %

PREDPICTED
(DBR/M)
2.3105
2.154]1
2.00%4
1.8642
1. 7306
1. 6043
1.5085
1.4173
1.3304
1.1885
1.1314
1. 0762
1.0404
7.9840
0.9370
09,9035
J.862¢C
2.9272
J.7939
3. 7811
N, 73Cs
97,7009
V. 6733
7.62%2
. 5837
. 561R
N.5290
7.5151
D 4902
N.4640
V4366
J.4C79
71,3779
1,352
Je 3304
0,307
n,2e87
N, P2EER
TVe2459
V.22 85
N.7211"
J.16G26
N.17¢3
Ne 1562
T.1456A
D.132¢
N, 1164
J.1068
J.0978
Ja ORES
2,200
Yo NT44
V. 0663
7.0585
l.0836%

288.7°K (60°F)
30.7% ReLaTive HuMmipiTY

]
.
b a1l 11 14111
1.0 {0. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



=

8

TEYPERATUKE =2R88,7 K

FREQUENCY
(KHZ)
100,0

9R,N
90,0
85,0
ROLN
75.0
71,0
67,0
63,0
59,0
5‘9.(-)
53,0
50,0
48,0
45,0
42-0
41,0
37,5
35.4
33.4
31.5
29,7
20,0
2645
2‘.’)
24,0
22,0
21,0
20,0
19,07
18,0
17,0
16,0
15,0
1"'0
13,2
12,5
11,8
11,2
10'b
10,0
9,5

ABRRRPANRANT O A~ T DO
CNPTCWROWN—-UNOTO

M EEEREEEEEIEER)

ABSORPTTON 0F SNUND IN AIR
RELATIVE HUMIDITY = 39,8 %

MEASUREN
(DR/M)
2,51086
?2.3543
2,1977
2,05871
1,978R9
1,8196
1.,7000
1,5947
1.4813
1,4002
1.3372
1,2502
1.,1825
1.1526
1ell60
1,0280
1,0320
t.0410
N,9664
N,9192
0.9645
0,8103
n,7732
n,7297
Ne6910
01,6693
n,5874
n,5670
N,5442
0,5130
0,4834
044510
0,4147
N,3819
N,3414
0,3175
0,29314
0,2714
01,2578
00,2311
N,2076
41939
0,1763
n,1608
N,14R4
N.1305
0.,1192
0,1059
N.0965
0,0845
0,0783
0,0683
0,0634
n,0528
0,0571
0,0480
0,0410

ABS

PREDICIED
tDB/M)
2.5€831
2.6229
72,2719
2.12170
1.6809
1.8573
1.75¢e
1.4567
1.5682
1.4759
1.4097
Le3451
l.2R13
1.73%)
1.1759
1.117%
1.0667
1.0155
N, 687
2.9230
7.38781
049340
Y.7007
7.7510
9.7067
0.6813
N.6219
£.59C9
7.5591
N.5264
0.493C
n.458e7
N.4238
N, 3R43
1.3524
1.3235
Ne 2983
D.2731
Y.2517
Jv 2306
11,2067
7.1626
N.1757
N.15%¢
1.1427
Y.1286
1.1165
9.1051
Nn. 0941
92,0835
7.0760
2. 0687
N.0617
1.0573
0.05C9
0.0448
0.9410

288.7°K (60°F)
39.8% Rerative HumipiTy °
-
3, -
el L1 Ll irtl
1.0 - 10, - _ - -100. -
FREQUENCY (kH2)

ABSORPTION COEFFICIENT {(db/m).

i



™l

TEMPERATURE =288,7 K

FREQUENCY
(KHZ)
99,9
95,0
90,0
85,0
80,0
75.0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,90
40,0
37'5
35,4
33,4
31,5
29,7
28,0
26l5
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
‘.6'0
'5'“
14,0
13,2
17,5

10,0

M EEEREEEEEENEERE]
DNUNDVC WTOW N NORNOWN

ASGBABRUARUMRAII TN DO

ABSORPTIUN OF SOUND IN AIR

MEASURED ABS
(DR/M)
2,88006
2,7009
2.5367
2.,3905
242597
2.1123
1,9891
1,8694
1.,7490
1,6404
1.5710
1,4823
1.3965
1,3569
1,2958
1,1987
1,1799
1,1783
11,1132
0,959
0,9527
0,R7R4
0,8278
0,7617
0,7161
N.6752
0,5869
0,5581
0,5232
0.4872
0,4555
0,4237
0,3817
00,3436
Ny3104
42765
0,25790
0,2351
n,2124
0,1915
0,1705
N,1561
0,1424
0,1331
0,1188
,1u63
0,0942
0,0840
0,0746
n,ne78
N,0603
0,0539
n,0503
0,0457
00,0534
n,03R8
0,0310

RELATIVE HUMIDITY = 50,2 %

PREDICTED
(DB/M)
2.8%14
2,7165
245580
2,4C8S
2.,2587
2.1171
7,007
1. 89857
1.7942
1.,6902
1. 6126
1.5361
1.4572
14047
1.32%0
1.26%
1,1877
1.11¢2
1.0542
20,9933
0.9327
1.8754
J,.0188
0, 76175
0.7149
N.6792
N, 6CES
0.5665
N,.,532?
0, 454"
N.4572
N,4197
n, 3824
D4 3454
7.3091

. 28C5
0.2561
d.2322
", 2122
1.192%
V41740
Ne 1586
0.1442
2.1301
Ne 1165
7.1035
J3.093%¢
D.C942
0,0751
N.0¢¢8
D2, 06CS
9.0546
7.04691
. 1455
). 0404
1.0357
", 7327

_288.Z°K (60°F)
5627 ReLATIVE HuMIDITY

[ lI

-
1t L1

.0 10. 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



ARSNRPTTUN N SDUND LN AXR
TEMPERATINE =28u,7 & RELATTVE HUMIDITY = 00,2 %

FHEQUERCY NFASURED ABS PREDICTFD 0
(ENZY (DR/M) (DR/M) 10,
100,0 3,0403 3.1420 ~
35,0 2.R475 2.0¢98 -

90,0 2,6951 2.8020 -
RS 0 2,5414 ?,636]
RO L0 2.3964 2.4804 -
75,0 2.2508 2.3252 _
71,0 2,1094 2.2031
6740 1,9894 2.0821
63,0 1,8480 1.9616
59,0 1.7468 1.8410
56,0 1,6510 1.7520 ° °
53,0 1,5443 1.£579 288.7°K (60°F) /
50,0 1,4415 L, 5ra6 60.2% RELATIVE HUMIDITY
48,0 1,4045 1. 5013 ’é
45,0 1,3236 1.4047 ~
42,0 1,2107 1.30°%5 o
40,0 1,1544 L2379 —I. ©
37,5 1,1809 1.1511 -1 ~
35,4 1,1010 1.076¢ -
33,4 1,0066 1,0040 - ;
.5 61,9266 7.9336 - 5
29,7 n,8529 7.8658 _ —
20,0 00,7856 1. 80C9 Q
26.,5 0,7265 n.7429 n i
250 0,6789 76846 ™
24,0 06413 . £456 _ w
22,0 0.5531 n.5675 o
21,0 10,5139 9.5287
20,0 0.,4824 0. 4901 (&
19,0 0,4431 N.4519 —
18,0 0,4103 7.4141 g
17,0 0,3702 7.3770 o)
16,0 n,3344 0.34C7 =
15,0 0,3039 7.3053 —
14,0 0,2681 2.2710 -l
13,2 0,2423 N.2445 -~ (1 d
12,5 0,2252 7.2229 - O
11.8 0,1938 n.2003 - n
11,2 0,1768 n,1824 ~ a
10,6 0,1627 3.1651 i <
10,0 N,1424 0., 1484
9,5 0.1315 0.1351 _
9,9 0,1250 n.1223
R5 0,1118 9.11c1 N
8,0 0,0993 0.0984
7.5 0,0878 0.0873
7.1 n,0791 n.0789
6,7 0,0692 0.07C9 -
6.3 0,0619 9.0632
5.9 06,0554 9.0560
5,6 0,0504 0.G5C9

4 .
e'a oata Sroase Lol L1 1o
4,8 0,0322 0.0385 .0 : 10, 100.
4,5 0,0353 0.0342
4,2

0.0347 2.03¢3 FREQUENCY (kH2)




et

ARSORPTTON OF SOURD IN AIR

TEMPFRATURE =288,7 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
R’5,0
80,40
75,0
71,0
67l0
63,0
590“
56,0
53,0
50,0
48,0
45,0
42,0
40,90
37,5
35,4
33,4
31.5
24,17
28,0
2""‘
25,0
24,0
2700
21,0
20,0
19,9
18,0
17.0
16,0
1500
14,0
13,2

-
-
..
* &>

11,2

*
10,0

—
=
r

SHEDEAAANNT P IdIdDTV LD
NI W ITIFJSw~N=—-~JdoyoQ

RELATIVE HUKIDITY = 69,7 %
MEASURED AHS

(DBR/M)

3,
3,
2.
2.

3304
1390
9544
7988

2.6711

2
2o
2,
2,
1.

4804
3303
1959
0408
9061

1,8083

1.

7401

1,57138

1,
te

5085
4138

1.,2881

Te
1.
l.
1'
0'
0,
n.
nI
0,
0,
Ne
«4771
n,
0,
3640
.
[
N,
o,
0’
n.
.
r\l
n‘
N,

0

]

2560
2129
1310
N335
924v
2463
7732
7080
6470
6063
5172

4468
4066

3331
3037
2737
2391
2189
1920
1774
1622
1413
1362

NeV11R3

0.
e
O,
n,
n,
n,
0,
N,
o,
0,
N
Ne
Ne
0,
Ne

1042
BELY.
08kY
0786
0697
0621
ns543
4R}
0442
LA
n3R7
0337
0324
nNz266
n249

PREDLICTED
(DR/M)
3.3617
3.17¢85
249965
2.8240
2.6514
2.48C9
243457
2.2096
?2.0734
1.935%9
1.8314
1.7258
1.6183
l. 5455
1.4345
le.3211
l.2442
1. 1467
1.0635
2.7835
0, R06¢
J.8340
V.7651
e 7C45
Ve b442
Vel 0473
N, 5257
0.48172
Yehg R
N.4121
T.3758
Je3404
. 30E]
T.2731
N.2413
V.217C
1.16¢5
761768
T+ 16C7
dal48]
Te1303
. 1195
V11072
JNAES
J.CEEL
F.0T64
J.0€690
1o CE20
N.055%
140491
N.C447
.0405
1.N36%
N 033G

1.03203

1.0269

L0247

1

288,79%K (60°F)
69.7% ReLATIVE HumIDITY

Lyl L4

1

|

111

t0.
FREQUENCY (kHz2)

100.

ABSORPTION COEFFICIENT (db/m)



ARSNRPTTUN OF SOUND IN AIR
TEMPERATIIRE =288,7 Kk RELATIVE HUMIOLTY = 79,3 %
FREQUEMCY MEASURED ABS PREDICTED

(KHZ) (DB/M) (DB/K) Jl0.
100.0 3,5265 3.5501 : - -
95,0 3,3175 343546 . -~
90,0 31,1205 3.1628 .
85,0 2,9485 2.6730 ] )
A0,0 2,8011 2.7849 H
75,0 2,6056 2.5974 -
71,0 2.,4276 2.44174
67.0 2,2831 2.29¢6
63,0 2.,1045 2.1446
£9,0 1,9572 1.9908
56,0 148467 1.8740 288,79 (60°F)
53,0 1,7117 1.7558 . -
50,0 1,5857 1.6359 79.37 ReLaTive HuMmIDITY
48,0 1,5258 1.5551 ’E‘
45,0 - 1,4138 1.4326 <=
42,0 1,2722 1.3085 o
40,0 1,2502 1.2250 —i o
37.5 1,1981 1.1201 - ~=
35,4 1,0990 1. 0317 ~ -
33,4 0,9893 0.9475 -~ >
31,5 0.9141 0.8678 -
29,7 0,8375 0.7928 J o
28,0 0,7378 9.7227 O
26.5 0,6715 0.6617 4 o
25,0 0,6047 0.6017 ™
24,0 0,5612 + 0.5623 _ Y] |
22,0 0,4816 0.4855 o ‘
21,0 . 0,4508 0.4483
20,0 0.4229 0.4119 o
19,0 0,3761 0.3765 -
18,0 0,3440 0.3422 2
17,0 0,3018 n.3089 e)
16,0 0.2700 0.2770 -
15,0 0,2324 N.2463 I~
14,0 0,2209 0.2171 —1 a
13,2 0,1932 0.1948 - ac
12,5 0,1714 0.1761 - o
11.8 0,1525 0.1583 4 O
11,2 0.1449 0.1437 4 a
10,6 0,1282 0.1297 4 <«
10,0 0,1127 0.1163 .

9,5 0,1034 0.1057 i

9,0 0,1232 0.09%6

8,5 0,0894 . 040860 -

8,0 0,075 0.0769

7.5 0,0671 . 0.0682

Tel 0,0621 0.0617 _

6.7 0,054: 0.0555

6.3 0,049 0. 0496 :

5.9 0,043S 0.0441

5.6 0,0421 0.0402

HH Rt 9.03¢5 _ L1 el L1 11t
4,0 0,0332 0.0307 1.0 10. 100.

:.: g.g::: 0.0275 FREQUENCY

. . 0.0245

4.0 0.0264 0.0226 Q CY (kH2)




YT

TEMPERATURE =288,7 K

FREQUENCY
(KHZ)
100'0

95,0
90,0
8040
75,0
71,0
6740
63.0
59,0
56,0
53,0
50,0
48,0
48,0
45,0
42,0
40,0
37.5
35,4
33.4
31,5
29,7
28,0
26,5
25,0
24,0.
22.0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,6
10,0

9.5

9,0

S BBANAII I D
ONBRDVDOWT WL =ND

ABSORPTION OF SOUND IN-AIR

MEASURED ABS
(bas/n)
3,5711
3,3637
3,1444
2,8702
2,5550
743495
2,0030
1,9710
1,8227
1,6907
1,5341%
1,4034
1,3375
1,3375
1,2142
1,0848
1,1425
1.1471
1.0284
1,0400
0.8392
0,7529
0,6906
N.6128
0,5370
0,4983
0,4268
0,4047
0,3680
0,3388
0,3084
04,2692
0,2385
Ne2223
N,1974
0,1690
0,1591
0,1424
0,1271
n,1157
N, 1006
N 1016

. 0,0887

! 01,0770

0,0726

0,0620

0,0588

0,0494

01,0447

0,0448

0,0323

0,0314

0,0245

0,0374

0,0233

N,N248

RELATIVE HUMIDITY = 89,3 %

PREDICTED
(DB/M)
3.7109
3.,5020
3,2951
3.C8%6
2.8847
2.6797
2.5150
?2.3463
2.1822
2.0134%
1.8656
1.75¢€8
1.6269
1., 5352
1. 4087
1.2772
1.186¢
1. 0804
0.5694
0.9035
0. 8230
N.T479
9, 6186
0,618
0.5599
0.5218
0. 4481
0.4127
90,3782
0. 3445
0.3127
0.2817
0.2520
042237
D.1G6"
N. 1764
0.,15%4
0.1431
N, 1268
0,1172
3.1061
0.0955
0.0864
0.077H
1, 0656
0.0618
n.0560
2, 0504
0.0452
0.0287
2.0234
n.0303
1.0283
0,0254
7.0227
N. 0211

.
288.7°K (60°F) -
89,37 ReLATIVE HuMIDITY *

-

11

gl L1

1

1119

e
FREQUENCY (kH2)

! B U | Ill

Xo B
100, -

ABSORPTiQN, COEFFICIENT. (db/m)



ABSORPTTIUN OF SQUND IN AIR
TEMPERATURE =294,3 K RELATIVE HUMIDITY = 0,0 %

FREQUENCY MEASURED ABS PREDICTED
(KHZ) - (DB/M) (PR/M) 10.
100,0 1,6008 1.6C21 -
90,0 1,4596 1.2008 i
80,0 1,0390 1.02¢s
71,0 0,9573 2. 8083 =
63,0 046578 N 63Tl ﬂ
56,0 0,6175 3.5C27
50-“ 0-4100 O.IOOI’) “1
45,0 0,4560 N.2257
40,0 0,3027 n, 2517 —
35.4 0,2266 J.2021
31,5 0,1670 0,1603 .
28,0 0,1266 91270 294,39 (70%F) -
2 n,0884 7, e
22.0 '0:0319 2,‘,23,9 0% ReLaTive HumipITY o
20,0 0,0657 2. 0655 ) e
18,0 0,0574 7.0832 ~
16,0 0.,0395 0.0424 Q
14,0 0,0346 n,0228 z
12,5 0,0253 N,02 K4
11,2 0,0221 0.0215 N
10,0 0,0218 7. 0174 pd
9,5 0,0182 0.0159 (1]
9,0 0,0145 N.0144 6
8,5 0,0153 7.0130 it
8,0 0,0119 0.0117 w
7.5 0,0105 7,0104 L.
7.1 0,0100 0. 0065 w
6,7 0,0083 7.0086 O
6,3 0,0078 0.0073 (&
5,9 0,0074 n, €070
5,6 0,0062 7.0064 2z
5,3 0,0056 2.0059 o
5,0 0,0048 0.0054 o
4,8 0,0093 0.0051 —
4,5 0,00%8 0.0C46 a
4.0 0,0030 0,0040° (1 4
O
(7]
[04]
<
Additional data is given in Appendix A.2. Measurements
were not taken at the missing frequencies.
1

1.0 0. _ 100.
FREQUENCY (kHz2)




o

TEMPERATURE 3294,3 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
3745
35.4
33,4
31,5
29.7
28,0
26,5
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17.0
16,0
15,0
14,0
13,2
12,5
11,8
1!.2
10.6
10.0

SO b ARNAARD IO D OO
DONUVMPQOQWTOVW~N=IOVWODWY™

R EEKEEEEEER IR

ABSORPTION OF SOUND IN AIR

MEASURED ABS
{DB/M)
1,7763
1,5994
1,4671
1,3533
1,2437
1.1399
1,0152
0,9%18
0,8626
0,7758
0,7250
0,6658
0.6131
0,5886
0,5769

"0,5231
0,5058
0,4414
0,4517
0,4340
0,4207
0,4000
0,3930
0,3681
0,3444
0,3365
0,3185
0,3143
0,2908
0.2992
0.2893
0,2715
0,2684
0,2676
0,2866
06,2593
0.2375
0,2472
0,2228
0,2363
0,2332
0,2084
0,2093
0,2043
0,1978
0,1861
0,1822
0,1733
06,1677
0,1569
0,1533
0,1545
0,1455
0,1453
0,1270
0,1179
0.1103
0,1103

RELATIVE HUMIDITY = 10,1 %

PREDICTED
(DB/M)
1.8e41
1.7278
1.5786
1. 4353
1.3070
1.1827
1.C8%0 -
1.0004
0.9169
0. 2385
9.7830
9.7306
0. 68C6
n.6489
7.6038
n.5614
9.5348
9.5031
0.4779
n.4552
9.4346
0.41¢€1
7.3994
7.3852
2.3716
0.3629
3.3459
7.337
2,3295
31,3215
1.3135
1.3055
1.2974
2, 2RS2
3.2806
1.2735
D. 2666
7.2599
7.253¢
5. 2469
7.2396
9.2331
0.2260
0.2194
9.2102
0.2012
N.1934
2.1849
0.1759
0.1661
0.1582
0. 1500
9.1413
0.1252
N, 1258
2.1159
0,1092
0.1092

294,3°K (70°F)
10.17 Rerative HumipITY

) 113

1

L 111 II

N |

.
L1 vl L1 1oy
1.0 10. 100.
TREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



E FRECHEMCY
(XHZ)
100,0

95,0
90,0
45,0
an,n
75.0
T1,.0
67,0
30
K9,
S5he !
5340
LT N
48,0
4%,0
42,0
40,0
37,5
I%.4
33,4
31,5
29,7
20,0
2h,5
25,0
24,0
22,0
21,0
20,0
’an
18,0
17,0
16,0
15.0
14,0
13.2
17,5
11,8
11.2
10,6

. -
AAABNUIUTVITIIUD DO LD
® % 2 % @ ¢ ¢ 0 8 & 3 o n o aco
QNNDOWIP VWL —-NTSTADRD

ANSORPITN OF SOUND IM ALR
TEHPEKATURE 2294,3 & RELATIVE

MFASURED ABS
(DR/M)
"2.2724
2,1049
1,9494
1,831
1,6374
1,5709
1,4556
1,3693
1,2669
1,1473
1,1130
t,0527
0,979%6
n,9u59
0,744%
)eBBHZ
n,R548
n,B8434
N T851
0,7453
Ne7237
(Y- YLY]
n,h5RY
0,6133
N,5912
0,5631
(1,R4d61]
N,5271
N,5207
n,49%54
n,4815
0,4539
0,4410
0,4199
n,3928
60,3814
0,3571
0,3390
N,3233
n,3018
N,2821
n,2676
0,2484
0,2323
042147
01982
0,1829
N,1683
0,1526
04,1405
n,12082
0.1174
0,1104
n,1040
0,0868
0,0798
0,0730

HUMIDITY = 19,9 %
PRED1CTED
(DB/M)
LD R
2.1607
2,0117
1. 2650
1. 7546
1.6079
1.5118
1.42C5
1.33%7
1.2514
1. 1825
1.1358
1.0813
l1.0461
0.6048
J.9451
N.9127
N.8728
}.839¢S
7. 0CT7
N.7T76
V.747S
J.72C3
J.6047
De€c32
J.6459
N.6113
245908
0, 5464
0.5470
045234
0.4G84
N.4721
0404442
Q0. 4146
0.3857
0.3¢M
0.3436
N.3228
0.3015
N.2797
N.2612
Ne2425
0.2236
N.2046
n,1857
1. 17CH
7.1557
V.1409
0.1265
0.1159
0.1056
0.0955
0.0890
N,0795
0,07C3
0.0645

294,3°K (70°F)
19.9% ReLative Humipity

A

L 1t aagal L1 11
Lo 0. 100.
FREQUENCY (kH2)

10,

ABSORPTION -COEFFICIENT .(db/m)
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TEMPERATURE =294,3 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
7540
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31.5
29'7
28,0
26,5
25,0
24,0
22,0
21,0
20,0
19,0
18,0
17,0
16,0
15,0
14,0
13.2
12.5
11,8
11.2
10,6
10,0

9.5

WP LowN=- oo

SO NNNIT I DO
LSRR -

ABSORPTTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
2,7082
2.5421
2:3886
2,2537
2,1175
23,0013
1,08622
1,7918
1,6854
1,5650
1,5134
1,4412
1.3609
1,3351
1,3087
1,2153
1,1787
1,1144
1,0796
1,00R8
0,949
0,886
0.8416
0,7964
0,7589
n,7218
0,6626
n,h306
0,5951
0.5468
0,5350
0,4893
0,4642
0,4275
0,3862
00,3431
0,3268
n,2982
142808
Ne2573
n,2341
0,2132
N,1963
0,1784
0,1599
0,1450
0,1320
N,1178
n,1047
N,0962
0,0856
0.0779
n,0739
DeNEBD
N,0585
N,0514
0,0485

RELATIVE HUMIDITY = 30,3 %

PREDICTED
(DB/M)
2.8038
2,6410
2.4853
2.3363
2.1938
2.0573
1.9523
1.8505
1.7516
1.6552
L.5841
1.5136
1.4435
1.39€7
1.3260
1.254?
1.2053
1.1426
1.0882
1. 0346
0.9818
0.9297
0.8784
0.831%
0.7827
0. 7451
0.6795
9.6436
0. 6064
3.5687
n.5303
0.4913
0.4518
9.4121
0.3722
043404
D.3127
0.2854
1,2623
0.2365
n.2173
12,1991
D.1815
0.1€43
0,1477
02,1317
2.11%4
0.1075
2.0962
9.0053
0.0776
1,08702
9. 0631
2.0585
7.0520
0.0458
0.0420

294,39 (70°F)
30.3% Recative HumipITy

T |

1§ IJ,II

L1

Lol L 1L 1 1 iailo
1.0 0. l(}(}
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



ERLORPT I OF 50000 o RLR
ThAPERATTRE 2294,3 1 wELALEVE HUMEDLTY = 39,9 %

& FHFCLE SCY REASUREL A0S pRenICTR

T1ZA R/ (b /) 10.
10t ¢ 3 0uRy 3.213% ]
an, 0 249272 1, NG54 =
Gy gt ?.753n 243741 ]
{5, U Pk 345 2.71F72
HO 0 27,4550 2,859 -
75,0 T.33THn 2004045
FANR! Telnnd 2.2877 -
gt 7 NANT 2.1€42
B0 1.9677 2.0454
H4,0 18420 L.C265
Shen 1ellin Ve 294,39 (70°F)
Y 1,h843 LY -
L0 1.5175 1.6530 39.97 ReLaTive HumipiTy
amgn 1.5413 1. 5914 —~
ahe 0 1,30an 1. 4856 [3
a0 1.3 4n 1.39¢€n }3
dn,n 130y 1.329%° —l. p=]
7.5 1.2132 1.74722 - ~—
15,4 T,19h2 1.16413 —
33,4 1159y 1.0620 ~
s 1,042 1.7219 :l =
9.7 PRI N, as10 liJ
2nL 0 NgRHh T.392% -
NN JeRthy N.,3229 (—'_)
YRl 7743 27614 . (T
24,0 neT 3Ry 0.7200 L.
270 N,hifhn DG HLEL - u-'
21,0 fLAnE] 0.5942 O
I DaRh K T 5530 O
19,0 N gSikR J.5113 -
[Roeu N,1935 De 4700 2
17.0 1y 150Gs N.42°1 O
1h 0N n,1u76 N,3739 —
15,0 A, 3030 D, 3465 ~
14,0 re372> 23111 [ Q.
13.2 Y 3.7912 ¢ o
17,5 ne2169 1.2556 4 O
11.% g 24t J.2313 - (/3]
11,2 1 g7222 T.210° - m
1,0 Ngonky N,1911 <
10,0 LS T Jel721 7]

9,5 Gglhl? Gel56P _{

9,0 e 1520 Ne 1421

R,5 ha137h ".1280

#g1) N 12133 Y.1145, 1

Te n,110y4 7.,1017

To1 fa0084949 N.0820

AT 00RO J).082¢ -

q, 2 N,NkK05 N.C7138

8,4 Ha6713 D.N6SG

) e Nhdy 9.0595

o3 NeNb5hK 0,052

:,.’) n:ngq_; N.0484%4 1 1 L1 111 |J 1 I} 1 131115.00
4,8 040535 D04 42 1.0 10. 100.

) n,046% T £4LC0

4,2 n,Nn383 N.0354

4.0 fh,N361] 7.3225 FREQUENCY (kHZ)




ISt

TEMPFRATURE =294,3 k

FREQWENCY
(KHZ)
100,0

95,0
90,0
45,0
f0,0
75,0
71,0
67,0
$3,0
59,0
56,0
53,0
50,0
an 0
45,0
42,0
40,0
37.5
33,4
31,5
29.7
2RO
26,5
25.0
24,0
22.0
21,4
20,0
19,0
18,0
17,0
16,0
15,0

ABSORPTIUN OF SOUND IN AIR

MEASURED ABS
(bR/M)
3,5268
3.3360
3,1545
3.0002
2.8278
2.6702
2.5110
2.3846
?.2457
2.0917
?2.0029
1,87506
1,7497
1.6963
1.6094
144H26
te4u72
1,2975
1,2078
1,1024
1,0203
01,9143
N R530
0,7756
n,7206
n,6762
0,579
11,5408
0,5947
nh,8H34
Ned236
01,3740
n,3471
06,3137
0,2749
na2433
N,2197
n,2007
00,1841
N,1n4db
c,.14a49
0,1332
C.1214
[APREVL-¥}
n,040%
60,0879
Nalinlg
o017k
NeN6ZY
UPRLY NI
(1, 051h
n,0437u
NGNighb
WeDaln
n,N3i3l
00,0325
NeN2k3

RELATIVE HUMIDLITY = 49,8 %

PREDICTED
(DB/M)
2, 5820
3.3%22
3,2082
3.02¢63
2.84¢€6
2.8682
2.52%8
2.3P28
2,2387
77,0925
1.%812
1.8690
1.7526
1.6743
1., 5546
1.4322
143492
1.2433
1,1%821
1.,0663
J.9831
0.9C40
7.8292
0,7633
. €979
J.6541:
N.5¢£92
D. 5275
D.4864
JDehatll
Dea0€Q
V.2685
7.3313
042955
N.2612
Va?345
7.2127
1.1915
7.1740
N 1872
V1412
D.1284
ne 1162
D 10245
7.M9135
. 0230
N.NTRNH
JaeTs
J. 0603
N N554
J.0483
Je 0442
PREL R
1.0372
Je73723
DIPS MAIT:

1,007

294,39 (709F)
49,87 Recative HumipiTy

f o1 el L1113

| II

I0.
FREQUENCY (kH2)

100,

ABSORPTION COEFFICIENT (db/m)



ARSOKPTTON DF SNUND JIN AIR
TEAPERATURE =294,3 K KFLATIVE HUMIDITY = 60,0 %

E'. FREQUENCY MFASURLD ABS PREDICTFD IO
N (KHZ) (DR/M) (LB/M) .

100,0 : 33,7989 3.87¢2

95,0 3,6059 3.66¢7

90,9 3,3930 3445652

§5,0 3,2229 3.2529

BOLN 3, 0285 3.0470

75,9 2.8449 2.8405

71,0 2,h561 2.6742

67,0 2,5140 2.5064

63,0 2.3341 2.33¢66

59,0 2,1923 2.1€643

86,0 2,0533 2.02123 294,3°K (70°F)

53,0 1,9067 1.90056

50,0 1,7572 1. 7662

48,0 1.6994 1.6757 60Z ReLATIVE HuMIDITY ,.é
45,0 1.5921 1.5307 83
42,0 1.,4417 1.4005 0
40,0 1.3501 ¥.3C79 —l. ©
37.5 1,2675 l.1619 - ~
35,4 1,1609 1.094¢ 1 -
33,4 1,0561 1. 0023 1 >
31.5 N,9526 0.5154 -

29,7 01,8654 0.8340 wl
28,0 01,7920 0.7563 1 (&)
26,5 0,7098 0.6627 - L_L
25,0 0,6550 0.6286 ™
24,0 10,6032 0.5864 - w
22.0 0,5193 0,5G49 'e)
21,0 0,4800 0.4556

20,0 n,4395 0.4272 o
19,0 0,4117 0.1660 - '
18,0 0,3691 0.3540 | 4
17,0 0,3289 0.31¢3 o)
16,0 0,2962 0.2860 bt
15,0 0,2643 0.2541 =
14,0 042292 0.2238 —1
13,2 0.21086 0.20C8 -1 @&
12,5 0,1891 0.1815 49 O
11,8 0.1721 0.163 -1 9N
11,2 0,1546 0.1481 4 @
10,6 0.1422 0.1337 1 <
10,0 0.1268 n.12¢0 :

9,5 0,1101 0.1091 -

9,0 0.1044 0.0987

8.5 0.0927 0.0889 _

8,0 0,0825 0.0795%

7.5 0,0733 0.0707 |

7.1 01,0673 0.C640 . -

6,7 0,0603 0.0577

6,3 0,0535 0.0517

5,9 0,0499 0. 0461

5.6 0,0436 0.0421 .

520 020372 0. 0347 L0l L1 1 io

L] L[ ] .

4.: o.o:z,: 0.0324 .0 10. 100.

4, 0,03 0.0292 :

4.2 0,0266 0.0261

W or0268 0.0261 FREQUENCY (kH2)




€1

TEMPERATURE =294,3 K

FREQUENCY
(KHZ) |
100,0 .

95,0
90,0
RS5,0
80,0 .
7590 .
71,0
67,0
63,0
59,0
56,0
53,0
50,0 .
48,0 .
45,0
42,0
4040
37.5
35,44
33,4
31,5
2907
28.0
2‘\-5
25,0
24.0
22,0
21,0
20,0
19,0
18,0
17,90
1R,0
15,0
14,0
13,2
12,5
11,8
11,4
10,6

wWIROW L= DND U D

-
DIATNRAAPTIIDD DL
=

ABSORPTION OF. SQUND IN AIR

MEASURED- ABS
(DB/M): .
3099',94' .
3,7090;
3,5661 .
3,3724
3,1589 .
2,9457
2,7340 .
2.5699
74,3800
2.1924
2.00602
1,9115 -
1,7446
1,6745
1,5718
1.4051.
143228
1.2107
1,0951.
0,9821 .
0,8794
NeR0B8B
00,7217
N,65%43
09,5955
0,5352
0.,4614
10,4295
00,3908
0,3563
n,3241
()¢2890 .
04,2567
0,2337
0.2046
0.,1847
N,1594
Nn,1467
Ne1362.
N 1209
N,1029
N,09A0
0,0899
040796
0,0731
NeN640
01,0564
0,0518
N,anN47¢
0,049
(140390
14,0355
0,0345
0,0265
N,0237

RELATIVE HUMIDITY = 70,2 %

PREDICTED
(DB/M)
4,088 .
3, 85€5 .
31,6251
3.3938
3.1617
2.G2¢4
2.7404
2.5509
243567
2.1€1C
2.0214
1.8752 .
1.7284
1.6305 |
1.4830
1.3379
1.2414
1.1219
1.07230
r. 6385
1.8443
1.7645
Jeh012
1,6282
1.5€72
2.5217
Ne 516
N.4152
2.3800
0.36440
7.1123

.281%
N4 2820
N,2235
N.1CFA
01762
1.1592
0.143C
2.126%
.1172
7,1053
7.C953
7.086%
7.,0782
23.07C1
J.0623
2. 0567
2.C%13
740661
10612
3.0378
1.0145
7.0314
V260
n,0240

EY

294,39 (70°F)
70.2% RELATIVE HuMIDITY

<

B I N I i |

Ll

A | 11

L 111]

L1 | |[|_‘

. 10.. : :
FREQUENCY (kH2)

.0l

100,

“ ABSORPTION  COEFFICIENT .(db/m)



&

TERPERATURE =204.3 &

FREmIEMCY
(ki)
10,0

98, ¢
gll.ﬂ
hh G0t
Kh O
YA
T1a0
hleU
A3,
LA ]
th 0
53,0
50,0
AKH O
AR, 1t
42,0
g1,
37.5
35,4
13,4
3teY
2947
PR
P
PLPEN
230U
2711
1.0
21 it
1,0
Thent
1.0
1F g0
1544
11,0
13.7
12"
11,0
11,7
1) gh
L Y
l;.h
Q.1
Aol

AHSITRPT T 3 S0usib

MEASURET ABS
(LR/1)
447095
3,39 00
3.7045
3,854k 4
3.2823
1.,0704
2.49379
2.F402
2.74232
2.,2148
2.0416
1,9130
1,7311
11,6710
1,53€65
1.37¢1
t.2082
te1329
1,0318
A, QuEY
NgR710
n,71293
N hGdh
©en917
N,53k]
n, 401
n,3u3h
1e3773
N,3bbky
e 3154
Wy 2925
(. .2115
Nn,a2339
he2u31
0,182
Gatnll
n,1454
faleld
n,1167
g1 LOS
lig (11344
A,0K1%
N, 0ut0
N,06kb
nL,06483
00,0575
¢ 0544
0,047}
n,g430
0,039y
0,0342
60,0321
Nn,aN3neg
60,0219
40240
n,n221
0,0232

1

AR

KFLALIVE HU[N)TY 2 b0 %

(KA AAE R o N
(Uk/i)
eR23%
2.0700
Y. 7167
a6l
72,2047
20104
Ze.74%4
1.5427
7.3360
7. 12C1
1.9754
l.721¢
1. %5695
L7l
le4le?
1e2016
11717
1,082°
N 554
Ve ALRN
JeTP13
V67047
N, £30G
Ne 57S4
V8179
(V3 :Ta ]
Tealcl
V. 3765
Ya34400
N. 2128
1.2829
Ve 2543
n,22171
De2013
NelT179
Ne 1556
Tela?z
2.1289
N 1177
VT.1087
10951
V. CREE
N.2786
12707
0.0637
D054
N.081°2
V. 04174
0.0424
J.0381
Je 038D
D.0321
D.N254
NeC27¢
N.0cé%1
J.N27R
. 0211

294,39 (70°F)
807 ReraTive HuMmipITY

Lt il N

Lt

10.
FREQUENCY (kH2)

ABSORPTION - COEFFICIENT (db/m)



GST

TEMPERATURE =294,3 K

FREQUENCY
(KkHZ)
10n0,0

a5 N
0,0
85,0
RO
75.0
710
67l0
03,0
59,0
5he 0
53,0
50,0
4F 41
45.0
42,0
40,1
37,5
35,4
33,4
31.5
29,7
2h,0
26,5
2540
24,0
27240
21,1
20,0
19,0
18,0
17.0
1he0
th.0
1d.u
13.2
17.5
1t.d
11,72
10,6
16,0

ABRSNRPTIUN OF SOUND IM AIR

MEASURED ABS
(VR/M)
4,3611
4,0742
3,R266
3.59048
3,3316
3.0821
2.6878
2,346
?.355¢8
2.1591
240093
1.8414
1,649
1,6175
1,5091
1,3321
1.2371
1,0552
0,9237
n,R256
00,7377
Hah9dYy
O 459KQ
G,4700
0,4784
n,44723
4, 3823
0,3433
n,31127
N,2]04
N,?2602
11,2392
n,2130
Ngt 1KY
fha1pn33
ta1511
01,1320
n 1207
(1135
Ny NYhq
0a0n47
N,0817
I TR |
NgNHR2
G,0076
(I LYK
0,057
Nea0431
0NyN29Y

RELATIVE RUMIDITY = 89,3 %

PREDICLFD
(LB/%)
442960
4.,02€69
3. 7550
3.,4832
3.2114
249364
2. 7224
2.5057
22,2899
2.C75¢€
1.91¢3
1.758¢
1.66G31
l.50CS
1.3501
1.20%1
1.1075
d.9012
V. 9G£S
0. 8061
0,7279
2. 6558
N. 5957
2453130
N.4787
N, 4441
D ,ITRD
D745
Je 3145
1.2876
N,?25¢9
n,23135
7422133
N, 1847
Y1625
J.1457
N.1317
2.11°5
J.1077
V. CCT4
N.CPRTT
J.04C0
2.27127
0, M50
A,n5a?
'1‘0:11
NeN4ES
D6 N44)

Y. 02060

294,39 (70°F)
89,37 ReLative HumipITY
_-(
-
1 gl L4 1 1aat
1.0 [oX 100.

FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



ABSORPTTUN OF SOUND IN AR
TEMPERATURE 3294.3 K RELATIVE HUMIDITY =100,0 %

FREQUENCY HEASURED ABS PREDICTED 0,
(KHZ) (DR/M) (DBR/M) A
100,0 4,9022 4, 3355
95,0 3,7414 AeG&BN .

90,0 4,8403 3,755 ﬁ

85,0 4,5352 31,4617

80,0 3,5084 31,1757 &

71,0 3,2350 .'-’.:;b-’:;

67,0 13,2811 2.6671 A

63,0 3.3328 2.2207 294,3°K (70°F) %

56,0 2,6934 1,360 . —

53,0 241261 losal? 100%7 ReLAT1vE HuMmIDITY

50,0 1,9625 1.52¢5 .

48,0 1,6748 144259

45,0 1,4608 1.27%4

42,0 1,1002 1.137% E
40,0 1,1588 1.02%7 A3
37,5 1,0811 )eG27° S
34,4 n,9790 0, 23¢€4% . o
33,4 0,8059 9.753D st
31,5 0.6622 NLeTEN —
29,7 0.57b60 S kTR :
28,0 0,5902 34545 Z
2645 0,5276 344020 Sl
25.0 Nedbld Tedhln O
24,0 00,4485 A, 4000 -—
22,0 0,3599 n.2477 LLt
21,0 0.3289 q,. 21680 W
20,0 0,2894 )6 2009

19,0 0,2893 AUETES. @
18,0 0,2870 A, 2387 g)
17,0 0,2339 0.2145 .
16,0 0,2108 No1%1¢e 2
15,0 0,1877 A.1€68¢ ol
14,0 0,1542 341455 et
13.2 0,1486 N.l341 -
12,5 0,1302 2.1214 Q.
11,8 0,1311 D,1073 (v
11,2 60,1035 7.00% O
10,6 0,1179 T (92]
10,0 0,0865 3.0012 m
9,5 0,0792 0.0743 L}

9,0 0,0541 0.C675

8,5 0,0060 N.N&13

8,0 0,05R89 7.0354

7.5 0,0524 0. 0458

7.1 D,0440 340455

6.7 0,0447 7.0415

643 0,0643 0.0317

5.9 0,0372 n,0342

53 0.0440 0.52¢93

5,0 0,0314 N.0270
. 4,8 0,0318 V.0250
42 0.0401 0.0215 Lol R

1.0 0. 100.

FREQUENCY (kH




ST

TEMPERATURE 2299,8 K

FREQNENCY
(KKZ)
100,90

95,0
90,0
85,0
80,0
75.0
T1.0
67,0
63'0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37.5
35.4
33,4
31.5
29.7
28,0
26,5
25,0
24,0
?22.0
21,0
20,0
19.0
18,0
17,0
16,0
15,9
16,0
13,2
12.5
11.8
11,2
104n
10,0

9.5

k-]
-
PoRN & =

O aUnNEITINT 0D
e * o 8 ® o 5 u 8 e % a s .

DNV XS w D Ow— U

PO

ABSORPTIUN OF SOUND IN AIR

MEASURED ABS
(DR/M)
11,7543
1.5488
1,4305
1,2694
1,158
1,1840
1.0557
0,8426
047292
0,6269
0.5767
01,5073
0,4363
0,4176
0,3928
N,32806
0,3087
00,2739
n,2203
n,1063
N,1722
n,1489
n,1351
n,1361
00,1111
N,N950
n,0812
n,0747
0,0708
0,N657
N.0512
n,0494
0,0454
n,N364
n,0378
0,0335
n.N2FR4
0,0271
n,0232
N,0214
n,0196
eNt31
N,N165
N,0150
n,012%
NeN13Y
n,n103
n.0114
20,0087
01,0077
Q0077
N,0063
0,N1082
NeN119
n,nn47
0,0057
0,0852

RELATIVE RUMIPITY = 0,0 %

PRED1ICTED
(vB/M)
1.6183
1.4606
1.3111
1.1666
1.03¢€3
0.9110
0.8165
0.7213
0,6432
92,5643
N.50€6
N.4557
09,4057
0., 3740
0.,3299
0.2867
0,2602
0.2289
J.2041
N. 1819
0.1620
N.1442
N.128%
0.1151
D.1024
0. 0647
N,078%
0.072R
N.0€6¢€2
0.0599
N,05%19
0. 0407
0.C429
7.6279
N.0232
0.,0297
D.N268
N.0241
0.0218
0,0167
0.0177
N.0161
7.0146
0.01722
0.2119
7.0106
Ne CCGT
0.0C88
7.0080
N.CCT2
0,006A
1.0061
N.00%A
1,00%3
1.0043
D.QC44
27041

1 111

1

299,89 .(80°F) -
0% ReraTive HumipiTy

141'.1“.1 N R
1.0 10. 100.
FREQUENCY (kH2)

10.

ABSORPTION COEFFICIENT (db/m)



ARSOKPTTUN NF SOUND 1M ALR

TEMPERATIRE =299,8 K RELATIVE HUMIDLTY = 9,7 &

E FREQUENCY MRASURED ABS PREDICTED |0
(KHZ) (DR/M) (Da/M) 10,
100,0 2.0320 2.0860 -

95,0 1.8988 1.5280 -

90.0 1,7664 1.2781 -

85,0 1.6170 1.6362

80,0 1,5217 1.5G%4 -

T79.0 1.4099 l.37¢€4 . p

71,0 1.2622 1.271%

67,0 1.06%50 1.19158

63,0 1.0928 1. 1C€6 299,8°K (80°F) -

59,0 0.,9872 1.0267

56,0 0.9435 9.9701 9,7% ReLATIVE HumiDITY

53,0 60,8648 N.G51¢€?

50,0 Ne70681 0,850

48,0 0,7682 0.8326 E
45,0 0,7348 0.78%56 £
42,0 0,6669 N.7414 e
40,0 0,6422 e 7134 ko]
37.5 N,6536 Qe 6767 had
35.4 N0.,h144 N0.6527 F‘
33,4 00,5706 D279

31,5 0.,5463 0. 6050 z
29.7 0.5168 0.5840 w
28,0 0,4864 9.5646 o
26,5 0,4541 0.5477 —
25.0 0.4475 0.5309 LL'E
24,0 0,4378 N.5198 w
22,0 0,4198 0.4572

21.0 0.4035 0.4R57 o
20,0 0.4046 014740 &
19,0 0,3965 04,4619

18,0 0,3038 0.4493 .
17.0 0.3711 N.4361 o
16,0 0,3572 0.4222 —
15,0 0.3528 0.4073 |
14,0 0,3398 2.3912 — &
13,2 0,3281 0.3773 N <
12,5 0,3194 0.3643 - o]
11.8 0,3094 0.3502 1 9
11,2 0,2974 0.3374 - a
10,6 0,2948 0.3236 41 <
10,0 0,2796 0.3088

9,5 0,2713 0.2957 _

9,0 06,2629 0.2819

8.5 0,2504 0.2672 i

8,0 0,2392 0.2516 ’

7.5 0,2258 0.2352

71 0,2171 0.2214

6.7 0,2048 0,207 7

643 0,1932 0.1923

5,9 0,1797 0.1770

5.6 0.1785 0.1653

o or1306 5133 b0 vop el 1 1 ot tty1tl.o
4,8 0,1467 0.1333 1.0 10. 100.

4,5 o.u:; 0.1212

4,2 0,11 0.1091

4,0 0,1099 0.1011 FREQUENCY (kHZ)




[ =3

65T

TEMPERATURE 2299,8 K

FREQUENCY
(KHZ)
100,0

95,0
90.0
85,0
8040
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37'5
35.4
33,4
31,5
29,7
28,0
26.5
25.0
24.0
22,0
21,0
19,0
1R, 0
17.0
1.0
15,0
14,0
13.2
12,5
11,8
11.2
10,6
10,06
7.5

o

S L =

S RED LT ITARATAYI DD C
DN WU D

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DR/M)
2.7377
2,5308
2,3933
2,2418
2,123%0
2,0133
1,8643
1.7916
1,6822
1,5751
1,5238
1,4380
1,360%
1,3431
1,3037
1,2228
1,1970
1,1405
1,0950
1,0263
0,9751
0,9243
n,RY29
0,8349
n,7891
00,7660
n,70R9
N,6764
N,ha6b
0.6196
n,5874
0,5530
N,5107
0,4774
n,4377
0,4092
0,3823
0,3512
04,3249
0,3057
042729
0,2552
N.2357
0,2152
0,1946
Ne1745
N, 1588
Ne1435
Ne1262
Ne1170
n,105Y
0.0952
N NUEBRS
N,NB42
i, 06kb
NaN641
n,0572

RELATIVE HUMIDITY = 20,2 %

PREDICTED
(DB/M)
248324
246692
2.5132
243642
242219
2.0861
1.9817
1.8810
1.7834
1.6886
1.6189
1.5502
1.4820
l.4366
1,373
1.2991
1.2521
l.1918
1. 1366
1.0880
1.0370
0. 9066
0.9268
0,8909
0.8429
0.8097
0.7401
0.7C27
0.6652
0.6276
0. 58800
27,5475
7,50¢0
0. 4€38
N.4211
J.3868
N 3ELT
Ne3267
D.3012
Ne 2759
7.2510
0.2397
. 21107
N.1912
J.17272
1. 1839
7.13%8
le126A1
Je1120
71304
J.0913
Ja 0827
Ve D744
040€¢ 50
NefE14
N,2R42
Ye)hGE

299,8°K (80°F)
20,27 ReLATiVE HumipITY

RN RE

10.
FREQUENCY (kHz)

ABSORPTION COEFFICIENT (db/m)



ARSARPTITYY. NP SOUMD TN ALR

= TEMPFRATHRE =209,y K RELATIVE HUMIDITY = 30,5 %

3 FREQUENCY HEASURED ABS PREDICTED 10
(KHZ) (opsin) (IR/M) 410
100,0 3,3674 1,512 =
9y, 3,1633 3.2300 -~
qn,u 31,0044 21,1547 ]
nh L0 2,R430 2.6837 |
RO ,LD 2,7097 2.81¢€4
78,0 72,5049 2.6517 N
710 2.4011 2.5212
670 72,3023 2.,3212
£3,0 ?2,1bh1 2,2608
54,0 2.0311 2.1292

- 2 {

25in R 1557 299,89 (80°F)

50,0 1,729 l.e2132 30,57 RELATIVE HuMmIDITY *

4R ) 1.6R°9 1.7523 "é
45,0 1,619 1.6433 &
47,0 1,5052 1. 5308 P
40,0 1,4503 1.4524 —. °
37.9 1,.3870 1.3540 -~ ~
35,4 1.3269 1.2691 - -
33.4 1,1978 1.1841 —] >
31,5 11360 1.1024 - i
29.7 1.0518 1.0234 4 w
28,0 0,9811 0.9475 O
26,5 n,9002 0.8797 _ [
25,0 a,R408 0.8112 ™
24,0 0,7938 0, 7653 _ L
22,0 0,7029 0.6735 o
21.0 0,6546 3.€277

20,0 N.6126 0.5821 &)
19,0 n,5650 0,5370 I

18,0 n,5259 0.,4923 2
17.0 n,4795 . 4405 o
16,0 0,4352 0.4055 ot
15,0 n,4004 0.2635 —l -
14,0 0,.3507 0,.3226 Q.
13.2 n, 3161 0.2914 - @
12,5 0.2914 0.2648 - O
11.8 n.,2578 742350 - o)
11,2 0,2392 N.2177 - ja¢]
10.6 n,2150 0.197L { <
10,0 n,1942 N.1774

9,5 0,1734 N.1l616 -

4,0 0,1564 V.1464 ‘

B,5 0,1443 0. 1318 4

R,0 N.1308 0.1180 :

7.5 0,1140 0.1048

7.1 0,1042 0.0948

6,7 0,0954 N.0852 -

6,3 0.0864 0.0762

5.9 n,0758 0.C0676 ;

5.6 0,0687 0.0615

5.3 0 18 Je

5.0 bo867 29500 Lot 1 L1 1 413110.00
4,8 040563 0.0467 1.0 0. 100.

4,5 0,0474 0..0417

4,2 0,0417 0.0370

3.2 0.0417 020370 FREQUENCY (kH2)



191

ABSORPTTUON pF SOUND IN AIR
TEMPERATURE =299,8 K RELATIVE HUMIDITY = 40,0 %

FREQUENCY MEASURED ABS PREDICTED
(KHZ) (DB/M) (DB/M) 10.
100,0 3,8957 3,9965 . ]
95,0 3.6529 3.7899 i
90,0 3,4699 3, 5856 m
85,0 3,2851 3.3826 -
80,0 3,1179 31.1800 -
75,0 2.9431 2.9768
71,0 2,7546 2.8130 ’
67,0 2.6262 2.6414
63,0 2.4535 2.4793
59,0 2.2802 2.30¢80
56,0 2,1836 2,172
53,0 2,0305 2 .0440
50,0 1.8914 1.908% o 0
4K, 0 1,8305 1.81¢€5 299,8°K (80°F)
45,0 1.7219 1.676¢
42,0 1,56h4 1.5343 407 ReLative HumibiTy
40,0 1,4957 1.4383
37.5 1,4178 1.3171 -
35,4 1,2792 1.2146 -
33,4 141890 l.1169 _‘
31.5 1,0841 1.0239 ‘
20,7 1.0043 0.932¢64 -
28,0 01,9293 0.2654%4 -
2645 0,8278 0.782%
2540 0.7443 N.7124 -
24,0 0,7014 N.6EFL
22,0 0,6153 9.5758 —
21,9 0.,56R4 9.5319
20,0 0,5229 2.4861
19.0 N,4860 0.4413 -]
14,0 01,4469 7.4067
17.0 0,3997 9.3675
16,0 0,3530 0,s37%6
15,0 0,3220 D.2974
14,0 01,2778 1.25€8
13.2 n,2546 0.2324 4
12,5 0,231¢ 7,2103 -
11,8 0,2085 D.1861 -
11.2 Ne166h4 0.171¢
10,6 N,1698 7.1552 7
10,0 N 1494 041354 -
9,5 0,1356 n.126€8
9,0 04,1257 Te.1143 =
R,5 n,1112 J.1024
] o,1011 3.0625 -
7.5 60,0902 0.0023
7ol 0,008 7.0745
hoT Nen727 0.0r71 ' n
643 01,0649 N.06C?
5.9 0,0579 DIGLETS
5.6 0,0534 0.0450
5.3 0,0467 D.044°
50 0.0448 h.0424 Lo oyl L1 11t iar1)ol
aom 0,0437 0.0277
4.5 n,0344 n.,02%% .0 10. 100.
a,? n,n332 2,01
a0 N, 0289 0.02°1 FREQUENCY (kHZ)

ABSORPTION COEFFICIENT (db/m)



ABSORPTIUN OF SOUND IN ALR
TEMPERATURE ®299,.8 K RELATIVE HUMIDITY = 49,8 %

FREQUENCY MEASURED ABS PREDICTED _
(KHZ) (DB/M) (DR/M) 10.
100.0 4,2942 4.3377
95,0 4,0232 4 ,0582
90,0 3,8101 3.8589
85,0 3,5861 3.6190
an.o 3,4213 3.3776
75,0 3,2086 3.1341
71,0 2,9925 2.59372
67.9 2,8220 2.7383
63,0 2.5950 2.5370
59,0 . 2.3917 2.3334
56,0 242622 2.1763
53,0 2,0829 2.0240
50,0 1,9117 1.8679
48.0 1,R369 1.7635 299,8%K (80°F) e~
45,0 1,7021 1.6068 E
42.0 1,5330 1.4505 49,87 ReLaTive HumiDiTY >
40,0 1,4541 1.34£9 ’ -1 —
37,5 1,3161 1.2185 J- =
35,4 1,2015 1.1120 _ .
33,4 1,0929 1.C122 - -
31.5 0,9858 2. 9161 _ zZ
29,7 0.8590 0.8328 wi
28,0 N 8091 0, 7534 -— G
26,5 0,7270 0. 6862 -
25.0 0,6629 0.6199 = [T
24.0 N, 6086 0.5761 (TR
22.0 N,5258 0. 4934 — w
21.0 n,4740 9.4538 (@]
20,0 0,4422 0.4155 O
19,0 0,4057 0.3785% —

18,0 0,3653 N.3428 =
17.0 n,3344 0.3c87 o)
16,0 0,2911 0.2760 et
1h,0 n,2594 1.2450 -
14,0 0,229 n.2156 — o
13.2 0,2046 0.1633 14
17,5 n,1874 9.1748 - o)
11,4 0,168h 17,1571 _ 7]
11,2 n,1533 0.1427 _ Poa)
10,6k n,1411 9.128% <
10,0 0,1077 0.1158 -

9,5 0,1109 0.105%

9,0 0,1003 0.0956 -

H & 0,0699 n, 06A2

R0 0,0814 1,077 -

7.5 n,0741 0.0691

7.1 0,0606% 0.C677

AT 0,0604 0.056% -

6,3 n,0539 N.0511

5.9 0,050% 2.0458

5,6 n,0452 0. 0420

5,3 N N386 0.0238

5.0 0.03095 n. 0251 1 b1l NI N ENE K|
4.8 04,0395 N.C22%

4,5 0,02RY N.N298 1.0 10. ... .1oo.

4,2 n,0292 9,C2 77

aln 0 0285 s FREQUENCY (kH2)




€91

TEMPERATURE =299,8 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71.0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40.0
37‘5
35.4
3!'4
31.5
2907
28,0
26,5
25.0
24.0
22,0
21.0
20.0
19,0
1900
17,0
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,0
10,0

9,5

PBADBRPAITATIPTAINDT
NTLTOWRARO WP RNRD

ABSOKPTTIUN OF SOUND 1IN AR

MEASURED ABS
(DB/NM)
4,4448
4,1545
3,922%
3%6547
3,4298
3.1806
?2.9802
2,7958
2.5582
243251
2,1791
1.9914
1,8146
1,7341
1,5969
1,4290
1.3376
1,2239
t.1386
n,9991
n,895%5
0,8080
0,7352
Ne.5405
0,5893
n,5370
0,45H2
0,4122
n,3839
0,3522
0,3137
N,2821%
01,2495
0,2199
f,1951
N0.,1776
41585
n,1435
r,1318
0,1135
N, 1NAL
0,0932
,0905
0,0719
N.N727
0,19645
0,0593
01,0520
Dy NahK
0,0430
0,0407
n,0345
N.0351
Ne.N379
N,0269
Ue0270
0,0273

RELATIVE HUMIDITY = 60,0 %

PREDICTED
(DR/M)
4,5384
4.2652
3. 9915
3,7167
3.4407
3.1633
2. 5404
2.7168
204929
2.2660
2.1015
1.9350
1,76S7
1,66C%
1.4987
1.339°
1.23F2
1,103
1.0055
0,9054
0,820
N.729AR
0,669
0. 6021
0.5426
9.5037
00,4263
0.394)
260"
0,3274
3,2961
N.2662
N, 2379
J.2110
J.1855
0. 1€65
N,1504
N.13255
N.1221
N.1114
}.1003
N.0%1€
J.0R22
F.DTER
3., 070
1.0607
V. NESG
3, 06C6
Ve0456
7.0411
N, 0370
D.N349
D.0221
0.€383
0.2277
DeD252
0.C237

299.8°K (80°F)
60Z ReLaTive HuMmipiTy

L tgil L1
C o o
FREQUENCY (kH2)

100.

ABSORPTION COEFFICIENT (db/m)



ARSOKPTTLY MR SDUNE IN AR
THMPEKRTURE =299,8 « RFLATIVE HUwINLTY = 70,0 %

FREOWEMCY PRASURED ARS PREDICTHD

(KHZ) (LR/M) (DR/ %) — 110.
100,0 4,6380 4.6174 .

9% .0 4,31R07 4,71¢€1 -

90,0 4,050 4,0150

KS.0 3,758 3,712 -

RO, M 3,5264 31,4132

75,0 31,2040 31,1133

71,0 2.9927 2.2743

67,0 2.793¢0 2.6267

63,0 2.525H 2.4011

56,0 2.7842 2.16803

56,0 2.1203 %g;:}

53,0 1,92K7 «0265 0 )

80,0 1.7431 1.66C0 299,8"K (80%F)

aR,0 1,6732 1.5510 70% ReLaTive HumipITY —
45,0 1,5331 1.3911 £
42,0 1,363 1.2359 ~
4n 0 1.2739 1.1355 —4 :g
31.5 1,1224 1.0122 a1 &
35,4 1.01%6 0.0152 -

33.4 0,900 7. 8245 - |
31,5 0,8204 7. 7417 _ Z
29,7 G,7157 N.6664 1
28,9 N ALY 0.599 - o
2%, n,5746 9.54C5 O
2540 n,4897 N.4852 - T
24,4 Ng4n0e 044499 L
22.0 n,4945% 0.3P26 _ [T
21,0 ° 0,3645 0.13503 O
20,0 0,3372 2.3203 (]
19,0 0.3121 0.2911 -

18,0 n,2818 0.0 2632 >
17,0 0.2504 0.7366 o
16,0 0,2203 0.2114 bt
15,9 0,2012 N.1876 —
14,0 60,1737 0.16%2 1y a
13,2 N.1579 n.1493 J4
12,5 n,1401 9.1343 - o
11,8 0,1267 0.1210 - D
11,2 0,1137 2.1102 ] a
10,6 0,1006 2.09%59 P
16.0 n,0945 0.0902 ~

9.5 0,0829 0.0825

9,0 0,0756 0.0752 -

B.5 0,0686 1.0682

R,0 0,0662 1.C617 -

7.5 0,0580 0.0555

7.1 0.0516 1.0509

6,7 0.0484 9. 0465 . -

6,3 0.0448 3.0423

5.9 0,0403 2.031P4

5.6 0,0368 9.0356

5,3 0,032y 0.0330

5,0 0,0318 . 740305 1 Lot 1 P11 11111.0

4,8 n,0345 0.0289 « -
4,5 0.0249 7.0266 10 : 10. 100.

4,2 0,0254 0.0245

4,0 0,0213 0.0231 FRE_QUENCY (kHZ)




519

TEMPERATURE =299,8 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
8540
80,0
75.0
71,0
670
63,0
59,0
5640
53,0
50,0
48,0
45,0
42'0
40,0
37.5
35.4
33,4
31,5
2947
28,0
26,5
25,0
24.0
22.0
21,0
20.0
19,0
18,0
17'0

1046
10,0

SO L NMANVPAITILYD OO
¢« ¢ 8 ®» ® @ » % & o 8 @ v e e e
DNV OWTOWN—=ROT oW

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
4,6482
4,3949
4,1075
3,7908
3,5013
3,2730
2,9836
2,7746
2,4912
2,2435
2.,0814
1,8785
1,6846
1,6016
1,4709
1,3129
1,2277
1,0013
0,9091
0,7758
0,6872
0.6226
n,5515
0.,4775
0,4269
0,3871
0,3511
0,3101
0,2997
0,2729
0,2623
0,2243
0,1972
0.1761
0,1388
0e1424
0,1292
0,1145
0,1072
0,0964
0,0849
N,0761
0,0721
0.0631
n,0609
0,0553
0,0504
0,0443
0,0429
0,0389
0,0358
0,0325
n,0309
0,0327
06,0251
n,0261
0,0230

RELATIVE HUMIDITY = 80,0 &

PREDICTED
(DB/M)
4.6152
4.2926
3.9716
3,6526
3.3362
3.0232
2.7759
2.5321
242925
2.0581
1. 8862
1.7182
1.5546
1.4483
1.2933
1.1441
1.0483
0.9329
0.8399
0. 7550
0.6717
0.6077
0. 5447
0.4515
0.4408
0.4C84
0.3471
0.3181
0.29C4
0.2639
0.2387
0.2147
0.1519
0.1705
0.15€3
9.1352
0.1226
0.1107
0.1010
0.0918
0.0871
0,0762
0.0697
7.0635
0.0576
0.0521
0.0479
0. 0440
0.0403
0.0363
0.0343
0.0319
0.0267
D, 0282
0.0262
n. 0242
0.0230

B »

:

299.8°K (80°F) |

807 ReLaTive HumipiTy R

Lyl L4 oban

1.0 10. 100.
FREQUENCY (kHz2)

ABSORPTION COEFFICIENT (db/m)



ARSNEPT (Ut NF SNUYL v ALR
PEARFREIIRE 3299,8 o FELALVIVE HUMIDITY = R9,7 %

FREGUEACY MEASUKED apS FRELICTVD
(KHZ) (LR/MD (R /M) — l0.
100,10 4,%5957 44,5628 . -
95,0 4,2572 4,22%0 .
90,0 3,9641 3. 97923 -
KSe0 3,793 3,529
a0, 0 3,3992 3.2382 -
75.0 3.1156 2.9155
71.0 2.8344 2. €SS
AT.0 2,6715 2.4247
63,0 2.3373 2.1858 .
59,0 2,1573 1.9%39 . o z
5640 2.01R7 1.7850
a3.0 18170 L 6200 299.8°K (80°F) i _
50,0 1.62R5 1.4620 89.7% ReLATIVE HumIDITY :
48,0 1.5378 1.3%63 "E‘ =
45,0 1,4264 1.2102 E -
42,0 1,2939 1.0677 3 i
40,0 1,2254 7.5765 . ° 1
37.5 0,9393 N, 7eT? _— ~— =
35,4 0.8745 2.7795 -] - -
33,4 0,7317 0.699¢ — > H
31,5 01,6509 C.6272 _ =
29,7 0,5992 0.5619 L -
28,0 0,5357 7.5C32 -1 O =
26,5 n,8604 0.4528 - ™
25,0 0,4201 0.406R ™
24,0 0,399 0.3768 _ i
22,0 0,3289 0.3207 o :
21,90 0.3024 n,2925
20,0 0,2808 0.2680 O
19,0 06,2680 0.2437 -
18,0 n,2383 0.2205 Z
17.0 0,2149 0.1984 @) -
16,0 0.1810 0.1776 = R
15,0 0,1704 9.15%0 -
13,2 0,1349 Ne1257 — Q.
12,5 0.1186 n,1142 - (1
11,2 0.,1020 . 0945 | (@]
10,6 0,0917 N.0861 1 N
1000 0,0767 n.0781 4 @
9,5 0,0750 0.0719 1] <«
9,0 0,0681 0.0659 }
RS 0.0585 3.0602 _ )
Be0 0,0602 J.0549 *
7.5 0,0544 D.0499 -
7.1 0,0488 0.0461
6.7 0,0472 0.0425
643 0,0414 0.0391 B N i
5.9 0.0389 0.0359 i
5.6 0,03%8 9.0336
563 0,0317 0.0314
5,0 0,0313 0.0293 .
e o328 o280 b1l RN EENI . :
4,2 0,0271 0.0243 .0 10. 100. i
4.0 0.0R22 0. 0252 !

FREQUENCY (kH2)




T2

19T

TEMPERATURE =299,8 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33.4
31,5
2907
28,1
26,5
25,0
24,0
22,0
21,0
20,0
19,0
1R, 0
17,0
16,0
15.0
14,0
13,2
12.5
11,9
11.2
10,6
10l0
9,5

0 0O
SnNo

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DB/M)
3,9037
3,7077
2,9717
2,9081
3,6610
2.,9856
2.,6719
2.,4628
2,2234
27272
2,2073
1,9660
1.6478
1.,6372
1,3452
1.,1321
1,0312
1,0048
0,9079
0,6858
0,6172
0.5449
0,4997
0,4155
0,3891
043730
0,3304
11,2854
0.,2680
n.2313
042497
n,1956
01,2452
0,1665
N,1416
0.1324
0,09514
0,0979
01,1002
0,0944
0,0787
0.0658
11,0768
n,0701
0,0574

RELATIVE HUMIDITY #100,0 %

PREDICTED
(DB/M)
4,4748
4.1285
3,7875
3.4526
3.1241
2.8051
2. 5560
2.3135
2.0784
1.8515
1.6872
1.5284
1.3753
1.27¢7
1.1342
0.9986
0.9122
0.8083
0.7262
046512
N.5874
0.522%
0.4675
9.4216
1.3779
C.35¢€1
0.2575
N.2729
2.2463
0.2768
3.2054
0.1850
Ne1658
N.1477
2.13C8
01130
20,1075
3.0975
3.0853
J.NELE

0743
J.0685
7.0630
N.0573
0.0520

299,89 (80°F)
100% ReLative HuMIDITY

t il N
1.0 10. 100.
FREQUENCY (kHz)

ABSORPTION COEFFICIENT (db/m)



THMPRRATUKRE =305,4 K

FREOMENCY
(¥HZ)
ton,0

95,0
90,1
85,0
RO GO
75.0
71,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37.5
35,4
33.4
3,5
29,17
28,0
26l5
25.0
24.0
22,0
?.I .O
20-0
19,0
17,0
17,9
16,0
15.0
14,0
13,2
12,5
11,.H
11.2
10,6

ARSNRPTTAUN NF SOUND IN AR

MEASURED ARBS
(DR/M)
1.6173
1,4203
143UR7
1.1719
1.0480
0,9281
0,8222
0,7578
0,5677
n,4815
N,4158
0.39086
N,3500
0,3218
n,2588
042125
0,2427
0,1688
0,1591%
n,1388
0,1218
0,1099
0,1033
n.N914
01,0832
N,0796
0,0700
0,0703
0,078
00,0621
N,N501
0,0530
01,0420
n,0351
0,0295
00,0293
n,0289
n,n224
n,0227

RELATIVE HUMIDITY = 0,0 %

PREDICTED
(DB/M)
1.6333
1.4743
1.3233
1.1800
1.0459
0, 9195
0.8242
0, 5493
0.56597
N.5134
0.46C0
0.4096
N.3776
0,32221
n.2R95
0,228
0,2311
D.20462
J3.1837
0.1636
0.1456
Nel296
N.1143
0.1037
0.,0957
n.C807
1.,0737
D.06T0
0. 06CH
1.0546
D.048C
Ne 0435
0.C394
71,0317
1. 03C1
N.0272
V.02 44
NG N222

N.C2C0

305.,49K (90°F)
0% ReLaTIVE HuMmIDITY

Al [

11

L1 i1t].0

10.
FREQUENCY (kH2) -

100.

ABSORPTION COEFFICIENT (db/m)

O
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TEMPERATURE =305,.4 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
67,0
63,0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35.4
33,4
31,58
29,7
2R, 0
26,5
2540
24,0
22,0
21,0
20,0
19,0
18,0
17,0
!b’o
15.0
14,0
13.2
12,5
11.8

DD LSV PN NNDX S
e ® 5 &4 & 5 9 ® ¢ 5 ¢ B 8 &

ONNDIO WP LDw~N—= SOUTC

ABSORPTION NF SOUND IN ALR
RELATIVE HUMIDITY = 10,6 &

MEASURED
(DR/M)
2,4529
2+2463
2,1437
1,9795
1,0642
1,7241
1,61213
1,5250
1,3802
1,3021
1,2063
1,1831
1,1197
t,0781
1,0717
1,0035
n,9698
0,9425
0,9063
0,R525
0,8162
0,784V
0,7505
06,7181
0,6799
0,748
N,6415
0,625%5
n,5960
0,5952
0,565%5
0,5405
0,5226
0,4968
0,4730
0,4504
N,4323
0,4115
0,3916
0,3619
0,3407
0,3269
0,3000
0,28R1%
0,2671%
N,2424
0,2259
0,2090
0,1899
0,1736
0,1593
n,1456
0.1297
na12%3
0,1123
0,1008
n,0907

ABS

PREDICTED
(DB/M)
2.%212
2.3¢03
2.,2072
2.CE21
1.724¢
1. 7547
Lo €961
1.6022
1.5127
1.427¢
1.36¢€5
1.3075
1.2%C8
1.,2135
1.1593
l.1C¢4
1.071¢
1.,0283
0, 9920
0, G570
0,923
C, A7
n, 85¢€1
NDeB2RL
0.,791%
0, 7767
0.7307
J. 7064
0. ERCR
N.6534
0. (254
0,565?
N.5€32
N, 52658
N, 497
N .4¢ 3¢
0.%362
De 4070
73627
0,570
N,3203
7.108¢
[ P e
0,26 3¢
19,2410
n,2185
0, 2004
n,1a2n
N, l1£58
N, 1495
J.17%69
1230
a.112n
Nel04Y
n,Ccr3e
Y. CR25
N ,0T5:

305.4°K (90°F), .
10.6Z ReLaTive HuMIDITY

Lt

i

J
bl L1 011l
1.0 10. 100.
FREQUENCY (kHz2)

.0l

ABSORPTION COEFFICIENT (db/m)



FREOLE Y
(LRI
tnn, o

L]
Qn 0
HS g0}
(Y1
79,4
Ti.0
n7,0
% 1]
L
Hh )
53,40
LY ]
PR IY]
44,0
A7 40
40 4,0
37.5
34,4
34
31,%
29,7
P2HL0
2“.‘3
25,0
24,0
27U
21,0
2040
19,0
18,0
17,1
16,0
15,0
14,0
13.2
12.5
11.8
11.2
10,6

0L1

-
SEBERBPAARITIINLDDICED
ONUNDPOWI Dwd=m S STADRO

ARSOKPETUL OF SOURL i ALR
TEHPFRALURE 309,34 A PELATTVE

AEASLEED ABS
(pHstY)
3.30H2
Y1040
?2.9735
2.41133
720703
2.57b0
?2.3936
2.28346
2.1337
2.0331
1,4579
1,R512
1.7640
1.,0999
Vo732
1.557%
1.50h3
1.3K50
1,3541)
11,2235
1,1565
1NHE91
1,0360
N,9763
n,9244
N,RT749
0, Thb4q
0,11394
(ah42h
Nahh22
UeahN54
Ne55%H0
N,5045
0,4033
N,4174
n,3612
n,3413e
[ Y LT
(1428HS
01,2529
0.2371
N,2164
0,196
01,1779
n,1617
0,1427
0.1300
0,1177
N.1034
0,0945
0,0840
0,0755
0,0667
0,0653
n,0560
0,0497
0,0445

HATNETY & 20,4 %
PREDLCLED
{LR/'Y)
e SA41
3, 3¢5
3.1932
3.0287
24 861F
2.7012
2574t
Dobban
e 3210
celET
2.1007
2. 0070
l.4032
1.3352
1.72C3
le 6215
1.54¢4
14492
le 3647
la2814
l.14G7
1.1200
L. 427
Ve 730
U020
0, 8541
Ne 7571
Q. T708?
De 6562
N. £1C4
D.5614
04517
0, 4661
Vbl
Je 3733
0.33%3
V43071
2707
De 25413
0.2307
0.2C77
J. 1RG6K
N.1720
N.16%]
Ne13P9
V41235
N 1117
J. 10OCS
00499
J. 0761
N. 0726
0.0657
0, 0592
0.0551
0.0492
0. 0436
0. 0401

 305.4°K (90°F)

20,47 Rerative Humipity

L0 ol ]

ABSORPTION COEFFICIENT (db/m)

L 1 it 111i.0f

10.

100.

FREQUENCY (kH2)

_:;;_—;gﬁﬁfa;-'Tw»



T

TEMPFRATURE =305,4 A

FREOUENCY
(KHZ)
100,40

95,90
90,0
85,0
a0 40
75.0
71,0
h7,0
63,0
59,0
5her
83,0
50,0
8%, 0
45,0
47,9
40,0
37,5
38,4
33,4
kR I
29.7
28,1
26"‘
25,
24,0
22,1
21,0
20,0
19,0
1R,0
17,9
16,0
15,0
14,0
13,2
12,5
11,8
11,2
10,0
140

NT T DWT Ow—=U

ST ATDN DI

ABSORPITUN 0OF SOUND IN ALR

MFASURED ABS
(hBE/M)
4,n986
31,8683
3,7160
31,4919
31,2976
3,1373
3,01606
?.8529
?2.6373
2.4717
?2.3670
2.2040
?2.0655
1,9754
1,87R8
1,7091
1.p211
1,4669
1.3429
1.,2207
1,1379
1,0393
N14,9591
N A561
0,7907
N,7407
0,6592
H,608Y9
0,5641
n,5140
n,4073
01,4206
0,308
NeI3BL
n,3000
N 2638
N,2470
0,21%
0,2008
n,1767
Ne1604
n,1436
00,1336
(a1216
(e1UkE3
0,0947
n,nd70
0.,0816
0,0K896
N,a0774
f,0hR5
n,0876
4N44)
n, 0346
Me0377
NyN3%3
lgN311

RELATIVE HUMIDLTY = 30,3 %

PREGICTED
(LB/M)
4.3151
440964
3.8789
3.6617
3.4433
3.2240
1.0459
2.865)
2,6R113
2.4934
2.3696
2,203
2. CH40
1.2530
1.7993
1. 6432
1.5381
1.4087
t.2941
1.1878
1.0372
N.99764
N,5C43
JeR2T5
J. 7520
0.7026
D606
0. 5597
N,5142
Na%€ 9
.20
N.38%6
Y3457
N INTA
n,2711%
Y.24
0.,22C4%
0.16R3
3,101
M,.1628
N.1463
J.1332.
0.12C7
d.1087
1.0974
0. ClER
J1.0787
J.N710
N. 0R37
1.0570
1,951
Do 0415
0,M47272
1.0404
J. 0365
00,0323
1e3300

0.

.0l

=
305.49K (90°F)-
30.3%7 RetaTive HumipiTy
]
=1
.
Ll L1 1 ]
.0 10. 100.

FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



ARSNRPTTON OF .SAUKD IN ALR
TEMPERATIIRE =305,4 & RELATIVE HUMIDLITY = 39,7 % ‘
FREQIENCY MEASURED ARS - PREN LCTHD

LT

(kd2) (DR/F) (R/4) - IO.
100,0 4,5651 4, 7361 : . o L IR b
9544 4,290 4,460

90,0 4,0913 %.1995 -

856 3.A4390 3.,929° -

RO, 0 31,6169 3.6517 _

75,0 3,3616 3,2027 .

71,0 31,1937 3.1604

67.0 2,9412 2.9358

63,0 . 2.7077 2. 7092

5940 2.5173 246007

S6,0 2.3044 2..3084

53,0 2,1797 72,1265

50,0 2.0093 1. 9629

48,0 1.8958 L.8479 305.4%K (90°F) -
45,0 1.7687 1.67€3 -E
42,0 1,5751 l.50¢% )

eto o L 39.7% ReLATive HuMmIDITY 3
37,5 1,3799 1.75¢6 —l. " ©
35.4 1.2750 le1431 - ~
33,4 1,1310 1.c272 : -
3.5 - © 11,0266 n,4391 =
29,7 60,9179 7. 8487 <1 ‘i
28,0 0 R424 Ne 765" _ bt
26,5 0.7448 D 0952 - 9
2540 60,6737 0. 6263 - o
24,0 0,h236 0. 5626 ° - e
22.0 n.5336 0.4G79 o Sl
21,0 n.4972 0es575 . O
20,0 0.8912 J. 4165 K O
19,0 n,4278 J.3209 ]

1R, 0 n,3794 34240649 o
17,0 0,3337 0.31C4 4
16,0 60,2971 N.2775 O
15,0 0,2745 N.2463 I:
‘14,0 0,2379 N, 2168 ) o
13,2 0,2078 0.1945 - i
12.5 n,1943 nN.176C 7] o)
11,8 0,1749 n. 1583 i s
11,2 0 t5R7 741439 ) el
10,6 041390 9.1203 -1 <
10,0 141297 N.1173 -

9.5 Ne1i71 0.1070 .

9,0 0.1038 9.0972 ; —

Be5 0,0955 0.6P79 - :

8,0 0.0N850 0.9791 -

7.5 -N,0762 0.3708 w

7.1 0,0705 Ne 0645 _ g

647 0,0657 0.0586 N

6,3 0.,0562 0.0530 ~

5,9 0,0548 0.0417

5.6 0,0475 0.0440

5.3 n,0433 0.0405 |
5,0 110372 0.0371 L4ty agal L4 1 11110
“4,8 10,0395 . 0.0350 o - . 10 N

45 0.,0308.. - . .'. 0,0319 . . . ~100.

4,2 0,0293 0.0261

4.0 0.0268 0.0273 FREQUENCY (kH2)




€L1

TEMPERATURE =305,4 K

FREQUENCY
(KH2)
100,0

95,0
90,0
85,0
80,0
7540
7140
67.0
63.0
59,0
56,0
53,0
50,0
48,0
45,0
42,0
40,0
37,5
35,4
33.4
31.5
29,7
28,0
26.5
25,0
24,0
2240
21,0
20,0
19,0
18,0
17,0
16,0
15,0
l‘.o
13,2
12.5
11.8
11,2
10,6

9.5

AT STAT RTINSO O
EEEEEIEEEEEE IR

OSONNV I wI O WwNr=NDAND

-

ABSORPTION OF SOUND IN AIR

MEASURED ABS
(DA/M)
4,0754
4,5449
4,2958
31,9850
3,7180
3,4797
3.2186
2.9731
2,6607
2.4353
2.2787
2,075¢0
1,8947
1.7821
1,6488
1,4472
1.3413
1.2032
1.0781
0,9448
0,534
067723
0,7068
0.5956
0,5521
0.,5148
0. 4427
0,4014
0,3657
0,343}
0.3123
0,2785
042453
0,2180
0,1914
0,1739
0,1557
N,1408
0,1305
04,1165
01053
04,0969
0,0865
0.077¢
0.,0737
0,0784
N,0583
0,0527
10,0477
n,0436
0,0394
0,0352
n,0255
0.0313
0.,0283
n,n276
n,0228

RELATIVE HUMIDITY = 50,0 %

PREDICTED
(DB/M)
449113
64,5982
4,2843
3.9697
3,6544
3. 3353
3.,0873
2.8362
2.50€5
243391
2.1557
1.5747
1. 7566
1.6799
1.5082
1.3414
1.2323
1.1020
0. 5556
0.8676
2.8080
0. 7261
0.65%4
2.5893
N.5263
1.64913
Vbl
Y.38754
1.35CH
D631 04
12892
N42592
742317
. 2057
1.1P13
41629
Jel16174
De1321
1.1212
7,110
0,0695
740011
n. 0B
2,0755
1476
1.0617
ST
Y510
NS
1.7629
Y. )299
30710
M. N34%
7.1225
1.0280
V.0217
I RN

305.4°K (90°F)
50% RecaTive Humipity

ool L1 111 -.OI
1.0 » 0. 100,
FREQUENCY (kH2)

]10.

ABSORPTION COEFFICIENT (ab/m)



L1

ARSUBDITTUY OF ssD Ju AP

TEMPREEATIIRE =230%9,4 ¢ PELALIVE HUNMEDLTY .. 9,8 %
FRFQUEHCY FEARURKET ABS PREDLICTRED

(Koin) tLast) (GB/M). 10.
100,0 4,993 4,561 C ]
L) a,6216 4,65¢3 -

90,q 4340} 4e2173 _

RS0 440104 3,870

KU 0 3.7126 3, 83461 -

75,0 3,397y 2.,2057

THe0 308 ?.9414

£7.0 2,046 1 2.6F15

N 2,8H77 2.4264

59,0 ?2.35%43% 2.177)

S, 0 2,1%35 1.6%642

53,0 1.,94KY 1. 2189

80,0 1,154 la 6422

48,0 1,6975 1.5294 0 0 —
45,0 1,54595 1.3672 305-“ K (90 F) g
42,0 1.3741 1.2013

PP L 2ens L l0en 59.87% ReLATIVE HumiDITY . S
3745 1,0863 Je9040 4" <
35.4 n,9619 9, 8£8¢ 7

33,4 0.8517F 1.7962 - -
31,5 n,7616 N, 7147 _ <
29,7 n,bhb14 Ne 6410 wl
28,0 N,6013 N.5745 - 5
26,5 01,5238 0.518% 4 =
2540 0,4791 n.4€52 L
24,0 0.4494 1.43.17 TR
22,0 n,3849 L VS ‘ - W
21,0 n.3357 N, 2367 , O
2040 61,3089 1.3071 i (&
19,0 0.,26893 0,2792 g -

1R D 0,2610 N.2527 ; 2
17.0 04,2427 1.2275 o
16,0 N.211¢e D.20364 -
15.0 0 1855 n. 1811 =
14,0 0,1020 7.1609 — @
13,2 N,1430 0.1441 : 1 &
12,5 0,1342 0.1209 - '®)
11,8 ND,1218 N.1184 : - o)
11,2 (1,1106 n.1082 i - [a4]
10,0 0,0972 0.0595 I <L
10,0 01,0915 n0.029¢4 ]

9,5 60,0829 N.0822 _

9,0 0,0715 0.0753

2,5 G,0073 90,0688

#,0 0,0636 0.0627 =

7.5 N,0562 0.05¢€0 ‘ (i

7.1 0.0528 0.0525 .

6,7 0,04R8 0.0484 -

6,3 n,0417 0. 0445

5.9 0,0392 0.040%

S.h 0,0361 0.0382

5,3 0,0336 0.0357

s 00270 50333 ] el L1t 11iti.0l
4,8 n,0303 0.0318 1.0 10. . 100.

4,5 0,0264 : 0.02%6

4,2 0,0248 0.0275

4,0 0,0221 0.0262 FREQUENCY (kHZ)




SLT

TEMPERATIHRE =30b,4 K

FREQUENCY
(XRZ)
100,0

95,0
90,0
R5,0
RN, 0
75,0
71.0
67.0
63,0
59,0
5641
53,0
50,0
48,0
45.0
42,0
A0 .0
37.5
35.4
33.4
31.5
29,7
2R, 0
7645
25.0
24,9
224
21,0
2040
19,0
18,0
17.0
16,0
15,0
14,0
1342
11,8
11,2
10,0
10
Q.5
Q.0
Reh

.

x

-
i g

AN TIIPII
a T 0 s -

.« e 2 @ & & 2 e » o o
ZNT DD

&

AHSOLPTYUY F SOUND

MEASURER ABS
(DB/M)
4,8065
34,4469
4,1405
3.7613
3.4793
3,1562
2.9243
2.,6658
2. 3494
2,1319
1,9060
1.798%8
1.5948
1,562
1,3724
1,1956
1.,1086
C,4324
a,R133
Nn,7274
Ne640H
0,569
N,50k
Ne8324
0,8115
0,3717
N, 374k
Ne3u2¢
02787
N,252¢
N,231n
1,209
G,1443
N,1648
n,1417
02,1249
N,1094
0.,049R87
(,0R03
L,0773
CaN730
0,N6RG
U ,NRE30
NgNHRA L
0,N5t2
N,04a7¢
0,047n
n,N304
01,0357
N,0335
€,0312
Ne020}
0, N2¥e
NyNJS)
tan2h1
(VIR

130

AlR

KRFLATIVE HumIDLTY = 70,2 %

PREDICTEDR
(LB/M)
4e 1541
4e4312
440723
1. 7167
3.3729
3.033¢
2.7684
2.5095
2.2579
2.0144
1.837%
1666k
1.5011
le 3644

« 2401
1. Ca%
0. 5589
D.5065
0. 70405
Ne 7147
Y8407
N, 5739
Je 5140
Va4 27
$s 4159
N4 3854
J.37270
J. 3000
e 2749
A,2502
D 2247
Je 20044
J.187373
Te1634%
Jal4ac
J.1721%
Je1Ce?
N1.00772
N CGre
2.0°27
N.0704%
Tah703
R LY
J.0597
Do 541
N.050
) 0460
Q.04
N, 03N

DVeD2T7H
N €353
Jo 3322
FerTI”
Jen2n0n
D 27@en

Janle?

|
!
| 305.49K (90°F)
70.2% ReLATIVE HuMIDITY |
_
—
[ ] —
Lt vtaggl Lttt o
1.0 10. 100.

FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



9.1

ARSORPTTION OF SNUMD IN AIR
TEMPFRALIIRE =305,4 K RELATIVE HUMIDITY = 79,6 %

FREQUEMCY AFASURED ABS PREDICTED :
(xH2) (LR/M) (DB/M) - —10.
48,0 1.4780 1.2917 3
45,0 1.2266 1.1491 N
42,0 1,0641 1.0699 )
40,0 0,9854 0.5221
37.5 0.9144 2.8173 -
15,4 0,8234 0.7336
33,4 0.7002 N, 6578 ~
31,5 0,6366 1.58%4 o o
29,7 0,5594 0.5273 305.47K (90°F) .
.
32;3 3;:383 n:;il 79.6% ReLaTive HumipiTy
25,0 0,3948 0.38% : _
24,0 0,3668 9.35647
22,0 n,3177 0.3020 —
21,0 042796 £2773 =
20,0 0,2680 0,2537 <
19,0 0,2463 n.2512 . ._g
18,0 0,2140 9.2693 - 8
16,0 0,15R9 01762 -
15,0 0,1673 0.1522 1 =
14,0 0,1478 2.12352 _ -4
12.5 0,1109 911 |
11,8 0,1103 fsl02¢ - 6
11,2 0,0979 0.0639 )
10,6 0,0911 0.0661 4 w
10,0 0,0782 2.0783 ™
9,5 0,0591 0.07121 . wl
9,0 0,0662 0.067¢6 o
8,5 0,0552 0.Ch24 O
8,0 0,0669 0.0574
7.5 0.0428 0.0578 T >
7ot n,0434 0.04%1 5
6.7 0,0474 0. 0459 -/
6,3 0,0433 0,0478 -
5.9 0,0303 0.£358 | o
5.6 0.0322 0.r376 1 &
5.3 0,0383 9.,0355 1 &
5.0 0,0365 0. 231364 1 &
4,8 01,0260 0.0325 1 m
4,5 0,0393 2.0304 a
4,2 0.0343 0,C287 —
STANDARD DEVIATION = 0,11651% 7]
PARAMETER A 2 24,00 HZ B = 18,40
ABSOLUTE HUMIDITY =  0,378449E+0% —
bt el | 1 1 1 1111].0l

1.0 10. 100.
FREQUENCY (kH2) "




LLT

TEMPERATURE =305,4 K

FREQUENCY
(KHZ)
100,00

95,0
90,0
85,0
80,0
15,0
71,0
67.0
63,0
59,0
56,0
53,0
5040
48,0
45,0
42,0
40,0
37,5
35,4
33,4
31,5
22,0
19,0
18,0
17,0
16,0
14,0
13,2
12,5
11,8
11,2
10,6

-
(=]
-

o

AN ANANAINC I~2DDOOW
MR EEEEEIEIEI I I
OCNNODOWPNR DW= ROANON

ABSORPTION OF SDUND 1N AIR

NEASURED ABS
(DB/M¥)
4,8872
4,5167
4,2406
3,8331
3,4900°
3, 1018
22,7304
2,3350
1,9209
1,7105
1,5677
1,4243
1,2589
1.2397
1.1195
0,9757
0,9082
0,6872
0.,4741
0.,6688
046748
0,2507
0,2866
0,2175
0,1888
0,1375
0,1407
0,1127
0.,1157
0,0995
0,0891
0,0962
0,0733
0,0667
0,0666
0,0532
0,0464
0,0494
0,0482
0,0515
0,0376
0,0401
0,0351
0,0421
0,0381
0,0330
0,0241
0,0214
0,0447

RELATIVE HUMIDITY = 89,1 %

PREDICTED
{DB/M)
44946
4,1227
3, 75¢8
3,40€8
3.0647
2.7346
2.4799
2.2341
1.59R0C
1. 7721
1.6099
1.4540
l.3048
1.2091
1.0717
0. 9416
0.8592
0.7610
D.5828
9.6121
05484
C.2820
7.2166
0.19¢€8
0.1781
0.1604
0.1282
0.1165
0.1067
3.0975
0.0901
0.0830
0.0762
0.0709
0.0€59
ND.0611
0,0565
0.C522
0.0489
0.0458
0.0429
0.0400
0.0380
0.0361
0.0342
0.0330
0.0312
0,0294
0.0783

305.4°K (90°F) ] / —
89,17 ReLaTIve HuMipITy

n
[ ] -
Lo o vl L b b
1.0 10, _ 100.

FREQUENCY (kH2)

0l

ABSORPTION COEFFICIENT (db/m)



8.1

ABSORPTTOUN OF SOUND IN ALR
TEMPFRATURE =305,4 K RELATIVE HUMIDITY %100,0 %

FREQUENCY MEASURED ABS PREDICTED
(KHZ) (DB/M) (DB/M) 10.
50,0 1,4010 1.219? .
48,0 1,333% 1.12¢2 ]
45,0 1,2374 1.0000 B
42,0 1,0856 D.8770
40,0 00,9603 0, 800 -1
37.5 0,764% 2,7091
15,4 0,6910 9.6162 305.4°K (90°F)
33,4 0,5986 0.57C4
31,5 0,5677 n.5112 100% ReLaTive HumipITy -
29.7 0,4771 0.4501
28,0 0,4222 N.41C4
26,5 0,3851 0.37C5
25,0 0,3733 0.3332
24,0 0,3347 0, 30" —
22,0 0,2674 0.2644 £
21,0 0.2629 0.247% ~
20,0 0,2355 0. 2231 . 2
19.0 0,1907 0,200 G
18,0 0,.2289 0.1857 :
17.0 0.1855 0. 1654 =
16,0 0,1572 1.1521 2
15,0 0,1606 N.1361 uJ
14,0 0,1336 Ne1224 Ej
13,2 0,1237 7.1115 =
12.5 0,1097 n.1074 T
11.8 0.1071 7. 0941 T
11,2 0,0961 9.0872 L
1016 0,0847 2.0706 o
10,0 00,0784 0.C744 O
9,5 0,0733 0.0695
9,0 0,0614 JaN642 Z
8.5 0,0591 0.GKC4 o
8,0 0,0619 0.0561 C —
1,5 0,0541 1.0521 -
7.1 0,0502 0. C4S1 | o
6,7 0,0476 0.0461 R o
6.3 0,0443 0.0434 o
5.9 0,0394 9.04C7 A
$,6 0,0381 0.0333 a
5.3 0,0349 2.0369 <
5,0 0,0338 - 0.03F51
4,8 0,0318 9.0339
4.5 0,0335 3.0321
4,2 0,0305 6.0306
4,0 0,0306 0.0292
| Lol L1 11 igiif.o
.0 10. . 100.

FREQUENCY (kH2)




ﬂ

6L1

TEMPERATURE =310,9 K

FREQUENCY
(KHZ)
100,0

95,0
90,0
85,0
80,0
75,0
71,0
6740
63,0
59,0
56,0
53,0
50.0
48,0
45,0
42,0

10,0

SO PD2OARIAIPRNRYIID DO
CwPROWN=POoONoWn

ABSORPTTUN OF SOUND IN AIR

KEASURED ABS
(DR/M)
1,6693
1,4947
143581
1,2294
1,1433
0,9997
0,9208 .
0,7866
NeTV13
0,6022
04,5485
0,4766
0,4386
0,4332
01,3831
n,3003
0.3143
Ne2316
0,1972
0.,1844
0,1671
0,1363
0s1266
N,1240
041087
0,0976
00908
n,0738
N,0790
0.,0702
n,063%5
NeN5T2
N.0603
040463
0.0377
n,0330
0,0297
0,0317
0,N261
0,0245
n,02t0
n,0n18%5
00,0140
1.,0153
0,0128
0,0143
0,0107
n,0103
N 0086
0,0195
N,0062
n,0084
N,N0K3
0,0095
0,0059
N,0065
0,0042

RELAT1VE HUMIDITY = 0,0 %

PREDICTED
(DB/M)
1.8487
1.4877
1.33%5
11917
1.055:
e 9287
1.8317
V1400
Yo 4552
7.5750
V.%197
Veobba3
Ne8]325
1.7°10
N, 3363
n.2r2¢
N7 53
062374
d.27a2

A.1R5%

De 1682

TelaTl

17.129°

7.117%
1A

301067

2.0°18

N 0Thn

VNETT

DoAY

1.0552

T.049%
Je 2440

J.r3an

V.04

n. F? C:

1.7274

DI

N C20R
JeG20n

.21

JeCLET

(e N16?

AT
Je 124

J.N11i

J.210°

r.cres

Ve 10 -

1.707~

310,9°K (100°F)
0% Rerative HuMipity

NEEEY/a

10. : 100.
FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



. ABSORPTIUN OF SOUND IN AJR
TEMPRRATURE =310,9 K RELATIVE HUMIDITY = 10,1 %

FREQUENCY MEASURED ABS PREDICTED : . '
(XHZ) (DB/M) (DB/M) , P T 10.
100,0 2,7381 25874 : . ’ - .

95.0 2,5353 2,821 o
90,0 2.4404 20632 .
A5.0 2,2757 2.5121
80,0 2.1829 2.3679 -~/
75,0 2,1066 2,230
71,0 1.9759 2.1240 1 .
67.0 1,8673 ] 2.0210 ° °
030 1.7399 115545 . 310.9°K (100°F) 4
L8209 ¢

S eees i 10.17 ReLaTive HuMipiTy .
53,0 1.5120 1.60%
50,0 1.,5834¢ 1.6212 _
48,0 1,5494 1.5757 —
45,0 1.4373 1.5071 £
42,0 1,3264 1.42 74 ;5,
40,0 1,2607 1.3902 o
37,5 . 14,2284 1.32¢7 -
35.4 1,1689 1.2770 -
33,4 1,1189 1.2243 ==
31.5 1,0807 1.1729 < .
29,8 1,0354 1.1214 w
28,0 . 0,9982 1.0701 O
26,5 0,9330 1.127% =
25,0 0,8797 0.9725 Vo
24,0 0,8552 9.9375 [
22,0 . 0,8112 7.8633 Ll
21,0 0,7766 5. 8748 (©]
20,0 0,7486 0.7R44 (OF
19,0 0,7115 D.T426 _
18,0 0.60897 0.£69P9 Z’.
17.0 0,6605 1.6539 o
16,0 - 0,6179 3.6076 =
15,0 0,5785 0.5559 ol
14,0 0,5303 7.5112 Q.
13,2 0,5017 0.4716 o
12,5 0,4649 0. 4366 ®)
11,8 0,4404 2.4015 o).
11,2 0,4105 7.3714 a
10.6 0,3735 N, 3414 <
10,0 0,351 N.3117 -

9,5 0,3243 3.2872

9,0 0,3034 n.2630

8,5 0.,2749 0,229 )

8,0 0,2513 9.2162 . =

7.5 0,2208 0.1937

7.1 0,2086 0.1763 . :

647 0,1887 0.1593 . o=

6.3 0.1713 N.1430 _ 1.

5,9 0,1533 0.1273 -

g.g o.t;:: N.1160 .

. 0,1 . s

5.0 01140 3 ear b gl L1 111yl
4,9 0,1059 0.0880 l .

4.; 0,0974 0.0784 0 10 . 100.

4. 0,0843 0.0692

oo 0l077 o.0692 : : FREQUENCY (kHz)




ABSORPTITUM OF SOUND 14 ALR
TEMPFRATURE =31v,9 K REVLATIVE HUMIDITY = 20,0 %

181

FREQUENCY MEASUREL ABS PREDICTFL
(KHZ) (DB/W) (LR/M) 1
100,0 3.9802 443420 -
95,0 3,7412 4.1385 _
90,0 . 3,6434 3,9311 |
BH,0 23,4063 3., 7247
80,0 3,2698 3.51%4 —
75,0 3,0934 3.3108
71,0 2,9424 3.1423
67,0 2.76RE 2.6723
[P 2,571 2.7984
59,0 24579 2.6201
LUy 2.3367 2. 4829
53,0 7.2040 2.342% ° e
50,0 72,0954 2.1983 310.9 K (100 F)
4R U 2.0111 2.19M
5.0 AN 1.9653 20% ReLATIVE HUMIDITY
47,0 1.7517 1.7945
40,0 1,.0395 1.£8¢%]
37.5 1,483 148557 —
15,4 1,5424 1.64C8 -
33,4 1,4112 1.2305 -
31,5 13217 1.2051 |
2%.7 12195 1.12¢n
28,0 tel4sy 1,935 .
265 1,0228 N, 94174
2540 1, 9183 7, AES? -
24,0 Ny RNk ARE R
22,0 G,7803 ). 7040 =1
21,0 06,7085 1, 463N
20,0 (ehb?74 N, ERCT
19,0 0ebNkY 71,4506 -
18,0 Ne5nbY DL N
17,9 Nedy73 0.4567
10,0 N,467% J.4093
15,0 nea4172 N e840
14,0 Oe3653 1. 3210 —
13,2 n,3272 Ve 235% -
12.% n,29k4 e -~
1147 01,2699 2 -
11,2 02475 ) -
19,6 6,220 a
19,0 042024 b} =
0,58 0,10y ] N
L).Il ~).1h71 A}
L) Nefakn B
PO ng13%u hl J
TaY el 1T7H \
T4 Hatnal ..
fe7 Nanahi} -~
P} NaunSh )
9,9 n NS
a.h NgNTCH
. A, 0029
2 hoosda Loyl L0111t
¥ nL0e57% 1.0 10. 100.
a,% NeNaky /
v PR FREQUENCY (kHz2)

ABSORPTION COEFFICIENT (db/m)



Z81

SN ITARY TS TS S S Y TR L W V)

T Pe R ATHYE =318 09 & WELALIVE nbm L} Ty = 30,2 %
FrEoitp Y LEARLER Y ARS LEp IO LR

(vig) (Liv/ )} Py 1y _IO.
T, 4 6124 5,000 -

Uy P LRy 4. 7047 =

Gy Ge T . 4e49Th ]

PR a.137% L .2075 -

Wit 1,R97r 1,71 44

AN 3.h)Yn 546176

T 33014 1,2774

lan L W ETH A.1344

oA P40 010 I, 30

R Pebinel Dabtnl

Hhau 2efuby 2L AST?

K, P 3ER 2,?2760

ANER 7.1035 2, 0745

av 0513 1.6 L3 0 0 —
S feaels 310,99 (100°F) =
4740 1eny 29 1. 5%65 <
Ao 1.anTr 14799 30.2% ReLaTIVE HumIDITY . ‘ :g
374n 1.4511 1.3230 .
3904 1031035 L2270 ® EXPERIMENTAL POINTS . :
33,9 1.2u04 l. 044 ]

YIRS NN 3 gena — THEORETICAL LINE >
Sl L PEEY 78543 — ]
P O RURG Ve ACES . s
TR n,Tuee 1,7318 O
Zh e 715G Ve £556 — T™
24,1 Nybhh2 Ne 5125 T
Vrn N.5173% 7.5238 - w
PRI it,h 74 Je4Pl1 O
PIAT] N 47%4 ", 4401 ‘ O
ju.n N 4323 NN, .

I 1, 1697 Je JED2T

17.0 N, 3%5%% N, 267 <
ing 0 n,3z)e 0,2621 (_)
18,0 0 on0E V2874 =
1444 P00y n,224%8

13,2 6.2204 1.2081 — %
1245 n,10ay N 1RRT7 - (@)
11, Ny tuhy 1, 1473 - (]
11.2 NathA3 l.1527 _ om
10,k f,1495 J3.1379 g
TG0 n,1342 1.1243 -

a5 O 1% 34 Jel1134

Al Nelittn 3.1033 -

a8 H,04995 Je 0GR

g0 RELLY) N.0%44 -

7.5 N, y0y 3.0758

7.1 e 735 7. CE52

0.7 n,065%2 0.0631 i

~,3 N5 7h J.0872

5.9 N,N529 n.0%17

S,6 NeN494 Ve 0474

Se3 140452 Ne 041

ﬁg ';.0334 1. 04C6 ] ool | 1+ 1 1111].0f

1, NgN3Nk 1,039

4,5 n,n3i7k 0.0352 .0 10. 100.

4.2 N,N313 2.032? \

4.0 0301 - 9.0203 FREQUENCY (kH2)




€8T

ARSUIKPTIUN {IF SDUND IN ALR
TFUPFRATIRE =31u,Y9 & RELATIVE HUMIDITY = 40,0 %

FFEEGHENCY MEFASURED ABS PREDICTRED
(KHZ) (DB/M) (LB/¥) 10.
100,0 5,4247 Se2354 -
95,0 ) 5.,0662 44 89C1 .
9,0 4,8194 4. 5443
Ah,0 A,4683 4,1G83 I
RN 0 4,1981 3,8%25
75.0 31,9016 3.5073
T1.0 3.6431 342334
6740 3.3945 2.9¢10
hleD 3 0H06 2, 6¢15
H9,0 2.9512 2.42%%5
56N PHhNZ 2.725%9
53,0 244545 ”.03M
80,0 2.1693 1,483
an oo 2.01%0 L7254 310.9% (100°F)
4549 1.7588 1.5454
42,0 1.5475 1,2719 40% ReLATIVE HuMIDITY
40,0 1,3402 1.2585 —1
37,5 1,1419 1.122¢% 0
35,8 1,1250 1.0175 -
14,4 11,0202 7.%117 -]
kP 1eMN31b D.5197
24,7 0L,A305 0, 7367 ~
gH L0 n,7d17 Y. 66C3 -~
Dheh - NehafZ N.7071
98,0 He5e20 "N, 5347 ]
24,1 n,%344 N, 4172
22,u fi,45k4 N.4732 =~
21,0 A NEE) Te36RY
20,0 PPy e 2549
LR 6.39Fu Je2227
1h 0 n,3uRS le2621 T
170 n,281h N, 2670
1hell 0,2539 T.735%
15,0 H,P30e 3207
1100 DI ERS 14 1£44 —
13,7 173k Nelhbn -
17245 Vel 7.1511 ~]
11.8 fo144% Ma1es -
11.2 0,134y Tal247 -
16,40 n,a1267 N, 1173¢
Tirgtt Caliitu 1
a,5 N N9 |
U, RSN
2,5 Calmin
I Iy LY 4 h
745 0,0iRt5S 4
7.1 TN Z2
LN f,055% ~
[} D, 8Ky
&, n,N484
Bk Na0d2n
LI | NeN3ny
e alageg Lot sl b4 11 1a1o
1,4 ERERY 1.O 10, 100.
) 13?4
hal PR

FREQUENCY (kH2)

o G NZTG

ABSORPTION COEFFICIENT (db/m)



ARSAKPLTU:. OF SHUMD 1M AW

TEAEERAIMIRE 231049 A RELALLVE MUmIP)TY = SN0 %
- FRELF LY PFASUSET: AnS FRENLCTED :
(red) fHR/r) R/,
g tan 0 §,179% 53,1247 10

08,0 4,TIHS e THEF . ;

90,0 a,a}1mr5 44,3703 -1
ELD ) 4,069 1.%0094 : -

K00 33,7529 1,4334 !

791 3,424 1,2740

AL F.1 340 2.96G24

6«70 D JRHOD 7,717

X ' 25470 2e %400

9,1 2.2dYbb B K- 4

LY N0 IR TLY) 1.7675

53,0 1,9030 l.2132

Rirg 1,7403 1. 6352

4R 0 1.,6320 e 920

PE 1.8609 1.3572 310.9%K (100°F) "E‘
32,0 2e1Y 1.1837 N
At ::ma 1.cnl 50% ReLATIVE HuMiDITY 3
7.5 1,1110 £, 06649 —_ll., O
35,4 r,a7%4 N.6717 - St
33,4 aA629 Ve TH2T - -
3,y a,Tabb 1.7€2° 7 2z
29,7 Neghnd]) Dot 2% - wl
2450 1459609 7o 5651 - ——
LI 15341 0.5r€) O
25,0 044799 TeuSL9 - LT-
24,0 NaAalh 0e 6235 | N}
22,0 0,341 Je 2CCH - ul
21,0 0,476 7.3311 o
20,0 nN,3iY6 2.3C24 O
19,0 0,2923 27153 N )
18,4 n,2639 1.2498

1740 0,2362 Ve84 2
16040 042141 3.2022 (@]
19,0 N,1692 J. 1805 ;
13,0 0,1707 2.16C7 o
13,2 01,1503 Y1447 —1 | &
12,5 60,1366 1.1319 - o
11,8 Ge1240 J.1198 = N
1.2 0,1146 2.11¢€0 ! a
10,6 5,303 241007 - a
10,0 V,N922 « 0517 -

9.5 n, 0647 M. €845 :

9,0 0,07R2 2.0783 P

ReS 0,0719 7.0720

Re0 0,0624 0.06¢1 -

7.5 n,0n02 J. 0005 [ o«

7,1 nN,N542 2.0562 .,

6,7 N,050h J. 0522 : - _

LI 01,0434 0.049 = :

549 N,0422 NeCh4n

Seb n,0394 7.0423

543 0,0354 0.0393

5.0 0,0360 0.0375 b0 vl L1 o
4.9 0n,0308 0. 03¢0 °

4,5 0.0322 0.0338 1.0 {0. 100.

4,2 00,0289 0,0317 :

4.0 n.0262 0.03%4 FREQUENCY (kH2)




3:18

. ARSOKPTIG
TEMPERATIRE =310,9 &
FREQUENCY HEA
' (KHZ)

100,0
95,0,
90,0
RS5,.0
10,0
75.0
7140
67.0
56,0
8340
5040
48,0
4h,0
42,0
40,0
37,5
35,4
33.4
31,5
?q.7
28,0
26D
?25.0
24.0
22,0
2140
20,0
19,02
18,0
17,0
16,9
15,0
14,0
13,2
12.5
11,48
11,2
10,5
1u,0
9,8
L]

« e
[ e R

W T L

=

SO ODTALNATITT N
NN T

k=

X OF SOUMDL IN AR

RELATIVE HUMIDITY = 58,8 %
SURED ABS PREDICTED
(DB/#) (wB/M)
4,269 4,9342
4,3879 445432
4,0261 4,1562
3,6266 5.7832
3,2821 3.4163
2.9044 3,(568
2,8636 2.7831
2,3214 2.5146
2,1323 1.8257
2.,0176 l.652n
1,7550 1. 4052
1.6002 143775
1,4224 1.2233
1.2140 1. 3748
1,1156 2. 68321
0,976} N.8717
M,8479 1, 7829
0,7773 n.7023
ybdbG 7.£278
01,5954 e 5641
05250 0. 5055
11,4709 0,4563
Ne428} $.4ars7
043680 n,38C0
n,34R7 143240
04,3090 A, 2077
0,2545 1,726
fe256d D.7486
0,2369 A,?257
D208 1, 2047
01,1928 1.19130
7.1678 N, 1E44
N, 1508 o L4EG
Ny1327 7.133)
N,12306 2.1214
ne1131 naL11?
041005 3.1075
n,N944 2,043
nw,naat Ve NAAR
N.0774 20727
0728 1,0745
N.0651 7. 0650
n,an61s AT
n,04961 1, 0%94
(1,0518 . N55)
r,0473 N,N514
n,0424 1, 0490
n,0412 Ve 0460
n,0365 V.0425
n,0375 De 340N
N33 n, 0392
2,0302 ARG R P2
N.1320 9,003
(g D287 1.7223
N,025%9 N.N31%

310,99 (10?0°F)
58.8% RELATIVE HumipiTY

Lyl L1 1

!

1 {111

L l.ll_ll

10.
FREQUENCY (kH2)

.0l

100,

K

'ABSORPTION COEFFIGIENT. (db/m)



ARONRPLIU S DF S0UMD [V ALR
TEMEFPRAFORE 2310,9 K RELAFTVE ALUMINITY =2 In,0 %

FRELEICY GWASHRE): ABS peenIcTYL

(rhz) fuk/h) /e ) J10.
1on,0 a,Thhe 4,457 -

95 1 4,3315 .

an,u 1,713k o

HS .0 13,6320

0,0 3,3300 "o

78,0 7,965

YA P.T74%5

T .0 2.4427

h3 0 2.1634

:.L)'(i 1.055()

56,0 . 17879

3,0 1,5%08 .

50,0 1,463 0 0

4R, 1,3601 310.9%K (100°F) 'g
45,1 1.2346 :

a2.0 11,0920 70% ReLaTive HumipiTY >
40,0 N,% 50 i JR— L]
375 N RAKD — o
35,4 n,7657 —

33,4 N K197 -~ . =
1.5 i N.552F 4 2
29,7 nyH212 Q
26,0 0, 4r4y -

26,5 N,4133 9
2540 ne3763 7 L
54,0 . 3502 Ne3h16 W
27.0 11,2919 7.7G71 - Lt
21,0 n,2687 1,768 . C)
20,0 0.2516 N, 2447 (&
14,0 n,2343 N,275¢ k)

1.0 ne2101 2.2064 2
17.0 N,1890 7.1865 O
16D Na1657 D.1¢86 -
15,0 10,1566 7.1517 -
14,0 n,13484 N.135% 4 o
13.2 60,1181 7.1239 4 @
1245 n,10R3 n.1140 4= O
11,8 n,1035 nN.1047 — o)
11,2 01,0913 N.0°70 - (18]
104> n,0837 J. €859 <
10,0 040777 N.,0R210 =
9,4 0,0744 2.0775% _

a0 n.0674 N.0726

f,5 0,0618 D.0675

R0 01,0569 9.0¢28 o . =

7.5 0,0534 9, 0584

7.1 0,049% 1.0559

6.7 0,0451 0.0519 -~

6e3 60,0428 9. 0497

5.9 0,0396 2.C45%

5,6 0,0384 0.0437 :

5,3 f,0358 Ne 0414 -

s'o n 0357 oe 0396 L1 reaal 11 raiijo
4,8 0,0323 740383 1.0 {0 - 100.

4,5 0,0323 0.,03¢3

4,2 0,0302 N, 0244

4,0 0.0276 0.0332 FREQUENCY (kHZ)
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ABSORPTIUY DF SOUND IN ALR
TEMPERATURFE =310,9 K RELATIVE HUMIDITY = 79,8 %

FREQUEHCY WEASUURED ABS PREDICTED
(KHZ) (DR/M) (DB/M)
10040 4,5815 4. 4237 :
95.0 4,1879 4,03¢h
9049 3,RRS9 3.6681 -
B850 3,512¢6 3.3064 -
80,0 3,2574 2. 7646 _
75,0 ?.8822 2.634A
1.0 2.6665 2,.3813
67,0 2,4176 2,1395%
f3,0 2,1229 1. 5092
54,0 f.9322 1.6822
56,7 1,7971 l1,58211
53,0 1,55R2 1. 38CH
50,0 11,4755 1.23174
48,0 1.3811 l.14€2 0 0
a5, 1,267% 1),21‘]‘} 310-9 K (100 F)
42,0 1.1435 . 86
e ) 0074 Ale11a 79.8% ReLaTIVE HuMIDITY
375 N.8415 0.7209 ——
3%.4 f,65R] Je 64 7% -~
33.4 n,6203 D.500m j
31,5 ne%4q7u [l el
29.7 N a2r| Jehe1” -
24,0 N,4%753 24194 —
26,5 My3INn73 N,276"7
2540 ,3453 V. 3407 -
24,0 N,3224 143139
72?7244 D.7013 . 2727 _
21.0 N,24H5 7.2518
20,v 0,227% D.2312
jo,.0 0,2043 1,217 —
THaY 0 ,17Rn V. 1036
17,0 n,174d4 Vo176
1R N, 1h2h “e 1659
15.0 1337 Y. 1444
1h, 0 n,1296 T.120 |
13,7 .1142 7.11¢%1 -
1745 11317 AR B 7
1) a4 na1913 J.1015 -
11,2 n,oYns 3.0045
10,0 N 0EART7 N, ORI =
10,0 i1,N763 T.521¢ -
R 940740 Qe "TAT
a,n NeOnTs 3o 1716 —
4.5 f,Nn37 YU T
] n,Nns9g DT K .. _
7.5 f1,N5hS R PLE
Tel (1gNhH1Y LT
ne7 PIIEERY D, TEPN -
ned veNu33 N, 2440 .
8,Q H.fals 1,347
Seh 0,Na24 N AN .
hed n,ni7e6 Je 561"
W0 W N3k} VNG 1N 1 i 1 1 1] lllL 1 -} 1 1 1 L1
Ggd nyn141 c. 07
d,h L 4, 1370 1.0 {0 100.
1,2 RS X, AP L]
o FREQUENCY (kH2)

ABSORPTION COEFFICIENT (db/m)



ARSONRP LT OF ADus v L AR

TrALE L ATTRE =410 ,9 & AELATTVE Y TLETY 2 a0,2 %
o FHECELCY CEREILEL DS PEEDLOTEL, . -
*® [ ELVA ARV AN] (LR/™) —'o'
Tuu,n 4,n30h 41T 1
Tuh N 1,h231 e 44 —
aa 1 3,309 LA p
fu N 3,652 .12
WO 2,770¢0 2.004] N
Th,.0 7.423% 2L GFTh !
Then 7,1h5% 2,487
67,0 1.9y 24T
o 3an 1.hibg [ ATAR
LA 14 405K 1, 444
G i 1,279 1o477°
53,0 t.,N293 Le26¢n
N0 ,0 WCELY ) l.1e11 )
g nLecay 1.2751 310.9°K (100°F) —
45,0 noHz1v Yo R 21 E
a2, 0736y SRR 89,2% RELATIVE HuMIDITY S
an, . n,7%40 Yo TR -1 O
375 fi,7700 Yo rTLL = B
Ih, 4 N,h03n% Vet 275 .
33,4 n,5171717 e HART — g
31,5 n,398k Y. 4607 . Z
sa. 1 0.43%9 Y4600 - W
2R, 0 n,4114 JeNGne = Q
2649 fe3b4 Vo 288, . —
25.0 n,357n L3734 ULL_
2440 Ng2758 Je3011 - J
2740 (4?2698 Ve 25010 o
21,0 Ng2427 N,2273
20,0 A 1891 n.2245 (&
1a,.0 0a2uydb V2024 =] ’
16,0 0,194% J.1R58 b-d
17.0 Do 1667 Je1F54 'S
16,0 0.14R6 Y. 15647 =
15,0 V1483 7.1393 —
ya,u 041223 ", 1264 — Q@
13,2 n,1198 7.1163 - o
12.5 0.1043 J.107 - O
11,3 0,0969 2.0669 - .
11,2 06,0929 2. 0634 - [s¢]
10,0 n,n875 n.n472 _ g
10,0 (a0626H 1.0913 '
9.5 0,0862 nN.0T7e7 -
9,0 0,0831 1.0722 :
R,5 10,0702 0.C679 . - _
7.5 0,0704 3.0599 73
.1 0,0373 1, 0569
67 10,0440 1. 0540 :
) 0,0435 N.051? =1
5.9 0,0412 740484
5,6 0,0428 de 0664
5,3 n,0394 0.0444 :
. 0424 y
A o oaz2 o Saas L1 vl L 1 3 11110
T 4,5 0,0365 0.0311 1L.O 10. 100.
, 4.2 0,0347 N.C37C
4.0

0.034? o 0.0356. - FREQUENCY (kHZ) C ]

P




681

TEMPERATURE =310,9 K

FREQUENCY
(KHZ)
45,0
42,0
40,0
37.5
35,4
33.4
31.5
29.7
28,0
26,5
25,0
24,0
22,0
21,0
20,0
19.0
18,0
17,0
16,0
15,0

bbb ANST NTONNTDO LD O
VNN VIOCOWIFLCWwN=NOVONOTN

ABSORPTION DF SOUND IN AIR

MEASURED ABS
(DR/M)
0,8887
0,8744
0,7538
0,6674
0,5862
0,5449
0.4823
0,4388
0.3738
0,3473
0,3327
0,2666
0,2598
042301
0,2143
0.,2021
0,1911
0.1733
0.1584
0,1364
0.1272
n,1140
n,1126
041039
0,0973
040867
0,0840
05,0802
0,0764
0,0709
0,0647
0,0655
n,0572
0,0570
0.0536
0,0504
0,0373
0,0455
0,0460
0.0406
n,0421
0,0368
0,0382

RELATIVE HUMIDITY =100,0 §

PREDICTED
(DB/M)
2.9544
D.T78€0
V.71 7
N.6366
04572G
J. 5146
N, 4627
Ne162
V.3747
N.24C1
17,3073
Je2HLS
42473
7.2291

. 2115
Vs 164°
J.1790

e 1640
N 1400
T.13e658
L1219
T l148
T.13f
RPRA L
N.0031
1.,7073
T CH1Y
.07
).071
DA N
H.06 51
YNELN
V. "G4
1, NE884
N, 00
J. N0
70420
1, )480

1 1

310.9°K (100°F)
100% ReraTive HumiDITY

R R A W |

|

l I

111

¢}
FREQUENCY (kH2)

100.

ABSORPTION COEFFICIENT (db/m)
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A.2 A PoINT BY PoINT ComPARISON OF MEASURED VALUES oF ToTAL
ABsSORPTION IN ORIGINAL RunNs AND CHeEck RuUNS

Table A.2.1 Comparison of Measured Values of Total Absorption
In Dry Air. The comparison is between an original
run made at top date and a check run made on a
different gas sample on the bottom date. Values

are in db/m.

Temp. (°K) 255.4 260.9 266.5 272.1 277.6 283.2 294.3 299.8 310.9
Dates |12/17/75}12/16/75{12/15/75|12/13/75|12/12/75|12/10/75|12/5/75 | 12/18/75} 1/2/76
Freq. 3/1/76 2/23/76| 2/19/76| 2/5/76 1/26/76| 5/18/76|12/8/75 3/22/76| 4/5/76
in kHz R - I S _
4 .132 .130 127 .128 .127 .131 .131 144 .145
126 ,122 .130 .127 .134 .129 .135 L.135 | .135
5 .139 .143 .142 -~ .145 .148 | . 149 152 | .162
.137 .143 .139 =~ .148 .152 152 .153 .153
8 .190 .190 .186 .194 .191 .189 .195 .207 .210
.185 .186 .188 | .194 .194 _...188 196 | .198 | .201 |
10 .217 .213 .218 .221 .217 .227 .230 .238 ;4;262
.214 .220 .221 | 234 | .219 .227 | .220 .229 .233
14 .277 .273 .273 277 .280 .275 | .286 | .288° .299
.262 271 .270 276 274 .289 .280 .291 .295
18 .326 .324 .325 .331 .336 L340 | .34 357 | .362
.323 .324 .333 .331 .332 .340 .349 .345 .362
29 .381 .387 . 389 .395 404 _.396 -— .418 .429
.388 .389 .388 .396 ~.397 | .388 - .415 .430
28 .481 .482 .486 .488 .508 - -— .523 .524
.493 .487 .508 .501 .488 - o .527 .551
35.4 . 649 .637 .627 .632 674 —— — .676 .669
3 .660 642 .657 .676 .639 — - .686 726
45 . 864 e .897 e .877 — - - .954
.801 e .882 - L8499 | - - -— 1.01
56 1,11 - 1.17 1,12 1.27 —— - 1.28 1.24
1.10 - 1.18 1.16 1.16 i 1.25 1.29
71 1.58 - 1.62 1.63 1.68 —_— - 1.69 1.77
1.56 - 1.63 1.73 1.65 - - 1.89 1.82
90 2,16 - 2.19 2.26 2.20 - - 2.41 2.38
2.12 - 2.17 2.33 2.25 -— - 2.40 2.49
100 - - 2.54 2.63 2.54 - o 2.67 2.72
—— - 2.53 2.55 2.58 — - 2.77 2.84
Avg. Abs.,
Difference 2,29 1.64 1.73 2.46 3.02 2.49 2.40 3.11 4,08
&3] | I S
Average
Arithmetic
Difference 1.38 41 -.81 =1.22 1.06 .58 -.21 .22 -.88
(%) ) ) N .

190



Table A.2.2 Comparison of Two Runs Made on Air at 299°K and 107 RH.

The absorption values are in db/m.

Frequency -|Measured Total
in Absorption
kHlz 3/22/76 [5/21/76
6.7 374 .377

7.1 .391 .395
7.5 . 405 .412
8 .425 427
8.5 442 444
9 .461 .465
9.5 475 .480

10 .489 .502

10.6 .511 .513

11.2 .521 .530

11.8 .539 .550

12.5 .557 .566

13.2 .573 .575

14 .593 .598

15 .616 .627

16 .631 . 637

17 .655 .660

18 .678 ,682

19 .701 .698

20 .719 . 734

21 .727 . 739

22 753 | 772

24 .791 7174

_25 .810 .812

26.5 .832 2851

28 .879 .901

29.7 .926 .924

31.5 .973 .997

kiz 3/22/76|5/21/76
33.4 1.02 1.03
"35.4 1.08 1.07
37.5 1.14 1.15
40 1.15 1.19
42 1.20 1.24
45 1.30 1.32
48 1.36 1.38
50 1.38 1.42
53 1.51 1.53
56 1.62 1.61
59 1.70 1.70
63 1.84 1.84

_67 1.86 1.99
71 2.10 2.10
75 2.28 2.27
80 2.44 2.39
85 2.57 2.54
90 2,75 2.70
95 2.91 2.84
100 3.04 3.05

Average

Absolute 1.437%

Difference

Average

Arithmetic -0.92%

Difference

191



APPENDIX B COMPUTER PROGRAMS USED IN THE STUDY

The symbols used in the following programs differ from those used
in the body of the text due to the limitations on symbols available in
FORTRAN and BASIC. Whenevér possible, the variables in the programs
are simply the upper case equivalent of the terms in the text. When
the text uses Greek symbols, variable names were selected which corres-
pond to the meaning of the Greek symbol. When the transformation to
capital letters did not seem obvious, the symbol is either defined in
the program by means of a comment card or is defined in the writeup

preceeding the program in this appendix.
List of Programs

B.1 Program Used to Acquire and Analyze Experimental Data
B.2 Program Used to Correct Data for Tube Losses
B.3 Subroutine AIRAB Used to Compute Pure Tone Coefficients
B.4 Programs Used to Compute Band Loss Coefficients
Subroutine SPCTRM
Subroutine ABSORP
Subroutine FILTR
Subroutine BANDL
Subroutine BANDLP

Driver Programs

192




B.1 ProGRAM Usep To ACQUIRE AND ANALYZE EXPERIMENTAL DATA

PRINT "PRESURECT!*S READINGI"JI\INPUT O\PRINT "K-H'S GAIN"}\INPUT 0
GOSUB 36

DIM UCS)\NGOSUBE 17

GOSUB 11 \Y2=INT(0)\Y3=C0-Y2)»100

GOSUB 1@ \0=0+1.89030E-84\Ul=INT(0I\U2=INT((0O-UL)*188)

GOSUE 13 \GOSUB 15

PRINT \13=I\GO TO 28016

GO TO 32175

12 PRINT "*WHAT TIME IT 1S ";\INPUT O\RETURN

11 PRINT “DATE:"3\INPUT VS\PETURN

13 PRINT INPUT TEMP. OF THE SYSTEM:*J\INPUT HO\RETURN

15 PRINT REL. HUMIL1TY(X)="3\1INPUT HI\RETURN

17 PRINT \PRINT "= D.P. ( F), BEGINNING: Fs FINAL: F*
19 PRINT \RETURN

20 GOSUB 19120 \GO TO 32188

3@ PRINT “=UNLQCX MIC & CLOSE B EEFORE C1RCULATION. 5 '
32 PRINT "CONTI. '2°';\INPUT O .
34 RETURN .

36 PRINT '« OPEN VALVE-B » LOCK THE MIC, THEN 'e°'";\INPUT 0

38 RETURN

396 /195

18288 1F FJ«D2r.7<F5 THEN 28210 \G9=I\GO TO 2B@12

19e8e PEM

1991@ PRINT "RESET FOR TEMP. PEADING, THEN #CHVE"

19@12 INPUT J

19028 GOSUE 19260

19221 11=809

19022 1F H@>=32 THENV 19024 \A=-I\GO TO 19&25

19024 A=l

19225 FOR 1=1 TO J\GOSUB l912¢

19¢26 A=IN1F l<>12 THEN 19832

19228 Aa-|) .

19830 F@a2AxFl=121(3-F2)

19240 T=(182519+FB/4.580808E-05)1.5-427.222

1945 T w18+ J32\PRI4T T3 C ", T3 F"

19958 NIXT INRETYRN

19858 CALL "XMIT™"E\CALL "MMIT""®"\CALL "XMIT"US"N\CALL "VYMIT'"A™
19865 CALL “OCY"LF@,E)

19¢7@ FO® I=1 TO 1202\0=1.2345=2. 3456\NEXT 1

v ON

19288 TR
1912¢ UXMITUYRUNCGALL UXHMITUE”
19125 MPCUMCF@s E)

19130 F1=1JT(FQ/1@)\F2=F2~-Fl=1e

19135 FO® 1€=1 TO 11\0=1.2345%2.3456\NEXT 1¢

19148 1F F1>320€¢ ThEV 19150

19142 A=Al

19143 GO TO 19152

19145 IF I<18 ThEJ 1915¢ \A=+I\IF 1=1@0 ThE! 19158 \A=-1
19150 RPETURJ

1916€ PPINT "hO' MAIJY DEACS T0O BE JSED";\INPUT PI\PETUFN
19220 PoINT #«ADJ PULSEPs THEY ‘2'";\PETURY

20088 P=1JdT "TYPE ENTPY POIJT 13=
2299 1.4°UT 13
2010 1F 13>1 ThEJ 20014 \PPLJIT *13="513;"? STA®T J7'E>7"
2214 GO TO 32182

20216 P9=12\F9=13

22038 DIM P(25),0¢(25)

28€35 DIM v1224),ued)

2824¢ DIM W(3,2450\V9=245

2@241 FJ° 1=@ TO 3\FO0= J=1 70 9

2ee4a2 v(1,J)=0¢

22243 JEYT JNJEXT 1

20@45 GO TO 20222

2095 ©:=n

2p10€ GOSUB 3¢

202€8 PRLIT “MOYS TOaNS.s» TYPE SEPAPATION 14 METEPR";
2ec1e 1iyesuT D2

26220 GOSVUBE 1981¢

2€24@ PRIMT \PZLJT "OESET FOP FPER. TA{ING"

2250 GOSYE 3%

20255 G9=2\G8=2\GOSYbL 19288

2927¢ 14PuT D

21010 PR1IT “eGIYs

21820 14PUT F

21€21 1F F<>6 ThEYJ 21822 \GOFUE 19168 \GO TO 32182

21822 GOSYWS 19€42 \GOSUbL 1912¢

21824 FR=Fle1€r(-72)

21026 F3=1ITC(Fex10+.49)

21027 FJ=F3/10
21@28 =°1uT “F:
25131 CAaLL "COIJT
25132 CALL "COJIT
25134 CALL ™WALlT"

25135 GO TO 28000

27500 © LEAST SQP

27510 X=8\X2=@\S51=8e\%2=¢
2752¢ FOP J=1 TO M

27530 M=M+Q(JII\M2=X2+ QI I=D0S)

PF3;
@OLE"\CALL *"valT"
QaLB"
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27540 SimS1+2tJ+2@)
27550 S2=S2+ACJSInZ(J+28)
27568 NEXT J
27578 Z3=(M%S2-X¢ §1)/ (M*X2-XaX)
27572 1F z3>@ THEN 27588
27574 Z23=-23
27580 RETURN
28000 C@=15¢INT(780/C(F3sD2))
28801 FOR I=1 TO P9+9
28002 PLI)=B\QCI) =D
288904 NEXT 1
28886 F5=15
28088 1F F3=D2t.S5<F% THEV 2B881@ \G9=1\GO TO 28012
28018 G9=@ .
28812 1F GO9=GB THEN 28014 \GOSUB 19288 \INPUT 0
28814 G8=GO\IF G9=1 ThEN 28018 .
28015 1F F3xD2¢.3>5.2 THEV 28016 \CALL “CONT""A9PAE"\GO TO 28228
28816 CALL "“CONT"“"AG2AB"
28817 GO TO 28020
28818 CALL “CO4T""A20AE"
28020 CALL "WA!T"\CALL ."CONT""AOCIE"
26022 PPINT " »SET FPEQ. + 132";13
28038 FOP X=@ TO C@
28032 CALL "DATI™<0)
28834 NEXT X
28648 FOP K=C@+! TO 1023
28258 CALL "DATI"™(Y(1@Z4-X))
28852 NEXT X
26062 CALL "CON
28878 CALL “WAIT"
28180 A9=1.8
28118 Gl=.3\J3=0
28205 1F F4=4 THEV 29020
2821€ J3=4\Ce=Ce*4
28215 V(BI=Y(2)+Y (I +V(AI+Y(SI+YL 6
28220 FO® (=1 TO 1021-C®
28238 Y(AI=VI(X-1)+Y(K+6I-V(X+ 1)
2824¢ NEXT <«
2900@ REM END OF SMOOTh F'WCTIO
292€5 A2=C\Al=D
29€1¢ FOF 1= TO 1821-CE\AG=AG+Y(1)\NEXT 1
£9€12 AC=A9=F3r.3=Al/Fas(90e-C2)
29¢1s =1
29020 QAC1)=A2\Al=AC
29030 FOP M=zl TQ P9+7
29¢4e FO= J=¢ TO 1@21-C0
29049 (@)=
29858 1F Y(J)>a@ THEJ 29860 \1F YtJ-1)>a¢ THEN 2932¢
29855 GO TI 29360
296628 1F Y(J)<=R(M) ThEV 29308
29678 C(MI=Y(J)
29082 P(I1)=10824-J~J3
NEXT J
-INED TO 294ep

*+1

BeFE"

0 J=1 TO MN\NAQG=AZ+QUJI\NEXT J\AG=AD/M
29404 FOP J=1 TO M\1F 0(J)-.5%Al<G1%A2 ThHEJ £9405
29485 P(1)=P(JI\I=1+]
29408 NEXT J
29427 G2=9
29468 M=1-I\1F HM<P9 ThEN 29439 \M=P9
29429 P(2)=2«PC1I\IF P(1)>39¢ THEN 29412 \P21JT *"x 1ST ®Kh. 'NLE® 33¢ ="
29419 FO®m J=1 TO M
29412 PO="(J-1)-PJ)
29414 PRIJT PRINIF PE>13 ThEN 29420
29415 1F J=M THEN 29420
29416 PPINT "DOUELE PEAKS!!';\G2=1
29420 0=P(JI/F\I(28+J3>=8.,685689«L0G(0O)
29422 IF J=1 THEN 2943¢
29424 IF P@-P(J-2)+PLJ-1)<15 ThEY 2943e
29425 G2=1
29426 PPINT “(CH{ PKS AT"IPCGJ=1);PLJ);
29438 NEXT J
29435 IF G2¢>]1 THEW 29440 \PPFINT
29436 PRINT "Q(1).Al 2CI)FAI\PRINT “2B1B€ A9=";A9
29440 Z1=2=2(21)
29458 IF M»1l THEN 3212¢ \Z3=F3+.21=D2\G0 TO 32140
32120 FO® J=1 TO M
32122 JI=J
32124 HEXT J
32126 GOS'IB 2758¢
32140 PEM
32142 1F ABS(F3-55.5/D2r.5)>1 THEN 32150
32144 PRINT "=CHX MAG. PI1CKUP ThEN '@°'"i\INPUT O
32150 W<(@,13)=F3
32155 W 1,13)=2]
J216@ W(2,13)=23
32162 W(3,13)=D2
32178 13a13+1
32175 PRINT
32188 PRINT “=GN"5
3219@ INPUT F
32192 IF F¢>»22 THEN 32200 \F=28.25\G0 TO 21@22
32194 1F F<>5@ THEIN 32200 \F=50.6\G0 T0 21e22

g
H
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Jz2e8
J2202
J22084
32210
az2211
32212
32213
J2214
32218
az219
Je22e
J2222
2226
Je228
32230
32235
J2240
Adeae
J3210
33015
3Je29
33e3e
33049
33850
3360
33872
33e8¢
aziee
33110
33t2e
3313¢
33142
33141
33145
33147
33150
33151
33152
33153
33154
33155
33158
33160
33172
3318¢
a3ive
33192
33195
33197
33200
3321e
33220
33230
33235
33238
33249
33250
33270
33480
33440
33450
33460
33470
33480
33482
33485
33492
33495
33590
33502
33505
33s51¢
33515
33520
33530
33542
asege
aseel

1F
ir
IF

F=@ THEN 20088
Fe>3 THEN 32204 \F4=3\PRINT “WITH SMOOTH FUN."\GO TO 32189
F<>4 THEN 3221@ \F4=A\PRINT "WITHOUT SMOOTH FUN"\GO TO 32188

1F F=7 THEN 20858

1F F=8 THEN 28

1F F=9 THEN 32218

IF F=6 THEN 21@21

GO TO 21822

PRINT “ARE YQU SURE? '9' LlF YES, '@°' OTHERVISE":
INPUT F\1F F¢>9 THEN 32188 \PRINT \GOSUE 1@

PPINT \PRINT "s»x PLEASE MAXKE AN ENTRY ON THE =« LOC EOOK =="

0=0+ 1. 03022E-B4\UIsINT(OI\ U4 INTCCO~U3)=122)
GOSUEB @

PRINT * *;"DATE: ";Vs

PRINT “"MEASUPEMENT STARTED AT"; Uli':
PRINT ' COMPLETED AT UJ" ;U4
PRINT \PRINT .

PRINT

L=1

N=1

K=l

1F W(2,L>>2 THEN 33070

1F L>=v9 THEN 33480

LaL+]

GO TO 33230

PEM

Fl=w(@,L)

FOR I=L TO w9

IF ABS(W(2,1)-F1)/Fl>.@1 THEN 33152

ZCAI= W@, 1INV, I )=0

Z(K+20)=0( 1. 1)

QLLI=wC3, 1)

IF SCKI<€>9¢KX=1) ThEJ 33145 \"(Q,1)=2\PRINT 2(X);Z(KI\GO TO
UL+ ARY=C2, 1)

IF X>»1 THEJ 3315¢ \PPLNT "("3Z(1);"K~HZ)>"

PRINT WUKIIZ(K+20),Z(X+40),

IF K>1 THEN 33153

PPLNT \GD TO 33158

0= (Z(A+19) =2(X*22) I/ CRKAI=QLK-1))
O1=CZCK+4R) =T (K+3PII /(I =QK~1))

PRINT Q7230172

K=X+1

NEXT 1

IF K22G0 TO 233462

MaK-1

GOSUE 27500

YN+ 102@>=1372

PPINT "= (DE/M): "3 723725

B1=2¢2})=73=9C1)

FOR J=] TO M

ICJI+28)=2(Jv Al

NEXT J

GOSUB 275828

Yei+2@r=13/2

YIN)I=Z (L)

PRINT %ZJ/2

EJ=Z(21)-2329(])

PRINT

N=y+1

LaL+1}

GO TO 33020

PRINT " THIS FPEQ. HAS ONE DISTANCE ONLY™

GO TO 33320
PPINT \PRINT
PRINT = DATE 3
PRINT TEMP.
BRINT s P.H.
PRINT \PRIYT
PPIJNT "TYPE @.PUSH ON, THEY PETU®N'
BRINT \PRINT

BOLIYT “FRER 18T PAh. ELOPEY
INPUT Q

PRINT “TEMP: ;K@ " Puhe 3
FO® I=1 TO U

PRLIT YIS YUI«108)3Y(1+208)
NEXT 1

END

PEM THE END.

3 u2;

Fo

33168
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B.2 ProcraM Usep To CorRecT DATA FOR TuBE LOSSES

AanananAnnAnnna

-

oo

100

110
120

121

122
123

no

30
20
150
200

31

wn

THIS PROGRAM CNRRECTS WEASURED ABSORPTION FOR TUBE LOSSES AND
PRINTS QUT RESULTS ALONG WITH RESULTS PREDECTED BY PROPOSED
S$1e57 STANDARD,
ABNDBM = AMPLITUDE ABSORPTION COEFFICIENT LN DB/ METER
OM = ACUUSTIC FREQUENCY
P = AMBIENT PRESSURE IN ATNOSPHERES
PS5 = SATURATED VAPOR PRESSURE FOR WATER IN ATNOSPHERES
T = TEMPERATURE IN DEGREES KELVIN
TF ® TEMPERATURE IN DEGREES FAHRENHEIT
WAVEL = WAVELENGTH OF SQUND WAVE
RHSRELATIVE HUMIDITY IN PERCENT
AB1=MEASURED ABSORPTION USING FIRST PEAK HEIGHT
AB2=MEASURED ARSORPTION USING SLOPE OF THE DECAY PATTERN,
DOUBLE PRECLSION DT,NV,DCF,DALFA,ALFAP
DIMENSION F(200),AR1(200),AB2(200),FF(200)
REAL MID2,MUN2
READ TEMPERATURE IN DEGREES F, RELATIVE HUMIDITY IN %
READ(5,10)1TF,RH
FORMAT (3F)
TE(TF=~32,)/1,8+273,16
WRITF(6,5)T,RH .
FORMAT(1H1,15X, '"ABSORPTION OF SOUND IN AIR',/,5X,
YTEMPERATURE ='/F5,1,' K 's'RELATIVE HUMIDITY =',FS5.1,' &'s/»
5X, 'FREQUENCY',¥X, "MEASURED ARS',10X, 'PREDICTED')
WRITE(6,6)
FORMAT(7X, ' (XHZ)',13X, ' (DB/M)Y ', 14X, *(DB/M) ')
READ DATA IN THE FNRM FREQUEMCY(KHZ),ABS FROM FIRST PEAK,
ABS FROM ECHO,
k=0
T137/293,
V=7,31RE=24Tina] ,5/(T+110,4)
P=t.
PL=P#760,
DU 1V 1=1,200
READ(5,10)F(1),ABL1(1),AB2(1)
TF(F(1),FQ,0.0)GN TO 120
KSK+1
PT=DRLE(T)
DVEDRLF (V)
NCF=DBLE(FC1))
CUMPUTE. TURE ARSNRPTION
CALL TUBFC(0T,DV,DCF,ALFAP,DALFA)
SALFAPSALFAP
VEL=34340,%S0RT(T1)
WAVELSVEL/(F (1) #1,0£3)
COMPUTE EMPIRICAL CURRFCTION
SDALFAS(DALFA)#(1,=,014/(WAVEL#23,1))
SELECT FIRST PFAK HEIGHT UR SLOPE
TF(FC(I).GE.4.EN1YARZ(L)I=AB1(1)=SDALFA#100,
IF(F(I), LT, 4, EN1YAR2(1)}®AB2(T)=SDALFA#100,
FF(LISF([)®*1,0F3
CUNTTNHE
PUT DATA 1N OKDER NF DFCREASING FREQUENCY
nu 122 J=1,200
DuUM=1,0
nU 121 1=1,K
TF(FF(I),6T,NUM)ILST
TF(FF(T),GT.DUM)IRB1 (\T)mARZ(T)
TF(FF(T).GTNUMIFCIISFF(L)
IF({FF(I),GT,NUM)DUM=FF(1)
TF(DUM,FQ,1,)GN TO 123
FF{L)=0,0
PI=3,14159
VEL=343,4%50R1(T1)
PS=(10,0)#%(20,5315=2939,/T~4,9224AL0G10(T))
Cyi2=(2239,/T)#e28FXP(=2239,/T)/(1-EXP(=2239/T))as2
CVN2=(3352,/T)#n2#FXP(~3352,/T)/ (1 =EXP(=3352/T))#%2
MUN2ECVUZ#2,%PT#,20948/35,
MUNZSCVN2#2,#PT#,78084/35,
HaPS/P#RH
NDEV=0,0
az24
R=1l,4
nO 150 I=)1,K
ON=F(I)
CF=F(1)/1000,
FRN2EP# (A+4,41E048HR(0,05+H)/(N,391+H))
FRNZZP/(T1)#u20 (99,4350 #HREXP(=6,1420((1./T1)%#,333=1,3))
TERM132,80M#NM/YEL# (FRO2#MU02) / (OM#UN+FRD2#FRO2)
TERM2=2 , #0M#NH/VEL* (FRN2#MUN2) / (MM#UM+FRN2#EFRN2 )
VET, 310E=28T10el 5/ (T+110,4)
TERH3=NMEOMS (B%(T/295,)#%,.5) %1 E~12/P
ALPHAZ(TERM14+TFRM2+TRRM3)
ABDhM=ALPHA#E,686
AB1(I)x(AB1(T)=8,696%(TERM24TER4I) YRVEL/F (1)
ABDBM=(ARDHN=8,0864 (TERMZ+TERM3) ) #VEL/F(1)
WRITE(6,20)CF,Rb1(T),ARDBM
FOPMAT(1X,/,2X,'STANDPAPD DEYTATION =',F10,6,2X,
/42X, "PARAMETER A =v,F6,2,' Hz!,5X,'B &1,F6,2)
FORMAT(2X,F10,1,10X,F10,5,10X,F10,5,10X,F10,5)
DEVEDEV4+ ((AB1(T)=ABDBM)/ABDHM) ##2
SDEV=SQRT(DEV/FLOAT(K=1))
WRITE(6,30)SDEV,4,R
WRITF(6,31)H
FORMAT(1X,'ARSNLUTFE HUMIDITY = ',E15.6)
GO TO A
FND
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11

12
13

19

SUBROUTINE TUBEC(T,V,F,ALFAP,DALFA)
THIS PROGRAM COMPUTES TUBE ABSORPTION
IMPLICIT REAL#8 (A=H,0%2)
DIMEKSION ARX(3),AIX(3),BFOR(3),BFO0I(3)
DIMENSION RBR(3),RBI(3),BF1R(3),BFiI(3)
SQRTF(X)=DSQRT(X)
COSF(X)RDCOS(X)
SINF(X)=DSIN(X)
EXPF(X)=DEXP(X)
FORMAT(2D)
FORHAT(ID)
AFE2,D0#3,1416D0#1000,D0aF
cv=2,5)0
wr2B,966D0
ACS=0,8D0
ACT=0,06D0
pa760D0
R212,700
RTMS8,3144D07#T/N
GAMA=1,D041,D0/CV
SRTMGESURTF (RTM#GAMA)
PDN=1,3332D3#P
VODESV#RTH/PDN
URN=YUD#(9,DO*GAMA=S,D0)/4,D0
AR=1,3333D0#VOD®NIRN
RI==RTH#URN/AF
BR==RTHN#GAMA
RT==AF#(URN+1,33333n0*V0OD)
AR=2,DO# (AR®AR+AI#AL)
ABR=~(BR#AR+BI¥AT}/AR
ARI==(BI#AR=BR#AT)/AB
ARARSAR#AR+ATI#AL
FR=ABR#ABR=AB1#ARL1+AF#AF#AR/ARAR
FI=2,00#ABR*ARI=AFSAF«AL/ARAR
FRTSSURTF(FR¥FR4FI#FI)
IF(FT) 11,12,12
GR==SQRTF((FRI+FR)/2,D0)
Go T0O 13
GR=SOQRTF ((FRI+FR)/2,D0)
GY=SARTF((FRI=FRY/2,000)
RL,2=ABR+GR
FI2=ABI+GI
RL1I=ABReGR
FI11=SABI~GIX
ATMSP/760,.D0
RF=SRING/AF
HFS=RF#RF
G1SH=RI1#RFS
G1S1SFI1®HFS
G2SR=RL2#RFS
G2S51=F12#RFS
PP=R/RF
RUSSRTUGRERTUG/ (VUNRAF)
S01G1=0,0D0
SQIGRSNRN/VOD
G1SAVEGISRAGISR+GIS14G1IST
REFTIR=G1SI/GIS5AV=SNIGR/RW
BFT1I=G1SR/G1SAV=SAIGI/RU
G25AVEG2SRNG23R+G2S1aG2ST
RET2R=(G2S1/G25AY-501IGR/RW
HBET2I=G2SR/G25AV=-SNIGI/RY
FKPASF/ATH
CGS=GAMA
TC=(CG=1,100)/CG
TR=(9.NOXCG=5,D0)/4,D0
TK=13,333900#(1,NO/SARTHF(CC)+TCASARTF{TB) ) #SORTF(VI/R
TA=TK#*SQRTF(F/P)
FSV=SURTF(8,3144D3%CG#T/R)
DFLV=1K#FSVaFSVa,0018323D0/SORTH (F»P)
CA={1.333333D0+TC#TBI#VH#SQRTF(N/T)
Caz=14,106004CASF #F/ (PaSQRTF(CG#CG#LG))
VEL=S(FSV=DELV)#100,D0
Ty=VEL
ALPHR=(TA+CA}/B.686D0
TCA=TA+CA
ALFA=ALPHA
PCR=+#ALPHA
PC1=AF/VEL
PC2RIPCR#PCR-PCL1aPCL
PC21=2,DO#PCR#PCT
Z3 1=SPC2I=AF/VUD
ARBRSSOHTEF (PCZR#PC2R+Z112#2Z11)
AR1R==R#SuRTF ( (PC2R+ARAR) #,500)
AR1I=R#SQRTF( (=PC2R+ARAR) #,5D0)
2Z3RSPC2R=RL2
231=PC21I~F12
ARAR=SORTF(ZIR#Z3IR+Z31#231)
ARIR==R#SQRTF(,5N0# (ARAR+Z3INK))
AR31=R#S0RTF(,S5LO%*(ARAR=23R))
Z2R=PC2R=RL1
Z2T1=PC21=FI1
ARARSSQRTF (Z2H#Z2R+22[#Z21)
ARPR=R#SQRTF (+SDO* (ARAR+Z2R))
AR21=R#5QRTF(,SDN#*(ARAP=Z2R))
ARX(1)= ARIR
ARX(2)= AR2R
ARX(3)=AR3R
A1X(1)= AR1I
ATX(2)= AR21
A1X(3)=AR31
pp 30 J=1,3
ARz ARX ()
AJ= ALX()
AASSQRTF (ARSAR+AT#AL)
IF(AA=4,)19,19,25
COSX=AR/AA
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SINXSAI/AA
C0S52X=1,D0=2,D0#SINX#SINX
SIN2X=2,D00COSX*SINX
B1IZAARSINX/2,D0
BIRTAA#COSX/2,D0
F1M=AA/2,D0
no 20 1=1,30
Xel
CoSsPX=COSX
COSX2COSX#COS2X=SINXeSIN2X
SINX=SINX#COS2X+COSPX#SIN2X
FlHE«F1H#ARSAA/ (4,D08X®#(X+1,D0)) .
B 1R=COSX#FIM o
B1R=BIR+B11R
B111=SSINX#F1H
B1I=B1I+B11]
IF(F1M#FiH=,00000001)21,21,20
20 CONTINUE
21 CNSX=AR/AR
SINX=AI/AA
COS2X=1.D0=2,D0#SINX&SINX
SIN2X=2,.DO#COSX#SINX
CasX=C0S52X
SINX=SIN2X
FOM==ARBAA/4,DO
BO +DO=AA®AASCOSX/4,D0
BOT==AARAAXSINX/4.D0
pn 22 1=2,30
X=1
FOR=S=FOMSAA#AA/ (4, NORX2X)
cosxp=cusx
CNSX=COSX¥COS2X=SINX*SIN2X
SINX=SINX®COS2X+COSXP#SIN2X
BO1R=FOH#COSX
RD1I=FO4eSINX
ROR=BOR+BO1R
BNI=BOI+BO1Y
IF(FON®FOH=,00000001123,22,22
22 COBTINUE
23 Gn TO 26
25 AR==AR
AT==Al
SRZR=SORTF(,5D0# (AA+AR))
SRZI=*SURTF(.5N0*(AA=AR))}
18 AR2ZAARAA
AAI=AA2#AA
AA A2%AA2
AA Ad#AA
AA6=AA4#AA2
CiR=,7978846DVSSRZR/AA
C11=~.79788B456D0#SRZI/ARA
ARSREAR®AR=AT®*AI
AKRSR=ARSR/AA2
APSI1=2,00%AR*AL
ARS1=ARSI/AA2
ARCRZAR®ARSR=AI#ARSI
ARCR=ARCR/AA
ARC1=AT#ARSR+AR¥AKSI
ARCI=ARCI/ZAA
ARFR=ARSR#ARSR=ARSI#ARS]
ARFR=ARFR/AA
ARFI=2.D0#ARSR#ARST
ARF1=ARFI/ZAA
ARPRTARFR#AR=ARFT#Al
ARPR=ARPR/AA
ARPIZARFR®AI+ARFI®AR
ARPI=ARPT/AA
ARHK=ARCR#ARCR=ARCTI®ARCI
AKHR=ARHR/AA
ARH1=2,DO*ARCR#ARCI
ARHI=ARKI/AA
CAR1=1 ,N0+,117149D0RARSR/AA2=,14420D0#ARFR/AAY
CRRISCRR1+,67659279D0*ARHR/AAD
CH11==_11718B8D0O#ARSI/AA2+,14420D0#ARF1I/AAS
CRT1=CBl1~,67659279D0#ARH1/AAL
SRR1=,375004AR/AA2=,10254D0#ARCR/AA34+,277SBDORARPRZAAS
SBT1=+,375D0#AT/AR2+,10254D0#ARCI/AAI=,27758D0#ARPI/AAS
41=COSF{AR=2,356195D0)
A2=SINF(AKk=2,356195D0)
TF{A1.LT.40.) GO TG 201
EP=1,0D0
EN=0,0D0
201 IFCAT,GT,~40,) GO TO 202
EP=0,0D0
FN=1,0D0
GU To 203
202 FPaEXPF(AX)
ENSEXPF(=AT)
203 CONTINUE
CFR1XA1#(EP+EN) /2,00
CFI13~A2%(EP~EN)/2,D0
SFR1IZA2#(EP+EN)/2,00
SFI13A1#(EP~EN)/2,D0
R=C1R#CHR1#CFR1~C1R#CBI1#CFI1=ClI#CBRI#CFI1=C1IaCBI14CFR]
B1R=B~CIR#SBR1#SFR1+C1R4SBII#SFI1+C1I#SBRI1#EFII+CiT#SBI18SFR]
R1=C1I#CBR14CFR1+CIR#CRI1#CFR1+C1R#CRRI#CFI1=C1I#CBII#CFI}
R1T=B1=C1I#SRR14SFR1-CIR#SB11#SFR1=C1RESBRI4SFI14CIIwSBIINSFIL
CBRO=1,00=-,0703125D0#ARSR/ARZ2+,112152D08ARFR/AAS
CRRO=CBRO=,572501D0#ARHR/AAG
CB10=4,0703125D08ARST/AA2>,112152D0#ARF1/ANG
CBI0=CBIO+,572501D0#ARHI/AAG
SBRO==,125D0O#AR/AA2+,073242D0#ARCR/AA3=,22T7508D0O#ARPR/AAS
SRT0=,125D0#AX/AA2~,073242D0%ARCE/AA3+,227108DO#ARPI/ZAAS
AS5=COSF(AR=,785398200)
R6=SINF(AR~,T653982D0)
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CFRO=AS#(EP+EN)/2,D0
CFI0z=A6u(EP=EN}/2,D0
SFRO=AG#(EP+EN)/2,D0
SFIO=AS#(EP=EN)/2.D0

BORSC1R¥CHBRO#CFRO=-C{R*CBIO*CFIO=C1I#CBRO%CFI0O=C1I#CBIO¥CFRO
ROR=BOR=C1R#SBRO#SFRO4C1R#SBIQ#SF104CII#SBRO#SFIO+CE INSBIO#SFRO
BOY=~C1INCBIORCFI04C1R#CBRONCFI04C1R8CBLOSCFRO4C1 IuCBROSCFRO
ROT=BOI+CEI#SBIONSFIO=CIR#SBROWSFIO=C1R#SBI0#SFRO=C] T#SBRO#SFRO

B1R==BiR

R11==BLI

AF1R(JIERLR

BF1I(J)=B11

BFOR(J)=BIR

BFOI(J)=BOI
D13BFOR(J) #BFOR(J) +BFOI(J)#BFO1(J)
RBR(J)=(BFIR(JI#BFOR(JI+BFI11(JI&BF0I(J)}/D}
RRI(J)=(BFII(JI#BFOR(JI=BFIR(JI#BFOL(J)}/D1
DEL=SGRTF(3,1416D0#GAHA#,500)/ (RP#RY)
DELSSDEL#(2,D0~ACS)/ACS
PFLT3DEL®4,5D0#(2,00=ACT)/ACT
DELTD=(SQIGR+3+500) #(SOIGR+3.5D0)+SUIGIRSATGL

DELTRSDELT#(SQIGR* (SAIGR+3,5D0)+S0TGI#SQIGI)/DELTD
DELTISPELT#(SQIGI» (SQ1GR+3.5D0)=501GR#SQIGI)/DELTD

N{1Ra1,D0=DELS# (ARIR*RBR(1)~AR1I#RBI(1))
D111==DELS#(AR1I#RBH(1I+ARIR*RRI (1))
SN12R=AR3R#RBR(3)=ARII#RBI(3)
SN12T=AR3R#RBI(3I+ARII#KBR(3I)
N12R=1,D0=(NDELTR#SD12R=DELTI#SDE21)
D121==DELTR#Sp121=DELTI#SD12R
AR2AVEARZR#AR2R+AR2I#AR2Y
Sh13R=(HET1R#RBR(2)«RET11#RBI(2))#RP/ARZAY
SP13I=(HETIR#KB1 (2)+8ET1T*RHR(2) ) #RP/AR2AV
D13R=SD13IR#ARZR+SD13T#AR2I
D13I==~SD]3IR#AR2I+SD13I#ARZR
SpIK=PLIREDI2R=D1114D121
SPII=DI1R#D121+4D111#D12R
PIR=SD1R*D]3R=SD11aD13]
D11=SD1R#D13T4SD1I#D13R
P?1R=21,00=NELS#(ARIR#¥RBR(3)=AR3I#RBI(3))
N211==DELS#(ARIR#RRI(3I) +ARIIHKRR(3))
SN22R=AR2R¥RBR(2)=AR2I®RRL(2)
SD221=ARZK#RBL(2)+AR21#RBR(2)
N22R=1,N0=(DELTR#SD22R=DELT1#5N221)
P221==DELTR#SD22T=PELTI#SD22R
ARIAVSARIR#ARIR+ARII#ARIT
Sp23R=(BET2RsKRR(1)=RET2J¥RBI(1))#RP/ARJAV
Sp23I=(BET2K*FB1(1)-RET2Y#RBR(1))#RP/ARIAY
P23R=SD2IR#ARIR4+5D23[«ARLL
DP231=~SU2IR*ARI14+SD2II#ARLR
SP2R=D22R#N23IRDI 2140231
SP21=D22R#N23T4122T4D23R
P2R=SD2R#D21P~SD2L D211
D21=SD2[4D21R+SD2Kw#D21T
N31R=1,00=DELS# (AR2RSRBR(2)=AR2I#RR1(2))
N311S~DELS#(AR2R#KRI(2)+AR21#RBR(2))
SD32R=ARIR#RBR(3I)=ARIT#RBI(3)
SN32T=ARITMRBRI3I4ARIRURBL(I)
N32R=1,10-(DELTR#SN32R=-DELTI#S0321)
P321==DELTT#SL32R=-DELTR#SD321
SDIIRS(UFTIRMRARCL)~RETLTI#RBI(1))#RP/ARIAY
SP33T=(HFTIRNKRL (1) ¢RET1 T#RBR(1))#RP/ARIAY
D3IIRZARIR#SDIIR+ART1#SDIIT
P33I=AR1R#SD33T-AR1I#SN33IR
SPIRSDIZREDIZR=DIITADI2L
Sp31=D33IR#032I403IT#DI2R
NIR=SUIR#NIIR-SDIL¥D31T
NIT=SD3IR*0C3LT+SD3I#D3LR
DRIDIR4D2H=LIR
DT=011+021=D3]
FIR=DIR
E11=011
E21R=D11R
E211=0111
E22R=D22R
F£221=D227Y
SE23IRS(ARIR#RBR(3II~ARITSREBT(3) I/RP
SF231=(AR3T#RBR (3} +ARIP¥RBI(3))/RP
¥23R=SE23R*bET2R=-SE2ITaBFT2L
©231=SE2IR#LETI214SE23I»BRT2R
SF2RTL2IRMF22H=E231#4F221
SE21=E23ReE2214E23T4F22R
F2R=EZ21R#SE2R=F21 I#SF2T
F21=E21R8SF214F21 1#5SE2R
FER=tL1R#GISR=E1I*GLlSLl+E2K
FISL1R#GISI+F1T#GISK+4E21
GSR=(ER#DR+EI#NL)/ (DR2DR+DT#DI)
GSI=(EJ%DR=ER®DI1)/ (DR#DPR+DI*D])
PC2PRSGSR/RFS
PC2P1=GSI/RFS
ARRR=SORTF (PC2PRaPC2PR+PC2PI#PC2PI)
PCPR=S0RTF (,5004(PC2PR+ARAR))
PCPL=SQRTF(,SD0#(=PC2PR+ARAR))
VELP=AF/PCPL
ALFAPZPCPR
FIVS(VELP=VFL)/VEL
FIA=(ALFAP=ALPHA) ZAT,PHA
VEL=VELP
ALPHASALFAP
PC2R=PC2PR
PC21=PC2P1
IF(EIV#EIV=,00000001)41,40,40
Gn 10 7
IF(EIASEIA=,000004)43,42,42
Gn T0 7
DALFA=(ALFAP=F11#RF/2,D0)%8,686D0
FURMAT(1X,5D15,6)
RETURA
CONTINUE
EED
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B.3 SuBroutINeE AIRAB Usep To CoMpuTE PurRe ToONE

ABSORPTION COEFFICIENTS

SUBROUTINE ATFAB (P,T,RH,CF,ABDB¥)

c ThlS PRCGRAV CALCULATES THF ABSCRPTION OF SCURND IN AIR AS A
[+ FUMCTICN CF TEMPERATURE, HUMIDITY, PRESSURE, AND FREQUENCY,
[od ThF PRECGRAM SFCULD NOT BE USED CUTSIDE THE TEVPERATURE RANGE
[ OF O DEGREES F (=20 DEGREES C) THhDUGH 104 CEGREFS F
c (40 DEGFEES C)
c AERBN = AFPLITUDE ABSORPTION COEFFICIENT XN CB/ METER
C AEDESC = AMFLITUDE ABSORPTION CCFEFICIENT IN LB/SECCNES
[ AECBTF = AMFLITUDE ABSORPIYON CCEFFICIFNT ThM CR/1000FEET
c AFLAM = AMPLTITUDE ABSURPTION COEFFICIENT FFR WAVELENGTH IN BEPFES
[+ ALPHA = APPLITUDE ABSORPTION COEFFICIENT IN NEPERS PER FETER
[ CF = ACCUSTIC FREGUENCY
[ P = AMBIENT PFESSURE IN ATNOSPHERES
[ PS = SATURATEL VAPNR PRESSURFE FCR WATER IN ATPOSPHERES
[ T = TEMFERATUFE IN DEGREES KELVIN
[ TC = TEFPERATURE IN DFGREES CENTIGRADE
C TF = TENPELRATURE 14 DEGRFES FAHRENHEIT
[o WAVEL = WAVELENGTH OF SOUMD WAVE

REAL MUC2,MyuN2

PI=3,14159
T§371/293.
IC=1=273.

1F = TC#1.8432,
VEL=343,49SCRT(T1)
VELFPS = VEL#3,28
T01=273,16
FS5=10.795869(1,+T01/T)=5,029084AL0GI0(T/T01)+1,50479E=48(1,~
10,48=(8,29€920((T/701)=1,)))40,42873E=38(1C,54(4,76955»
(1.-(1021/7)))=8.)=2,2195983
FS=10,4aPS
H=FS/peFH
FFC22P#(24,44,41E03aHa(0,05+4H)/(0,3914E))
FEN22P/SCRT(TI)#(9.4350 ,#HAEXP(=6,1428((1,/771)#%,333=1,)))
ALPHA=1,84E=1142,1913E=4/T1eP#(2239,1/1)8824EXP(=2239,1/7)
2 /(FRO2+(CF=s2/FR02))
ALPHASALFHA48,1619E=4/T14p8(3352,/T)#e240EXP(=~3352,/T)
2 /(FRNZ4(CF#42/FRN2))
ALPHASALPHAASQRT(T1)#CF#a2/P
WAVEL=VEL/CF
AFLAB=ALPHAGWAYEL
AEDBTF =ALPHA42647,
APRDEF =ALFHA#§.6860
AECRSC =ALPHA«VEL#8,686
CONTIMUE
RETUKN
tND

wnN

B.4 ProcraMs Usep To CoMPuTE BAND Loss COEFFICIENTS

The following programs perform the integration required in equation
6.5 or 6.33 depending on whether the slope of the input spectrum (SB) or
received spectrum (SBP) is known. A brief description of the terms used
follows.

Subroutine SPCTRM (SB, RF, M)

where

200




SB = slope of input spectrum/bandwidth (db/bandwidth) = change in
;ﬁectrum 1e§e1 over the band of.interest
RF = r = ratio of center frequencies for successive band r = 21/3
for 1/3 octave bands |
. M = slope parameter returned by the subroutine (equation 5.13)
For the purposes of this report, we will assume SB, hence M, is a constant
o&er the band. Hoﬁever, for other applicationg, one might want to allow
M to be a function of F. Subroutine SPCTRM requires as input WI, FI, SB,

and F and returns M.

SUBROUTINE SPCTIRM(SB,RF,FI,F,M,WJ0O)
REAL N

M=SB/(10,#ALCG10(RF))
WIOS(F/FET)#®(M=1,)

RETURN

EnD

Subroutine ABSORP (FJ, T, RH, R, RF, B, N, AJ)
where
= lower frequency of the band segment under consideration, Hz
= any frequency in the band, Hz
= temperature, °K
relative humidity in percent

= propagation distance, m
1/3

B B amd
il

= r = ratio of center frequencies for successive bands, r = 2
for 1/2 octave bands

B = number of segments into which the band is divided

N é_slope parameter for the absorption curve

AJ = étmosbheric transmission at £, = lo_a(fj)Rllo

-quroutine ABSORP is based on the theor; and measurements described
earlier in this report and calls subroutine AIRAB which computes pure
tone absorption coefficients. The subroutine requires as input FJ, T,

RH, R, RF, and B and returns N and AJ using equations 6.14 and 6.18.
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SUBROUTINE ABSORP(FJ,T,RH,R,RF,B,N,AJd)

o - THIS SUBRCUTINE USES SUBROUTINE AIRAR
Cc FUl=F(J+1)
REAL N

FJ1=FJ%RFx%(1,./E)

CALL AIFAP(1.,T,RH,FJ,ALFJ)

CALL AIRAB(1l4,T,RH,FJ1,4LFJ1)
N=(ALFJi=ALFJ)#R/((10, /E)*ALOGiO(PF))
AJsS 10 #% (= AIFJ*R/IO )

FETURN

END

Subroutine FILTR (FI,RF, B, FJ, K, TJ)

where
FI = center frequency of the band under consideration, Hz
K = slope parameter for the filter under consideration (equation 6.23)
TJ = transmission of filter at frequency f

Subroutine FILTR will depend upon the type of fllter employed. For a per-
fect filter, we can set K= 0 and TJ = 1 for fi/§ > £ > fi//— and TJ = 0
outside these limits. For a more realistic filter, a description such as

that given in equation 6.21 is required. In this report, we will be con-
cerned.primarily with an ANSI Class III 1/3 Octave Band Filter described

by equation 6.21 or a perfect 1/3 octave band filter described by equation
6.20. For other types of filters, subroutine FILTR can be written accord-

ingly.
SUBROUTINE FILTK(FI,FJ,RF,R,K,TJ)
C THIS SUBRRCUTTNE USES SUBROUTINE FILTER
C FJil=F (J+41)
REAL K
" FJ1sFJ*EFa%(1,/E)

CALL FILTER(FI,FJ,TJ)

CALL FILTER(FI,FJ1,TJ1)
K=ALOG10(TJ1/TJ)/ (10, %ALDG10(RF)/B)
RETURN

END
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iU?POUTINE FILTER(FI,F,T)
=1, .
COMMENT NEXT SIX STATEMENTS FOR PERFECT FILTER
: IF(FolT, oy 9%FI,AND ,F,GE, ,2#FI)T=(8,/13,4
2 2500, % (F/FI=FI/F)#%6)
IF(F.IJE.s.*FT[.AN[’.F.GT.l;I/.f;)I=(8.A’13.4
2 2500 . #(F/FI=F1/F)##6)
’iF{F'LT.FI/s.'OR.F.GTQSO*FIJT-;!O-*.-’.5
=1,71 o
COMMENT NEX1 STATEMENT FOR REAL FILTER.
IF(F.CE,F1%}1,1225,0R,F,LT.F1/1,1225)1=1,0E~10
RETURN '
END

N anNnaann

Subprogram BANDL (FI, R, RH, T, RF, SB, BL, DELTA, CODE)
Where

BL = band loss in db = AL;
DELTA = difference between band loss and absorption of a pure tone at
band center = AL; - a(fi)R
CODE = a flag to indicate if the integral converged

The terms FI, R, RH, T, RF, and SB must be read in or supplied by a driver

program. The subroutine calculates the band loss BL and DELTA when the
source spectrum slope is known by evaluating equations 6.27, 6.28 and
6.29, First, the sums are evaluated setting fi = fi//;'and working up

to fb+1 = fi/; . For convenience let us call the sum

b b
} B,(R), BI and ) B,(0), BOI.
j=17 j=1

Next, the sums are extended one segment at a time to include the filter
wings until the contribution from any one segment gives BJ < IO—ABOI.
If the filter is down to the noise floor (75 db) before this condition
occurs, CODE is set equal to 1 which indicates measurements under these
conditions can not be considered valid since filter noise contributes

significantly to the measured result.
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SUBROUTINE EANDL(FT,R,RH,T,RF,SB,Pl,yDELTA,CCDE)
THIS POUTINE NUMERTCALLY INTEGRATES TO FIKD THF BAND 10OSS IN LR

: THE REUTINE REQUIRES SUBRUUTINES ABSCRP,SECTRM,tILTR,AND
ALRAB

REAL F,k,k

CODE=0,(

Pz20,

BJ=0,

EaJ=0,

1Bz

CO.10 J=1,Tt

FUSFI#RFan ((J= l)/l)/RFOI 5

CALL FILTF(EI,FJ,RF,R,K,TJ)

CALL 5PCTFM(SB,RF,FI,FJ,M,WJ0)
FORMAT(1X,3E15,6) .
CALL ABSOFP(FJ.T,RH,R, RE,B N AY
IF(M=peK,EQ.0,)GD TO 3

-PJ‘BJOIJIRJ[!FJITJ/(I-NoK)I(RF'I((N-hbx)/!) l )

G0 10 $

BJ'BJQAJIEJ(ITJIFJ'ALOG(RF)/B

1¥ (M4K,EQ,0,)G0 1O B
EUJIBLJOTJIIJOIFJ/(HOK)C(RF.'((NOK)/!)'I.)

60 10 10

POJ:FCJ'TJOKJUlFJllLﬂG(RF)/B

CONTIMUE

COMMFNT ThE KEXT CARD FCR A REAL FILTER,

¢o 16 70

THF VARIAELES SUMQJ,SUMJ,DUMI,AND DUF2 ARE RORKING
VARIAELES AMC HAVE NO COURTERPART TN 1HE ITHEORY SECTICN,
Sumga=o,

SuMy=0,

AQW SUM OVEF THE LOWER FILTER SKIRT

LC 20 Js1,3¢0

FJUS(F1/SGRT(RF))/PFas(J/R)

CALL FILTE(FY,FJ,RF,B,K,TJ)

TEST 10 SEF IF THE NOISE FLOOk CF THE F1L1FF HAS BEEN REACHED,
IF(TJeLE,10,8%(=7,5})G0O TO 30

CALL EPCTFP(SB:FF,F!,FJ,F,HJU)

CALL ABSCFP(FJ.,T,RU,R,RF,8,N,AJ)

IF(NeN¢KAE. 0, IDVIFIZRI0NAJOFJUTI/ (M=K+K )4 (RFse ((¥eN+K)/B)=1,)
IF(M=A+Kk EQ.0.)CU¥IZAJAnIO#TI4FJALOG (RF) /P

TF(F4KME O )DUR2sTINWIORF I/ (F+K) 4 (REQA{((F+K)/R)=1,)
TE(M4K,EQ,0.)DUN2%TI#WIC#FJRALNG (RF)/B

TEST CCMVERGENCE

1F(DU¥1,GT1.1.0E=34BJ)GO TO 15
1F(DU¥2,GT.1,0F=34BOJ)GL TO 15§

€0 TO 40

EUMYESUFI4DLN]

SUFOJISSUMLI+CUM2Z

SET CCDE=t 1F NOISE FLOOR REACHED REFORE CCAVERGEMCE
CODE=1.,

NOW SUM OVER UPFER FILTER SKIKT

CO 50 J=1,3C0

FJE(F1#SCRT(RF))#RFe#s8(J/R)

CALL FILTF(F1,FJ,RF,R,X,TJ)

TeST 10 SEE IF THE NOISE FLUOR CF THE F1U1EF HAS BEEN REACHED
IF(TJ,LE.10,%4(=7,5))G0 10 60

CALL SEPCIRM(SB,RF,F1,FJ,¥,WJ0)

CALL ARSORP(FJ,T1,RH,R,RF,R,N,AJ)

IF(M=A+K NEo0. )DUNISAJSRFORFJI#TY/ (M"K+K) & (RF &4 ((MoN<¢K)/B)=1,)
IF (M=N4K EC40,)CUNMIZAJaWFORTI#FIRALOG (RF )/

IF (M4KoME 04 )DUM2ZTIRWFGHFJ/ (F+K)S (RF 28 ((F4KI/R)=1,)
IF(M4K,EQ,0,)DUM2xTI#KFOSFJ*ALOG(RF)/B

TEST CONVERGENCE

IF(DUK1,GT,1,0E=N34BJ)GC TO 45
IF(DUF2,GT,1.0E=3aB0J)GC TO 45

G0 10 70

SUMY=SUMJI4DLP]

SUMOJIESUMCJI4DUM2

SET CCDE=) IF NOISE FLOCR REACHED BEFORE COMVERGENCE
CODE=1,

BJSBJ+3UNY

BQJ=BCJ+SUNCY

BL==10,4AL0C10(BJ/BOJ)

CALL AIFAE(14,T,RH,FI,ALF)

CELTAzBL-ALF SR

RETURN

END

Subprogram BANDLP (FI, R, RH, T, RF, SB, BL, DELTA, CODE)

where

SB = slope of received spectrum level in db/ 1/3 octave

and the other terms are defined above.

band loss BL and DELTA when the received spectrum slope is known.
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SUBROUTINE EANDLP(FI.R,RH,T,RF,88,RL,DELTA,CODE)
THIS FOUTINE NUNERTCALLY INTFGRATES 10 FIKD THY BAND 1058 IN DB
THE RCUITNE REQUIRES SUBROUTINES ABSCRP,SFCIRM,FILTIR,AND
ALRAB

REAL ¥ ,h.K

CODE=0,0

p=lQ,

BJmg,

PJO=O,

1Bap

CO 10 Js1,1E

FUSFIaRF#a((J=1)/0)/NFuu,s

CALL FILTR(FI,F3,AF,R,X,TJ)

CALL SPCTREM(&H,RF,FI,FJ,0,WJN)

FORMAT(IX,4L15,6)

CALL ABSORP(FJ,T,RH,R,RF,B,N,AJ)

IF(QehsK,EQ.0,)GD TO 3

PJIO=SRJCHNJIOZAYUFISTI/ (QaNSK)E(RFaa((CoNeR)/E)=1,)

GO 170 §

BJ0=#I 48 JC/AJSTISFISALOG(RF) /B

IF(M4K.EC.0.)GO TO 8
AJERJ+TUORICAF I/ (QIKIN(RFea((CeKk)I/R)=1,)

GC 710 9

PJIRBI4TJ4RJCHFISALOGIRF) /B

ALZ=10,%ALOG10(BJ/BIN)

CONTIMNUE

COMMEXT TEE FOLLOWING CARD FOR A RFAL FILIER

GO 10 75

Tt VARJAELES SUMCJ,S5UMJ,DUMI,AND DUF2 ARE WORKING
VARIAELES ARDR HAVE NO COURTERPART YN THE THEORY SECTICN,
SuMpaso,

8uryxl,

&0 SLM CVEF THE LOWFR FILTER SKIRT

CO 20 J=1,3Cn

FUR(FI/SCRT(RF))/AFas(a/R)

CALL FILTR(FI,FJ,R¥,R,K,TJ)

TEST 1C SEE IF THE KOISE FLUNR OF THE FIL1€F HAS BFEN REACHED,
TF(TJ.LE,10,08(=7,5})GN TU 40

1¥(1J.LEL 10 «7,5)360 To 30

CALL SPUCTFM{S8n,RF,FI,F1,C,%wJ0)

CALL MABSORPLFJ,T,RH,R,RE,B,N0A0)

JF(C4M 4K AEL O, ICHMIBWIN/AJOFISTI/ (Q4N+K )8 (RESS((C4N+K)/R)=1,)
TF(Q4A4K G ECL O, IDNK1aWIC/AJSTINFISALUG(RE ) /0
IF(QKMEL 0 )DUP28TISWIGOFI/ (CHRI(RESU((CHR)/P)w]l,)
IF Q4K LG, 0. )DUN22TUSHICSFISALNG(RF) /B

TLST CCAMVERGENCE

TE(DUF1.GY.1,0F=30RJ0)GC TO 15
TFICUF2,6T.1,0E=34RJ)IGN TO 15

GU TC 40

EUPIEEUFIHNLM2

SUNDJSSUMCI4TUNY

SET CLCE®]1 IF NCYSE FLOCR PEACHED REFORE CCAVERGENCE
CODE=l,

NOm SLV NVEF UPPER FILTER SKTET

tc 50 J=i1,3Co .

FUR(FLASOFT(RF))aRFes(J/R)

CALL FILTE(F1,FJ,RF,R,K,TJ)

TEST 1€ SEF IF IHE NCLSE FLOOK CF THF FILIFF HAS BEEN REACHED
JF(TJ.LE.10,%8(=7,5))G0 TU 70
IP(TJeLE.10.88(=7,5))G0 TO 60

CALL SPCTENM(SH,KF,FI1,FJ,0,%J0)

CALL ABSECFP(FU,1,KH,R,RF,B,N,AJ)
IF(Q4R4K . AEL O, ISP IZWFT/AJOFISTI/(Q4N4R ) (RESEC(CeNGK ) 7BIm1 .Y
LE(C4L oK EGLO, ICUNIZWFC/AJETIEFOSALUG(RFY/P

TFOCHR (RE O IDUN2xTIARFCEFJ/ (CHKIU(RFUN((C4RI/P)el,)
JE(QeKEQL.D, )DNN28TIRWFLRFIRALOGIRF)}/B

TEST CONVERGENCE

TF(CUNF1,6T.1,0F=0301400)G0 TO 4%
IF{DUF2,6T.1,0F=3aRJIGE TU 45

Gu 1IC 7C

SUuvsEUNI4NLKFZ

SUvCJIsSLMC AT UMY

SET CCOE=) IF KGLSK FLOCR REACHED REFORE CCAVERGENCE
CODE=1,

BJzgJeSLMy

RIO=BJC+SLMCLY

Al=e10,9AL0G10(EI/FJIND)

CALL ATRAB(14,1,PH,FT1,ALF)

CELTASBL=ALF#R

RETURM

END
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Driver Programs:

Various driver programs using the subroutines above were developed
for special purposes in this study. There were three driver programs
most frequently used. The first of these generates tables of band loss
coefficients in terms of.the source spectrum slope. This program, as does
all those which follow, requires no input. The program internally incre-
ments temperature, relative humidity, and propagation distance and produces

tables such as those shown in Appendix C.

PHCGRAM TC CALCULATE AESOPPTICN NF A BANL CF NCISE,
14PUT REGUTFED INCI.UDES RELATIVE HUMILI11Y,TEMPFHRATURE,
SUURCE RCLICFF,AND PRUPAGATION DISTANCE,
STEP FUNCTICN TL GFNFRATE CENTFR FREGUEMCIES OF 1/3 CCTAVE BANDS
INTEGER STEF(10),DFCADF
CIMENELLM ALCSS(9),DIST(R)
CIST(1)=5,
CIST(Z2)=10.
CIST(3)=2¢.
T151(4)=56G,
TIST(5)=100,
L18T(€)=200,
LIS1(7)x4¢00,
E1ST(6)=720,
SIFP(E)21250000
SIFP(7)=1e0C000
STEP{B}=2606600
S1EP(9)=250C000
SIFP(10Q)=3150000
STEP(1)=400C00
SIEP(2)=500000
S1FP(3)=630C00
STEP(4)1=HC0C00
S1FP(5)1=1006000
ICUNT=y
T=277.59
Te 25 J111=1.3
T=T+25,
FH=10,
Ly 25 1=1,3
RISRH45C,
Sps=h,
Ty 25 11=1,5
Eb3Sk42,
PECATE=10CO
JCNDURI=ICCUNT +)
TFCICLUNT JEG . 4)wRITE(6,10)
TFCICLMAT Eva4) ICCUKT=E
10 FURMAL (1)
TESY9./5,0(T=273.16)432,
WETTF{(6,1)S5E,] F ¢ RH
1 FURFAT(1X, ' AR RS FSA AR BARRTE QRN ARSI QARG ABANA !,
TR NAN A FRANGBEE RN BN,
2 /,11%,'sP =t,F4,1, ' DR/THLIRD LCLAVF T s ",F5,1,'% (',FS.1,
3 'F) RR 2',FS5.1," %',/)
WELTIFE(6,2)

aanAa

nao noa

-

2 FURVATC(4X, 'FREQ AC(FY', 25X, '"DISTANCE, ¥'s/,»5X,
2 'z La/¥ E] 0 20 S¢ 100 2000,
3 ! 400 7201¢)

KE22,%%(,33333)

ru 20 9=1,2

LECADESLFCALE/10

LU 20 121,10

FISFICAT(STER (L) /DFECALE)

IF(F1,61,106000,)6r TL 25

CALL ATRARCY4,T,PH,E1,ALCSS(1))

CU 19 111=1,R

K=DISTLITT)

CALL EANDL(FI,R,RH,T,RF,SB,hL,ALASS(I1T+1),CONE)

19 TE{COLE ,FC.1.)ALNSS(TIT+1)549,99
TECATCSS(I111+1).11,=99,99)ALOSS(T1T+41)=99,99
20 whTTE(6,15)F 1, (ALGSS(K),K=1,9)
15 FOFNATC(IX,FE.0,2X,Fb.4,B(2X,FE,2))
25 CONTINIE
S0P
FnC
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The following program generates tables of band loss correction

factors in terms of the received spectrum slope (SB').

PROGRAM TC CALCULATE ABRSCRPTIGN OF A BANC OF KOlSE,

INPUT RECUIFED INCLUDES RELATIVE HUMIDITY,TEMPERATURE,

SOURCE ROLLCFF,AND PRCPAGATION DISTANCE.

STEP FUNCTICN TO GENERATE CENIFR FRECUENCIES OF 1/3 OCTAVE BANDS

Tt INTEGER STEF(10),DECADE .

CIMERSICN ALCSS(9),DIST(8)

TIST(1)=5,

CIST(2)=10.

C15T(3)320.

L1ST(4)x5C.

DLIST(5)=100,

C15T(6)=200.

CIST(7)=400.

CIST(8)=720,

STEP(6)=212%C000

STEP(7)=160C0V0

STEP(8)=200C000

STEP(9)x2500000

STEP(10)=3150000

STEP(1)=400000

SIEP(21:500C00

STEP(3)z630C00

STEP(4)=800C00

STEP(5)x1C06000

ICOUNT=0

1=2305.37

CO 25 T1i11=1,3

TET42%.

PH290.

Lo 2% 1=1,1

HH=RH+50,

SEp==14,

LG 25 Y1=1,€

SBP=SEF+2,

TFCADE=10C0

ICOUNTSICCUNT 4

IF(ICCUAT.FL.4)aRITE(G,10)

TR(ICLUPTLEC,4)ICCUNTR)

10 FQRMAT(JK1)
TF29,/5,8(T=273,16)+32,
WRITE(h,1)SEF,T,TF,RH

1 FORMAT(1X NN R NN AN AN UARR RN AR IR R RRE T,

’

annn

nn AN

1 ‘enpainas e N
2 /,y11X,'SPF DB/THIRD CCIAVF Tz ,F5.1,'% (',FS.1,
3 M) RE ='Fbe1s' %%4/)
WRITE(6,2)
2 FORMAT(4X, 'FREG A(F)' 25X, 'DISTANCE, ¥',/,5%,
2 'HZ ne/¥ 5 10 20 50 100 2007,
3 400 720%)
RE=2,##(,33010)
Lo 20 J=1,2
CECADESCECALE/1U
ta 20 L=1,1¢C
FIZFLCAT(ETEP(L)/DECAEF)
TF(FI1.G1,10C000,.)G0 TO 25
CALL ATFAB(1,,T,RH,F1,ALNSS(1))
Lo 19 11¥=4,8
RzNiS1(111)
CALL EAMDLP(FL1,R,PH,T,RF,5RP,ELP ,ALOSS(111+41),CUDEP)
19 TF(COLEF.EQ.1,)ALOSS(ITI+41)=299,99
TFCALCSS(JI1141),LT.=99,99)ALOSS(T1T+1)%99,9%
20 WHITE(6,15)F 1, (ALCSS(K),K=1,9)
1% FORMAT(IX,FE.0,2X,Fb.4,8(2X,F6,2))
25 CONTINUE
STNP
END

The third driver program computes differences between attenuation
at some temperature and relative humidity and the attenuation over the

same propagation path under standard conditions of temperature (Tref)

and relative humidity (RHref)' For sample output see Appendix C.
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nana’

nn no

10

20
2%

[FENI

wrn

PROGRAM TC CALCULATE ABSORPTION OF A BAND CF NOISE,
INPUT REQUIFED INCLUDES RELATIVE HUMIDIXY,TEMPERAIURE,
SOUNCE ROLLLFF,AND PROPAGATION DISTANCE.

STEP FUNCTICH TO GENERATE CENIER FRECUENCIEE OF 1/) CCTAVE BANDE
INTEGER SIEF(10),DECADE

DIMENSICH DIFF(9),DIST(S)

CIBT(1)=S,
£18T(2)s10,
CI8T(1)s20,
DIST(4)s5C,

DIST(S)=100.

DI8T(6)=200,

CIST(7)a400.

c181(8)=720,

STEP(6)x12%50000

STEP(7)=160C000

STEP(8)=2000000

STEP(9)22500000

STEP(10)=3150000

STEP(1)3400000

STEP(2)=500C00

STEP(3)=630000

STEP(4)=000C00

STEP(5)x100C000

ICOUNT=0

RHREF=2T0,

TREF=(59.=32.)95./9,4273.16

Tu277.6

CO 25 IITI={,4

1=T+20,

FH=10,

Lo 25 1=24,)

FH=RH450,

SaPx=-10,

Co 25 11=31,€

SBP=SEP+2,

CECADE=1000

ICOUNTSICCUNT 41

TF(ICCUNT FC,4InPITE(6,10)

IF(JCCUMNT EG.4)ICONNTST

FORMAT(1IH])

TE=9./5,%(1T=273,163)+32,

WRITE(6,1)SBP,T,TF,RH

FORMAL(EX, ! (TR R Y AL R LR IR Y SR R YRS RIR LIRS Y VY Ty L
Tasngeuasgan ERITRTELIZITIRZTLY 2 M

/1%, 'SBF=',F4.0,' DB/THIRD CCIAVE T 2 '3F5.1'K (',F5,1,
'F) Rbh 2',F5.1,' %',7)

WRITE(6,2)

FORMAT(4X, 'FREQ DACF)Y', 25X, "DISTANCE, F',/,5%,

'HZ CE/¥ 5 10 20 5C 109 200°,
' 400 7200)

PF=2.44(,33333)

Lo 20 J=1,2

DECACE2CECACE/10

CO 20 L=1,1C

FI=FLCAT(STEF(L)}/DFCADE)

IF(F1.61,100000,)6n TO 25

CALL AIRAB(1.,T,RH,FI,ALR)

CALL AIRAE(3.,TREF,RHRFF,FI,ALS)
CIFF(1)ZALR=ALS

FiM13F I/RF

FI1P13F 1#RF

CALL AIRAE(1.,T,RH,FIPi,ALPL)

CALL AIRAE(14,T)RH,FIML,ALM1)

Lo 19 111z1,9

REDIST(IIN)

CALL EAAGLP(FI,R/RH,T,PF,SAP,PLP,ALOSSP,CCCEP)
CSLOPET(ALMi=ALF1)eR/2,

SH=SPF+CSLOFE

CALL BAKDL(FI,R,RHREF,TRFF,RF,S58,BL,AL0S5,CCDE)
CIFF(11141)3PLP=BL

IF(COCFF EQ.1,)UCIFF(IIT41)=1000,0
IF(COLELEC,1,)CIFF(111+1)21000,
IF(ABS(LTFF(IIT41)),GE,+100.)CTFF(I1T1+1)51000,0
WRTTE(6,15)F1, (DIFF(K),K=1,9)
FORMAT(1X,FE8e0¢2X,F6,3,8(2X,F6.2))

CONTINUE

s10p

EAND




APPENDIX C - TABULATED LOSS;COEFFICIENTS-FOR.BANDS OF NOISE

C.1 TaBLEs oF Banp Loss CorrecTions (4)

In the following tables;fhe following'nomenclature is used to the

exclusion of symbols used elsewhere in this‘repoft.

SBP =

Source Spectrum Level Rolloff,'db/_1/3 octave. :
Received Spectrum Level Rolloff, db/ 173 octave
Temperature of Atmosphere | |

Relative Humidity

Center Frequency of Band, Hz ‘

Pure Tone Absorption Coefficient at F, db/ml )

Band Loss Coefficient - A(F) x Propagation'Distéﬂce; db

Correction Factor, db = value given in table

Example Calculation

Find Band Loss Coefficient for and ANSI Class III 1/3 Octave Band

Filter (see equation 5.21 with a center frequency of 50 kHz, a propagation

distance of 20 meters, at a temperature of 298°K and at 70% relative

humidity.

Assume the source spectrum level rolls off at 2 db per 1/3

octave. From table C.1, A(50 kHz) = 1.6946 db/m x 20 meters -3.56 db

Table C.1

Table C.2
Table C.3

Table C.4

= 30.33 db.
page
ANST Class III, 1/3 Octave Band Filter.for Known Source
SPECETUM. « & o « o o o« o o o « o o s o o o o o o o « « o » 210
Perfect 1/3 Octave Band Filter for Known Source Spectrum. . 214
ANSI Class III, 1/3 Octave Band Filter for Known Received
Speétrum. A

Perfect 1/3 Octave Band Filter for Known Received Spectrum. 222
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Table C.1 ANSI Class III, 1/3 Octave Band Filter for Known Source Spectrum

210

TP YT R Y PPN YT YT L}
[1:} 0 CB/THIRD OCTAVE T = 305,4K ( 90,0F) RH = 90,0 §
DISTANCE, M
L] 10 o . 50 100 200 400 720
<0284 «0,00 =3,01 =0,02 =0,05 -0,09 =0,20 =0,43 -0,86
<0342 =0,01 =0,01 «0,02 =0,06 «0,13 =0,26 «0,58 -1,21
«0,01 -0,02 «0,03 =0,09 0,10 =0,40 -0,91 -1,98
0 «0,01 -0,03 =0,05 0,14 0,29 =0,66° . =1,59 =3,78
<0760 =0,02 -0,04 «0,08 =0.22 «0.40 -l,12 -2.99 99,99
. #1062 0,03 =0,06 =0,13 «2,00 99,99 99,99
«1597 «0,08 =0,10 =0,22 -4,10 99.99 99,99
0,00 =0,17 »0,36 99,99 99,99 99,99
«0,13 =0,27 «0,60 99,99 99,99 99,99
5452 0,21 =0,45 1,04 99,99 99,99 99,99
=0,34 =0.77 -1,90 99,99 99,99 99,99
«0,55 =-1,30 =3,47 99,99 99,99 senass
0,91 -2.29 99,99 99,99 seansn Ensase
-4,29 99,99 99,99 NENENN  REBANS
99,99 99,99 L] - - .
asnsazaen - »ane (1] sapRssanERRRRRGe
SPp ==2,0 CE/THIRD OCTAVE T = J05,4K ( 90,0F) FR & 90,0 §
FREQ ACF) DISTANCE, ¥
Lt4 DB/M L i0 20 50 100 200 400 720
4000, .0284 «0,00 «0,01 -0,01 -0,03 «0,06 =0,14 0,30 -0,64
$000, +0342 «0,00 =0,01 =-0,02 =0,04 0,09 -0,18 -0.42 -0,92
6300, .0429 =0,01 0,01 -0,02 -0,06 =0,113 -0,28 -0,68 -1,54
8000, + 0564 =0,01 =0,02 -0,04 -0,09 =0,20 «0,480 -1.22 -2,96
10000, «0760 «0,01 «0,0)3 «0,05 =0,15 0,34 0,84 «2,30 =6,04
12500, 1063 -0,02 -0,04 =0,09 0,25 «0.59 =t,56 -4,60 99,99
16000, 1597 «0,03 =0,07 -0,1% 0,45 =1,16 -3,28 99,99 99,99
20000, »2361 0,05 =0,11 «0,25 «0,81 2,24 “6.90 99,99 99,99
25000, 3545 «0,09 -0,19 -0,43 ~1,51 4,42 99.99 99.99 99,99
31500, «5452 «0,14 -0,32 -0,78 2,98 99,99 99,99 99,99 99,99
400C0, L8541 ~0,24 «0,57 -1,48 6,439 99,99 99,99 99,99 99,99

50000, 11,2974 -0,40 =1,00
63000, 11,9878 =0,68 ~1,80
800C0, 3,0515 1,18 -3,37
1000C0, 4,4799 1,96 =6,25

2,77 98,99 $9.99
-5,49 99.99 99,99
99.99 99,99 $9,99
99,99 99.99 99,99

99,99 99,99
99.99 1]
99.99

ansuse

RPN S AR N R E RN S R E N NN NN R AN BN SRR RN NN RN BB IR AR RRRBRBNE RPN

SP = 0,C CB/THIRD OCTAVE

FREOQ ACGF)
Hz pR/¥ s 10
4000, L0284 0,00 =0,00
5000, 0342 «0,00 =0,00
6300, ,0429 0,00 =0,01
8000, ,0564 0,00 «0,01
10060,  ,0766 =0,01 =0,01
125€0,  ,1063 0,01  =0,02
16000, L1597 =0,02 0,04
20000, L2361 0,03 =0,06
25000,  ,3545  <0,04 =0.10
31500,  ,5452 0,08 =0,19
40000, 8541 =0,14 =0,37
50060, 1,2974 =0,24 =0.69
63060, 1,9878 0,45 <1,35
90000, 3,0515 «0,84 =2,65
100000, 4,4795 =1.48 <4.93

T = 305,4x ( 90,0F)

DISTANCE, ¥

20 50 100
-0,01 =0,02 =0.04
=0,01 =0,02 =0,05
-0,01 =0,03 =0,07
=-0,02 «0,08 =0.12
~0,03 -0.08 0,20
=0,0% 0,14 «0,38
-0,08 «0,20 0,82
=0,15 0,55 1,69
-0,27 el,10 =3.56
«0,52 2,33 -8,04
-1,08 5,17 99.99
2,16 ~11,7¢ 99,99
-4,41 99.99 99.99
=-9,74 99,99 99,99
99,99 99,99 99,99

SB = 2,C CR/THIRD OCTAVE

FPEC ALF)

HZ DB/M 5 10
4000, ,0284 -0,00 0,00
5060, L0342 =0,00 =0,00
6300, ,0429 0,00 0,00
9000, 0564 0,00 0,00

10000, 0766 0,00 0,00
12800,  ,1063 0,00 «0,00
16000, 1597 0,00 «0,00
«0,00 0,01
«0,00 =0,02
«0,01 =0,06
0,04  =0,17
«0,10 =0,39
0,22 =0,90
0,51 «1,98
1,01  =3,91

FRBARGB R RN ABANR S L 2

1]
T = 305,4K ( 90,0F)

DISTANCE, ¥
50 100

=0,00 0,01
=0,00 0,01
=0.,00 =0,01
«0.01 «0,03
«0,02 =0,07
=0,04 -0.18
=C.11 0,48
0,29 1,17
=0,70 «2.76
~1.71 =6,.58
=-0.69 =4.15 99,99
=1,56 =9,48 99.99
-3,49 99.99 99.99
-7,00 99.99 99,99
99,99 99,99 99,99

RH = 90,0 %

200 400
-0,08 0,19
-0,.11% =0,26
0,17 0,45
=0,30 «0,87
-0,57 -1,76
1,15 =3,71
«2.59 -9,06
-5,60 99,99
99,99 99,99
99,99 99,99
99.99 99.99
99.9% $9.99
99,99 sanana
99,95 sssass

720

RH 3 90,0 %

200 400
=-0,02 =-0,07
=0,03
=0,05
0,113
0,30
-0,74
1,93
4,53 99,99

=10,94 99.99
99,99 99,99
99.99 99,99
99.99 99.99
99,99 ssasss

720

-0,35

-
(122121

il 1]




Spnana

8P ==4,0 LB/THIAD OCTAVE , T = 290,2K ¢ 77,0F) RE = 70.0 8
FREQ ACF) DISTANCE, K
KT - DB/M L] 10 20 50 100 200 400
4000, «0228 0,01 «0,01 =0,02 «0,05 =0,11 =042
5000, «0304 «0,01 =0,02 =0,03 =0,08 =0417 =0437
6300, .0430 «0,01 «0,03 =0,05 =0,13 =0,28 =0,62
9000, 0636 «0,02 «0,04 =0,08 =0,22 =040 =1,11
10000, «0939 =0,03 =0,13 0,36 «0.01 =2.00
12500, «1407 =0,0% =0,21 -0,59 1,41 3,78
16000, «2223 0,08 =0,38 «1,06 -2,71 99.99
20000, «3370 0,12 =0,57 1,04 =5,32 99,99
25000, «3092 «0,94 =31,32 99,99 99,99
31500, «7739 =1,50 99,99 99,99 99,99
40000, 11,1735 =2.71 99,99 99,99 99,99 senake
$0000, 11,5946 «0,66 4,69 9,99 99.99 99,99 LYYy
63000, 2,412¢ «0,94 99,99 99,99 99,99 99.99% snuany
20000, 3,3699 «1,30 99,9% 99,99 99,99 wunass Seanen
100000, 4,4908 “l,7% 99,99 99,99 $9,99 SANNNN  BRNEAE  BNEHIN
FERAEARANRARBAGA B - ™ ua o
Sp ==2,0 CB/THIRD OCTAVE T = 299,2x ( 77,0F) AH = 70,0 %
FREQ ACF) DISTANCE, M " .
H2 pa/N 5 10 20 s0 100 2900 400
4000, 20226 =0,00 =0,01 =0,01 =0,03 0,07 =0,16 0,36
5000, <0304 «0,01 «0,02 =0,05 «0.12 0,26 -0,62
6300, 0430 «0,01 «0,03 0,09 0,19 *1.15%
80¢0, <0636 =0,01 «0,05 =0,15% 2,29
10000, 0939 0,02 =0.09 =0,25
12500, «1407 «0,03 -0,14 =0,4)
16000, +2223 =0,05 =0,25 =0.7%
20060, +337¢ «0,08 -0,41 al,44 4,19
25000, «5092 #0,13 =0,70 2,64 99,99
31500, «7739 «0,21 =1.22 =5,10 99.99
40000, 11,1735 =-0,32 2,14 99,99 99,99
50000, 11,6546 “0,48 -3,%56 99,9% 99.99
63000, 2,4128 «0,70 =6.21 99,99 99,99 99,99 L2 YETT )
80000. 13,3699 «0,99 99,99 99,99 $9,99 aususs *REENE
100000, 4,4908 1,35 99,99 99,99 99,99 wusnass “asann
AR RSN AR RN ARE R B RS R NG RGNS E RN SRR RABNNEY 4% -
SB = 0.0 CB/THIRD OCTAVE T = 298,2K ( 77,0F) RH = 70,0 %
FREQ A(F) DISTANCE, P
HZ DB/M 5 10 20 $0 100 200 400 720
4000, +0226 «0,00 =-0,00 =0,01 ~0,02 0,04 -0,09 0,22 -0,58
5000, 0304 «0,00 =0,01 =0,01 -0,03 =0,006 =0,15 =-0,40 -0
6300, +0430 0,00 0,01 -0,02 «3,05 0,11 =0,28 -0,81 ~2.14
8000, 0636 «0,01 «0,01 «0,03 «0,08 0,20 «0,57 «1,75 -4,03
10000, 0939 «0,01 =0,02 ~0,05 «0,14 +38 1,15 =3,71 =11,19
12500, «1407 «0,02 N3 -0,08 =0,26 75 2,38 =R,20 99,99
16000, +2223 -0,03 =0,06 -0,14 0,54 1,64 5,44 99,99 99,99
20000, «3370 0,04 =0,10 =0,26 «1,04 =3,35 12,64 99,99
25000, 5092 -0,07 -0,47 «2,05 =7,00 99,99 99,99
315900, +7739 «0,12 =0,87 4,08 99,99 99.99 99,99
40000, 11,1735 =0,20 =1,63 -8,58 99,99 99.99 22T L)
50000, 1,6%4¢ «0,31 =2,79 99,99 99,99 99,99
63000, 2,4128 =0,47 4,73 99,99 99,99 99.99
80000, 13,3699 =0,69 -2,14 99,99 99,99 99,99 wsaa
100000, 4,4908 *0,97 3,15 99,99 99,99 §9,99 anusas
ARBABRBRARE Y LEEZEL L) * & RABBRN SHBESNSERE
58 ® 2.0 CE/THIRD OCTAVE T s 298.2K ¢ 77,0F) AH = 70,0 §
FREQ ACE) DISTANCE, ¥
HZ DB/M L] 10 20 50 100 200 400 720
40¢0, «0226 ¢,00 0,00 0,00 «0,00 =0,00 «0,02 -0,08 “h,27
5000, ,0304 0,00 0.00 0,00 =0,00 «0,01 =0,04 =-0,19 «0,6)3
6300, .0430 0,00 0,00 0,00 -0,08 »0,03 =0.11 -0,48 -1,5%
8000, .0636 0,00 0,00 =-0,00 =0,02 0,07 =0.30 -1,23 3,86
10000, ,0939% 0,00 «0,00 «0,01 «0,04 0,74 =2,09 -9,12
12500, 1407 «0,00 =-0,00 =0,01 =0,10 =1,75 -6,71 99,99
16090, 2223 =0,00 01 -0,04 0,28 ~4,39 99,99 99,99
20000, .3370 «0,01 «0,02 «0,10 0,66 «10,18 99,99 99,99
25000, »5092 =0,01 =0,06 =0,24 1,47 99,99 99,99 99,99
31500, <7739 =0,01 =0,13 «0,8)3 3,20 99.99
40000, §,1735 ~0,08 =0,29 “1.13 6,85 AERGRE
50000, 11,6940 =0,14 -0,54 -2,09 99,99 e
63000, 2,4128 «0,25 =0,95 «3,68 99,99 LX)
80000, 13,3699 0,41 -1,55 6,44 99,99
100000, 4,4908 0,62 =2,37 99,99 99,99 LZ2TT

BESARNSEE AR A RANRARAARBA SRR UBEA AR RERB S SR ER AR RS ARBRNAP RN
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20000,
100000,

13,2950 =0,9%

8B ==4,0 IIIIN!;D OCTAVE T = 208,2K ( 39.0P)

ACF) - DISTANCE, X
DA/ 8 10 © 20 s0 100
0255  «0,01 50,02 =0,03 «0,00 ~0,17
L0371  =0,0f° #0,02 0,05 =0,1) «0.27
L0564 «0,02 0,04 0,21 =0,46
20877  «0,03 20,06 0,35 0,79
,1327 0,08 1 0,56 ~1,33
L1999 0,07 0,91 2,30
L3106 0,11 1,56 4,39
AS42 0,16 2,51 99,99
L6480 0,21 e 14 99,99
L9066 0,29 99,39 99,99
1,2352  «0,38 99,99 99,99
1,5970  ~0,42 93,99 99,99
2,039 0,51 99,99 99,99
2,5989 «0,67 95,99 99,99
99,99 99,99

il ids

40000,
50000,

63000, -

80000,
100000,

SRR RBRER BB NGARABRBHBE BRI RS

FREQ
HZ

4000,
5000,
6300,
8000,
10000,
12500,
16000,
20000,
25000,
31500,
40000,
50000,
63000,
80000,
100000,

I; =e2,0 CB/THIRD OCTAVE T = 280,2K ( 5%,0F)

ACE) : OISTANCE, M
DB/N 5 10 20 50 100
20251 =0,01 -0,01 «0,02 =0,0% =012
.0371 -0,01 «0,02 -0,0) =0,09 -0.19
20564 =0,01 =0,03 «0,05 0,14 «0.32
0877 0,02 «0,04 «0,09 0,24 «0,59
.1327 -0,03 =0,06 -N,14 «0,40 =1.02
.1999 0,05 «0,10 =0,22 -0,68 -1,081
3106 =0,07 «0,16 «0,36 1,20 3,44
v4542 0,11 -0,23 «0,55 1,98 -6433
0,33 «0,01 =3.15 99.99
«0,46 1,158 =5,08 99,99
«0,59 -1,55 99,99 99,99
«0,73 -1.96 99,99 $9.99
«0.91 ~2.56 99,99 99.99
1,24 99,99 99,99

] 99,99 99.99

88 = 0,0 CB/THIRD OCTAVE T = 288,2K ¢ 859,0F)

ACF)Y DISTANCE,
DB/M 5 to 20 50 100
<0251  =0,00 0,00 =0,0f 0,03 =0,06
L0371 0,00 =0,01 =0, «0,05 <0e11
L0564 =0,01 0,01
L0877 =0,01 0,02 =0,04 =0,14 «0,37
L1327 20,02 0,03 =0,07 =0.25 =0,71
1996 =0,02 =0,05 <=0,12 «0,45 =1.3%
,3106  =0,04 0,09 «0,22 0,86 =2,71

0,00 “0.19

«4542 =0,06 -0,14 =0,36 -1,49 «4,98
«6480 =-0,09 =0,21 -0,56 2,45 «9,56
«9066 =0,12 =0,30 =0,02 =3,06 99,99
1.,2352 =0,16 0,40 =-1,14 -6,19 99.99
1,5970 0,19 «0.50 =1,46 99,99 99.99
2,0369 0,23 =0,623 =1.,93 99.99 99.99

+ 32,5989 0,31 «0,89 =2,85 99,99 99.99

3.2958 0,47 1,41 ~4,92 99.99 99,99

ARBARTRBERS »

LRRBNAE

FREQ
H2
4000,
5000,
6300,
8000,
10000,
12500,
16000,
200C0,
25000,

31500,

40000,
50000,
63000,
aooc¢o,

100060, -

fAnangane

$3 = 2,0 CB/THIRD DCTAVE T = 288,2K ¢ 59,0F)

ACF) DISTANCE, ¥

DB/M 5 10 20 50 100
0251 0,00 0,00 0,00 =0,00 -0,.01
.0371 0,00 0,00 0,00 0,00 *0,02

0564 0,00 0,00 =0,00 =0,01 =0,07
0877 0,00 «0,00 «0,01 =0.04 0,17
<1327 =0,00 -0,00 «0,0% =0,10 0,40
+1999 -0,00 =0,01 -0,04 0,23 =0.90
J3106 0,01 0,02 0,09 =0,52 «2,03
«4542 0,01 =0,08 =0,17 1,02 3,94
+648¢ -0,02 =0,08 «0,34 -1.01 =7,36
+9066 «0,04 ~0,14 «0,50 =2.,96 99.99
1,2352 =0,06 «0,20 «0,74 4,58 99,99
1,5970 =0,08 0,27 =1,00 ®7.19 99,99
2,0369 =0,10 0,36 1,37 99,99 99.99
2,5989 =0,14 «0,55 99.99 $9.99
3,29%58 «0,24 0,95 99,99 99.99

WERERRAARRAS RS RN R SR BA SRR B AR BB R IRATRERILIBUABRS

[ZRZ1Z 2222 ) L)

AR RANSRSANSNEANERRERE

RN = 70,0 %

snanes
snnane
(il 123

99.99
99.99
"

RH = 70,0 8%

200 400 720
=0,26 0,61 1,39
-0,44 1,11 =2,67
=0.79% -2.16 =5,.55
=1.51 4,44 99,99
-2,83 99,95 99,99
5,50 99,99 99.99
99,99 99,99 99,99
99.99
99,99
99,99
9%.99
99.99
99.99
99,99

RH = 70,0 §

290 400 720
«0.15 =1,00
«0,27 2,07
«0,5)3 -4,50
=1,11 =10.77
=2.21 99,99 °
4,42 99,99

10,04 99,99
99.99 99.99
39,99 99.99
99.99 “hanes
99.99
99,99
99.99

RXI1z L)

Li2 Ll

AR RARBERAANERERER NPT RNEEE S
RH = 70,0 3§
200 400 720

-0,04 =0,19 -0,62
“0,11 0,46 1,49
=0,28 =1.1) -3, 57
0,71 2,77 =A,76
1,61 =6,20 99,99
©3,50 <~14,86 99,99
-8,02 99,99 99,99
99,99 99,99
99.99 99,99
99,99 99,99
99,99 99.99
99,99 anpsma FRenEs
99,99 waEnds HAgues
RABUBN  SRBNRN  SeEpva
[T TR TYYT YR TY ¥ ¥
RERFEREARB BRSNS




S+S0RS4S00a0n

8B CB/IRIRD OCTAVE 1.% 277,6K ¢ 40.0F) AN s 10,0 &
FREQ ACF) DISTANCE, ®
H2 DB/N 3 10 20 50 100 200 400 720
4000, 0418 =0,00 =0,00 0,02 «0,0% -0,09 0,19 =0,37
so¢0, <0441 «0,00 =0,00 «0,02 0,05 =0,10 «0,20 -0,39
6300, 20471 «0,00 =0,01 «0,03 0,06 «0,12 =0,2% =0,49
8000, «0513 «0,00 =0,01 «0,04 0,08 0,37 0,74
10000, 0871 =0,01 =0,01 «0,06 -0,5% -1,22
12500, L0860 0,01 =0,02 =0,09 0,9 2,16
16000, 0017 «0,01 =0,03 =0.16 1,87 -4,30
20000, <1041 «0,02 =0,08 «0,2% 3,94 99,99
25000, 01292 0,04 =0,07 =0.42 99,99 99,99
31%00, 1363 =0,06 -0,12 0,73 99,99 99,99
494000, 2909 «0,09 =0,20 1,33 99.9% 99,99
50000, «4309 20,15 «0,)3) «2,4% 99,99 99,99
63000, 6594 -0,23 =0,56 =5,00 99,99 99,99
90000, 11,0376 =0,4) =1,00 93,99 99,99 ssssan
100000,  1.5976 «0,73 1,79 =5,07 99,99 99,99 99,99 sssasks
Hnpasana FSNBERRAHY L] LLLs . »
. .. 8B %=2,0 CB/THIRD OCTAVE T = 277,6K ( 40,0F) RH = 10,0 &
FREOQ AF) DISTANCE, M .
Hz DB/M ] 10 ] 30 . 100 290 400
4000, 0418 =0,00 -0,00 «0,02 «0,0) =0,06 0,14
s06o, 20441 0,00 «0,00 =0,02 «0,03 =0,07 0,14
6300, +0471 =0,00 =0,00 =0.02 =0,04 «0,08 0417
2000, ,0513 «0,00 =0,01 =0,03 -0,06 =0,12 =-0,26
19000, <0371 «0,00 «0,01 «0,04 «0,00 0,18 «0,42
12500, +0660 -0,01 =0,01 «0,00 «0,13 =0,30 0,74
16000, 20017 «0,01 =0,02 «0,14 «0,23 «0,56 =t,40
20000, 4104 =0,02 »0,03 0,17 1,02 2,04
25000, .1392 «0,02 «0,05 «0,30 -1,94 3,90
31500, #1963 0,04 «0,08 =0,33 3,99 99,99
40000, +»2909 *0,06 =0,14 -1,01 *9,35 99,99
$0000, «4309 «0,10 =0,23 -0,54 1,94 5,89 99,99 99,99
63000, «6594 =0,17 =0,40 -1,00 3,99 99.99% 99,99 99,99
80000, 11,0376 =0,30 -0,74 2,01 9,34 99.99 99,99 99,99
100000, 11,5976 «0,54 -1,39 4,04 99,99 99,99 99,99 99,99
AnsEnanan - snsnds L] * #AERARA RSN
88 = 0,0 CB/THIRD OCTAVE T = 277,6K ( 40,0F) RH = 10,0 §
FREQ ACF) DISTANCE, ¥
:}3 DB/M L) 10 20 50 100 200 400 720
4000, 0418 =0,00 =0,00 «0,00 =0,01 «0,02 -G.04
5000, <0441 0,00 -0,00 -0,00 =0.01 0,02 -0,04
6300, 20473 =0,00 «0,00 -0,00 =0,01 0,02 0,04 =0,10
8000, »0513 =0,00 -0,00 =0,01 =0,01 =0,03 -0,06 0,15
100¢0, <0571 =0,00 «0,00 «0,01 «0,02 «0,04 =0,30 -0.26
12500, « 0660 =0.,00 -0,01 =0,01 0,03 -0,07 0,10 =0,49
16000, 0817 «0,00 «0,01 =0,02 =0,06 =0,13 =0,36 =1,006
20000, 1041 -0,01 =0,02 «0,03 =0,10 =0,25% ~0,71 2,22
25000, «1392 =0,01 -0,02 =0,05 -0.18 “0,48 wi,46 =-4,79
31500, 1962 =0,02 =0,04 «-0,10 =0,34 1,00 «3,20 ~11,60
40000, 22909 =0.03 =0,07 0,19 =0,70 2,21 «7,52 99.95
50000, +4309 =0,08 ~0.13 =0,34 =1.46 -4,78 99,99 99,99
63000,,. ,6594 «G,10 -0,24 =0,70 *3,19 ~11,58 99,99 99,99
80000, 11,0376 =0,18 =-0,50 1,52 =751 99.99 99,99 99,99
16 0,34 1,01 =3,24 99,99 99,99 99,99 99,99
anvdan ABABAREES *8 -
EB = 2,0 CB/THIRD OCTAVE T = 277,6K ( 40,0F) RH = 10,0 %
FREQ A(F) DISTANCE, ¥
HZ De/¥ E] 10 50 100 200 400
4000, 0418 =0,00 -0,00 =0,00 -0,01 -0,01 0,03
5qo00, 0441 =0,00 «0,00 «0,00 =0400 «0,01 «0,03
6300, 0471 =0,00 =0,00 »0,00 «0,01 =0,03
8000, <0513 0,00 0,00 =0,00 «0,01 -0,05
10000, «0571 0,00 0,00 =0,00 -0,02 =0,10
12590, +0660 0,00 0,00 =0,00 «0,06 «0,25
16000, .0017 0,00 0.00 -0,01 «0,16 0,67
20000, 1041 0,00 0,00 0,02 «0,40 =1.62
25000, 1392 0,00 «0,00 =0,06 =0,99 -3,04
31500, »1961 =0,00 =0,00 =0,15 2,45 -9.47
40000, +2909 «0,00 =0,01 -0,40 *6,16 99,99
50000, «4309 *0,01 «0,03 =0.99 *3,8) =15,71 99,99
63000, +6594 0,02 =0,09 ®2.45 9,46 99,99 99,99
20000, 11,0376 «0,06 =0,25 «03 =6,16 99,99 99,99 99,99
1000¢0, 11,5976 .0,1% =0,63 =2.49 ~15,71 99,99 99.99 assass
Sassvass - - asas anas
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Table C.2 Perfect 1/3 Octave Band Filter for Known Source Spectrum

EB ==4,0 LB/THIRD OCTAVE T = 305,4K ¢ %0,0F) RN = 90,0 %

FREQ ACF) DISTANCE, M
H2 DB/M 5 10 20 50 100 200 400 720
4000, 0284 =0,00 =0,00 «0,01 0,02 -0,04 =0,08 =0,17 -0,37
5000, <0342 «0,00 - =0,00 =0,01 -0,02 =0.0% =0,10 -0,24 -0,54
6300, «0429 =0,00 «0,01 ~0,01 =0,03 0,07 -0,16 =0,40 =0,91
8000, 0564 =0,00 «0,01 «0,02 =0,05 0,12 «0,28 -0,73 -1,73
10000, 0760 0,0t =0,01 0,03 -0,08 0,20 =0,50 1,36 =3,30
12500, «1063 «0,01 -0,02 ~0,05 -0,14 =0.35 -0,93 -2,63 -6,26
16000, +1597 «0,02 «0,04 ~0.09 «0,26 =0,69 1,93 «5,40 =12,30
20000, . ,2361 «0,03 «0,06 0,14 -0.48 =1e31 «3,72 =10,05 <=2{,7%
25000, « 3545 «0,0S -0,11 ~0,25 =2.54 -7,03 =17,97 =37,28
31500, 5452 -0,08 «0,18 ~0,46 4,93 13,01 =31,47 <«62,93
400¢0, .854]1 0,14 «0,33 -0,88 =9.40 =23,42 =53,95 wnsass
500€0, 11,2974 0,23 =0,59 ~$,63 ~16,36 =38,79 4 snsswe
63000, 11,9876 =0,40 -1,07 ~3,01 ®27,51 =62,65 anesna »
80000, 3,0515 «0,70 -1,93 5,41 44,51 aansea
100000, 4,4799 =1,15 =3.,23 ~8,82 =66231 RERENN  sEansa SRamen
ARRARRRA O R AR RO B AR AR RGN BN EIRER BB RN AR R RR AR AR AR A AN AR R AR BB AR AP SUB BRGNP IRINR R eR
8B z+2,0 CR/THIRD OCTAVE T = 305,4X ¢ 90,0F) RH = 90,0 %

FReG ACF) DISTANCE, P

HZ DB/¥ 5 10 20 50 100 200 400 720

4000, .0284 0,00 =0,00 -0,00 =0,01 «0,02 «0,04 =-0,10 -0,23
0,00 -0,00 -0,00 -0,01 «0.02 ~0,05 -n,14 0,36
=0,00 =0,00 =0,00 «0,01 «0.03 =0.08 -0,25 =0,66
=0,00 =0,00 ~0.01 -0,02 «0.006 «0,16 =-0,51 1,38
=0,00 0,01 ~0,01 -0.04 0.1} «0,.32 -1,05 -2,83
=0,00 =0,01 ~0,02 -0,07 0,21 -0,68 -2.20 5,67
«0,01 -0,02 ~0,04 «0,15 =0,48 -1,55% 4,85 =11,62
0,01 -0,03 «0,07 -0,31 =1,01 -3,23 -9,40 «=21,04
-0,02 «0,05 ~0,14 =0,65 “6,42 =17,24 ~=36,49
=-0,04 -0.10 ~0,30 ~1.40 «12,32 =30.69 =62,11
=0,0n7 =0,20 -0, 64 -2.98 22,66 =53.,14 Seanns
«0,13 =-0,40 ~t,28 5.75 *3T7.99 BRpusn  NBEnEN
=0,25 =0,80 «2,56 =10,55 ®61,83 #enass  Nasges
~0,49 -1,56 4,86 «18.,25 BRBANE NARENSE  Busaws
- 17 -R,18 =28, - A SABANR waRumEn
HRRARIRA R BB A MRS RN AR R R AR NGB R AR NN BRNAR AR AR TANB AR NERN NN .

SR = 0,C CB/THIRD OCTAVE 1T = 305.4% ( 90,0F) RH = 90,0 %

FREG ACF) NISTANCE, ¥

HzZ CR/V 5 10 20 50 100 200 400 720
40C0, .0284 a,00 0,00 0,00 0.00 0.00 0,00 -0,02 -0,09
5000, L,0342 0.00 0,00 0,00 ¢.00 0,01 0,00 -0,04 0,17
63C¢0, .0429 0.00 0,00 0,00 G032 ¢.01 =0,01 -0,09 -0,40
8000, 0564 0.00 0,00 Q.00 0.01 0.00 -0,04 0,28 -1,00
100C0, .0760 0,00 0,00 0,01 0.01 -n,01 «0.14 -0,72 -2,32
125¢u, .,1063 0,00 0,01 0,01 0,00 -0,07 0,41 1,74 -5,04
16000, «1597 c.01 0,01 0,01 =0,03 -0,25 =-1.15 ~4,24 =~10.,87
200C0. 2361 0,01 N,0N1 0.00 =C,13 =0,68 =2,69 -8,68 =20,22
25000, 3545 0.01 0.01 -0,03 -C.39 1,68 =5,77 ~16.,44 =35,62
31500, +5452 0,01 «0,0) =0,12 =1,01 «3,80 <=11,57 =+29,83 <~61,21
40060, +854] 0,00 =-0,06 -0,38 -2.406 «8,05 =21,84 =52,24 *nasus

50000, 11,2974 ~0,03 ~0,20 -0,92 5,11 =14,85 37,12 sanass eusxss

63000, 11,9878 0,10 ~0,51 -2,07 «9,8]1 «25,90 =p0,93) snaass enspes

80000, 3,0515 «0,27 -1.17 =4,25 =17.45 =42,02 SEEARE  SRANANA  Bmsans

1000C0, 4,4799% «0,57 «2.27 «T,48 «27,60 =64,57 #B¥T24 ERASE  HUEEEE

PR Ly Ry T Yy Ty Y Ty Ry P PRI YR Y Y T
58 = 2,C LB/THIRD OCTAVE 1 = 30%,4% ( 9C,0F) RE = 90,0 %

EREQ ACE) DISTANCE, ¥
HZ pesy 5 10 20 50 100 200 400 720

4060, .0284 9,00 0,00 0,01 0,01 0.02 Q,04 0,06 0,85
50C0, .0342 0,00 0,00 n,0t 0,02 0,03 0,06 0,07 0,02
6300, ,0429 0,00 0,01 o0.01 0,03 0,05 0.07 0,06 =0.12
8000, .0564 2,00 0,01 0,02 0,04 0,07 0,08 0,03 -0,60
10000, «0760 0,01 0,01 0,03 a,06 0,08 0,n5 =0,3¢6 -1,77
12560, 21063 0,01 0,02 0,04 0.08 0,08 «0.12 -1,24 -4,34
16060, «1597 0,02 0,03 0,06 0,09 -0,02 -0.73 -3,568 =~10,05
20060, 2361 0,03 0,05 n,08 0.05 =0,33 -2,12 =7,90 =19,33
25000, «3545 0,04 0,006 0,08 ~0.11 -1.17 =5.,05 #15,58 =34,68
31500, 5452 0,05 0,08 0,05 =0,61 =3,16 =10,74 <«28,91 =60,2)
400C0, .8541 0,08 0,08 =D,10 -1.%1 =7.28 *20,94 =51,28

50000, 1,2574 0,08 0,01 -0,53 -4,41 =13,99 =36,19 L

63060, 11,9878 0,06 «0,20 =1,54 «g,01 =24,98 =59,95 saaaad  Sapans

800C0., 33,0518 =0,03 ~0,74 16,57 «41.,R6 wEEAEN  ANNANR  Huuaus
1000C0 4,4799 «0,26 1,73 @26,68 =£3,59 asnusa avsand  Spsanse
swesaa L L e E L L L L R L Ty R Y TR Ry R e T Y Y YR Y YR YT Y D)
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e -
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SEBERENNRINY

AR AR AA R IR AR AR AR A AR AR RE AR R AN

12560,
16000,
20000,
250¢G0,
31590,
40060,
50000,
63000,
80060,
100060,

Sp ==4,0 CR/THIRD OCTAVE T = 290,2K ¢ 77,0F) RH = 70,0 &

A(F) DISTANCE, M

DB/M S 10 20 50 100 200 400 120
0226 =0,00 «0,00 «0,01 0,02 0,04 =0,09 0,21 =0,45
<0304 =0,00 =0,01 ~0,01 =0,03 ©0,07 =0,15 =0,36
0430 =0,00 =0,01 =0,02 -0,05 =0,11 =0,26 =-0,60
L0636 =0,01 =0,01 <«0,03 0,08 «0,20 =0,50 3,36
+0939 -0,01 =-0,02 =0,0% -0.14 0,38 =0,93 -2,63
.1407 0,02 -0,04 -0,08 «0,25 -0,64 =1,78 5,01
22223 «0,0) =0,06 -0,14 0,47 =1.20 -}, 62 «9,80
«3370 «0,0%5 «0,10 «0,24 0,85 ©2,40 =6,66 ~17,12
5092 «0,07 «0,17 -0,41 1,55 «4,37 =11,66 =28,49
1739 «0,12 «0,28 0,72 -2,81 =7.72 =19,61 =45,083
1,1735 =0,19 0,47 =1,25 24,89 =12,9¢ =31,35 ssgana
1,6946 =0,28 -0,72 -1,99 =7.65 19,47 45,59 2T
2,4128 0,41 -1,08 =3,02 ~11,27 ~=27.69 - »
3,3699 «0,580 =1,%56 24,36 «15,70 =37,43 RNENN SNsaEE  NEERNS
4,49056 -0,78 =2,15 5,98 ©20,79 «waasav aasNNE ssgaNE ARRARS

L] »
S ==2,0 CB/THIRD OCTAVE 1 8 298,28 ¢ 77,0F) RH = 70,0 %

A(F) DISTANCE, ¥
DB/M¥ 5 10 0 50 100 200 400 720
0226 -0,00 =0,00 =0,00 =0,01 «0402 =0,04 =0,11 «0,29
0304 «0,00 -0,00 «0,00 =0.01 =0.02 «0,08 =0,22 0,59
0430 «0,00 -0,00 0,01 ~0,02 =0,05 0,15 -0,47 =1,28
<0636 «0,00 =0,01 0,01 -Q,04 «0,11 0,32 -1,08 =-2,82
.,0939 =0,00 =0,01 =0,02 0,07 0,21 =0,68 =2,20 =5,67
1407 =0,01 -0,02 -0,04 -0.14 -N,44 1,42 4,46 ~10,79
2223 =0,0} 0,03 =0,07 ~0,30 0,98 «3.13 9,15 =~20.35
«3370 =0,02 -0,05 =0,14 =0.61 =1,99 =6.07 =16,40 =~34,87
5092 «0,03 =-0,09 =0,26 =122 =3,85 =10,98 «27,72 ~56.52
«7739 =0,06 -0,17 =0,51 -2,37 «Tell «18,87 45,01 ssuusa
1.1735 =0,10 =0,30 =-0,96 “4,35 =12,25 =30,56
1,6546 -0,17 -0,51 1,62 =7,04 <«1R,73 =44,78
2,4128 «0,27 =0,81 2,57 ~=10,59 =26.91 nanee
3,3699 0,40 =1,23 3,84 <=14,99 =36,69 LITTT 2
4,4908 =0,56 1,76 ®5,40 «=20,04 SAARAN  ARFANA BRFAVA  AREARS

AR AR AR RSN AR RN BN SN AR AR AR NN RSN SN SN R U RN AR RS SAN IR AR RRAN R ANEBRORRRE S

FFEQ
L3

40c0,
50¢0,
63C0,
8000,
10060,
12560,
16060,
20000,
250¢0a,
31500,
40060,
500C0,
631000,
R0Q0O,
1000¢a,

SB = 0.6 CR/THIRD CTAVE T = 298,2K ¢ 77,0F) RH & 70,0 %

A(F) DISTANCE, ¥

DB/¥ 5 10 20 50 100 200 400 720

.0226 0,00 0.00 0,00 0,00 0.01 0,01 -0,02 -0,12
,0304 0,00 0,00 0,00 0.01 0.01 =0,00 =0,08 -0,34
L3436 a,00 0,00 0,01 0,01 0.01 =0.03 “0,25 =0,91
0638 0,00 0,00 0,01 0,01 =0,01 =0,14 -0,71 2,31
L0935 0,00 0,01 0,01 0,00 «0.,07 =0,41 =1,74 =5,03
+1407 0,00 0,01 0,01 -0,03 «0.22 -1,04 =31,87 =10,05
.2223 0,01 0,01 =0,00 -0, 13 0,66 “2,61 -A.,44 =19,73
«337¢C 0,01 0,01 -0,03 -0,36 “1.5¢ ~5,42 =15,61 =34,01
5092 0,01 =0,01 =0,10 «0.86 3,28 =10.24 =26,87 =55,62
«7739 0,00 -0,05 «0,28 -1,89 =6,43 =18,06 <«44,14 wensss

1.1735 =G,02 =0,14 “0.,64 3,76 =11.49
1.694¢6 =0,05 -0,29 1,22 ~6.36 =17.92
2,4128 0,12 =0,53 -2.,09 =9.86 =26,07
3,3699 0,21 -0,88 =3,28 «14,20 =35,R2
4,4908 0,33 -1,35 =4,77 =[9,22 snaunse

SRANNKL “Runsn
LT T LT I
S8pnas L2 2]
FHpasE  sRENES
sogans (12212

RN R R RN N RN S AR RN SN S ER R N AN N AR AR N AR AN RB BN R RRR RN NAR IR NEIES

FREG
Hz

4000,
5000,
6100,
8000,
100060,
12500,
16000,
20000,
25000,
11500,
40090,
50000,
63000,
800C0,
1000¢0,

SB = 2,0 LB/THIRD OCTAVE T x 298,2% ¢ 17,0F) RH = 70,0 %

A(F) DISTAKCE, V¥
Desv 5 10 20 50 100 200 400 720
0226 0,00 0,00 0,01 0,02 0.03 0,06 0,08 0,06
L0304 0,00 0,01 0,01 0.0 0,05 0,08 0,08 -0,08
L0436 0,00 0,01 N.02 e.04 0.07 0,09 «“0,01 0,53
L0636 0,01 0,01 0,03 0.06 0.08 0,05 =0,36 -1.76
0939 a,01 0.02 0,04 0,07 0,08 =0,13 -1,24 4,34
.1407 0,02 0,03 0,05 0,08 «0.00 =0,63 ~3,22 9,24
.2223 0,02 0,05 0.07 6,05 =0,32 ~=2,04 «7,66 =~18,85
.3370 0,04 0,06 0,08 «0.,09 1,07 «4,71 *14,73%5 =33,07
5692 0,05 6,07 0,06 =0,48 #2,67 =9.44 =25,95 =54,65
«7739 0,06 0,07 «0,04 -1,39 «5.,70 =17,18 «43,19
1,173 0,07 0,04 ~0,31 =3,13 ~10,66 =28,78
1,6946 0,06 -0,05 ~0.79 =5,63 «=$7.04 <=42,94 asanss
2,4128 a,04 0,23 -1,56 =g,05 «25,15 sasuna aanann
3,3699 =0,01 =-0,51 2,67 =13,35 «34,07 * -
4,4908 «0,09 =-0,91 w409 =1§,33 sawNuE  RRBENS *uBRNR

ARRAEA AR SRR RGN A RN R RN RN B RN AN A B RS R R E AR AN R RN A SR P AR E RN ARATAB R RARANAN RN
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216

38 m%4,0

40000, 1,23%2
50000, 1,597
63060, 2,0369
e0000, 2,599
100000, 33,2958

CR/THIRD OCTAVE

5 10

0,20 -0,72
«0,41 1,10

T = 208.2K ( 59.0F)

DISTIANCE, ®
20 50 100
=0,018 -0.03 =0,06
=0,02 =0,08 -0.11
=0,03 =0,00 =0,19
=0,05 -0,14 0,34
=0,08 =0,24 =0,60
=0,12 «0,40 1,07

0,21 =1.97
0,32 3,24
«0,49 =4,95
=0,67 7,02
-0,09 =9,24
=1.10 e11.41
1,41 ~14,32
1,99 “19.44

=3.09 =11,30 ~20.16

AW = 70,0 §

200 400 720
«0,315
«0,26
=0.47
-0,90

1,6

L2221
S88a8a
S 888
55488 RE4BN
SReans  BEGNNS

FTTITIL T YT EY ITITTY YT sass
8B x~2,0 CR/THIRD OCTAVE T = 280,2K ( 59,0F) RH = 70,0 §
FREQ A(F) DISTANCE, ¥
K2 H 10 20 50 190 200 490 720
4000, «0,00 =0,00 =0,00Q =0,01 =0,0) =0,07 =0.22 =0.%9
5000, «0,00 «0,00 -0,01 «0,05 «0,1% 0,46 ~1,24
s83¢0, «0,00 =0,01 0,01 «0,10 =0,30 =0,90 2,64
8000, «0,00 =0,01 =0,02 0,21 -8,46
100C0, #0,01 «0,01 ~0,04 «0,41 =10,11
12500, «0,01 =0,02 0,06 -0,80 17,49
16000, =0,02 -0,04 0,12 1,60 «29,66
20060, =0,03 -0,07 «0,20 .2,78 - e
25000, =0,04 0,11 «0,32 4,41 30,99
315C0, «0,.06 =0,16 «0,47 “6,42 ~41,75
400C0, =0,08 0,22 -0,86% sEpaRA
$00¢0, =0,28 «0,83
63000, =0,36 1,10
ACo00, -0,.51 «1,61
100000, -0,82 «2.63

ARSI RERRANARARTERSESREREAGRRQRRNARRES

5B = 0.C

FFEG ACF)
He oB/k
4000, «0251
50€0, 0371
6300, <0564
goca, 0877

58 s 2.0
FREQ ACE)

500C0, 11,5970
63000, 2,0369
800C€0, 2,598%
1000C0, 3,29%6

CB/THIRD QCTAVE

5 10
0,00 0,00
0,00 0,00
0.00 0,00
0,00 0,01
0,00 0.01
0,01 0,01

CE/THIRD NCTAVE

3 10
0.00 0,01
0,00 0,01
0,01 0,01
0,01 0,02
0,02 0,03

0,02 0,04
0,03 0,05
0,04 0.05
0,04 0,06
0,05 0,06
0,05 0.04
.05 0,03
0,06 0,00
0,06 =0,00
Q,05 =0,22

1] L]
T = 288.2K ¢ 59.0F)

DISTANCE, ¥

2n 50 100
0,00 0,01 0,01
0.00 c.01 0,01
0,01 0,01 =0,01

0,01 =0,00 0,07
0,01 =0,03 0,20
0,00 =C. 30 «0,51
=0,02 =0,27 ~1.19
0,07 -0,57 -2,27
=0,15 «1,04 -3,R2
=0,26 =1,68 *5,70b
=0,40 =2,42 «7.89
«0,55 =3.19 9,99
=0,77 ~4,28 =12,84
1.21 =6,34
o14 =10,00

ERRENSASAEANAANATRASANERRENIRNARTFQUNRRTI B NRITAR RN

T = 288.,2K € 59,0F)

DISTANCE, ¥
20 50 100
0,01 0,03 0,05
0,02 0,04 0,07
0,03 0.05 0.08
0.04 0,07 0,08
0,05 0,08 0,01
0.06 0,06 «0,20
0,07 =0,04 «0.77
0,06 =0,206 1,73
0,02 =0.65 =3,18
=0,05 -1,20 =5,05

ansae
RH = 70,0 §
2¢0 400 720

«0,00 =0.07 ~0,34
=0,03 ~0,24
=0,13  =0.6S
=0,39 ~1,66
0,95 =3,57
=2,07  =6,95
=4,34 =12,9
*7,50 =20,61
11,64 =30,09
=16,50 =40,87
21,50
~26,42
37,81

1]
FRH = 70,0 §

200 400 720
0,08 0,00 -0,08
0,00 =0,01 =6,50
0,05 «h,31 =1,61
=-0,11 -1,17 -4,15
-0,56 =-2,94 -5,.%8
=1,55 =620 =15,81
=3,67 =12,10 =27,89
6,74 19,72 =42,78
=10,81 =29,16 Sseasa
=15,63 =39,91

«0,14 7,12
«0,25 “9,10
-0.42 «12.00
0,79 -17,01
1461 =25.62
11 RSN TN BAS ARG NRER AP RERBRGASASN R DR RS




31}

4309
+6594
1,0376

1,597¢

- FITYIOLITIILY

nea anty
B ==4,.0 CB/THIRD OCTAVE

=0,00
0,00
=0,00
=0,00
=0,00

=0,8)

T & 277.6K_( 40,0F)

=0431
«0,60
=1,20
=2,34

too0go,

EREQ
K2
. 4000,
5000,
6300,
8000,
10000,
12500,
16000,
200¢0,
25000,
31800,
40000,
50000,
63000,
80000,
100000,

YT TR P YT C PR ST XY TYTY ¥
SB's 2,0 CR/THIRD OCTAVE

FREQ
HZ
4000,

anansiinssdnunnasinannnang

88 %<2,0 CB/THIRD OCTAVE

ACF)
DB/

«0418
L0441
L0471
£0513
“0571

+4309
«6594
1,037
1,5976

SB * 0,0 CR/THTRN OCIAVE

A(F)
oB/M
«0418
0441

ACF)
oB/¥

1,5976

«0,00

5
-0,90
0,00
6,00
0,00
0,00
0,00
6,00
0,00
0,00
0,01
6.01
0,01
0,01
=0,01
-0,05

s
0,00
0,00
0,00
0,00
0,00
0,00
0.01
0,01
0,01
0,02
0,03
0,04
0,06

0,09

0,08

10
=0,00
«0,00
=0, 00
0,00
=0,00
=0,00
-0, 00

10
=0,00
0,00
G.00
0,00
0,00
0,00
0,00
0,00
0,01
0,01
0,01
0,00
«0,02
=0.11
-0,34

* DISTANCE, ¥
20 50

0,00
=0,00
=0,00
=0,00

‘=0,00

«0.00
=0.01
=0,01
«0,02
=0,05
~0,09

‘0,19

=0,40
-0,91
=1.%93

DIBTANCE,

50
=0.01
-0,01
-0,04
=0,01

ANpERAR SRR AR
‘T = 277,6K ( 40,0F)

=0,00
0,00
=0,00

RH ® 10,0 §
N
200 400 720
«0,04
=0,04
=0,0%
«0.07
«0,10
=0,17
=0,33
«0,60
~1,16
2,32
-4,72
«3.27 8,93
*6e45 =16,61 =39.32 ssnses’
*12,50 =30,33 «b68,55 ssunss
22,33 =51,61 SeEARE  snsane
RH = 10,0°%§

100 200 400 720
0,01 «0,02: 0,04 =0,09
=0,01 . =0,02 «0,04 =-0,09
«0,01 =0,02° =0,0% =0,11
=0,01 =0,03 =0,00 =0,19
- «0.,14 =0,36

T = 277,6K ( 40,0F)

DISTANCE, ¥
0 50

n,00
0,00
Q0,00
0,00
0,00
0,00
0.01
0,01
0,01
0,01
=0,01
=0,05
=-0,20
=0,59
1,49

-0,00
0,00
0,40
0,00
0,01
0,01
0,01
0,01

=0.01

=0,05
=0.20
=0,56

-1,47

=3,60

=7.59

10
0,00
0.00
0,00
0,00
0,00
0.01
0,01
0.02
0,02
0,04
0,05
0,07
Q0,09
0,06

=0,08

ann
T = 277.6K (

20
0,00
0,00
0,00
0,01
0,01
0,01
0,02
0,03
0,04
0,06
0,08

NISTANCE, ¥
50

0.00
0,01
6,01
0,01
0,02
0,03
0.05
0,06
0,08
0.08
0,02
=0,24

=-8,29
=15,90
=29.5%
«50,79
BERRE AR AN NN NN RN RN SRS RE AR SR NN SN AR RS BRSNS RAR AR AAARERB AN S AR NN AR RGOS

(22 222

RH = 10,0 3§
100 200 400 720
0,00 -0,00 =0,01
0,00 0.00 -0,00
0.0U 0,00 0,00
0,01 0,01 =0,00
0.01 0,01 =0,03
0,01 0,01 0,11
0,00 =0,06 *0,36
0,02 =0,20 0,96
0,10 =0,56 =2.30
«0,33 1,47 5,22
0,95 «3.60
«2,30 7,59
5,22 =1S,11
=11,07 «28,70
«20,76 =49,990
[T ETY YR YY)
40,0F) RH = 10,0 §
100 200 400 720
0,01 0,02 0,03 0,04
0,01 0,02 0,04 0,05
0.02 0,03 Q9,05 0,07
0.02 0,05 6,07 0,07
0.04 0,06 6,08 0,03
0.08 0,06 =0,16
0,08 -0,09 =0,84
0,01 0,56 =2,40
=0,24 =1.75 =5,69
«1,01 4,52 =12,17
=2.97 =10,25 =24,13
=6,A) «19,86 <~42,98
«14,25 =36,71 sasase
#10.25 =27,79 <«65,04 dsssass
~19,86 <«40,94 HeE  NRuRes
AR ERERYE R RN RN ARNARBRARAEE
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Table C.3 ANSI Class III, 1/3 Octave Band Filter for Known Received Spectrum

aananns asesanen 4SRN ATENAEANNERRENENIRNSREN
SpPz =6, CB/THIRD OCTAVE T = 305.4K ( 90,0F) RN m 90,0 %

FREQ ACF) OISTANCE, M
W2 DB/M 5 10 20 S0 100 200 400 720
4000, <0284 0,19 «0,19 =0,21 =0.24 ~0.29 =0,40 0,59 0,82
' 5000, 0342 =0,19 =0,20 =0,21 =0,26 0,33 0,46 =0,68 =0,93
6300, 0429 -0,19% -0,20 =0,23 =Q,29 *0,39 =0,36 “Q,.83 =-1,01
8000, 20564 =0,20 =0,22 -0,25 0,34 0,48 0,72 0,97 =0,81
10000, 01860 =0,21 =0,42 ~0,61 «0,89 -0,93 0,24
12500, .1063 0,22 =0,53 =0,78 =0,99 =0,27 3,21
16000, «1597 «0,25 «0,7¢ 0,96 =0,71 2.2% 10,41
20000, 2361 =0,20 =0.08 =0,94 0,62 T.64 22,27
25000, <3545 -0,33 0,99 «0,34 4,05 17,40 41,75
31500, 25452 0,48 =0,80 1.75 11,17 34,25 99,99
40000, +8544 -0,%2 ¢.34 6.72 23.9% 99,99 99,99
50000, 11,2974 0,66 =0,94 3.13 15,00 42,74 99.99 99.99
63000, 1,987¢ «0,83 -1,02 8,60 20,34 99,99 99.99 99.99
800c0, 3,051% =0,99 =0,79 17.55 28.880 99,99 99.99 99,99
100000, 4,4799 -1,04 =0,03 29,24 99,99 99,99 99,99 99,99
[ Ry P R R Y AT P R e P Y e LA R PR LY snsannaty -
SBP* =4, CB/THIRD OCTAVE I = 305,4K ¢ 90.0F) RH = 90,0 §

FREQ A(E) DISIANCE, ¥
k2 DR/¥ L] 10 20 50 100 200 400 720
4000, .0284 -0.13 «0,14 -0,1% =0,17 0,21 -0,29 =0,41 =0,55
5060, .0342 -0,14 =0,14 -0,1§ =0,18 0,23 =0.33 =-0.47 0,59
6360, .0429 =0,14 «0.,19 -0,16 -0.21 «0.27 0,39 =0,54 -0,54
8000, L0564 =0,14 =0,15 =0,148 0424 0,34 -0,48 «0.56 -0,14

190000, »0760 =0,15 -0,17 -0,20 «0430 “0.42 =0,55 -0,34 1,16
12500, J1C63 «0,16 =0,19 -0,24 0,37 «0,51 =-0,51 0,56 4,36
16000, +1597 -0,18 -0,22 =0,30 =0,47 «0.50 0,01 3,39 11,71
200¢0, .2361 «0,20 =0.26 =-0,37 =0,55 =0,.,306 1.58 8,91 23,64
25000, 3545 =-0,24 =0,33 =0,46 -0,52 0.47 5,23 18,76 43,16

31500, 5452 0,29 -0,41 =0,55 =0.12 2.82 12,48 35,65 99,99
40000, B854} 0,38 «0,51 -0,54 1.28 T1.97 25,32 99,98 99,99
50060, 1,2974 0,45 -0,57 =0,23 4,28 16434 44,10 99.99 99.99
630¢0, 11,9878 -0,54 -0,50 0,79 9.88 29.73 99,99 99,99 99,99
800¢0. 13,051% 0,59 =-0,09 3,08 18,90 29,59 99.99 99.99 99,99
1000Ch. 4,4799 =0,51 0,87 6,68 30,64 59.99 99,99 99,99 99.99
AAEREARRRAR BB ARG R L]

=2, CE/THIRD OCTAVE 1 = 305,

HRRER TR BUBEB GO

sp 4% ( 9C.0F) RH = 90,0 §
FREG AE) NISTANCE, VM
HZ DF/¥ 5 10 20 50 100 200 400 720

4060, ,02R4 =0,07 =0,07 <0,08 =C,10 =0,12 =0,17 «0,23 =0,2¢
5060, L0343 =0,07 ~0,08 =0,08 ~0.10 «0,13 =0,19 =0,25 =0,25
63C0, .0429 0,07 ~0,08 -0,09 -0,12 «0,16 =0,22 =0,25 -0,08
B0OCO, 0564 ~0,08 =0,08 =0,10 =0,14 =0,19 <=0,24 =0.15 0.51

100ca, 0760 ~0.08 «0,049 -0,11 0,17 0,22 -0,22 0,24 2,03
12500, 21063 =C¢,09 -0,10 0,13 «0,20 «0.24 =-0.04 1.35 5.42
16060, 1597 0,10 -0,12 -0,17 «C.24 =0.90 0.70 4,41 12,71
200co, 2361 0,11 =0,15 -0,20 =-0,23 0,20 2,49 10,07 24,91
250¢0, « 3545 =0,13 -0,18 -0,24 -C,06 1425 6,32 20,00 44,47
31500, 5452 0,16 =0,22 -0,23 0,53 3.8l 13,69 36,95 99,99
40060, +B541 «G.20 -0,2% ~0,08 2,16 9.12 26,60 99,99 99,99
$00€0. 11,2974 ~0,24 =0,21 0,40 5,34 17.57 45,47 99,99 99,99
630C0, 11,9878 ~0,.25 -0,00 1.61 11,086 31,01 99,99 99,99 99,99
go0C0, 3,0515 =0,20 0,59 4,08 20,15 30417 99.99 99,99 99,99
100060, 49,4799 0,00 1.1 7,80 31,92 59.99 99,99 99,9% 99,93

NN R RN BRI B RV R I R R R A GOSN NS NN AN RS RN GRE RS AR RN E NI RAR NGBS
SEP= 0, LR/THYRD ACTAVE 1 = 3IN5,4K ( 9C.O0F) RF = 90.0 §

FREO ALH) DISTANCE, ¥

h2 DB/¥ 5 10 20 50 100 200 400 720
4000, +02H4 «0,00 «0,00 -0,01 -0,01 -0n,02 «0,04 =0,05 -0,02
5060, .0342 =0,00 «0,00 -0,01 =0.01 =0,03 =0,04 -N,01 0,09
6300, 0426 =0,00 -0,00 -0,01 =0.02 =0.03 =0,04 0,04 0,37
80GO, 0564 «0,00 =-0,01 -0,03 «0,03 0,00 0,25 1.13
1o00co, 0760 «0,00 -0,02 =-0,03 =0,02 0,10 0,79 2,83
12500, J1663 «0,01 -0.02 -0,03 0,03 0,41 2,09 6,40
16000, 1597 -0,01 =0,03 ~0,01 0,23 1,34 5,35 14,00
20000, 2361 -0,02 «0,03 0,09 0,75 3.33 11,14 26,07
25000, .354% «0,02 =0,01 0,38 1.98¢ 7432 21,14 45,67
315C0, +5452 =0,03 0,08 1,15 4,73 14,79 3R, 14 99,99
400C0, +8541 =0,04 0,36 2.97 10.17 27,76 99,99 99,99

50000, 11,2974 «0,02 1,00 6,31 18,70 46,67 99,99 99,99

630CG., 1,987¢ 0,03 2,38 12,13 32418 99,99 99,99 99,99
8Q0co0, 23,0515 0,19 5.01 21,29 30.60 99.99 99,99 99,99
1000C0, 4,4799 0,50 B,R3 33,09 §9.99 99.9% 99,99 99,99

ABABERBNAAARA RN ET A (T2 IYYY Y]

PREREANA TR RRAR I B AR AU RRAV R RE AR NN

§8P# 2, CH/THIED OCTAVE = 305,4K { 9C,0F) = 90,0 8

FPECG ACE) DISTANCE, ¥

uz DR/¥ b 10 20 50 100 200 400 720

4000, <0284 0.07 0,07 0,07 0,07 0,08 0.08 0,13 0,25

s0Q0, .0342 9,01 Q,07 0,07 0,08 0.08 9,11 0,19 0,41

6300, 0429 0,07 0,07 0,08 0,04 0,10 0,14 0,32 0,79

BuCo, .0564 0,07 0,08 0,08 0.09 Nel12 0,23 0,63 1.71
100C0. 0760 0,08 0,08 0,08 c.11 0,17 0.42 1.71 3,58
125¢0, +16613 0,08 0,08 0,09 g, 14 0.29 Q.85 2.78 7.28
160C0, 1597 0,08 n,08 0,11 0,23 0.61 1.9% 6.21 15,00
200C0, 2361 0,08 2,10 0,14 0,41 te206 4,10 12.11 27,12
25060, . 3545 0,09 N,12 0,21 0,81 2.606 f,2) 22,18 46,76
315¢0, #5452 0,10 0,16 0,38 1,73 5.56 15,79 39,22 99,99
400C0, <8541 0,13 0,27 0,78 3.73 11412 28,82 99,99 99,99
50060, 11,2974 0,19 0.49 1.56 7.19 19.72 47,76 99,99 99,99
630€0, 11,9878 0,31 0,94 3,09 13,11 33.26 99,99 99,99 99,99
800C¢0, 3,051% 0,56 1.82 5,86 22.33 31,048 99,99 99,99 99,99
1000C0., 4,4799 0,97 3,22 9,77 34,17 §9.99 99,99 99,99 99,99

218



FREQ
n2
4000,
5000,
6300,
$000,
10000,
12560,
16000,
20060,
25000,
31500,
400¢Ca,
500¢0,
63000,

R AR R N R R RN NI E A NS E RN A RSN S RN DR AR ENE A A RO RN NN

FREQ
H2

40¢0,
5000,
6360,
60Cy,
tooco,
12500,
160G0,
20060,
25000,
31500,
400C0,
50000,
63000,
800C0,
1000C0,

TTTIYTYYYY YT ] ]
8BPks =6, CB/THIRD OCTAVE

T m 208,3K ¢ 77,0F)

R = 70,0 &
ACF) DISTANCE, N
DB/M L 10 20 S0 100 200 400 120
+0226 0,19 =0,20 =0,21 0,25 =0,31 -0,43 0,63 =0,86
<0304 0,19 «0,20 =0,22 «0,29 0,37 =0,54 =0,79 0,99
«0430 =0,20 =0,21 0,24 0,96
#0636 0,21 0,23 0,28 0,93 0,24
+0935 0,26 =0,33 -0,28 3,20
»1407 «0,30 «0,41 1.04 9,30
02223 -0,37 0,53 7e22. 21,38
«3370 «0,45 =0,67 16,02 39,03
+5092 -0,57 =0,84 29,71 99,99
«7739 «0,72 =0,99 131,16 99,99
1,1735 -0,89 -1,03 1,39 10.12 31,78 99,99 99,99
1.6946 -1,02 =0,04 3,99 17.19 0,92 99.99 99,99
2,4128 -1,09 -0.31 7T.60 25.91 wpsans 99,95 99,99
3,3699 =1,04 0.64 12,21 0,92 99.99 99.9% 99,99
4.,4908 =0,R83 2,09 17,32 waenaa 99.99 29,99 99,99
SE2REANERS 4AAasROiQUNERRAR 444AnEE S8R
SBPz ~4, CB/THIRD OCTAVE T = 298,2K ¢ 77,0F) RH = 70,0 %
A(F) . DISTANCE, ¥
S 10 20 50 100 200 400 720
«0,14 =0,14 *0,15 ~0,18 ©0,22 =0,30 -0,43 =0,55
~0,14 =0,15 =0,16 =0,20 0,27 «0,38 =0,92 =0,54
“0,14 «0,15 =0,148 ~C.24 0,33 -0.47 =0,%6 «0,19
=0,15 «0,17 =0,20 ~C,3U 0,42 =0,55 -0,34 1.16
0,16 =0,19% =0,24 =0,37 =0.%51 *0,51 0,56 4,34
0,17 -0,21 =0,29 =~0,46 “0.586 0,10 2,92 10,59
=0,20 =0,26 0,17 ~0.55 ©0.39 1.44 8,48 22,715
=0,23 =0,32 -0,.46 ~0,55 0,32 4,68 17,07 40,44
~0,28 =0,40 =0,55 ~0.,2¥ 10,48 3t, 11 99,99
«0,34 -0,49 =0,58 C.58 19,78 31,85 299,99
0,42 «0.57 0,47 2,44 33,18 99,99 99,99
0,50 -0.61 «0.13 5.17 1.55 99,99 98,99
«0,57 =0,5H 0,54 8,88 sanasa 99,99 99,99
0,63 =0,43 1,61 13,53
0,64 0,10 3.19 19,27

L]
CB/THIRD OCTAVE

A(F)
pe/r s 10
«0226 «0,.07 =0,07
.0304 «0,07 =0.08
J043C =0.08 =0.04
+0636 «0,08 ~0,09
+0939 -0,09 «0.10
1407 0,10 =-0,12
2223 =0,11 =0,15
»3370 0,13 -0,18
5092 =-0.1e 0,22
7739 «0,19 =0,2%5
1,173% -0,23 “0,28
1,6546 =-0,27 =0.22
2,4)28 0,29 =0,09
13,3699 0,28 0,17
908 0,23 0,59

SpPz 0, CB/THIRD OCTAVE
ACF)
DR/¥ S 10
.0226 0,00 =0,00
L0304 -0.90 -0.00
.0430 ~-0,00 -0,01
0636 =0,00 -0,01
0939 -0,0t -0,01
+1407 «0,01 «0,02
.2223 «0.02 «0,0)
3370 -0,02 ~0,04
.5092 «0.03 =0.04
« 7736 -0,04 -0,02
1,175 0,04 0,04
1.65406 “0,03 0,17
2,4128 =0,01 0,38
3,369 0,06 0,73
4,4908 0,17 1.25

SpPx 2, CB/THIRD OCTAVE
ACE)
pR/™ 5 10
.0226 0,07 0,07
.0304 0,07 0.n7
.0430 0,07 0,08
.0638 0,08 0,08
.0939 0,08 0,08
L1407 0,08 0,08
.2223 0,08 0,09
.3370 0,09 0,11
.5092 0,10 0,15
L7139 0,11 0,21
1.1738 0,15 0,34
1,6546 0,20 0,54
2,4128 0.27 0,83
3.3699 0,38 1,26
4,4908 0.55 1.86

#Egnas N

RN IR R P AR B RV AR RENBERN TR AN AN

ITEEYTTRYY ]
T = 298,2% ¢ 77,0F)

NISTANCE, P

20 50 100
~0,0y =C.10 =0,12
=0,n9 “Cotl «0,15
«0.10 -C.13 ~0.14
0,11 =C. 17 “0,22
-0,13 =0.20 -0,24
=0,16 ~0.24 «0.18
=0,20 ~C.23 0.17
«0,24 =0,10 1,08
=0,2% 0,33 3,00
=0.18 1,38 6,70

0.06 3.41 12.61
0,55 6426 19,78
1,35 10,02 20,57
2,55 14,73 0,20
4,20 20,51 snssss

“nan
1 = 298,2K ( 77,0F)

PIS1ANCE, ¥
20 50 100
-0,01 -0,01 =0.02
-0,01 0,02 =0.03
=0,01 =0,02 «0.03
=-0,02 «0,03 0,02
«0,02 -0,03 0,03
-0,03 -0,01 0.19
=0,03 0.08 0.70
0,02 0,33 1,78
0,04 C.91 3.94
0,21 2,13 1.77
0,58 4,31 13.70
t.18 7,26 20,92
2,10 11,08 29.73
3.40 15.84 0,59
5,14 21,65 saunan

1 = 298,2K ¢ 77,0F)

NISTANCE, M
50

20 100
0,08 0.08 0.09
0,08 0,08 041V
0,08 0,09 0,12
a,ng 0,11 0,17
0,09 0.14 0,29
0,10 0.2% 0.5%
0,14 0.39 1.20
0,20 0,75 2,44
0,33 1,46 4.74
0,59 2.82 R.6Y
1,07 5,13 14,69
1,78 8.16 21,95
2.80 12,05 30,79
4.14 16.85 0.84
5.99 22.69 wunsas

RH = 70,0 §

200 400
-0,17 -0.23
=0.21 =0,24
=0,24 0,16
«0,22 0,24
~0,04 1.35

0,56 3,94

?2.24 9,64

5.75 1A,61
11.66 32,39
21,03 32.43
34,47 99,99

2.02 99,99

apndny 99,99
99,99 99,99
99.99 99,99

AABGRNGARANRSU N

RH x 70,0 §
200 400
=0,03 =0,02
-0,03 0,03
-0,01 0,22
0,10 0,79
0,41 2.08
1,18 4.R3
3,17 10,70
6,74 19,74
12,75 33,57

32,96
99,99
99,99
99,95
99,99
99,99
RAREY

RH = 70,0 %

200 400
0.1t 0,18
0.14 0,30
0,22 0,60
0.42 1,31
0.85 2,77
1,77 5,67
3.93 11,66
7.63 20,77

13,73 34,64

23.22 33,27

36,73 99,99

99,99
99,99
99,99
99.99 99,99

720
-0,24
~0,10

0,44

2,03

5,40
11,77
24,01
41,75
99,99
99,9y
99,99
99,99
99,99
99,99
99,99

L2X2TET 2]

J20
0,07
0,33
1,04
2,R3
6,38
12.R6
25,17
42,94
99,99
99,99
99,99
99,99
99,99
99,99
99,99
ERBENRNE

720
0,38
0,74
1.60
3,58
7.26
13,85
26,22
44,03
99,99
99,99
99,99
99,99
99,99
99,99
99,99

219



SBP=s =6, CB/THIRD CCTAVE 1 = 289,2K ( 39,0F) M = 70,0 8

.FREQ  A(F) DISTANCE, ¥ :
Kz oB/M 5 10 20 50 - 100 . 200 400
4000, - L0251 =0,19 =0,20 =0,22 0,28 =0,37 0,54 =0,79
5000, L0373 0,20 =0,21. =0,24 0,33 =0.47 0,69 =095
6300, ,0564 =0,21 «0,23 «0,28 0,41 =0.60 =0.897 . =0,96
8000, ,0877 0,22 =0,26 =0,33 20,52 =0,78 1,00 =0,37
10000,  ,1327 . 0,24 =0,30 =0,40 0,67 <=0.9¢ . =0.86 1,43
12500,  ,1999 0,27 =0,35 =0,50 =0,03 - =1,02 =0,09 8,17
160C0,  ,3106 =0,31 =0,43 ~=0,63 =0,99 <=0.78 2,06 12,05
20000, L4542 - =0,36 =0,52 0,77 . *1,05 «0.06 5,37 20,61
25000, ,6480 0,42 =0,61 =0,91  «0,95 142) 9,66, 30,68
31500, ,9066 =0,48 =0,71 =1,02 0,66 2,98 14,53 20,77
40000, 1,2352 =0,54 =0,81 =1,10 0,20 . 4,96, 19,55 ssunee
50000, 1,570 =0,59 0,88 =1,13 0,41 7412 13,68 sneavs

63000, 12,0369 =0,65 =0,95 -1,09 1,52 1053 99,9%
80000, 2,598¢% =-0,73 1,02 =0,85 3,94 17406 99,99
100000 3,2958 =0,8 04 «0,09 8,64 2.87 99,99

AABABARAARE G AN RR N FRAGRARER RSN ARBBAABNGTRARANARES 12T YT Y]

5BP= =4, LB/THIRD OCTAVE T = 200,2K ( 59.0F) RH = 70,0 %

FREC A(F) DISTANCE, ¥

H2 DB/¥ S 10 20 50 100 200 400 720
4000, .0251 “0,14 =-0,15 =0,16 =0.20 -0.26 =0,37 -0,52 ~0,5%54
50C0, ,0371 =0,14 =0,15 ~0,17 =0,24 =033 =0,47 «0,56 =0,22

6300, 20564 0,15 =0,17 =0,20 0,29 =0.41 0,55 -0,39 0,96
8000, L0877 =0,16 -0,18 ~0,24 «0,37 =0,51 -0,53 0.45 4,01
10000, 1327 0,17 =0,21 =0,28 =045 =0.57 0,20 2.47 9,51
12500, 1999 -0,19 0,25 ~0,135 =C,54 =0.5V 0,79 6,39 18,34
16000, .3106 =0,22 =G, 30 ~0,44 -0,59 =0.07 1,15 13.36 32,55
200C0, +4542 ~«0,26 =0,36 =0,52 =0,52 Oe.84 6,58 21,98 16,85
25000, +6480 =0,30 =-0,43 «0,59 =0.29 2427 10,96 32,08 sengen
315¢0, 9066 .0,34 =0,50 ~0,64 0,12 4.12 15,86 «20,16 wnsnvn
40000, 1,23%2 =0,38 «0,55 -0,66 0,69 6,17 20,91 ssansa 99,99
500€0, 11,5970 ~0,42 =0,59 0,63 1,38 8,38 14,42 swsann 99,99
63060, 2,0369 ~0,45 =0,62 ~0,51 2,56 11.83 =67,81 99,99 99,99
8u0CO, 2,5989 =-0,50 «0,62 ~0.14 $.12 18,41 sexvas 99,99 99,99
1060C0, 3,2958 =0,55 =0,52 0.79 9.92 3.48 99.99 99.99 99,99

L Yy R R PR T P R T TPy Y
§BPz =2, LP/THIRD OCTAVE 1 = 288.,2K ( 55,UF) RH = 70,0 %

FREQ MCEDY DISTANCE, ¥
14 DR/¥ 5 10 20 50 100 200 400 720
40C0,  ,0251 0,07 0,08 =0,09 =C.11 =015 =0,20 =0,24 =0,10
50C0, L0371 0,08 -n,08 0,10 =0,13 =0.19 =0.,24 =0.17

6300, «0564 -0,08 «0,09 -0,14 =0,10 =0.22 =0,23 0,17
BoCu, 0877 ~0,09 «0,10 -0,13 =C.2¢ =0.25 -0,07 1,22
100C0, 1327 «0,1u =-0,12 «0.186 0,24 =0.21 0,43 3.45
125¢0, «1999 =0,11 =0,14 -0,20 G425 “0,00 1,62 7.50
160C0, 3106 “0,13 «0,17 -0,24 =-C,19 0.61 4,16 14,58
200C0, 3542 =0,15 ~0,21 =0.27 -0.01 1468 7.70 23,23
25000, «6480 0,17 =0,24 ~0,28 C.34 3.24 12,14 33.36
31560, +906¢ 0,20 =0,27 «0,27 0,87 5417 17,09 =19,69%
40000, 11,2352 =0,22 =0,30 «0,22 1.52 728 22,16 snmuma
50060, 1,597¢ =0,24 =0,31 «0,14 2,29 9.53 15,03 snussn
63060, 12,0369 =0,26 =-0,29 0,05 3,57 13,02 =67,44 99,99
80000, 12,5989 -0,27 =0,22 0,53 6,20 19.66 wenasx 99,99

3,2558 =0,26 -9,01 1.62 1t.1u 3.9% 99,99 99,99
IR YT Y] L Ty Y R R R PR YRR R Y Y]
SBP= 0, CE/THIRD OCTAVE 1 = 208,2K ¢ 59.0F) RE = 70,0 %

FREQ ACF) DISTANCE, P
LH oH/V B 10 20 50 100 200 400 720
40C0,  ,0z51 0,00 0,00 0,01 <0,02 =0,03 0,03 0,03 0,33
50C6,  ,0371 -0,00 =0,01 0,01 <0,02 =0.03 0,01 0,21 0,99
6300, .0564 =0,00 0,01 =0,02 =0,03 =0,03 0,08 0,70 2,58
80OGCO, L0877 -0,01 =0,08 =-0,02 =-0,04 0,02 0,37 1.95 6,02
100c0,  ,1327 =0,01 =0.02 ~0.03 0,02 0,15 1,03 4,34 11,76
12500,  ,1999 =0,02 =0,03  «0,04 0,03 0,48 2.39 8.53 20,72
160¢0, 3106 0,02 =-0,04 -0,04 0,19 1.25 5,09 15.68 35,02
20000, L4542 =0,03 =0,05 =0,02 0.48 2.40 8,73 24,38 7

250G¢,  ,648C =0,04 =0,05 0.02 0.94 4,13 13,23 34,54

31560,  ,9066 =0,05 ~0,05 0,09 1,56 6014 18,21 =19,43

40000, 11,2352 =0,06 ~0,05 0,290 2,29 8,29 23,30 wamuss

500CH, 1,5970 <=0,06 =0,03 0,33 3,12 10,58 15,43 aspesa

63000, 2.0369  =0,06 0,03 0,59 4.48 14,11 «67,18 99,99 99,99
0000, 2,598 -0,04 0,16 1,17 7.20 20,79 aaxaws 99,99 99,99
o006, 3,295 0,03 0,47 2,39 12,18 4,38 99,99 99,99 99,99

Ly Ty L Y R Y R Y YR PR R YR Y YY)
SBP= 2, CB/THIRD OCTAVE T = 2R6,2K ( 59,0F) KH = 70,0 &

FREC ACE) DISTANCE, ¥
H2 pB/M 5 10 20 50 100 200 400 720
10c0, L0251 0,07 0,07 0,08 0.08 0,10 0,14 0.30 0,74
5000, ,037% 0,07 0,08 0,08 0,09 0,12 0,22 0,58 1,55
6300, . 0564 0.07 0,08 0,08 0.10 0,17 0.39 1.21 3,31
8060, L0877 0,08 0,08 0.09 0.13 0,28 0,80 2,62 6,90
10060, L1327 0,08 0,08 0,10 0.19 0,59 1,60
125¢0, .1999 0,08 0,09 0,12 0.31 0,94 3.10
160C0, L3106 0,08 0,10 0.16 0.57 1.85 5,54
200¢90, 4542 0,09 0,11 0,23 0,95 3,18 9,66
25000, .6480 0,09 0.14 0,32 1,51 4,94 14,21
31500, 9666 0,09 0.16 0,45 2.21 7.02 19,23
40060, 11,2352 0,10 0,20 0,60 3,01 9.22 24,35
%0000, 11,5970 0,11 0,25 0,78 3,89 11.54 15,73
63000, 2,0369 0,14 0,33 1,09 5,31 15.11 =67,02
Booco, 2,5989 0,19 0,53 1,76 8,10 21,83 ssnans
1000¢0, 3,295p 0,31 0.94 3,11 13,16 4,66 99,99

220



SpP=x =4,

20000, L1041
25000, L1392
31560, L1963
40000,  ,2909
50000, 4309
63000, ,6594
80000, 1,0376
100060, 1,5976
EYYTIIRLIR ]

SpPe =2,

FREQ ACE)
H2 pB/¥
40¢0, 0418
5000, ,0441
6300,  ,0471
8060, 0513
100¢6, L0571
125C0. L0660
16000,  ,0B17
200CU,  .1C41
250C0, 1392
31500,  ,1963
s00c0, L2909
s00¢0. 4309
63060, 6594
80060, 1,037¢
100060, 1,597¢

BRBIRNRAARIRIER PR INA AN R AN,

sap= 0,
FREQ ACE)
H2 DR/M

40Co0, 0416
s0co, L0441
6360, U471
e0co, 0912
100Co0, .N571
125¢0, 0660
16000, L0817
200Cu. L1041
as50c¢u, «1392
1sco,. .1963
400C0, .2909
500C0. .4309
63000, 26594
90000, 1,037¢
100060, 11,5976
EYYYYRIESEY R LY RS
spP=s 2,

FREC ALE)
Kz DB/¥
10c0, 0418
5000,  ,0441

. 6360, ,0471
8060, L0513
100c0, .0571
12500, ,0660
16000, ,0817
20000, L1041
25000, L1392
315¢0, L1963
40060,  ,2909
50000, ,430%
63060,  ,6594
900C0, 11,0376
1000¢0, 11,5576

ARANANGIRRERANGNS

AERAAGENA R AE NN

EB/THIRD OCTAYVE T = 277,6K ( 4C,0F) R » 10,0 %
DISTANCE, M

8 10 0 50 200 400 720
0,19 0,19 =0,21 0,29 0,39 =0,55
=0,1% -0,19 =0,23 0,30 0,40 =0,56
0,19 -0,19 =0,22 =0,32 0,45 =0,63
«0,19 0,19 0,23 -0.38 =0,34 «0,76
«0,19 =0,20 0,26 e0,46 =0,68 0,91
=0,19 «0,21 =0,29 0,58 =0,.85 -0.99
=0,20 =0,22 =0,36 0,76 0,99 =0,61
0,21 -0,24 =0,45 =-0,93 -0,02 0,94
=0,23 0,27 =0.58 0,97 0,29 4,91
0,25 «0,32 «0,75 0,47 3,46 13,19
=0,30 -0,40 0,93 1,60 10,72 20,57
«0,51 =0,97 6,35 23,09 99,99
=0,66 =0,47 15,86 44,69 99,99
=0,05 -0,96 1,60 33,25 99,99 99.99
-0,98 =0.46 6,35 99,99 99,99 99,99

CB/THIRD OCTAVE . T s 277.6X ( 40,0r) RH = 10,0 %

DISTANCE, M

5 10 20 50 100 200 400 720
=0.13 ~0,13 =0,14 -0.15 0,17 -0,21 0,29 =0,39
0,13 =0,13 0,14 =0,15 «0417 -0,21 =0,29 =0.40
0,13 =0,14 =0,14 0,18 =0.23 =~0,32 =0,44
0,13 -0,14 =0,15 «0,20 =0,27 “0,38 0,51
-0,14 -0,14 «0,15 0,23 =0,32 *0,46 0,56
0,14 =0,15 -0,18 0,20 -0.40 “0,54 =0,49
“0,14 -0,16 =0.189 =0.30 =0,50 “0.53 0,13
=0,15 =0,17 «0,21 0,45 0,56 ~0,15 1.94
0,16 -0,19 =0,25 0,54 -0,43 1.17 6.12
~0. 8 -0,23 «0,32 0,53 0,31 4.62 14,51
0,21 -0,28 =0,40 =0,56 =0,15 2,66 12,03 29,96
=0,25 =0,35 =0,50 «0,.43 1.17 7.59 24,47 99,99
=0,32 «0.45 =0,56 0,31 4,62 17.21 46,12 99,99
=0.,40 -0,54 =0,41 2,60 12,03 34,65 99,99 99,99
53 4 59 24.47 99,99 99,99 99,99

e
CE/THIRND OCTAVE 1 = 277,6K ( 40,0F)
DISTANCE, W
S 10 20 ¢ 100
=-0,07 =0,07 =0,07 =0,08 ~0,10
«0,07 =-0,07 -0,07 =0,08 *0.10
0,07 «0,07 «0,08 =0,09 “0.10
-0,07 =0,07 =0,08 0,09 =0.11
0,07 «0,08 =0,08 =0,10 *0,13
-0,07 -0,086 =0,09 ~0,12 =0.10
=0,08 =-0,09 =0,10 =0,14 «0.20
=0.08 =-0,09 =0,12 -0,18 =0,23
«0,09 =0,11 -0,14 =0,21 0,23
«0.10 0,31 «0,18 =G,24 =0,09
=0,12 =0,16 0,22 =0,19 049
0,14 =0,20 =0,24 0,10 2.03

=0,18 -0,23 -0.19 1,006 5.68
“0,22 =0,23 0.13 3,64 13,23
«0,24 -0,09 1,09 8,73 25,73

ANERBBR RS RANS
T = 277.6K ( 40,0F)

CB/THTRD NCTAVE

DISTANCE, ¥

5 10 20 ] tuo
=0,00 «0,00 =0,00 -0,01 =0,01
«0,00 =-0,00 =-0,00 =0,01 «0,01
«0,00 -0,00 =0,00 =0,01 =0.,01
-0,00 -0,00 -0,00 =0,01 “N.02
=-0,00 -0,00 =0,01" =0,01 0,02
-0,00 «0,00 ~0,01 =0,02 =0,03
=0,00 -0,01 =0,01 =0,03 =0.03
=0,01 =0,01 -0,02 =G,03 =0,01

=0,01 0,062 «0,01 =0,03 0.07
=0,01 =0,02 =0,03 ¢,01 0,33
=0,03 =0,03 c.,17 1.10

-0,03 0,01 0.61 2.83

-0,01 0,17 1,76 6.67

0,08 0,65 4,54 14,33

0,34 1.79 9.70 26.90

ANBNBRRBREANS
CB/THIRD UCTAVE 1= 27

+bK ( 40,0F)

DISTANCE, ¥

5 10 20 50 100
0.07 0,07 0,07 0.07 0.07
0,07 0,07 0.07 0,07 0,07
0,07 0,07 0,07 * 0,07 0,08
0.07 0,07 0,07 0,08 0,048
0,07 0,07 0,08 0,0 0,09
0,07 0,07 0,08 g.,08 0.1¢
0,07 0,08 0,08 0,08 0,13
0,08 0,08 0,08 Co11 0420
0,08 0,08 0,09 0.16 0,30
0,08 0,09 0.11 C.26 0,74
0,08 0,10 0.16 C,53 1.67
0,09 0,13 0,27 1,09 3,58
0,11 0,20 0,52 2,42 7.56
0,16 0,37 1.14 5.37 15,33
0,27 0,75 2,45 10,73 27.90

AEBasaRRAAGARYN

FH = 10,0 §

200 400
0,12 =0.17
0,12  =0,17
«0.13  =0,18
«0,15 =a,2t
0,18  =0,24
~0,22 =0,23
0,24 0,07
=0,19 0,49
0,10 2,03
1,06 5,69
.64 13,23
8,74 25,74
18,45 47,42
35.95 99,99
89,99  99.99

RH = 10.0 %

200 400
«0,03 ~0,05
-0,03 ~0,04
«0,03 -0,04
-0,03 ~0,04
-0.03 ~0,02

-0,03 0,07
0.02 0,37
0,17 1.10
0,61 2,04

1,76 6.67
4,54 14,33
8,78 26,90
19,58 48,62
37.13 99,99
99,99 99.99

RH = 10,0 %
200 400
0,07 0,07
0,07 0,08
0.08 0,10
0,09 0,14
0,11 0,21

g.t6 0,37
0,28 0,79
0,53 1,67
1,10 3,58
2.42 7456
5,37 15,33
10,73 27.9¢
24,61 49,72
3s. 21 99,99
99,99 99,99

BEARNE NN AR NN AT R IR RBRARNG AR

720
-0,23
-0,23
-0,24
~0.25
-0,22

0,00

0,84

2.88

7.23
15,73
31,25
99,99
99,99
99,99
99,99

HERRPABAERGERARES

120
-0,07
-0,06
-0,04

0,00

0,13

0.438

1,52

3,74

8,25
16,85
32,42
99,99
99,99
99,99
99,99

ARBARARRBARABYFERBER PR AR RN AR

720
0,09
0.1t
0,15
0,25
0,46
0,93
2,14
4,54
9,17
17,87
33,49
99,99
99,99
99,99
99,99

221



Table C.4 Perfect 1/3 Octave Band Filter for Known Received Spectrum

8BP= =6, CTB/THIRD OCTAVE

T = 308,4K ( 90,0F)
DISTANCE, M
50

20 100
«0,31 0,32 =0,35%
=0,31 =0,33 0,36

0,34 =0,39

0,37 =0.42

=0,34 =0.,40 0,47
=0,36 0,44 =0,52
=0,40 =0,50 «0,51
0,44 =0.53 =0,30
«0.49 =0.47 0,40
0,53 0,07 2,69
-0,48 1,23 7.68
-0,17 4,09 15,96
0,77 9.56 29,30

2,93 10,51 19,04

6.42 30,21 savsae

RH = 90,0 §

200 400 720
*0,39 =0,47 ~0,5%
=0,42 =0,50 0,55
0,45 =0,9%) 0,49
=0,50 =0,51 ~0,09
=0,353 -0,28 1,12
0,45 0,36 4,17

0,05 3.23 11,37

1,52 .63 23,23

5,01 18,37 2.M1
12.13 35,21 =49,.,46
24,91 0,30 #unasa
43,71 aasaan  Bvsuns

*57,5]1 Sacans snsaes
]

FREC  A(F)
HZ DB/M s 10
4000, L0284 0,30 =0,30
5000, L0342 0,30 0,30
6300, 0429 <=0,30 0,31
9000, .0564 =0,30 =0,31
10000, ,0760 =0,31 =0,32
12500, L1063 0,31 =0,33
16000, ,1597 0,32 =0,38
20000, ,2361 0,34 =0,38
25000, .3545 0,36 =0,42
31500, 5452 «0,39  =0,47
40000,  ,B541 <0,44 =0,52
50000, 1,2974 <=0,49 =0,54
63060, 1,9878 =0,53 =0,44
80000, 13,0515 <=0,54 =0,04
100000, 4,4795  =0,44 0,85

BRBABARL SRR UERNRA B SR RN RSB R *
$BP= «4, LB/THIRD OCTAVE
FREG  A(F)

RZ bB/¥ 5 10
4060,  ,0284 0,20 =0,20
5000, ,0342 =0.20 =0,20
6300, ,0429 =0.20 =0,20
8000,  ,0564 <0,20 =0,21
10000, ,0760 0,21 =0.21
12560, 1063 =0,21 =0,22

16000,  ,1597 =0,22 =0,23
20000, ,2361 =0,22 =0,24
25000, L3545 <0.24 «0.26
31500, 5452 =0,25 =0,28
40000,  ,8541 =0,27 =0,28
50000, 1,2974 =0,29 =0,23
63000, 1,9878 =0,28 =0,02
80000, 3,0515 =0,21 0,53
1000C0, 44,4799 «0,01 1.57

SBP= =2, CE/THIRD DCTAVE
FREQ ACE)
¥z pa/Y 5 1o

4060, L0288 =0,10 =0,10

5060, L0342 0,10 =0,10

6360, L0426 =0,10 =0,10

8000, ,0564 =0.10 =0.10
10060,  ,0760 =0,10  <=0,10
12500, L1063  =0,10  =0,11
160C0, 1597  =0,10  =0,11
20060,  ,2361  <0,11  =0,11
25060,  ,3945  <G,11  =0,11
315CU,  ,5452 =0.11  =0,09
40000,  ,B541 <0,10 =0,04
50000, 11,2974 +0,08 0,09
63000, 1,9878 =0,02 0,40
800CG, 3,0515 0,13 1,09
1000C0, 4,479¢ 0,42 2,217

RSN P AR N R R RA AR RRRE DR RA RS

[TTEYTTTE]
1 = 305,4K ¢ 90,0F)

DISTANCE, ¥

20 50 100
=0,21 =0,21 =0,23
«0,21 0,22 «0,24
-0,21 =0.23 «0425
=-0,22 =0,24 0,27
-0,22 =0,25 0,28
-0,24 -0,27 »0,28
«0,25 =0,28 -0,17
-0,27 =0,25 0,17
-0,28 -0,08 1e14
0,26 0,48 3.56
«0,10 1,99 8,73

0,36 5,03 17.10
1,48 10,64 30,49
3.82 19,67 30,34
T.44 31,40 wanuws

T = 305,4K ( 9C,0F)
DISTANCE, ¥

20 50 100
=0,10 =0.11 =0,11
=0,10 =0.11 =0.11
=-0,10 =0.11 =0.11
=0,10 LI'FR R =0.11
=0,11 «0.11 0,09
=0.11 =0,1¢0 ~0.03
0,11 =0,.08 0.17
«-0,10 0,04 0,65
=-0,07 0,31 1,79
0,02 1.02 4,4V
0,29 2.73 9,72
0,88 5,93 18,17
2,17 11,66

4,68 20,75

8,41 32,52

AR AP E R AN BB R AR RSN

RH = 90,0 §

200
=0,26
=-0,27
=0,29
=0,28
=-0,24
=0,06

0,63

2,30

5.99
13,24
26.09
44,93

=57,23
LTYTTY]
caruanu

400
=0,29
=0.29
~0,28
=0,16

0,20

axnnna

RH = 90,0 §

200 400 720
-0.12 =0.11 =0,06
«0.11 -0.09 0,04
«0.10 «0.,02 0,30
-0,06 0.19 1,00

0,05 0.68 2.59

0,34 1,90 6,02

1,20 5.01 13,51

3,06 10,68 25,51

6,92 20,61 45,07
14,29 37,55 =48,96
274,20 0,88 owsunns
46,07 Snsned  wppads

=57,0] #rsaEn  susaRN
FERANE NREANN
ARAAAN sEmaew

AR R RN E RS AN R N RN SRR PSRN SR AR A AR AR EAE NN RSN RRE PR AA NN RN U NI

SAP= 0, LP/THIRD OCTAVE
FREC ACE)

Hz CH/W 5 10
q0C¢u, 0284 0,00 0,00
500, L0342 0,00 0,00
€300, 042 0,00 0,00
80C0,  ,0564 9,00 0,00

10060,  .076C 0,00 0,01
12560,  ,1€63 0,00 0,01
160€0,  ,1597 0,01 0,02
20060,  ,2361 0.01 0,03
250C0,  ,354% 0,02 0,05
315¢0, 5452 0,04 0,10
40000, 8541 0,07 0,20
50060, 11,2574 6,13 0,40
63060, 11,9578 0,24 0,82
80000, 3,051% 0,47 1.63
1000C0, 4,4799 0,44 2,94

1 = 305,4K ( 90,0F)
DISTANCE, ¥
20 5 100
0,00 q,0L 0,01
0,00 0,01 0.02
0,00 0.0t 0.03
0.01 0,02 0,06
¢.01 0,04 0.1t
0,02 0.07 0.22
0,04 0.1¢ 0,51
0,08 0,33 1,11
0.1% 0.70 2.41
0,31 1.5%5 5.20
0,67 3.43 10,64
1,139 6.78 19,17
2,83 12,61 32.66
5.48 21,77 3t. 14
9,31 33,57 sxmnaq

AR BN RS AR BN N R A NN R NN AN NN RS R AR N AT R T AN SR AR TN SRR AR RN

§8P= 2, CP/:4IRD OCTAVE
FREG ACF)

HZ DB/¥W 5 10
40¢Co0, .0284 0,10 d.10
5000, 0342 0.10 0,10
6360, 0429 0,10 0,11
60Co, «0564 c.11 0,118

100C0, 0760 a.11 0,12
12560, 1063 0.11 n,12
16060, 1597 0.12 9.14
20000, L2361 0,13 0,17
250C0, + 3545 0,15 0,21
315Cu, «5452 0,14 0,29
400c0, .8541 0.24 0.44
500Gu, 1,2974 0.3} 0.7t
B 630C0, 11,9870 0,50 1,22
gu0Co, 13,0515 0,80 2,16
tovoCu., 4,4799 1.26 3,58
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3n5,4K ( 90,0F)

DISTANCE, ¥

20 50 100
0.11 0.11 0.13
0,11 0,12 0.14
0.11 0,13 0,17
0.12 0,15 0,22
0,13 0,19 0,31
0,15 0,25 0.47
0,19 0.3 0,85
0,25 0,61 1.56
0,30 1,08 3.0l
0,59 2,06 5,94
1,04 4,09 11,51
1,88 7.57 20,11
3,45 13,49 33,64
6,23 22,711 31,43
10,15 34,55 Hasnaw

NH = 90,0 §
200 490 720
0.02 0,07 0,18
0.04 0,12 0,33
0,08 0.24 0,68
0.16 0.53 1,53
0,34 1.16 3,29
0.73 2.53 6,87
1.75 5.82 14,44
3.79 11.62 26,54
7.80 21,62 46,14
15,27 38,61 =-48,82
28,24 1,02 wnsnes
47.14
=56,88
[ZTTYY]
LITTEY )
AH = 90,0 %
200 400 720
0.16 0.25 0,43
0,20 0,33 0,63
0426 0,50 1,06
0,39 0,88 2,03
0,63 1.61 3,94
1.12 3,13 7,66
2.28 6,59 15,38
4,47 12,49 27,50
8,61 22,56 47.14
16,17 39,60 =48,7¢
29,21 1,08
48,14 waznss
56,81 #apasa
ENABE  SRNIRN

LTI Y]




5

*NEREANA

FREQ

FREQ
HZ

4000,
5000,
6300,
80¢0,
10060,
12500,
160C0,
200¢0,
25000,
31500,
40060,
50000,
630G0,
ROOCO,
100060,

BERNNAN AN SN AR B AR AR AR AN DR TN
2, LB/ThIRD OCTAVE T=

FREQ
HZ

4000,
50¢0,
6300,
4060,
tvoco,
12560,
160C0,
200C0,
25%0¢0,
31500,
40000,
500C0,
630G0,
800C0,
10006V,

RN RSN N AN A A SRS N BN AR E NS AREAR RN SR NTN AR N AN G R R AN

FREG
HZ

40¢0,
50¢0,
83C0,
80G0,
10000,
12560,
160C0,
20060,
250C0,
315800,
40000,
sqQac¢o,
63000,
ROOCO,
1000¢0,

AR RN AR AN AR NN NS AR RN R BT AR A AR BN AN RRRRAR RSNV A RN A RS RA A SRR,

FReG
k2

4000,
50C0,
6300,
80¢0,
100C0,
12590,
160C0.
20000,
25000,
315C0,
400¢c0,
50060,
63000,
800co,
1o000cOo,

& L ]
SBPx =
ACF)
DB/M
.0251
L0371
L0564
L0877
L1327

ACF)

DB/K

.025%
20371
«0564
.0877
W1327
.1999
+3106
+4542

1.5970
2,0369
2,59R9
3,295

spp=

A(F)
DR/N
£ 0251
0371
0564
<0877

2.0369
2,5989
3,295¢

SpP=

ACH)
Ch/¥
.025]
L0371
L0564
L0877
L1327
L1999
L3106
L4542
,6480
,9C66
1,2352
1.597¢0
2.0369
2.5989
3,295k

sap=

A(F)Y
DA/N
+0251
.03
« 0564
.0877
.1327
«1999
3106
« 4542
«6480
.9C66
1,2352
1.597¢0
2,0369
2,598
3,295¢

L 1]
€, EB/THIRD OCTAVE

5
=0,30
«0,30
=0,31
0,31
«0,32
«0,33
-0,35

-0,54
RRARBABAARE AR NG R R B A AR NI AN A
SpP= =4, CB/THIRD OCTAVE

5
=0,20
«0.20
=0,21
=0.,21
-0,21
0,22
«0,23
«0,25
~0.26
=0,28
=0,.29
=0,30
0,31
-0,31
=0.29

5
=0.10
-0.1¢
=0,10
=0,.10
«0,10
-a.11
-0,11
~0.11
0,12
0,12
=-0,13
~0,12
-0,12
0,09
-0,02

0, CB/THIRD OCTAVE

5
0,00
0,00
0,00
0,00
0.01
0,01
0,01
0,02
0.03
0.03
0.04
0,05
a,08
¢.13
0,24

-0,31
«0,31
=0,32
«0,33
=0,35
=0,37
-0,40
0,44
-0,48
-0,52
=0,55
-0,57
«0,58
=0,56
=0,45

10
=0,20
«0,21
=0,21
=0,22
=0,23
=0,24
«0,26
=-0,28
~0,130
=0,31
=0.32
«0,32
=0,30
~0,23
=0,03

10
=0.10
=0,10
«0,10
=0,11
~0,11
=0,11
-0.11
~0,.11
-0,11
0,1t
-0.,09
-0,07
0,02

0,11
0,40

10
0,00
0,00
0,01
0.01
0.01
0,02
0,03
0.05
0,08
0,10
0,14
0,18
0,27
0,44
0.82

0,31

=0,54
-0,42
«0,08

0,77

20

=0,21
=0,21
=-0,22
«0,24
=0,25
=0,27
=0,29
=0,30
=0,30
-0,27
~0,22
-0,14

0,04

0,48

1.49

-n.10
«-0,10
-0.11
“0, 1
=0.11
-0,11
=010
-0,07
-0,02
0,05
0.14
0,27
0.50
1,04
2.18

20
0,00
0,01
0.0}
0.02
0,03
0.06
0,10
0,16
0.25
0,37
0,50
0,67
0,96
1,58
2,94

2. CP/THIRD GCTAVE 1=

1.22

T = 200,2K ( 5!.0;)

Rh = 70,0 §
DISTANCE, ¥
20 50 100 2900 400 720
0,34 «0,.38 0,44 0,52 =0,48
0,36 0,42 «0,50 =0,52 «0,17
=0,39 0,47 «0,53 =0,32 0,93
0,44 -0,52 0,47 0,46 3,83
~0.49 «0,53 =0.15 2,36 9.20
«0,53 “0,44 ¢,78 6,13 17,95
=0,54 «0,02 3,00 13,01 32,12
“0.45 0,82 6,33 21,57 15,76
0,22 2,17 10,63 31,65 annsnn
0,16 3,93 15,49 =20,56
0,68 %$,92 20,51 ssaans
1.33 8,09 14,64
2,46 11,49 =68,38 TYTYY]
4,90 18,0) sxnins sunany
9.61 3.0] SuNINE  REEANN RRsmEN
I LT T Yy LYY Y Y Y P ey Y » [T
T = 288,2K ( 59,0F) RH = 70,0 %
DISTANCE, M
50 100 200 400 720
0,22 0,25 =0,27 =-0,27 =0,11
-0,24 ~0.26 -0,28 =~0,19 0,35
~0,25 -0,28 =0,25 0,14 1,65
=0.27 -0,28 -0.09 1,11 4,77
=0.29 =0.22 0,38 3,21 10,28
-0.28 «0,02 1,48 7415 19,10
=0,20 0,55 3,90 14,13 33,3
0,02 1.54 T.34 22,74 16,23
0,31 3,02 11,72 32,84 wnunsa
0,79 4.88 16,63 =20,15 #ssanss
1,39 6,93 21,67 wasann  ansasa
2,11 9.14 15.18 *saass  susasy
3,33 12,59 =67,96 *aaunas snnsss
5.88 19,18 assasa wABEET  RRNESE
10,69 4,25 SHEEER GRNNAR ARaans
AR AR RN AN SRR AR AN SRS A R AR RA AR NN B H U B RN AR NN N RS
288.2K ( 59,0F) RH = 70,0 §
DISTANCE, ¥
50 100 200 400
=0,11 “0.11 -0,10 «0,02
-0,11 0,11 =0,07 0,15
~0.11 =-0,09 0,03 0.61
=0,10 -0.,04 0,30 1,76
=0.08 0.10 0,91 4,03
-0,02 0,40 2,17 8,10
0,14 te1l 4,75 15.18
0,41 2,24 A.31 23,84
0,83 3,84 12,74 33,97
1,40 S.77 17,69 =-19,.81
2,08 7.88 22,76 wusnsa
2,87 10,13 15,63
4.16 13,63 =67,61
6,80 20,26 aasuss
11,70 4,59 naanns
EERRRANABTAR R AR
T = 288,.,2K ( 59,0F) RH = 70,0 §
DISTANCE, ¥
0 100 200 400 720
0,01 0,03 0.08 0,23 0,63
0,02 0.05 0,15 0,48 1,38
0.04 0,10 0,31 t.08 3,03
0,07 0.21 0,69 2.38 6,50
0.13 0,41 1,42 4,81 12,23
0,24 0.R2 2,83 9,00 21,19
0.47 1,60 5.56 16,16 3%5.50
0.83 2.91 9.21 24,86 16,87
1,34 4,60 13,70 35,02 susans
2,00 6e61 18,68 =19,55 #annss
2,75 8,77 23,78 Sssnss  AAnanm
3.59 11.006 15.91 #esuns  sasasa
4,95 14,59 =67,34 » ]
7467 21,27 wsansn  ANBAEN  ERERRs
12,65 4,R5 wssasas enenaan @
288,2K ( 59,0F) RH = 70,0 %
DISTANCE, ¥
50 100 200 400 720
0.13 0.17 0,25 0,48 1,00
0,15 0,21 0.37 0,81 1,86
0.18 0.2% 0,60 1,51 3,67
0,24 0,45 1,07 2,97 7.28
0,34 0,73 1,92 5.54 13,11
0,50 1.22 3,46 9.84 22,13
0,81 2,19 6,32 17,07 36,48
1,24 3.54 10,04 25,81 17,08
1.83 5,32 14,59 36,00 wssuus
2.56 7.40 19,61 =19,35 sweans
3,37 9.60 24,73 sssana asssen
4.26 11,92 16,11 snsana
5,68 15,49 <67.14 [T TS
8,48 22,21 sasnas sanans
13.54 5,05 wausus HABSEE  BERRee
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C.2 CORRECTION TO STANDARD ATMOSPHERIC CONDITIONS

Reference
All terms
DA(F)

conditions: T = 288.2°K (59°F), RH = 70%, Perfect Filter

are as defined in Appendix C.1 with the following exceptions:
Difference Between Pure Tone Absorption in db/m at the Measured
Atmospheric Condition and the Reférence Atmospheric Condition =
a(T,RH) - a(T RH_ )

ref’ ref

Difference in Band Loss Coefficients = Li(T’ RH) - L, (T RH )

i ref’ ref

in db = value given in table.

Note: Entries of 99.99 or *#*%**%* indicate the integral does not converge.

The user should check to insure that his filter is capable of

recovering a signal with a roll off of the magnitude used.
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Table C.5 ANSI Class III, 1/3 Octave Band Filter Used at Receiver

AR AN R NN RN R RSN B AN TN RN RR NS AN N BABARNIRER HRABARBRASARAN GRS RN AR RO RSN
SuPs =6, CB/THIRD OCTAVE T % 298,2K ( 17,0F) RH = 70,0 %

FREW ACE) DISTANCE, P .
hZ pH/¥ S 10 20 50 100 200 400 720
4000, .0226 =0,3¢ -0,30 =-0,31 -0,33 -0.35 “0,40 ~0,48 =-0,53
$000, .0304 =0,3¢ =-0,31 =n,31 -0,34 0,38 =0,44 “n,52 =0,48
e3co, <0430 =-0,30 -0,31 =0,32 «0,36 =0.42 «0,50 0,51
8000, 063t =-0,31 =0,.32 ~0,34 -0, 40 -0,47 -0,53 -0,28
100Cy, 0939 «0,3) -0,33 =0,36 ~0,44 -0,52 =0,4%5 0.56
125C0, <1407 =0,32 =-0,35 =-0,39 =0,.49 =0.52 «0,05 2.79
160C0, .2223 -0,34 ~0,38 «0,44 =0.53 «0,33 1,38 8,19
20060, L337C 0,36 =0,41 =-0,49 -0,49 0,34 4,48 16,98
25000, 5692 0,39 =-0,46 -0,54 -0.22 2,01 10,16 30,66
31s¢o, .7739 =0,43 =0,51 =0,53 0,58 5,43 19,39 30,01
40060, 11,1735 ~0.47 -0,55 -0,40 2,32 11,09 32,75 =a 1}
500C0, 1.,694¢ «0.52 -N,56 -0,07 4,95 18,15 0,76 waunsa
63000, 2,4128 =0.56 =0.50 0.5% 8,56 26,87 aanusa sspnsn

800C0, 3,3b699 -0.58 «0,35 1,586 13,17 *0.95 snusss Nepusa
100000, 4,4906 =0,57 -0,04 3,04 18,8 Sasand  SauNEN  AEENRN
wnanan ARARERR BB AN RA RN RN RN ARRTAEREANA AR AR IR TR AR RN AN A AN

SBPs =4, CR/THIRD OCTAVE 1 3 298,2K ¢ 77,0F) RH = 70,0 §

FREG ACED DISTANCE, ¥

h2 CB/M £ 10 20 50 100 200 400 720
4000, .022¢ =0,20 =0,20 =-0,21 -0,22 0,23 «0,26 “0,28 «0,26
50¢C0, L0304 -0,20 =0,20 0,21 0,22 «0.25 0,27 0,27 =-0,11
03¢0, .043C «0,20 =0,21 0,22 -0,24 =0.26 =0,28 ~0,18 0,39
8oc¢o, 0636 -0,21 =0,21 =0,22 0,25 =0,29 -0,24 0.20 1.87
100¢c0, .0939 =0,21 =0,22 «0,24 =0,27 -0,29 0,06 1.23 5,10

125¢a, .1407 -0,21 «0,23 0,25 =-0,28 0,20 0,50 11,35
160CuU, 2222 =0,22 =0,24 =0,27 =0,26 0,14 2,16 23,51
200co0, 337G 0,24 =0,26 -0,29 =0,11 0,98 S.44 41,21
25000, 25092 =0,2% =0,28 -0,28 0,29 2,84 11,24 -22,27
31500, «0,29 -0.19 1,206 6,42 naane
40060, «0,28 0,05 3,18 12.18 LTI L L]
50060, -0,22 0,49 5.93 19.30

63000, =0,10 1.24 9,62 20,06

sooco, 0,14 2,30 14,29 0,54 LAl

1000C0, 0.54 3.94 20,03 wasnas sE@ARS

ANBEAAERERBRIRAN anen RSN ERRERSINTS

RD DCTAVE T = 298,2% ( 77,0F)

sSRBRANRY

FREC DISTANCE, ¥
KZ i0 20 50 100 200 400 720
4060, =0,10 -0,10 «0,10 0,11 =0.11 «0.09 0,02
5000, «0,10 -0.10 “0,114 0,11 0,10 ~0,02 0,26
630, =0,10 -0,10 =0,11 0,41 =0,06 0,16 0,92
8oco, =0,10 =0.11 =0.11 «0.09 0,05 0,69 2,59
100¢0, 0,11 0,11 =0,10 -0,03 0,34 1,89 6,00
12500, -0,11 -0,11 «0,07 0.13 1,08 4,51 12,30
16060, =0,11 0,10 0,03 0,60 2491 10,24 24,62
20000, =0,11 -0,08 0,20 1.61 6,35 19,21 42,35
25000, «0,10 -0,01 0.80 3.64 12,27 33,00 =22,06
315¢0, -n,07 0,15 1,93 7436 21.63 30,97
40060, 13,1735 «0,10 -0,01 0,50 4,00 13.21 35,08 ‘wrauwa
50060, 11,6946 -0,09 0,11 1.05 6,86 20,39 3 waasma
63000, 2,4128 =0,0% 0,31 1,91 10.62 2917 ® A wa *
800C0, 3,3699 0,01 0,63 3,13 15,34 a(,20 wanuns = []
1000C0,. 4,4908 Q.12 1,11 4,80 21,12 #2843  BRRENN  FRANAEd  SRBANN

L L R Yy R YR IR TR 2R Py Y YR Ty Ay v e Y )
SpP= 0, EB/THIRD OCTAVE 1 = 298.2€ ¢ 77,0F) RH = 70,0 §

EREQ ACE) DISTANCE, ¥
HZ DR/W 5 1n 20 50 100 200 400 720
4000, 0226 0,80 0,00 6,00 0,04 0.02 0,04 0,11 0,30
$000, ,0304 0,00 0,00 0,00 0.01 0,03 0,08 0.23 0,64
63C0, .0430 0,00 0,00 0,01 0,02 0.05 0,16 0,50 1,43
soco, 0636 0,00 0,01 0.01 0,04 0.11 0,34 1,16 3,29
100¢0, .0539 0,00 0.C1 0,02 0,07 0.22 0,713 2,52 6,85
125¢C0, 1407 0,01 0,01 0,04 ¢,14 0.46 1.58 5,30 13,34
160C0, 02223 0,01 0,03 0,07 0.1 1,06 3,63 11,18 25,65
20000, #3376 2,02 0,05 0,13 0,64 2.21 7.21 20,22 43,42
25000, 5092 0,03 0,08 0,286 129 4,40 13,22 34,05 =21,92
315¢c0, .7739 0,05 0.18 0,49 2.57 8425 22,65 31,35 onsans
400¢0, 1,1735 0,08 0,27 0.94 4,78 14,18 36,13 #uadna  sxsase
500CU, 11,6946 0,13 0,45 1,59 7,73 21.40 1,81 wrassn sssxss
630C0, 2,412 0,20 0,72 2,55 11.56 30.21 #  NBSARR REANFR
a00Co0, 3,3699 0,31 1,11 3,87 16,32 0.0 = a  ae [TTIz ]
1000C0, 4,490b 0,46 1,66 5.61 22,13 suenss  sunass  *¥ -

AR A NN R R RN R AR AR RN AR RN A ST AR AN RGN NN A AR ERASR RSB N AN NN B AR B
SpP= 2, LR/THIRN DCTAVF T = 298,2¢ ¢ 77,0F) RH = 70,0 %

tHER ACED DISTAMCE, ¥
K2 Dy/sY, 5 10 20 50 100 200 400

40C0, 0226 0.10 n,10 0.11 0,12 0e14 0,19 0,31

5000, 0304 c.10 0,11 0,11 0,13 0.7 0,25 0,48

63igu, .N430 0.10 0.11 0.12 0.15 0,21 0.38 0,84

80Ccy, 0636 G 11 0,12 0,13 0.19 0,31 0,63 1.62
1uuto, 0935 0.11 0,12 0,15 0,25 Q.41 1.12 3,12
125Cv, . 1407 0,12 0,14 0.18 0,36 079 2.10 6.05
160c0, 2223 0,13 0.1t 0,25 0.59 1.50 4,30 12,04
200C0, .337C 0.15 0,20 0,35 1.01 2.79 8,01 21,15
25000, «5C9z ¢, 17 0,27 0,52 1.77 Sa11 14,11 35,03
315c0, « 1739 0,21 0,37 0,83 3.7 9.07 23,60 31,66
400C0. 1,1735 0,27 0,54 1.37 5451 15.08 37,11 ewana
560C0., 11,6546 0,35 0,78 2412 .54 22,33 2,0 osgpssa
630GU, 2,4128 0.40 1,11 3416 12,43 .18 ensama  wesama
gooco. 3,3096 0,60 1,57 4,56 17,23 0.26 wu
1000c0, 4,404 0.80 2.20 6,37 23,07 wumnaw

225




Table C.6 Perfect 1/3 Octave Band Filter Used

226

at Receiver

S8p= -6, DR/THIKD OCTAVE

. FREQ DACF}

HZ DB/M
4000, 0,003
5000, =0,003
6300, =0,u14
8000, =0,u31

10000, =0.057
12500, =0,094
16000, =0,151
20000, =0,218
25000, =u,294
31500, =0,361
4u000, =0,381
50900, =0,300
63000, =0,049
80000, 0,453
1000un, 1,184

s
-,13
=0,186
=0,21
0,30
-N.42
=0,59
-0,97
-1,18
-1,54
~1,86
-1,%4
=1.5v
0.1b

2,53
6,65

10
0,11
=0,17
0,27

0,44

=0.68
-1,03
1,57
-2,19
2,87
-3,46
-3.52
~2,50

0,43

6,42
15,53

T = 305.4K ( 90,0F)

DISTANCE, M

20 50 100
0,04 0.24
0,24 =0,32

Jb, 68

RH = 90,0 %

200 400 720
0,66 1,61 3,38

=0,41 =0,38 0,12
-2,23 =3,72 5,32
5,18 -8,95 =13,77
=9,06 =15,87 =24,09
-14,34 =25,00 =39,57
~21,78 =37,75 «59,79
=29,26 =50,05% ~79,72
35,36 =59,49 ssunun
«35,59 =57,59 asvens
=20, 39 LIy Ty
20,62 (22T 2
-24,91 BERRRAR  BRBNER
NERAAD  AENRRN  REEREN

s8p= -

FREY DACEF)

HZ hR/M
4000, u,n03
Son0, =u,un3
o300, =U,ul4
8000, =0,uil

10000, =0,457
12%00,  =0,u94
téoun, =0,151
U000,  =u_214d
25000, *U,294
31500, =u,dh3
400utt, URET. 5 ¢
50000, =y, 300
63000, =y,udy
ARunuu, Ue453
10000, 1,144

4. UR/THIRD UCTAVE T = 305,4K ( 90,0F)

5
-0,08
=0.11
~0,16
0,25
-0,37
-n,5>
-l R3
1415
1,50
-1.82
-f Ak
-1,41
=N.04

2.74

f,95

10
=-0,006
-n,12
-~0,23
-0,40
-0,64
-0,9Y
-1.54
=2,10
=2.R4
=3.4)
-3.43
-2.34

0,7u
h, R
16,12

N1STANCE, ™

20 90 100
=0,03 0,08 0,27
-0,15 -0,21 =0,29
-0,35 =g, 7 -1,27
-0,69 -1,54 =2.85
=-1,17 -2,69 =5,02
-1,80 -4,32 -7,98
=2.9 ~h,71 =12,21
=~4,10 =9,29 «ib,58
=h.35 «11,80 =~20.4%
=-h,29 =33,18 =21,A7
6,1 =10,94 15,11
=3.3u =2.13 4.5%

3,67 18,07 46,87
17,36 55,30 98,91
37,59 108,64 44,76

RH = 90,0 %

200 400 720
0,64 1,62 3,3y
-0, 4y =-0,39 0,13
-2,25 ~3.74 «5,25
-5,17 =8,91 =13,53
9,06 =15,7u =24,4)
«14,25 =24,68 =38_R2
-21,49 =37,05 =58,R2
=28,71 =49.14 =7H,606
34,55 =58,45 wmuane
=34,01 =H6, 4R suwaEw
2[G,30 HREEER SAnaAs
21,76 #uwaen  Snusen
w-24,65 RuRRER  AREFRNE
EREREE ARREER RRAERR
SENEAR  RERAEE  REGEEn

AR RN A R AR RN RN A N AN A AR R RN E R RN AP RN R R AR E RN RN AR RN AR BRI R AR P I RR R RA RN

Snps -

FREN DACE)
7 bRs1
Uou03
CIUMITE )
=y,u14a
LATPE ]
-t 0% ]
LIUSBA T
=t 151
-y, ltH
-y, 299
-, 461
U, 4R1
=ty 30
U Ay
(LY
1,184

100aun,

ARAR GBI R REE RSP AR IR AP ARAREA SRR N
N, wA/THTPD 1 LTAVE

Sbbs
FRE Y PALED
y LV
¢ a0
-y, i
“y,uld
=u,rt3)
=y, 57
-y,n9q
1ennn, =y,1%1
20000, =u 2lh
25000, ey, 294
315600, =U.3R1L
40000, =0,3R1
Sngad, 1,30y
630un,  =u,udy
aonnn, ,454
100060, 1.1R4

AERRRU SR RN RN B R R RN B ER AR RB NN B RN R RER R BN
2. DRITHIRD OCTAVE

Seb=
EREN NACHFY
uz LR/

4000, U und
5nn0 LM EY

6300, eu_ uln

gnan, =y, il
1opan, =u,u5?
12500, =u,194
toneo, =u,1%1
20060, =u.214
25000, =UL.294
31500, =y,361
aggnn, =y, 3%1
Sunna,  =u,30v
63000, eu,v4eY
aponr, v, 453
100000, 1,184

2. HR/TLIRD OCTAVE

5
0,03
w0
=14
-, 2.
-0,33
-0,51
-n,7y
LA RY
1,410
-1,71
-1, 81
=143¢

2,09
2.9
7,23

N
G027
-n,ne
-0.n]
=-d,10
-, 20
=n,47
0,75
1,0/
=-t,43
-1.73
~1.70
=-1,24
0,27
3,13
T4

9
N
a,n3

1,02

=-N.23
-n, 44
=-0.71
=1.04
1.4
=1,h2
1,70
=t.1n
0,34
3.3
7.73

10
TP
-1,
-t le
i, 3n
-l by
0,96
.l.51
=2.14
=2 N2
-3,37
3.3
=219
1,9

71.23
16,67

10
NG
1,02
0,04
i, 27
“N,53
-,89
-],46
-2.09
-2,77
~3,30
=3,21
-1.93
1.40
7,94
17,63

1T = 305,4K ( 9U.0F)

N1STAGCE,

29 50 1uo
0,02 0,12 0,31
-t 12 =-0,17 -,21
-n, 31 -n,69 -1.27
-0, 60 -1,52 =2.R1
-1.14 -2,6Y =5,.05
-1 ,R4 -4,33 -H,01
da o ah,73  =12,1b

=4 04 =0,27 «l1b,42
=%,33 11,69 =l0,1y
0,72 =12,9% ~21.,n3
=" R3 «10.,41 =~14,2¢
-2.97 =1,3Y 5.52
4,19 18,97 47,9]
1R a7 Sh,3n uu 1k
103,60 44,98

T = 305.4K ¢ v ,uF)

NISLIAKCE, "
20 s0
DINITY n,1e
-, 0o -n,14
-, 27 =1}, b6
=l.b2 =1.51
1,12 ~2.79
-1, 0] -4,35
=2,90 =h,76 =12.19
=4,09  =9,28 =}6,30
*5,32 =11,62 =19,7n
=h,17 ~=l2?2.66 =20,40
=S.60 ~9,93 33,49
-2.69 «0,70 h,41
4,67 19,8v 44, RY
1R, 73 57,28 4a,33
39,23 110,68 45,12

RASRNARFRFBAERBRD RN NS N

HH = Yu.( %

20,0 que q20
0,7u 1,62 1.39
=0,42 ng11

~3.74 =5.21

2 -4,91 =113,33
=9,09 «15,50 =23,97
14,2, =24,32 =38,13
21,24 =30,81" =57,94
-gi,2n =44, 3u  =71,47
w33, ] =87 A9 mEswnen
33,70 =%5,43 sesnws
e H, 29 aasens AnnsEnx
22,43 sasass  snssen
=t 8h HuBmER  Fuews
ARFAFE  SRAURR  NESRNs
RREBES  RuNNNR  RBEARE

(22T ARIREZIZY Y]
nH oS 90,0 %

206 4nd
W,z 1,h1
-y, 41 =0, 40
e7,31 =3 K4
5,21 -4 _9g
«9,14 =15,47
18,10 =24 02
.21,03 =35 h4
«27,75  =41.54
=33,13 =hbh,6U
=32.8n =54.47
~17,35 saanus=
23,02 snnmen
24,33 wursww
REBNESE  EREgEs
AREREN  BRREAN

T = 305,4K ( 90,0F)

NESTANCE,

50 109

0.20 0,137

~0,1v -1,23

-0, 64 =-1,26

~1,50¢ 2,492

~2.71 =5.18

=181 ~4,38 -fH,14
“2RY B AU =12,24
=-3,0 -9,32 =-16,24
=531 ~11,%9 =19,.52
=t,13 =12,47 =}9,9>
-h,50 9,52 =12,79
-2,44 0,09 7.23
5,09 20,50 49,717
19,33 50,13 99,43
39,942 111,55 14,18

ERERRERE
RH = 9y,0 §

200 400 T2u

V.74 1,6u 3,32
-n, a2 -0,51 -n,01
7,35 - ~5.26
-b, 35 13,04
=1.,23 =23,28
-14,22 =3b,97
w2 RY =56 ,40
21,30 =75,92
-32,513 Furane
-32,1¢0 22 2T 1Y
®lh,4Y HEEANE  FapaEa
24,74 suvanm  Runsan
«l4,28 wasank  Ressns
ANBERD  ANBANE  RENANN
RBERAE  HEBEER  Ngawns



AR RN R T N N R NN NN NSNS RN SN NN RN AN TR RN NN BN S HN I NN

FRLC

8000,
10000,
12500,
16000,
20000,
25000,
315¢0,
40000,
50000,
63000,
R00CO,

1000¢a,

L T R Ry Y e e T Y Y]
SpP= =2, CR/ThIRN OCTAVE

FREQ
Hz

4000,
5000,
£360,
8000,
100C0,
12500,
16000,
20060,
25000,
3}sco,
400C0,
50000,
63000,
80000,
100060,

RN NN RRAA BRGNP SR B RN NGB U NN

FREC
RZ

4000,
5000,
6300,
8ogo,
10060,
12500,
160¢0,
200¢0,
25000,
31500,
40060,
50060,
630C0,
goo0ca,
1000¢0,

SpP® =6, LE/THIRD NCTAVE

DA(F)

DH/M 5 10
0.C02 -0,09 N, 07
-0,C03 0,12 «0,13
-0,C14 «0,17 -0,24
-0.01 =0,26 -0,41
=0.657 «0,38 -0,66
=0.C94 -0,57 -1,03
=0.181 -0,85 -1,59
-0.218 1,19 -2,26
=0+294 -1,58 =3,00
=-0.36% =1,95 3,68
=Q,381 =2,10 =-3,88
=0.300 -1,77 =3,02
=0,049 =0.58 =-0,29

0.45) 5,49
1.184 14,47
LIt AL R LT TP R Y YR PR

5pPz =4, LR/THIRD OCTAVE

DA(F)

DB/M 5 10
0.003 «0,06 =0,04
=0,003 =0.09 =0,10
«0,014 =0,14 -0,21
-0,23 0,39
=0,36 0,64
-0,54 -1,00
-0,83 =-1.57
1,17 =2,23
=1,55 «2,96
1,90 - =3,60
-2,03 -3,74
=1,64 -2,78
«0,39 0,11
2,26 6,09
6,33 15,27

DA(F)

DB/M 5 10
0,03 -0,02 =-0,01
=0.6G03 0,05 ~0,07
0,014 ~0,11 -0,18
-0,031 =0,20 =0,36
=0.057 «0.33 =0.61
«0.,094 «0,51 -0,98
=0.1%81 -0,80 =1,55%
=0,218 1,14 -2,20
0,294 1,52 -2,92
«0.361 -1.86 =3,54
=0,381 =1,95 =3,61
=0.300 -1,52 -2,56
«0,049 -0,20 0,47
0.453 2,55 6,64
1.184 6,73 16,00

SpPz 0, CP/THIRD OCTAVE

DA(F)
DB/ W L] 10
0,003 0,01 0,03

=0.003 =0,02 -0,03
“0,014 =-N,07 «0,14
-0,031 =0.16 -0,33
=0.,057 -0,29 -0,58
«0,094 =0,48 =0,95
=0,151 ~0,77 ~1,52
-0,218 «1,11 -2,18
-0,294 -1.48 -2,89
=0,361 =-1.81 ~3,48
-0,381 =1,88 =3.49
~0,300 -1,41 =2,35

=0,049 «0,02 0,80
0,452 2.81 7.14
1.184 7.09 16,66

1 = 305,4%k ( 9C,.UF)

DISTANCE, ¥
[ 50 100

-0,04 0,05 0.22
-0,16 -0,24 =0,36
=-0,17 Q.75 “1,30
-0,72 1,60 -2,99
-1.21 =2,79 =5,23
-1,93 -4,48 CLFRL)
«3,02 =7,00 =12.,8%
-4,29 =9.,78 =17,50
5,67 =12,59 =21,91
~6,82 «14,39 =23,49
~6,84 =12,59 ~17,19
-4,52 4,10 2,34
2.07 15.93 44.59
1%,4% 53,12 97.42
35,51 106,35 44,36

RH = 90,0 §

200 400
0.%8 1.4
-0.53  =0,.6%
«2,43  «4,32
-5.46  =9,54
-9,53 16,60
-15,02 =26,10
=22,71  =38,.89
=30,36 51,22
«36,52 =60,66
«36,76 =58,76
-21,56
19,45
-25,27
e X 1]
1 ]

[
1 = 305,4K ( 90,0¥)

NISTANCE, ¥

20 50 100
-0,01 0,08 0,24
=0,13 =0,22 ~=0,34
“0,34 =0,74 «1,3%
“0,70 ~=1,59 =2.9¥
=1,19 2,79 5,22
1,91  =4,47 =8,30
3,01  «6,37 «12,69
4,26 <=9,68 ~17.23
=5,60 ©12,35 =21,29
«6,67 =13,90 ~22,%56
-6,54 =11,80 216,03
4,01  «3,04 3,63
2,83 17,15 45.96
16,46 54,44 97,99
36,68 107,72 44,39

T & 3J05,4K ( 9C.UF)

NISTANCE, ¥V

2n 50 100
0,02 0.11 0.27
=0,10 -0.19 =0,32
-0,32 =0,72 1,34
0,67 -1.58 =2.98
-1,17 =2.78 ~5,23
-1.89 -4,47 =8,28
-2,99 =6,95 ~12,58
-4.23 =9,60 «16,95
=5,54 «12,14 «20,74
6,54 =13,48 +#21,73
~6,28 =11,09 =14,9¢
=3,55 “2.,10 4,80

3.53 18,26 47.20
17,37 55.64 9R. 44
108,97 45,31

SaaAABENNE

RH = 90,0 %
200 400
0,60 1,44

~0,52 0,63
~2,42 -4,00
5,44 =9,40
=9,.4b <«16,36
=14,01 =25.,49
=22,24 =37,85
=29,58 ~50,06
«35,46
-35,53

-720
3,07
-0,20
5,80
=-14,25
-25,26
=39,73
«59,7T4
-79,58
EIXXI21]
ARAANE

0,63 1,11
0,51 -n,23
2,43 =5,66
=5.44 =13,91
-9,.42 -24,64

=14,66 =38,.84
-21,8)3 50,66
-28,88 -70,39
=-34,52 LYYy ? )
-34,42 snsuse
«19,01 aanen
22,11
=24,35 Ausuny
ABENNE  BEENGE  senady

2T Y]
05,4 ( 90,0F)

1

DISTANCE, ¥
20 50 100
0,06 0,15 0,30
-0,07 =0,16 =0,30
=0,29 =0.70 =1.33
-0,64 -1,5%7 -2.99
=1,15 =2,78 «5,25
-1,88 =4,47 -8.29
=2,98 “6,94 ~12,51
-4,21 =9,55 <«16.72
~5,50 =11,98 ~20,28
6,43 ~=13,11 21,00
~6,04 =10,46 <14,04
-3,14 =1.25 S.R0
4.16 19.25 48,33
18,19 56,73 98,78
3IN.68 110,10 45,61

asnaans
RH = 90,0 §

200
0,65
=0,50
=2.44
5,46
-9.,42
-14,55
=21,50
-28,28
=33,68
=31,431
-17,90
23,27
-24.006

FnNaBE  NRRREA

ansany

AR AR AR SN AR AN A RN RSN SRR AR A B AN RSN AN BB R A RN I E N RN RIS RABUBR B BP RN

FREQ
H2

40C0,
5060,
6300,
voGo,
10000,
12500,
16000,
200C0,
25000,
31560,
400C0,
50000,
630C0,
RO0CO,
1o000¢n,

§BP= 2, [F/ThHIRD OCTAVE

DACE)
DB/V 5 10
0,003 0,05 0,07

«0.603 0,02
=0,C14 «0,03
0,031 =0,13
=0.L57 «0,26
0,094 0,45
0,151 =0,74
0,218 1,07
0,294  ~1,44
~0,361 ~1,76
=0,381 ~3.80
=0.30¢ =1.30

0,049 0,15
0,4%3 3,05
1.184 T.42

T = J05,4K ( 90,0F)

NDISTANCE, ¥
50 100

0,10 0,18 0,33
-N,03 =0,13 -0.28
-0,25 -0,67 =1.33
«0,62 =1,56 =3,01
-1,13 =2.78 «5.28
=1,.80 4,49 =8.32
=-2.96 6,96 =12,49
=4,20 =9,53 16,57
=5,46 =11,87 <=19,90
=6,34 =12,82 =20,36
5,85 «9.92 13,20
2,79 =0.50 6.81
4,70 20,15 49,35
18,92 $7.711 §9,02
39,52 111,13 45.80

RH = 50,0 %

200 400
0,67 1,48
«0,50 =0.6¢
~2.46 =4,12
5,51 =9,28
“9,45 «15,77
=14,51 =24,17
“21.25 =3%5,75
«27,78 =47,26
=32,95 =56,21
=32.52 ~=54,00
16,91 saanes
24,32 wasas
e

720
3.13
-n,23
=5,55
-13,44
-23,67
=37,30

227



228

SBP= =6, DB/THIRD OCTAVE T = 277,6K ( 40,0F) RH = 10,0 %
FREQ DA(F) DISTANCE, M

HZ DB/M 5 10 20 50 100 2900 400 720
4000, 0,017  «0,06 0,03 0,20 0,73 1,61 3,39 7,02 13,00
5000, 0,007 -0,11 =0,07 0,02 0,27 0,70 1,61 3,55 6,97
6300, =0,009 -0,19 «0,22 =0,29 0,50 -0,83 -1,39 2,24 «3,08
8000, =0,036 -0,32 ~0,48 -0,81 -1,78 -3,34 -6,28 =11,60 =19,22

10000, =0,076 «0,50 ~0,86 =1,55 =3,61 =6,92 ~=13,18 «=24,77 =42,07
12500, -0,78 -1,41 -2,66 «6,31 ~12,17 =23,23 =43,98 >75,64
16000, -1,24 2,32 4,45 «10,68 =20,57 =39,31 <«74,95 wunsex
20000, ~1,82 «3.47 #6.73 ©16,17 =31,13 =59,58 wueses Sxsswy
25000, -2,58 -4,99 =9,71 =23,32 «44,86 «86,09 wuNswn Ssvens
31500, . =3,58 6,91 =13,48 =32,34 =62,22 - 1T
40000, -4,70 =9,16 =17,86 =42,73 ®B82,15 wsdues SREREE  FRREER
50000, 5,78 «11,27 =21,93 52,20 «99,95 aresds  SRERNE RERAEE
63000, “6.,80 ~13,22 =25,54 =60,05 #» - [ Y YT
80000, =1,561 T 62 =34,67 27,90 @b3,77 SAEaE SREERE  ERERNE  NEREEE
100000, =1,69b 8,0/ «15,21 =28,01 60,72 #uaens ERBENE  SEEARE  ExREEs
- T ee » * REEREN
SBp= 4, LB/TAIRD ACTAVE T # 277.6K ( 40,0F) RH = 10,0 %
FREN DA(F) OLSTANCE, M

HZ DR/M 5 10 20 50 100 200 400 720
4000, [ ) =0,01 0,07 0,24 0.76 1,63 3,39 6,98 12,91
5000, VN7 -),06 -n, 02 0,06 0.30 0,73 1,58 3,46 6.81
6300, =u,U0Y -0,14 =0,18 -h,26 ~0,49 «0,R5 =-1,47 2,41 -3,24
BBON, =~u,036 =-0,27 -0.44 ~0,74 -1,79 3,40 =h,41 <~11,82 =19,46

10000, =0,uTo  =0,4b =D R2 =1,54 ~3,64 =7.02 =13,37 =25,02 =42,26
125u0, =u,}34 0,75 -1,39 =2,60 ~6,38 =12,32 =23.,4n ~=44,20 =75,7C
16000, =0,229 =1.21 -2.30 -4,47 =10,78 =20,77 =39,53 =75,03 #aeaws
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APPENDIX D - SYMBOLS LIST

signal amplitude

atmospheric transmission function at fj

pure tone absorption coefficient/meter at frequency £,

db-m t
free space absorption, db—mfl
measured absorption, db-m_

heigth of the nth burst as a function of x

amplitude of the sound wave at the source

corrected tube absorption, db—m._l

. -1
theoretical absorption, db-m

tube absorption, db—m_'l

pure tone absorption coefficient at the reference
. aa -1

temperature, Tref’ and relative humidity, RHref’ db-m

pure tone absorption coefficient at temperature, T,

and relative humidity, RH, db-m T

empirical parameter in Sutherland's equation,

1.458 x 107° kg-mfl-sec'l-°K;/2

number of segments into which the band is divided

band power for the ith band, wvatts—m—3

band power for the ith band at the source, watts-m

band power for the ith band a distance, R, from the

-3

source, watts-m

source band power level for the jth segment, watts-m

attenuated band power over the jth segment, watts~m

-1

speed of sound, m-sec

vibrational specific heat (of nitrogen or oxygen),

J—(kg—mole)_l-°Kfl

specific heat at constant pressure, J—(kg—mole)-1—°Kf

specific heat at constant volume, J-(kg-mole)—l—°K.-l

1

acoustic frequency, Hz

center frequency of the ith band, Hz
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a geometrically spacial frequency in the ith band, used
as the lower frequency for the jth segment within the
band, Hz

relaxation frequency, Hz
relaxation frequency of nitrogen, Hz
relaxation frequency of oxygen, Hz

absolute humidity, molar percent

relative humidity, percent

slope parameter of filter function

band level of the ith term

band level at the source for the ith band
serves to characterize the slope of the source spectrum
slope parameter of input spectrum
slope parameter of attenuation curve
ambient pressure, N-m

reference pressure, 1.013 x lO5 N—m_2

partial pressure of saturated water vapor, N—-m_2

one tenth of the slope of the received spectrum level,
db—dec:ade“1

one tenth of the slope of the enefgy density, change-decade"l
propagation distance, m

universal gas constant, J-(kg—mole)—l—°K—L t
frequency ratio between band centers

relative humidity, percent

reference relative humidity

empirical parameter in Sutherland's equation, 110.4°K
for air

slope of air attenuation curve, db—b.andwidth_l

source spectrum slope/bandwidth, db—bandwidth-1

slope of received spectrum, db-bandwidth—l
filter roll off per bandwidth, db-bandwidth

relaxation strength

1

temperature, °K




W(E)
W(fj,o)
W(£f,R)

ref

rot

Cci
CR

rot

%vib,3
0‘vib,N
o‘v:i.b,O

% ip?
aA

filter transmission function at £
filter response for the ith band (0 to 1)

filter function at some frequency f in the jth segment

standard reference temperature, 293.15°K

length of the burst, sec
reference temperature, eq. (3.19), 273.16°K

reference temperature, °K

acoustic power spectral density at any frequency, £, J—m73

power spectral density of the source at £, J—ﬁ-B
power spectral density at a distance, R, from the source at

~3
frequency, £, J-m

arbitrary reference power '

separation between sound source and microphone, m
mole fraction of the component, 0.29048 for oxygen and
0.78084 for nitrogen

rotational collision number

total ébsorption coefficient, nepers—m_

classical absorption, nepers-m

absorption due to combined rotational relaxation and
classical mechanisms, nepers—m-

absorption due to rotational relaxation, nepers—mf
absorption due to vibrational relaxation of oxygen or
nitrogen, nepers—mfl

absorption due to vibrational relaxation of nitrogen,
nepers-~m.

absorption due to vibrational relaxation of oxygen,
nepers-m

absorption due to vibrational relaxation/wavelength, nepers
absorption per wavelength, nepers

reflection coefficient for the ends of the tube

ratio of specific heats

difference between band absorption coefficient and the

pure tone absorption coefficient computed at band center, db
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number of db to be added to measured spectrum to obtain
the spectrum one would have measured for the same band
on a reference day

band loss, db

characteristic vibrational temperature, °K

coefficient of thermal conductivity, J—-(kg-m.ole)_]'-°K.--m-4sec-1
wavelength, cm .
coefficient of viscosity, kg—m—sec_l
equilibrium gas density, kg-m .

27 times the acoustic frequency, sec
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