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ABSTRACT 

This report is a summary of the progress made in the understanding of the absorption of sound 

in air due >o molecular relaxation. The objectives and the result, of the project are stated. 

All of the significant publications stemming from this study are contained in appendices. These 

appendices give the theory of predicting ^ound absorption in air, the experimental basis of the 

theory, a set of tables for absorption at 20° C, and a set of analytical expressions which will 

reproduce the tables. 
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1.0 INTRODUCTION 

A basic characferisHc of sound propagation is the attenuation with distance due to various 

irreversible processes which remove energy from an acoustic wave and convert It to heat. 

Predicison of sound propagation in air over long distances has become a matter of increasing 

practical significance in several areas including: 

« Prediction of community noise levels around airports 

® Analysis or acoustic detection of tactical equipment or aircraft 

® Evaluation of very low frequency sound in the atmosphere generated 

by rocket engines or from natural sources such as tidal motion, 

earthquakes, wind storms, etc. 

• Investigation of the vertical propagation of sonic disturbances 

from signaling grenades or sonic booms. 

Where it is necessary to evaluate sound propagation over a substantial number of wavelengths, 

the absorption of sound by the atmosphere must be considered. Propagation characteristics 

are dependent upon (a) atmospheric conditions, (b) the position of the source relative to 

the ground, and (c) the terrain/vegetation features adjacent to the sound path. These factors, 

which ultimately affect the intensity of the sound arriving at the observer, can be classified 

under two main headings as follows: 

Spreading Losses 

• Uniform spherical spreading (Inverse Square Law) losses 

• Non-uniform spreading 

— reflection by finite boundaries 

— refraction by non-uniform atmosphere 

— diffraction (scattering) by non-stationary atmosphere 

1 
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Absorption Losses 

• Absorption by ground and ground cover 

« Absorption by atmosphere 

— classical absorption 

— molecular relaxation absorption 

Of these sound propagation effects, different ones may be the controlling factor for different 

atmospheric meteorological conditions and for varying source-receiver placement; however, 

for any type of condition or any type cf sound propagation path, the absorption due to classical 

and molecular effects are fixed for a homogeneous atmosphere and are functions only of the 

propagation path distance, the humidity content, gas impurities, and the temperature. Before 

the more variable propagation effects can be accurately assessed, it is necessary, therefore, 

to establish the proper values for these fixed absorption losses. 

To establish the proper values for the losses due to molecular relaxation in air an extensive 

program has been conducted under Army sponsorship. In this project the following tasks 

have been completed: 

• an extensive literature survey 

a a set of sound absorption experiments in humid air 

to help define the anomalies 

o the first successful measurement of the vibrational relaxation 

time of humid nitrogen at room temperature 

• an extension of a theoretical model to enable the prediction of 

sound absorption in air at room temperatures 

• development of an analytical technique to predict air absorption 

at room temperature 

• definition of the problems needing further study to enable prediction 

at any temperature 
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design of an experimental apparatus to enable accurate 

acoustic measurement of the kinetic rate constants important 

in air as a function of temperature. 



2.0 BACKGROUND 

Sound absorption in a gas due to molecular relaxations is a chemical dynamics problem. The 

key factors which are needed for predictions of the acoustic absorption are the binary collision 

rate constants of the constituent molecules of air. These rate constants can be determined in 

many different ways with acoustic techniques being one method. The problem of predicting 

the sound absorption in air is then a problem of determining the energy transfer rates of the 

binary collisions which occur in air. 

The theoretical model which has been developed (see Appendix B) assumes that air is composed 

of four gases — i.e., nitrogen, oxygen, carbon dioxide, and water vapor. By applying energy 

transfer rates for the binary collisions which are inherent in such a system, absorption of sound 

in the gas mixture can be predicted. To predict accurately the sound absorption in air, 

twenty-four binary collision rates are required. With the exception of one, all of these rates 

are fairly well defined at room temperature; however, almost none of the important rates are 

well defined as a function of temperature, and for this reason a new experimental apparatus 

was designed. 

At different frequencies and humidities different rates are the controlling mechanism for sound 

absorption. For example, at relative humidities less than 20% the vibration — vibration (V-V) 

energy exchange between Oj and CC^ controls the absorption; at greater relative 

humidities nominal amounts of CC^ have almost no effect on the maximum absorption. At 

these humidities the binary rates for N2/H2O ar|d ^2^^2^ collisions are extremely 

important and they are the controlling mechanisms. However, the CC^ rates are still 

important since they act as a catalyst or open energy path for energy transfer among the 

various other molecules. 

Parametric studies using the theoretical model have shown that to extend the predictions from 

room temperature to other temperatures many of the binary energy transfer rates must be 

measured as a function of temperature. These rates can be subdivided into two broad areas 

(1) those that require low frequency experiments, and (2) those that require high frequency 

experiments. The new apparatus was designed to make measurements on the rate constants 
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which require low frequency experiments and knowledge of these rates should be adequate for 

accurate prediction of sound absorption in air as a function of temperature and humidity. 

Appendices A and B contain reprints of journal articles which have been published during this 

project. Appendix C contains a Wyle Research Staff Report WR 72-2, January 1972. The 

appendix to this report contains a preprint of another journal article which has been accepted 

for publication in the Journal of the Acoustical Society of America. These three journal 

articles along with the Wyle Report represent the state-of-the-art in predicting the absorption 

of sound in air due to molecular relaxation processes. These appendices contain the theory of 

the prediction technique, the experimental basis for rate constants used, a set of tables giving 

absorption as a function of humidity at 20° C, and a set of analytical expressions which will 

reproduce the tables and are easily programmable. 
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APPENDIX A 

VIBRATIONAL RELAXATION IN MOIST NITROGEN 

L. B. Evans 

Reprinted from the Journal of the Acoustical Society of America 

Vol. 51, No. 1 (Pt. 2), pp. 409-411 , January 1972 
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Vibrational Relaxation in Moist Nitrogen 

1,. B. Evans 

Wyle Laboratories, 7X00 Governors Drive, Huntsville, Alabama 35X07 

The vibrational relaxation time of a nitrogen water-vapor mixture has been determined at room tem¬ 
perature. The relaxation time for one molecule of nitrogen in pure water vapor, tah, was found to he 
8.85 /»sec. 

Vibrational relaxation times in nitrogen are of prac¬ 
tical importance for two reasons: (1) CO-j lasers and 
(2) sound absorption in the atmosphere. Most previous 
measurements of relaxation times in both pure N . and 
No with admixtures have been surveyed recently by 
'Baylor and Bilterman.1 Since the vibrational specific 
heat of nitrogen is very small at room temperature, all 
of the previously reported data have been at elevated 
temperatures in both pure N-> and mixtures. In this 
work, the vibrational relaxation time of a No-Hof) 
mixture has been measured at 2<)°( 

I. EXPERIMENTAL PROCEDURE 

Since the vibrational specific heat of nitrogen at 
room temperatures is only approximately (>.()()2/i, where 
R is the universal gas constant, detection of an effect 
due to vibration requires an experimental system in 
which all other effects can either be reduced to small 
values themselves or be accurately determined. A 
system which will allow this is a large hard-surfaced 
sound reverberation chamber which has facilities for 
environmental control. For these measurements a 
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1. K T T E U S TO 

SoiTfV' hiirh-alUUulc simulation chamber was utili/e<l 
T le es erimental technique employed .s very sumía 
lo that described hy Harris-hhe mam ^n 
the si,.c 0f the reverberation chamber. I he Ounu. 
had vacuum capabilities and was purged twite wit 
Il N turlllf, reduce mrpuri.U*. Th; 
lv- chamber was monitored by three 1 hys- lumua 

Research Corporation tvpe PCRC-11 eleclro-hunmhly 
transducers. À circulating fan was employed to ensme 

that the gases were uniformly mixed. 
IT, acoustic source was a wide-range high-hdehty 

driver anti a General Radio crystal microphone was 
used for the receiver. The placement of the drivei .m 
micronhtme were determinetl by a sound survey m the 
chamber with the chosen phreements being I ose w m 
gave the greatest received nodal density. 1 he thamlie 

T 11 !•; EDI T ° R 

was cxcitetl with wide band noise, anti the reverberation 
I Ù , es were obtained by !, oc. band analysis over 

tÄ ««r - r. 

vai««* r; 

sured in the N- 1I O mixture with the tliffeienee being 

ÏÏlli:! 1,, ,d,»n„i™ I,y i"u yi''™1"’“1 
nitrogen. 

II. RESULTS 

The normalized intensity absorption [m/m.. where 
m = 2oX anti g., = 7(dSR)] versus frequency ft,, a 

T° K 

Etc. 2. Temperature tlependenc^ra, — J : Ry 
IrowiUjDi this work; (- ).layiora 
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N . and 4.2 nmlu% 11,0 mixture al 2,J°(’ is shown in 
I ¡K- 1. 1 he solid eurve is single relaxation theory. 
Kven though the experimental data is quite scattered, 
there is a definite peak in the points and the maximum' 
absorption oeeurs at approximately 760 11/., which is 
equivalent to a relaxation time, r, of 2.1 X10 ^ see. If a 
linear relationship is assumed for the shift of relaxation 
fiequeniy, with mole percent water vapor, //, then 
the frequency of maximum absorption is given by 

fm — 1 HO//it 4()//. 

I he error bounds in the above equation have been 
determined by taking the worst possible lit of single 
relaxation theory to the experimental data. 

I he relaxation time for one molecule of nitrogen in 
pure water vapor, r/t», was found to be 8.85/usee, 
which corresponds to a rate constant, KA„, of 4.64 
xio- ' CUT part 1 sec ', where 

^ h)/taa+X h/taII, 

oi since the relaxation time of pure nitrogen, taa, is 
much greater than ta„, 

1/r >Xi</ta„; r/M»T/ ¡i, 

where X„ is the mole fraction of water vapor. The rate 
constant h. A n is then given by 

Mt~ 1/r.Y i,N /(, 

where A „ is the molecular number density at one 
atmosphere pressure and temperature T given by 
/,(275/7), where L is Loschmidl’s number. 

Inspection of Taylor’s and Hitterman’s1 compiled 
data for N, H,0 mixtures reveals that their best lit for 
either a vibration + translation (V T) or a vibration —> 
vibration (V V) collision process does not adequately 
describe the low-temperature data. In Fig. 2 the com¬ 
bined data of Huber and Kantrowitz/ Henderson el al.,4 
and this work are depicted. The solid line is the best 
least-square lit to the points. The lit is quite good and 
falls within the error bounds of this work. The dashed 
line is Taylor’s and Bitterman’s best lit assuming a 

(V I) process, and the dot dash line is their best lit 
for a (V V') process. The best least square lit to the 
data in Fig. 2 is given by 

A'..,,(= (2.44X10 <"•*'''•! cur1 part 1 see ', 

or the frequency of maximum absorption is given by 

fm = (2.74X !<)')(/,/7> «' »rri uZ) 

where // is the mole percent water vapor and 7’ is the 
temperature in degrees Kelvin. The above equations 
should he fairly accurate over the tern [lera tu re range of 
250° 5()()°K. The value of /,„ produced by (his equation 
agrees very well with the value deduced by Tiercy'' to 
account for the anomalous sound absorption in air at 
low frequencies. 

I he best lit to the data in this paper is not to be 
interpreted as meaning the tils of Taylor and Bitterman 
.ire wrong. It only indicates that their work was 
weighted by many data points at higher temperatures. 
I here ts no reason to indicate that the data over all 
temperatures should lit a straight line or be described 
by the Landau Teller theory. 'There is a possibility 
that the best lit to all of the data will show an upward 
trend at lower temperatures owing to vibrational --+ 
rotational (V' R) energy transfer becoming more im¬ 
portant at lower temperatures, since the rotational 
tangential velocity of water vapor becomes large in re¬ 
lation to its translational velocity at these temperatures. 
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ATMOSPHERIC ABSORPTION OF SOUND: THEORETICAL PREDICTIONS 

L. B. Evans 
H. E. Bass 
L. C. Sutherland 

Reprinted from the Journal of the Acoustical Society of America 

Vol. 51, No. 5 (Pt. 2), May 1972 
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Atmospheric Absorption oí Sound: Theoretical Predictions 

L,. B. Evans 

Wyle Laboratories, Huntsville, Alabama 35007 

H. E. Bass 

University oj Mississippi, Department oj Physics and Astronomy, University, Mississippi- 38677 

L. C. Sutherland 

Wyle Laboratories, El Segundo, California 90245 

By assuming that air is composed of four gases (i.e., nitrogen, oxygen, water vapor, and carbon dioxide) 
and applying energy transfer rates for the binary collisions inherent in such a system, absorption of sound 
in the atmosphere has been predicted. The calculated curves based upon 24 energy transfer mechanisms arc 
compared with experimental data over the humidity range of 0-100% relative humidity. Agreement be¬ 
tween theory and experiment is very good. By including classical absorption and rotational relaxation 
effects, the total atmospheric absorption is also predicted at 20°C. Calculations made for various concentra¬ 
tions of C02 indicate that low C02 levels (less than 0.1%) do not significantly affect absorption of aud 
sound at high humidities. At very low humidities, however, C02 is an important factor. 

I 
I 
I 
I 

INTRODUCTION 

A basic characteristic of sound propagation is the 
attenuation with distance due to various irreversible 
processes that remove energy from an acoustic wave 
and convert it to heat. Prediction of sound propagation 
in air over long distances has become a matter of 
increasing practical significance in several cases, 
including: 

(1) Prediction of community noise levels around 
airports. 

(2) Analysis or acoustic detection of tactical equip¬ 
ment or aircraft. 

(3) Evaluation of very low-frequency sound in the 
atmosphese generated by rocket engines or from natural 
sources such as tidal motion, earthquakes, wind storms, 

etc. 
(4) Investigation of the vertical propagation of sonic 

disturbances from signaling grenades or sonic booms. 

Where it is necessary to evaluate sound propagation 
over a substantial number of wavelengths, the absorp¬ 
tion of sound by the atmosphere must be considered. 
Propagation characteristics are dependent upon (a) 

atmospheric conditions, (b) the position of the source 
relative to the ground, and (c) the terrain/vegetation 
features adjacent to the sound path. The above-listed 
factors which affect the intensity of the sound a.rriving 
at the observer can be classified as follows : 

A. Spreading Losses 

(1) Uniform spherical spreading (inverse square 
law) losses. 

(2) Nonuniform spreading. 
(a) Reflection by finite boundaries. 
(b) Refraction by nonuniform atmosphere. 
(c) Diffraction (scattering) by nonstationary 

atmosphere. 

B. Absorption Losses 

(1) Absorption by ground and ground cover. 
(2) Absorption by atmosphere. 

(a) Classical absorption. 
(b) Molecular relaxation absorption. 

Of these sound propagation effects, different ones 
may be the controlling factors for different atmospheric 

The Journal of the Acoustical Society of America 1565 
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meteorological conditions and for varying source- 
receiver placement ; however, for any type of condition 
or any type of sound propagation path, the absorption 
due to classical and molecular effects are fixed for a 
homogeneous atmosphere and are functions only of the 
propagation path distance, the humidity content, gas 
impurities, and the temperature. Before the more 
variable propagation effects can be accurately' assessed, 
it is necessary, therefore, to establish the proper values 
for these fixed absorption losses. 

Atmospheric absorption losses have two basic forms: 
(1) classical losses associated with the change of 
acoustical energy (or kinetic energy of molecules) into 
heat by fundamental gas transport properties, and (2) 
for polyatomic gases, relax-ation losses associated with 
the change of kinetic or translational energy of the 
molecules into internal energy within the molecules 
themselves. The classical losses can be further sub¬ 
divided into 

(a) Viscous losses 
(b) Heat conduction losses 
(c) Diffusion losses 
(d) Radiation losses 

Stokes-Kirchhoff loss. 

Only the Stokes-Ki: hhoff losses are considered signif¬ 
icant for air under normal atmospheric conditions. 
Diffusion losses contribute only about 0.3% more, and 
rad: ation losses art significant only at very low 
frequencies. 

Relaxation absorption losses in polyatomic gases 
are known to have the following forms. 

(1) Thermal relaxation between translational energy 
and vibrational energy states of the molecules. 

(2} Thermal relaxation between a close vibrational 
resonance of two different molecules. 

(3) Thermal relaxation between the vibration of one 
molecule and the rotation of a different molecule. 

(4) Thermal relaxation between translational energy 
and rotational energy states of the molecules. 

(5) ElectromagneUc relaxation between translational 
energy and allowable electronic energy states of the 
molecule. 

As far as is known, electromagnetic relaxation is 
significant for only one common gas, nitric oxide, NO, 
and then, only at very high ultrasonic frequencies.1 

In the balance of this paper, a basic theoretical 
technique for predicting the total atmospheric absorp¬ 
tion losses is presented along with supporting experi¬ 
mental data. 

I. THEORETICAL METHOD 

Investigations of sound-absorption mechanisms in 
air have been carried out by many different laboratories 
since the pioneering experimental work of Pielemeier2 
in 1929 and have culminated recently in the work of 
Harris,3 Harris and Tempest,4 Monk,3 and Evans and 

Sutherland.6 The theoretical treatment of the problem 
has lagged somewhat behind the experimental results. 
Kneser’s 1933 theoretical treatment has largely been 
used to explain the experimental data.7 However, it 
has always been recognized that this theory does not 
give an adequate description of the entire problem. 
Sutherland" and Piercy9 have shown that at frequencies 
well below the maximum absorption there is a distinct 
systematic deviation from single relaxation theory. 
It is this area that this paper attempts to clarify. 

In this paper, air is considered as a four-gas mixture, 
i.e., nitrogen, oxygen, carbon dioxide, and water vapor. 
By applying the energy transfer rates for the binary 
collisions inherent in such a system, absorption of 
sound in the atmosphere ’"s predicteo. The calculated 
curves are based upon 24 energy transfer mechanisms 
as shown in Tables I and II. 

The theoretical prediction of total sound absorption 
aiso requires calculation of the losses due to classical 
effects and molecular relaxation. The classical absorp¬ 
tion can be written as 

2t2/2/ 7-1 \ 

where aci is total classical absorption; P0, gas pressure; 

Table I. Rate constants and their values used in this work. 

Rate Value (sec"1 atm'1) Reference 

MOP,' (3,2,0) 

MOP,' (2,0,0) 
MOP,' (5,2,0) 

MOP,' (1,2,0) 

MIP,' (2,0,1) 

M IP,' (3,2,1) 

MIP,' (1,2,1) 

M2Pi,' (2,0,2) 

M2Po' (4,0,2) 

M2P,' (3,4,2) 

M2P,' (3,2,2) 

M2Pt' (1,2,2) 

MSP,' (2,0,3) 

MW,' (4,5,4) 

MW,' (5,0,4) 

MW,' (4,0,4) 

MSP,' (5,0,5) 

MOP,' (6,5,6) 

MOP,' (5,0,6) 

Mt>P,' (6,0,6) 

M1P,' (4,0,7) 

AÍ8/V (4,0,8) 

AÍ8/V (6,0,8) 
M9P,' (6,0,9) 

6.0X 10‘ 

3.0X10* 

3.0X 10s 

4.5X10" 
1.8X10" 
1.5X10" 

4.5X10" 

3.4X10* 
1.0 
1.8X107 
6.0X 10* 

4.5X10* 

4.2X10* 

1.5X10* 
40 

1.0 
63 

4.6X10’ 

1.1X10* 
6.0X 10* 
1.0 
1.13X10" 

1.4X10« 

1.0X10« 

•See Ref. 17. 

• SeeDRcfhiSldS an l ^ A' Burlts' ■*' Acoust’ Soc- Ar.ier. 43, 510-515 (1968). 
* See Ref. 15. 
•Ref. I? gives an estimated value of ~3 X10* sec-‘atm-‘. However for 

iesuhs of Refha6C Ch°Sen 3 Va UC °f 3 *l0‘ SCC"‘ at,n"‘• which aBrees wlth 
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Taule II. Definition of collision processes. 

Molecules colliilinn 

iV~ 
COi/t'O, 
co5/n2 
CO. HîO 
o2/n2 

Molecules colliding 

02/02 
02i/H20 
n2/n2 
n2/h2o 
tl20/tl20 

/, sound fretpiL'iHy ; 7, effective specific heat ríitio of 
the gas; l'o, sound velocity at low frequencies; rj, 
viscosity of the gas; Cp, effective specific heat of the 
gas at constant pressure; a molecular diffusion 
constant; Di<, diffusion coefficient for (D and 
mixture; p, gas density; and k, thermal conductivity. 
For frequencies less than that at which rotational 
relaxation occurs, this expression can be evaluated in 
terms of the viscosity based on measured values for the 

above constants'": 

0,,= (2^/77/^0)(1.%. (2) 

For frequencies greater than that at which rotational 
relaxation occurs, the general expression must be used 
and the effective values of the frequency dependent 
terms utilized." Equation 2 was utilized to calculate 
classical losses in this study with 7 taken as its low- 
frequency value. 

The absorption due to thermal relaxation between 
translational and rotational energy states of the 
molecules was calculated assuming that the rotational 
relaxation of each molecule was the same in air as in the 
pure gas. This assumes that during a collision with 
unlike molecules, the probability of transferring 
rotational energy for each molecule is independent of 
the collision partner. This assumption, of course, 

m 

8 

S 

m 

iS 

Fig. 1. Low-humidity plot of relaxation frequency as a function of percent II20 molecules. The solid line represents the best calculation 
and has been calculated with MOP,1 (5,2,0) =3X 10s sec"1 atm-1 for 300 ppm C02. The dashed curve represents 300 ppm C02 and 
MOP,1 (5,2,0) = 3X 106 sec-1 atnr1 and has been included to emphmizc the importance of this rate of low humidities. The dot-dash 
curve represents C02 free air. 
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frojuencLJo?¡is, howvSa'Zgéty a 

the total absorption The r 7 .lUle, change m 

(^)- vjhrat/onal^an^rotationa^modest 

(C»)„ff«tive-fi?+ (C ^vibration 

, nf (fi—3) 1 
+KL.Xj--- 

j- 2 i+iUT; (3) 

where > represents the constituent molecules of air 

mdecule2’^2?’ ï’ ^ *’is the concentration of 
molecule 1’ ^’ the uumber °t degrees of freedom of 
noiecuit j, co, 2jt times the sound freauenrv ^ fU, 

rotational relaxa«,,, t¡„K ^01¾¾ n he 

number of types of molecules considered 

HÄÄZfZÄZZ0i' “d 

effects ^of’unl' k^ 't lssuniPt':»n regarding 7h/ 
1“ is V.M “ C0"'S'°nS lhc *x!„d„ 

The final term to be considered includes the sound 
loss due to the thermal relaxation between translational 
energy and vibrational energy states (V-T), between 
ibration of one molecule and the vibration of another 
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(V-V), and between the vibration of one molecule 
and the rotation of the same or different molecule 
(V-R). The difference between (V-V) and (V-R) 
processes is only important when calculating energy 
transfer rates; so for these calculations, both processes 
will be considered as being ( V-T). These vibrational 
relaxation processes are the dominant causes of loss 
at low acoustic frequencies. 

The sound absorption due to vibrational relaxation 
was calculated using the method first advanced by 
I anczos,12 which was expanded to a two-component 
system by Shields13 and later expanded by Shields and 
Bass14 to allow for three-for-one (V-V) exchange 
between colliding molecules. The only information 
required to perform such calculations is the binary rate 
constants and the concentration of each gas present. 

Shields’s equations for expressing the acoustic 
absorption and dispersion as a function of the various 
energy transfer rates of importance were used as a 
starting point for these calculations. The only modifica¬ 
tions required to expand the method to a four-compo¬ 
nent system was a change in Eq. 6 of Ref. 13. The 
modified equations become 

M/) = L XiMAPMfrA), 
¡■»i 

£oV(/,/) = ¿ XiMAPb°{I,J,A), 
i=i 

where the terms have been defined in Ref. 13. These two 
expressions allow the effective vibrational specific heat 

■•'.a 

Normalized Frequency 

Fig. 3. Normalized intensity absorption as a function of normalized frequency for 0.5% to 1.2% 1I20 molecules. The solid curve has 
been calculated for 23 C and represents an average value of the calculated curves in this humidity range. The difTcrence in the calculated 
values over this range is about twice the line thickness. enanx m me calculated 
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Normalized Frequency 

be^n^aícula^e^orJM^cTn^eprcsent^a^a^erage vaíue^ofThe^akulated^urves^n^th^h0 'a? Hî° mo'e,cules' The curve has lated values over this range is about twice the line thickness. alcuIated curves ln thls humidity range. The difference in the calcu 

to be calculated, which in turn can be used to determine 
the absorption and velocity of sound using Ref. 13. 

A total of 24 energy transfer processes were con¬ 

sidered. The rates for these processes are given in 
Table I. Rates are labeled as MAPba{IJ,A). The 

letter A indicates the type molecules involved in the 
collision. An index to the numbering system used is 
given in Table IL MA is the number of collisions of 
type A occurring each second in air at 1 atm of pressure. 

Pba(I,J,A) is the probability that, during a collision 
between the molecules involved in type A collisions, 
mode I of the molecule will lose “a” quanta of vibra¬ 

tional energy, while mode J of the same molecule or the 
collision partner gains “b" quanta of energy. The modes 
are numbered as follows : 

1570 Volume 51 Number 5 (Part 2) 

Mode 0 translational mode of any molecule; 
Mode 1—symmetric stretching mode of C02 ’ 

(vi= 1388 cm“1) ; 
Mode 2 -bending mode of C02 (v2 = 667 cm“1) 

(doubly degenerate) ; 
Mode 3—asymmetric stretching mode of CO 

(^3= 2349 cm“1) ; 
Mode 4—vibrational mode of N2 (u4 = 2331 cm“1)- 
Mode 5—vibrational mode of 02 (Vb= 1580 cm“1)-’ 
Mode 6—bending mode of H20 (v,s= 1595 cm“1). ’ 

For example, 3/2/V (4,0,2) is the rate for the (V-T) 
process 

^2*-f-C02 —» N2-f-C02, 

and AÍ4/Y (4,5,4) is the rate for the (V-V) process 

O2+N2* —> 02*+N2, 

1972 

fil. 
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m 
1 

Normalized Frequency 
f i no? o ko/ HoO molecules. The solid curve has 

where an asterisk indicates a vibrationally excited mode 
The s^nretric and asymmetric stretchmg modes of 

HoO were not considered, since their contributions to 

the total specific heat is very small. 
A rather large number of rates have been considered 

since at different humidity and frequency combina ions 
different rates are the controlling mechanisms for he 
sound absorption. For example, at high humidHies the 
effect of CO* is insignificant in concentratmns beiow 
1000 parts per million. However, in relative!;, dry 
the COo content controls the relaxation frequency 

,hc mixture ,s shown in 1¾ h The m«t 
rates for the study are the (I J) an(1 ( ..‘o/H ,0 
O../H0O collisions; the (V-T) rate for H*0/H2O 
eoilisions; the (V-T) and (V-V) -amsio 
collisions; and at low humidities the (f D and ( 

rates for 0-,/COo interactions. It should be recognized 
that any of'the above (V-T) rates could very well be 
the result of a (1-^) process followed by a i apid ( R ) 

Pr Although only the absorption has been discussed, the 
velocity could also be calculated by the same method. 
The velocity, however, is less sensitive to the presence 

of relaxation. . . 
The power of the theoretical method is its versa¬ 

tility The same theoretical method and computer 
program could be used for any combination of gases 
The8 effect of pollutants on the frequency dependence 
„rJund «bidon and the absorption of sound m 
alien atmospheres could readily be calculated provided 
the binary collision rates were known. In many cases 
these rates can be found in the literature. Those not 
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Fig. 6. Normalized molecular absorption per wavelength as a function of frequency. The curves are calculated for the indicated relative 
humidities at 23°C. 

available in the literature can be measured in controlled 
laboratory conditions without being concerned with all 
the variables inherent in field measurements. The 
temperature dependence of the relaxation absorption 
can also be calculated if the temperature dependence of 
the individual transition rates are known. Additional 
laboratory measurements of the temperature depend¬ 
ence of the rates important in sound absorption must 
be made before more accurate theoretical predictions 
will be possible. A great deal of progress has been made 
towards developing theoretical expressions for energy 
transfer rates. Once such expressions are developed, 
calculations of sound absorption from molecular 
constants will be possible. This area clearly deserves 
additional attention. 

II. RESULTS 

The predicted curves are shown in Figs. 2-5 along 
with available experimental data. Of the three sets of 
data, that of Harris and Tempest is thought to be the 
most accurate. Agreement between theory and experi¬ 
ment is very good. The curves and data have been 
presented in the form, w/wmax vs //where m is 
the intensity attenuation coefficient and wmnx is its 
value at the relaxation frequency^ /m„x. By normalizing 
both axes, data for the various different humidities 
can be plotted on the same graph. In each case the 
experimental data has been normalized by /„mx pre¬ 
dicted by Monk’s expression and the value of w„lnx 
has been computed using the Planck-Einstein relation¬ 
ship for the specific heat of the oxygen content. An 
error in fmax will move a data point along a 45° line; 
an error in mmnx will change the vertical position of the 
data point on the scale; and hence both 
parameters affect the agreement between theory and 
experiment. 
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Figure 6 depicts the predicted curves of ß/ßmnx vs 
f/p, where ß is the absorption per wavelength. It is 
readily obvious from these curves that sound absorption 
in air is a multiple relaxation process. The curves have 
been normalized by the major peak, which is due to the 
vibrational specific heat of oxygen ; hence, as a result of 
the nitrogen relaxation u/nmax does not necessarily 
equal 1. The minor peak is not as easily explained. It is 
primarily due to the nitrogen content of air; however, 
its position in frequency is primarily a function of the 
water vapor content.15 

Comparison between /nmx and theory as a function of 
humidity is shown in Fig. 7 along with Monk’s curve.6 
It is not surprising that Monk’s results and the present 
work are identical at high humidities, since we have 
taken the rates which are important at high humidities 
from Monk’s paper. However, there is considerable 
difference at lower humidities (Fig. 1). This work 
approaches a value of approximately 30 Hz for the 
relaxation frequency at zero humidity. This agrees very 
well with the values reported by Piercy16 that were 
extracted from very low-temperature air data. There is 
some uncertainty in this 5U-Hz prediction since the 
rate for Oo/COs^HF-K) coupling is not well known. 
As shown in Fig. 1, a difference of one order of magni¬ 
tude in this particular rate makes approximately the 
same difference in /Tnax at zero humidity. For this work, 
MOPi' (5,2,0) was chosen to be 3.0X105 sec-1 atm-1 to 
agree with Piercy’s16 results. Taylor and Bitterman17 
suggest a value of 3.OX 106 sec-1 atm-1. The third curve 
in Fig. 1 emphasizes the importance of including the 
trace amounts (300 ppm) of C02. Without C02 the 
zero humidity relaxation frequency is approximately 
6 Hz. 

The acoustician is often faced with making correc¬ 
tions for atmospheric absorption and for these purposes 
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h % H^O Molecules 

Fig. 7. Relaxation frequency as a function of percent H20 molecules. The solid curve is from this work. The dashed curve is from 
Monk (Ref. S). 

Fig. 8 is included. These curves show the total absorp¬ 
tion (i.e., classical, vibrational, and rotational absorp¬ 
tion) in decibels/1000 ft vs f/p at 20°C. It is felt that 
the accuracy of these predicted curves will be well 
within any experimental error in field measurements 
and can be used without hesitation. 

III. SUMMARY 

The theoretical method developed allows the acoustic 
absorption to be calculated to an accuracy comparable 
to that of present experiments. If the need for more 
accurate predictions of sound absorption arises, then 
the transition rates required in the theory must be 
determined more accurately, especially those involving 
water vapor. Further, if the theoretical method is to 
be expanded to alien atmospheres, the necessary binary 
vibrational energy transfer rates must be determined 

experimentally or calculated. The ability of the theoret¬ 
ical technique to predict the temperature dependence of 
the sound absorption depends upon the temperature 
dependence of the various vibrational rates. Again, 
those rates involving water vapor need additional study. 
In order to make calculations of the absorption of 
sound in air, or any other calculation which requires 
transition rates, without a priori knowledge of the 
various transition rates, theoretical expressions for 
these rates must be developed. To date, there has 
been marginal success with (V-T) calculations and 
with (V-R) calculations, but none with (F-F) theory. 
These calculations also deserve additional study. 

Some error may be introduced into the present 
calculations by exclusion of the trace amounts of 
and Ar which are present in the atmosphere. These 
constituents, particularly Ho, may have some import- 
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Fig. 8. Total absorption of sound in air as a function of frequency. The curves range from 0 to 100% relative humidity and are for 20°C. 

anee at extremely low humidities. The uncertainty 
introduced by neglecting these two trace elements, 
however, is certainly no greater than that already 
present owing to the uncertainty in the transition rates. 

These calculations were expedited by most of the 
needed transition rates being available in Taylor’s 
and Bitterman’s17 excellent review article on the 
transition rates important for C02 lasers. Other reviews 
of this nature, where the various data sets are not only 
recorded but their accuracy assessed, are certainly 
needed. 

It is felt by these authors that the method and curves 
presented can be used to predict atmospheric sound 
propagation reliably at 2()°C and probably safely over 
a 5° spread around 2()°C'. Xot until better information 
is available on the temperature dependence of many of 
the transition rates will accurate calculations as a 
function of temperature be possible. 

ACKNOWLEDGMENTS 

This work was sponsored by the Army Research 
Ofiice-Durham. One of us (H.E.B.) wishes to express 

'O’iT 

1574 Volume 51 Number 5 (Port 2) 1972 



ATMOSPHERIC ABSORPTION OF SOUND 

his gratitude to the Committee on Faculty Research of 
the University of Mississippi and the Office of Naval 
Research for support. We all express our gratitude to 
Dr. F. 1). Shields of the University of Mississippi for 
making available a copy of his computer program for a 
binary gas mixture. 

* The material in this paper has been presented in part at the 
Helicopter Noise Symposium, Durham, North Carolina, 28-30 
September 1971 and at the 82nd meeting of the Acoustical 
Society of America, Denver, Colorado, October 1972. 

1 H. O. Kneser, H. J. Bauer, and H. Kosche, J. Acoust. Sor. 
Amer. 41, 1029-1031 (1967). 

1 W. H. Pielemeier, Phys. Rev. 34, 1184-1203 (1929). 
3 C. M. Harris, NASA CR-647 (1967); J. Acoust. Soc. Amer. 

40, 148-159 (1966); J. Acoust. Soc. Amer. 43, 530-532 (1968); 
J. Acoust. Soc. Amer. 49, 890-893 (1971). 

4C. M. Harris and W. Tempest, NASA CR-237 (1965); J. 
Acoust. Soc. Amer. 36, 2390-2394 (1961). 

3 Monk, R. G., J. Acoust. Soc. Amer. 46, 580-586 (1969). 
* L. B. Evans and L. C. Sutherland, Wyle Labs. Res. Staff 

Rep. WR 70-14 (1970). 

7 H. O. Kneser, J. Acoust. Soc. Amer. 5, 122-126 (1933). 
8 L. C. Sutherland, J. Acoust. Soc. Amer. 46, 86(A) (1969). 
8 J. E. Piercy, J. Acoust. Soc. Amer. 46, 602-604 (1969). 
10 M. Greenspan, J. Acoust. Soc. Amer. 31, 155-160 (1959). 
11 L. B. Evans, H. E. Bass, and T. G. Winter, J. Acoust. Soc. 

Amer. 48, 771(E) (1970). 
13 F. I. Tanczos, J. Chem. Phys. 25, 439-447 (1956). 
13 F. D. Shields, J. Acoust. Soc. Arner. 47, 1262-1268 (1970). 
14 F. D. Shields and H. E. Bass, J. Acoust. Soc. Amer. 50, 

382-383(L) (1971). 
16 L. B. Evans, J. Acoust. Soc. Amer. 51, 409-411 (L) (1972). 
13 J. E. Piercy, J. Acoust. Soc. Amer. 49, 110(A) (1971). 
17 R. L. Taylor and S. Bitterman, Rev. Mod. Phys. 41, 26-47 

(1969). 
18 H. Knotzel, Akust. Z. 5, 245-256 (1940). 
18 V. O. Knudsen, J. Acoust. Soc. Amer. 6, 199-204 (1935). 
” W. Pohiman, Proceedings of the Third International Congress on 

Acoustics, Stuttgart, 1959,1. L. Cremer, Ed. (Elsevier, Amsterdam, 
1961), pp. 532-535. 

31 E. J. Evans and E. N. Bazley, Acústica 6, 238-245 (1956). 
32 Anon. “Atmospheric Physics and Sound Propagation,” 

Pennsylvania State Univ. (Sept. 1950). 
23 V. O. Knudsen, J. Acoust. Soc. Amer. 5, 112-121 (1933). 
34 L. P. Delsasso, U. S. Air Force Contract W-28-099-ac-228 

(Feb. 1953). 

The Journal of the Acoustical Society of America 1575 



APPENDIX c 

TABLES OF ABSORPTION AND VELOCITY OF SOUND IN STILL AIR 

L. B. Evans 
H. E. Bass 

Wyle Laboratories Research Staff Report WR 72-2, January 1972 

27 

; r, v;^2QSW«B*SMKS^UIBft!{8k 



WYLE LABORATORIES - RESEARCH STAFF 

REPORT WR 72-2 

TABLES OF ABSORPTION AND VELOCITY OF 

SOUND IN STILL AIR AT 68° F (20°C) 

L. B. Evans 
Wyle Laboratories, Huntsville, Alabama 

H. E. Bass 
Dept, of Physics & Astronomy 

University of Mississippi 

Work Performed Under Contract No. DAH C04-69C 

January 1972 

HWYLS LABORATORGES 
RESEARCH DIVISION, HUNTSVILLE FACILITY 



■nnllfösSKnoUnBBBUMMnwMi"' 

s 
1 

i 

si 'li 
i 

« Il üw 

11 

n 

ABSTRACT 

Tables are presented for the absorption and 
velocity of sound in still air at 68 F (20 C). 
The absorption is presented in dB/1000 ft, 
dB/Km, and dB/sec. The velocity is presented 
in 1000 ft/sec. The tables cover the frequency 
range of 12 Hz - 1 MHz and for relative 
humidities of 0%- 100% . An appendix is 
included which presents analytical expressions 
that will duplicate the tables within 3% over 
all frequencies and humidities. 
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INTRODUCTION 

These tables and graphs are an Interim step in the process of developing a comprehensive set 
of tables for absorption of sound in still air. They have been produced because of a need for 
such results which was expressed at the Helicopter Noise Symposium in Durham, North 
Carolina, September 1971 . They should be viewed as an interim effort, and as being accurate 
only at the stated temperature. For those that need analytical expressions for the absorption 
and velocity such expressions are discussed in the Appendix. 

The tables give the % relative humidity, temperature, one-third octave band center 
frequencies, absorption in dB/1000 ft, dB/Km, and dB/sec along with the velocity in 1000 
ft/sec. They cover the frequency range of 12 Hz - 1 MHz and humidity range of 0% relative 
humidity to 100% relative humidity. 

The tables have been produced from the theoretical technique which is described in Reference 
1. The only modification which has been made is that the calculation technique for rotational 
relaxation has been replaced with a single rotational rate constant for air which has been taken 
from Reference 2. This modification affects the results only at the higher frequencies and 
brings the calculations into excellent agreement with experimental data at these frequencies. 
The agreement between the calculations and available experimental data in the audible 
frequency range can be viewed in Reference 1. At frequencies below 100 Hz no comparison 
has been made with experimental data because of the lack of such data. 

For extremely dry air (less than 10% relative humidity) there is some difficulty in assessing the 
accuracy of the calculations below 100 Hz. However, the calculated values in this range 
reflect the best agreement with available data at higher frequencies. 

The accuracy of the tables is different for different frequencies. For the range of 1 2 Hz - 
100 Hz 'he calculated values may be in error as much as 50% with the error decreasing with 
increasing frequency. Over the rest of the frequency range the error in the calculations is 
less than 5% which is as good or better than experimental accuracy. The tables have been 
calculated for more digits than for which significance can be ascribed. This has been done for 
computational convenience. All of the absorption measurements should be regarded as signifi¬ 
cant to only one decimal place and the velocity (in 1000 ft/sec) is significant to four decimal 
places. 

The velocity calculations include both relaxational and humidity effects and are in fair 
agreement with the experimental data in Reference 3. 
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ABSORPTION 
RELATIVE HUMIDITY = 

A N D_ Y ELO CITY. 

0.5¾ 
OF SOUND IN STILL AIR.. 

TEMPERAIURE = 68. DEGREES 

ABSORPTION 
(DB/SECI .. 

VELOCITY 
( 1000 FT /S EC l 

1.126826 
1.126861 
1.126892 
1.126928 
1.126967 
1. 127013 
1.127050 
1.127085 
1. 127112 _ 
1.127131 

127145 
127154 
127161 
127Í64 
127167 
l27Í69 

1.127170 
Y. 127171 

127172 
ï 27Í72. 
127172 
127172'- 
127173 

ï. 127174 
1.127177 
1.127178 ' 
1.127180 
1 .7.2718 2 
1.127183 
1.127184 
1.127186 
1Vl27187 
1.127187 
1 . 1'27187' 
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ABSORPTION 
RELATIVE HUMIDITY = 

AND VELOCITY 
l‘.0? 

FREQUENCY 
(HZ) 

12. 
16. 
20o 
25. 
31. 
40. 
50. 
63. 
80. 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 
630. 
800. 

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

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000» 
160000. 
200000. 
250000. 
315000. 
400000. 
500000. 

-PJL.SOUND IN STILL AIR 
TEMPERATURE = 68. DEGREES F 

ABSORPTION 
(DB/1000FT ) 

0.026 
0.039 
0.053 
0.071 
0.094 
0.132 
0.182 
0.260 
0.380 
0.543 
0.771 
1.109 
1 .490 
1.921 
2.381 
2.822 
3.173 
3.462 
3.689 
3,854 
3.994 
4.147 
4.310 
4.531 
4.864 
5.394 
6.155 
7.361 
9.277 

11.970 
15.911 
22.356 
30.916 
43.375 
62.618 
93.309 

137.853 
209.833 
328.377 
503.565 
777.061 

1261.378 
1961.658 

ABSORPTION 
(CB/KM) 

O» 08 

3055.001 
4839.539 

0.13 
0.17 
0.23 
0.31 
0.43 
0.60 
0.85 
1.25 
1.78 
2.53 
3.64 
4.89 
6.30 
7.81 
9.26 

10.41 
11.35 
12.10 
12.64 
13.10 
13.60 
14. 14 
14.86 
15.95 
)7.69 
20.19 
24. 14 
30.43 
39.26 
52.19 
73.33 

101.41 
142.27 
205.39 
306.05 
452.16 
638.25 

1077.03 
1651.69 
2548.76 
4138.96 
6434.24 

10020.40 
15873.68 

7792.676 
12165.891 

25559.97 
39904.12 

ABSORPTION 
IDB/SEC) 

0.J329 
0.04V 
0.060 
0.080 
0. 105 
0.149 
0.20_6 
0.293 
0.428 

"O'. 6 lY 
0.869 
1.250 
1^679 
2.165’ 
2.683 
3.181 
3.576 
3.902 
4.158 
4.344 
4.502 
4.674 
4.859 
5.107 
5.483 
6.0 8 Õ 
6.938 
8. 2^~ 

10.457 
13.493 
17.936 
25.200 
34.850 
48. 893 
70.584 

105.180 
155.391 
236.529 
370.155 
567.632 
875.924 

1422.424 
2211.236 
3443.682 
5455.262 
8784.117 

13713.727 

VELOCITY 
?10Q0FT/SPC ) 

1, 
l‘, 
1, 

T, 
l, 
i, 
i. 

126817 
126827 
126836 
126844 
1_26852 
126861 
126868 
126877 
126889 

1.126904 
1.126925 
1.126955 
1.126988 

127027 
127066 
127105 
127133 
127158 

1.127176 
17127189 
1.127196 
F. 127 201” 
1.127206 
1.127 2Õ 8~ 
1.127209 

127210' 
127211 

1, 
1, 
iriTTUY 
1.127213 
ï. 127214 
1 . 127 2_16 
1. 127218' 
1.127221 
1. 127222" 
1.127224 

127225 
127226 

1.127227 
1.127227 
T. 12 7 2 2V 
1.127228 
1.127228 
1.127228 
1.127T2T 
1.127228 
1.127228 
1.127228 

630000. 
800000. 

1000000. 

19303.926 
31116.449 
48609.227 

63316.87 
102061.94 

T5°438.25 

21759.918 
35075.324 
T4793.668 

T. F27228 
1.127228 
ITT2727E“ 
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SOUND ABSORPTION IN STILL AIR 

FOR 2% RELATIVE HUMIDITY. 
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ABSCRPTT ON 
RELATIVE HUMIDITY = 

AND VELOCITY 
2.0% 

GF SOUND IN STILL AIR 
’’TEMPERATURE = 6fl. DEGREES F 

FREQUENCY 
_ÍÜU_ 

12. 
16. 
20. 
25. 
31. 
40. 
50. 
63. 
80. 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 
630. 
800. 

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

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 
400000. 
500000. 
630000. 
8C0000. 

1000000. 

ABSORPTION 
( OB/1000F T) 

ABSORPTION 
(08/KM)_ 

ABSORPTION 
(DB/SEC) 

VELOCITY 
( 1000FT/SFC! 

0.020 
0.031 
0.042 

_0.0 7_ 
0\l() 
0. 14 

0.055 
0.070 

0.18 
0.23 

0 • 0°4 
0.122 

0.31 
0.40 

0.164 
0.231 

0.54 
0.76 

0.325 
0.463 

1.07 
1.53 

0.707 
1.028 
T. 47Q 
2. 106 

2.32 
3.37 
4.85 
6.91 

2.927 
3.811 

9.60 
12.50 

3.298 
4.296 

4.770 
5.707 

15.65 
18.72 

6.465 
7.083 

21.20 
23.23 

5.376 
6.433 
7.297 

7.620 
8.014 

24.99 
26.29 

7.983 
‘8. 589' 
9.034 

1.126850 
ÏV126859 
1. 126866 
1.126875 
1.126883 
1.126890 
1.126895 
1.126901 
1. 126905 
ï.126911" 
1. 126919 
1 .126929 
1 • 126944 
T. 126963 
1.126988 
1.127024 
1.127061 
1.127100 
1.127139 
1.127171 
1.127195 
1. 127214 
1.127227 

8.373 
R.771 

27.46 
28.77 

9.292 
9.981 

30.49 
32.74 

9. 438 
9. 887 

10.474 
11.251 

1.127235” 
1.127241 

TViT72”46' 
1. 127248 

11.046 
12.756 

36.23 
41.84 

15.228 
18.998 

4P.95 
62.31 

127452- 
14.379 

'17. Ï66 
21.415 

T.TZT2TCT 
1.127251 
1.127252 
1.127254 

25.464 
34.416 

83.52 
112.88 

28. 704 
38.795 

47.749 
68.403 

156.62 
224.36 

53.825 
77.108 

1.127255 
1.127256 
1.127258“ 
1.127259 

100.906 
147.197 

330.97 
492.81 

113.748 
165.930 

1. 127262 
1.127264 

220.903 
340.695 

724.23 
1117.48 

248.904 
384.054 

1.127266 
1.127267 

516.817 
790.975 

1695. 16 
2594.40 

582.591 
891.641 

1276.282 
1976.344 

4186.20 
6482.60 

3069.858 
4854.488 

10069.13 
15922.72 

1438.711 
2227.870 

”3460.^75“ 

1.T27T5T 
1.127268 
IH 27260" 
1.127269 

5472.312 
7807.656 

12180.836 
19318.762 

25609.11 
39953.14 

8801.324 
13731.074 

T7TT7216T 
1.127269 

TTlTTréT 
1.127269 

31131.047 
48623.480 

63365.53 
102109.81 

TO485.Ö"Ö" 

21777.434 
35093.055 

”548nTT37r 

1.127269 
1.127269 

T7T7T7W 

34 
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SOUND RESORPTION IN STILL RIR 

FOR 3% RELATIVE HUMIDITY. 
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__ABSORPTION AND VELOCITY OF SOUND IN STILL AIR 
RELATIVE HUMIDITY = 3.0? TEMPERATURE = 68. DEGREES F 

FREQUENCY 
_ XbLLl_ 

ABSORPTION 
(DB/IOOOFT) 

12. 0.017 
16 o 
20. 

0.027 
0.037 

25. 
31. 

Ü.049 
0.063 

ABSORPTION 
( re/km.). . 

0._06 
d. op 
0.1_2 
Õ. 16' 
0.21 

40. 
50. 

0.082 
0.103 

63. 
_80_o_ 
100. 
125. 
160. 
200. 
250. 
315. 
40Õ. 
500. 

0.133 

D.iJ77 
0.230 
0.334 
0.496 
0.722 
1.060 
1.57¾ 
2.338' 
3.305 

0.27 
0.34 
0.44 
0.58 
6779 
1.09 

'1.63' 
J_.37 
3 .'4 8“ 
5.16 

630. 
800._ 

Tööö. 
1250. 
160dT 
2000. 
2 500. 
3150. 
4000. 
5000. 
6300. 
8000. 

10000. 
12500. 

4.568 
6.090 
7.590 

_j jOl 2 7 
10.417" 
n .448 

'12.>90 
13.035 
13 .'77 9 
14 ,_5 74 
15". 6 62 
17.311 
19.654 
23.228 

16000. 
200_00._ 
25000. 
31500. 
'40000. 
50000. 

29.43Q 
38.206 

'61.540' 
-72.5 83 

106.066 
153.794 

'I 

63000. 
80000. 

looobo. 
125000. 
idödoö." 
200000. 
2500Ò0. 

„315000. 
400000. 

_5 00000. 
63ÕÕÕÕ. 
800000. 

1000000. 

229 
351 

.214 

.010 
528 
804 

1290 
1991 

.698 

. 106 

.417 

.099 
3085 
4869 

.031 

.926 
7823 

1 219 6 
193 34 
31146 

.238 

.473 

.352 

.480 
48638.613 

7.67 
1_0.84 
14.98 
19.98 
24.90 
29.61 
34.17 
37.55 
40.31 
42.75 
4 5.19 
47.80 
51.37 
56.78 
64.46 
76.19 
96.56" 

125.32 
~ 169.05 

238.07 
347.90 
504.44 
751.82 

1151.31 
' '1734.13 

2637.47 
' 4232.57 

6530.80 
TO 118.00 
„15973.35 

2 5660.22 
40004.43 
634? 6.66 

102160.44 
159 5 34.6 2 

ABSORPTION 
( OB/SEC) 

__ OTl*9 
0.030 

_0.041 
0.055" 

_0.071_ 
0.092 
0. 116 
0.1 50 

_ 0.200 
0.270 
0.376 
0^5 59 
0.814 

. 1.195 " 
1.775 

'2.635 
3.725- 

- - 5> IAa - 

6.864 
' 8.555 
10.Í75 
11.742 
12.904 
13.854 
14.694 
15.532 
16.429 
17.656 
19.515 
22.155 
26. 185 
33.187 
43,070 

-.5 8. 101 
81.823 

119.568 
173.372 
258.393" 
395.696 
596.005 
906.475 

1454.698 
2244.585 
'3 477.786 

„5489.914 
8819.'211 

13749.203 
'21 795.801"' 
35111.730 
548313. 7 85" 

VELOCITY 
( 1000FT/SEC) 

1.126885 
1.126893 
1.126901 

"" 1.126908 
1. 126917 
1.126925 
1.126931 
1.126936 " 
1.126941 
1.126944 
1.126948 
1.126953 
1.126960 
1.126969 
1. 1?6°83 
1.127003 
1 . 127028 
Í. 127061 
1.127100 
1.127139 
1.127175 
1.127212 
1.127236 
1.127254" 
1.127267 
1.127276 
1.127282_ 

.1.127 2 86 
1.127290 
1.127291 
1.127292 . 
1.127294 
1.127295 

.1.127296 
1.127298 
1.127300 
1.127301 

"1 . 127303 
1.127306 

' " 1.127307 
1.127308 
1.127309 
1.127310 
1.127310 
1.127310 
1.127310" 
1.127310 
1.127310. 
1.127310 
1. 12731 0 

Jl. 
"'t— 



SOUND RBSORPTION IN STILL FUR 

FOR 4% RELRTIVE HUMIDITY. 
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_ABSORPTION ANC VELOCITY OF SOUND IN ST ILL AIR_ 
RELATIVE HUMIDITY = 4.0¾ ’ TEMPERATURE = 6R,. DEGREES F 

FREQUENCY 
_{H1J_ 

12. 
16. 
20. 
25. 

_3JL._ 
40. 
50. 
63. 
80. 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 
630. 
800. 

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

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 

ABSORPTION 
(DB/1Q00FT) 

ABSORPTION 
( OB/KM.) 

ABSORPTION 
(DB/SEC) 

VELOCITY 
( 1000FT/SEC) 

0.015 0.05 
0.024 
0.033 

0.08 
0. 11 

0.0 17_ 
0.027 
0.038 

0.Û45 
0.059 

0.15 
0.19 

0.051 
0. 066 

0.077 
_0 ._09 6 
0.120 

,0.154. 

0.25 
0.31 
0. 39 
0.50 

0.087 
0. 108 
0.135 
0. 173 

0.200 
_0_._26R 
0.385 
0.551 

0.65 
0.8 8 

0.803 
1.200 

1.26 
1. 81_ 
2.63 
3.93 

1.820 
2.664 

5.97 
8.74 

3.881 
5.548 
7.452 
9.573 

12.73 
18.20 

'24.44 
31.40 

11.950 
13.929 

39.19 
45.69 

15.634 
17.102 
18.392 
1^.529 
20.832 
22.580 

51.28 

JL6ilü 
60.33 
64.06 
6 8.33' 
74.06 

24.920 
28.409 

8 1.74 
93.18 

0.225 
0.302_ 
0.434 

_0.6 2_1_ 
0.905 

„ l* 352 
2. 0 51. 

_ _3 • 0 0 3 
4.374' 
6.254 
8.400 

jL0*_790 
13.470 
15.701 
I 7.'623' 
19.279 

-20.733 
22.016 
23'; 484 
25.455 
28.09 3 
32.026 

_i. 126923 
1.126929 
L. 126936 
1.126944' 
i.126951 
1.126961 
1.126967 

T. 126972 
1.126978 
1.126981' 
1.126985 
1.126987 

_1 il 26992 
1.126996 
1_. 127004 
1.127015 
1.127031 
1.12705 3 
1.127083 
T.12 7Í19 
1.J27156 

'1 . 127198' 
1.127234 
1.127261 
1.127285 
i; Í 27 30 2 
L. 127314 
1 . 127 320 
1.127326 
1. 127329 
1.127332 

34.436 
42.980 

112.Q5 
140.97 

38.821 
48.453 

1.127333 
1.127334 

56.095 
77.042 

183.99 
252.70 

63.238 
86.852 

110.771 
159.230 

363.33 
522.27 

124.876 
179.506 

1.127336 
1_. 127 3 3 7 
1.127339 
1.127341 

235.977 
359.591 

774.00 
1179.46 

539.097 
816.176 

1768.24 
2677.06 

266.026 
405.383 
607'. 740 
920.115 

1.127343 
1.127345 
1.12^346- 
1.127349 

1303.986 
2005.672 

4277.07 
6578.60 

1470. 04if 
2261.094 

127350 
127350 

3100.310 
4885.695 

10169.02 
16025.08 

3495.137 
5507.891 

1 
1 
1.127351 
1.127351 
1.127351 
1.127352 
1.127352 
1.127352 
1.12735F 

400000. 
500000. 
630000. 
800000. 

7839.312 
12212.672 

25712.94 
40057.56 

8837.652 
13767.977 

19350.574 
31162.605 

63469.87 
102213.31 
159586.69 

21814.Q02 
35131.215 

”54”85‘0T7 FT 1000000, 48654.492 
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SOUND RBSORPTI ON IN STILL RIR 
FOR 5% RELATIVE HUMIDITY, 
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A B S ü RPIJON AND VE L OÇ.I XÏ..J3f -SQ-U^P - 
RELATIVE HUMIDITY = 5.0¾ 

_ IN STILL 
TEMPERATURE = 68 

AIR 
DEGREES F 

FREQUENCY 
(HZ)_ 

12. 
16. 
20. 
25. 
31. 
40. 
50. 
63. 
90. 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 
ó 30. 
800. 

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

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000, 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 
400000. 
500000. 
630000. 
800000. 

1000000. 

ABSORPTION 
( PB/100QFT )_ 

absorption 
(CB/KM )_ 

absorption 
( DB/SEÇJ._ 

VELOCITY 

0.013 
0.021 
0.031 
0.042 
0.056 
0.074 
0.062 
0.114 
0.143 
0.170 

0.232 
0.322 
0.449 
0 • 644 
0.954 
1.451 
2.151 
3.211 
4.774 
6.732 
9.164 

12.259 
15.175 
17.945 
20.476 
22.6P5 
24.473 
26.245 
28.295 
30.781 
34.306 
40.263 
48.653 
61.552 
82.274 

115.903 
164.582 
242.070 
367.063 
548.273 
827.179 

1316.839 
2019.879 
3115.528 
4901 .645 
7855.758 

12226.379 
19367.410 
31179.379 

0.04 0.015.. 

0.07 
0.10 

0.024 
0.034 

0. 14 
0.18 

0.04« 
0.063 

1.126963 
Y. 126967 
1.126973 _ 
1.126980 
1.126987 

0.24 
0.30 

0.083 
0. 104 

1.126996 
1.127004 

0.37 
0.47 

0.126 
0. 161 

1.127009 
1.127015 

0.59 
0.76 

0. 202 
0.262 

1.06 
1.47 

0.363 
0.506 

2.11 
3.13 

0.726 
1.075 

4.76 
7.05 

10.53 
15.66 

1.635 
2.4 24 
3.619 
5.380 

22.03 
30.06 

7.588 
10.329 

1. 127019 
1.127022 
T . 127 0 2 5 
1.127028 

T. 127031 
1.127035 

' 1.127043 
1.127052 
1.127067 
1.127088 

'1.127115 
1.127147 

40.21 
49.77 

*13 • 818 
17.106 

58.86 
67.16 

20.229 
23.082 

1.127189 
1. 12_Z22X 
1.127263 
1.127295 

74.41 
80.27 

25.573 
27.589 

86.08 
92.81 

"29. 5 87 
31.896 

1.127321 
1.127338 

THTnXT 
1.127360 

100.66 
112.5? 

34.701 
38.676 

1.127365 
1.127366 

132.06 
159.58 

45.391 
54.850 

,127372 
,127373 

201.89 
269.86 

69.393 
92.753 

1.127*375 
1.127376 

380. 16 
539.83 

130.666 
185.547 

793.99 
1203.97 

272.905 
413.821 

'17127378' 
1.127379 
1.127381 
1.127383 

1798.34 
2713.15 

618.115 
932.552 

1.127386 

4319.23 
6625.20 

1484.590 
2277.191 

1.127388 
1.12T389 

10218.93 
16077.39 
25766.83 
40112.36 

3512.417 
5526.066 
8856.508 

13787.301 

1.127390 
~I7T2T39r 
1.127361 

48671 .082 

63525.10 
102268.31 
159641 .'TT 

21834.656 
35151.375 

-54-8717779 

1.127392 
1.127772* 
1.127302 
T.T27792 
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SOUND ABSORPTION IN STILL AIR 
FOR 6% RELATIVE AUMIDITY, 

l_L- 

O 
O 
O 

'XI 
X 

G 

CL. 
X 
O 
G 
X 
G 

CE 

G 
h- 

Ij 
I 
l| 

il 

j 

11 j 

I 
i 

16 



K 
I 
I 
I 
11 

! 

:; : 

n 

:. 

o 
0 
0 
!" ) 

ABSORPTIOrL_AND VFLQCITV OF SOUND IN STILL AIR . 
6.0¾ TEMPERATURE = 6A. DEGREES F RELATIVE HUMIDITY = 

FREQUENCY 
(HZ ) 

ABSORPTION 
(PB/1000F T) 

ABSORPTION 
(DB/KM) 

ABSORPTION 
(DB/SEC) 

12. 0.012 
16. 
20. 

0.020 
0.0 2 R 

25. 
31. 
40. 
50. 
63, 
80, 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 

0.040 
P*Q5JL 
o'.072 
g. oro 
0.112 
o. n 9. 
0.169 
Q*213 
0.235 
0.386 
0.541 

1. ï 9 3 
1.771 

630. 
900. 

1000. 
1250. 

2.671 
4.053 
'5.886 
9.333 

1600. 
2000. 

11.756 
15.338 

2500. 
3150. 

19.096 
22.833 

4000. 
5000. 

26.270 
2A.03A 

0.04 
0.06 
0^09 

' Ö . ï 3 
0.17 
0.24 
0.30 
0.37 
0.45 
0.55 
0 . 7_0_ 

' 0.93 
1 *27 
1.78 
2.59 

' 3. Q1 
5.81 
8. 76 

13. 29 
19.31' 
27.33_ 
'38.56 
5^0.31 
'62.63' 
74.89 
'96.17 
95.24 

0.013 
0.022 
0.032 
0.045 
0.060 
0.081 
0.102 
0. 126 
0.155 
0.190 
0.240 
0.321 
0.4 3 5_ 
0.610 
0.891 
ï. 345 
1,996 
3.011 
4.568 

“6.634 
9.393 

*13.25 1 
17.290 

6300. 
8000. 

31.591 
34.204 

10000. 
12500. 

37.023 
40.730 

16000. 
20000. 

46.744 
55.074 

103,62 
112. 19 
121.43 
13 3^60 
i'5 3.32 
190.64 

25000. 
31500. 
40000. 
50000. 

67.824 
99.324 

121.736 
170.364 

222.46 
2 9Q ^70 
399.29 
55 8.79 

21. 526 
25.739 
29.615 
32.J36 
35.615 
38. 561 
41.739 
45.920 
52'. 7CO 
62.091 

-76.465 
99. 578 

137.248 
192.072 

63000. 
80000. 

249.154 
374.034 

813.94 
1226,83 

279.774 
421.694 

100000. 
125000. 

556.627 
937.279 

160000. 
200000. 

1328.949 
2033.610 

1825.74 
2746.27 
435 8.95' 
6670.24 

250000. 
315000. 

3130.559 
4917.652 

1026 8.23 
16129.89 

627.556 
943.971 

T 49 8."2*9 6 
2292.753 
3529.489 
5544.316 

VELOCITY 
(1000FT/SEC) 

1.127002 
1.127006 
1. 127010_ 
T.'127016 
1.127024 
1.127032 
1.127040 
T. 127048 
_U 127053 
1.127057 
1.127060 
T. 127064 
1.127066 

, 127069 
, 127072 
,127076 
,127083 
.127092 
,127107 

1. 127127 
1.127152 
1.127189' 
l. 127226 
1.127265 
1.127302 

“1.1273 36 
1.127360 
1.12 737 8' 
1.127392 
T. 12 7400 
1.127405_ 
1.127410 

JL •_! 27 412 
1. 127414' 
1.127417 

' f. 12 7 418 
1.127419 
1.127420- 
1.127422 

“17127425 
1.127427 
1.127429 
1^12743° 
1.12T431 
1.127432 

400000. 
500000. 

7872.453 
12246.473 

25821.64 
40168.43 

fi 975.652 
13807.086 

630000. 
800000. 

19384.723 
31196.738 

63591.Q3 
102325.25 

21854.999 
35172.254 

1.127432 
1.127434 

1.127434 

1000000. 48688.320 159697.62 54892.855 
1.127434 
1.127454 

47- 

38 

ÉÉÜÜiÜ 

::1 

'ï ' % 



lO
TR
L 

RB
SO
RP
TI

 O
N 

IN
 
DB

/I
OO

OF
T.
 

HaRn.1(jsa9iaj(xaiittiincNW(cM«MMwn*iMU»tMmMjaunfliMm ll«WU!l«»»Ut'imlllMMWIin'IÍ*IIBIMml*I*H«*l II ll*Mi wil* • MSMrtllWIMr 

SOUND RBSORPTI ON IN STILL RIR 
FOR 7% RELRTIVE HUMIDITY„ 
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ABSORP T I ON AND VELOCITY QP SOUND IN ST I_Ll_ .AJLft_ 
TEMPERATURE = 68. DEGREES RELATIVE HUMIDITY = 7.0? 

FREQUENCY 
_Lid ZJ_ 

12. 
16. 
20. 
25 
31, 
40. 
50. 
63. 
80. 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 
630. 
800. 

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

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 
400000. 
500000. 
630000. 
800000. 

1000000. 

ABSORPTION 
IDB/IOOQET ) 

ABSORPTION 
(DB/KM) 

0.011 
0.018 
0.026 
0.037 
0.051 
0.070 
0,086 

‘0.110 
0.135 
0.164 

_0 • 2 9 1_ 
6.‘2 6 2 
0.345 
0.473 
0.677 
1.010 

_1_. 493 
2.256 
3.456 
5.105 
7.413 

10.861 
14.775 
19.249 
24.099 
28.897 
32.911 
36.566 
40.049 
43.433 
47.503 
53.727 
62.105 
74.789 
95.125 

128.309 
176.766 
254.588 
380.952 
564.556 
846.723 

1340.390 
2046.828 
3145.312 
4933.645 
7889.352 

12263.034 

0.03 
0.06 
0.09 

19402.508 
31214.664 
48706.190 

0.12 
0.17 
0.23 
0. 29 
0.36 
0.44 
0.54 
0.66 
0.86 
1.13 
1.55 
2.22 
3.31 
4.90 
7.40 

11.34 
16.74 
24.31 
35.63 
48.46 
63.14 
79.05 
94.78 

107.95 
119.95 
131.36 
142.46 
155.81 
176.22 
203.70 
245.31 
312.01 
420.85 
579.79 
835.05 

1249.52 
1851^74 
2777.25 
4396.48 
6713.59 

fC 3 ï 6.62 
16182.35 

'25877.Õ7 
40225.70 

'63640.22 
102384.06 
159756.31 

ABSORPTION 
Í OB/SEC) 

0. 
0. 
0. 

012_ 
020 
029 

0. 
_0. 
0. 
0. 
0. 
0. 

042 
057_ 
079 
100_ 
124 
152 

VELOCITY 
QpOOFT/SeCl. 

1.127041 _ 
'1. 127044 
1. 127048_ 

' ï .127053 " 
1.127061 
1.127069 
1.127077 
1.12708 5 
1 . 127091 

0. 
0. 
'0. 
0. 
Ò. 
0. 
1. 
1. 
2. 

_ 3. 
5. 
8. 

12. 
16. 
21. 
2 7. 
32. 
37. 
41. 

4 8. 
53. 
60. 
70. 

184 
227 
295 
389 
533' 
764 
139’ 
68 3_ 
54 3 
896 
754 
355 
*243' 
655_ 
'699' 
! 6 7 
5 77 
104 
2 2 8' 

152 
'968 
55J 
57 4 
020 

1. 127097 
1.127100 
1.127103 
1.127106 

T. 127 ids 
1.127110 
1.127113 
1.127117 
1.127124 
1.127134 
1.127149' 
1.127169 
1.1271W 
1.12^231 
1. 12T269' 
1.127309 
1 .12734 7 
1.127378 
1.127402 
1.127421 
1.127433 
1.127441 
1. 127447* 
1.127451 

84. 
107. 

321 
249 

144. 
199. 

663 
296 

1.127454 
1.127456 
T. 127457* 
1.127459 

287. 
429. 

038 
509 

636. 
954. 

517 
651 

1511. 
2307. 
3546. 
5562. 

248 
740 
2 50* 
547 

8895. 
13827. 

027 
262 

1.127460 
1.127462 
1 . 127464' 
1.127466 
1.127469* 
1.127471 
1.127477 
1.127473 

'1.1*27473 
1.127474 

21875.' 
35193. 
54914.* 

816 
715 

■9*65" 

* 1.12 7474“ 
1.127474 
17127474' 



SOUND ABSORPTION IN STILL AIR 
FOR 8% RELATIVE HUMIDITY, 
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-ABSORPTION _AND_ VEL0CIJYJF SOUND IN STILL AIR 
RELATIVE HUMIDITY = 8.0¾ TEMPERATURE = 63. DEGREES F 

12 
16. 
20 a 
25. 
31. 
40. 
50. 
63. 
80. 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 
630. 
800. 

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

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 
400000. 
500000. 
630000. 
800000. 

1000000. 

FREQUENCY ABSORPTION ABSORPTION ABSORPTION VELOCITY 
--LD.B/1000FT)_iüB/KM)__LQB/SEÇ )__(10 00 F T/SEC ) 

0.010 0.03 
0.016 

_0.024 
Ò". 0 3 5~ 
0.048 

0.05 
_0_. 08 
0.12 
0. 16 

0.068 
JO. 037 
0 . i 0 9 
0.134 
0.161 
0.195 
0.248 
0.319 
0.426 
0.59B 
0.878 
1.286 
1.938 
2.970 

4.440 
6.551 
9.853 

_1_3 .jB 3JL 
18.7Õ3 
24.407 
30.494 
35.889 

4'J. 918 
45.583 
49.700 

54.448 
61.066 
69.618 
32.336 

102.534 
135.579 
183.833 
261.542 
388.102 
572.376 
855.766 

1351.284 
2059.561 
3159.747 
4949.543 
7906.352 

12281.637 
19420.684' 
31233.098 
48724.590' 

0.22 
0.29 
Ò . 36 
0.44 
0.53 

_0.6 4 
0.81“ 
1.04 
1.40 
1.96 
2.83 
4.22 
6.36 
9.77 

14.56 
21.49 
32.32 
45.36 
6 1.35 
80.05 

100.02 
117.71 
134.21 
149.51 
163.34 
178.59 
200.30* 
228.35 
270.06 
336.47 
444.70 
602.97 

J) 
Õ 
0 
Õ 

_0 
" 0 

0 
Õ 

_0 
Ö 

_0 
b. 
o, 
0, 

0, 

'"'o, 
1, 
2. 

_ 3, 
5, 
7, 

Tl i 

_15- 
21, 
27, 
34. 
40. 

""46; 
51. 
5 6. 
61. 

" 6 8. 
78, 
92. 

115. 
152. 
207. 

,_011 
, 019 
, 027 
,040" 
055 

, 076' 
098 
123 

1JL 
ï 82 
220 

.279 
, 359 
,480' 
,674 
i 9 p b 

,450 
, 185~ 
, 358 
005 
3 84 
1Ò6" 
590 
083 
514 
'378' 
461 
i 32" 
392 
146 
389 
P"5 i 
494 
833 
663 
'866" 
271 

1.127080 
1.127084 
1. 12J088 
T. 127092 
1.127099 
ï.ï27108 
1.127115 
1.127122 
1.127130 
17127135' 
1.127139 
ï.l27Î43 
1.127145 
17127147 
1.127148 
1.127151 
1.127154 
1 . 127159 

127167 
127177 
127 ! 9 2 
127215 
127244 
î27278" 

1. J. 27318 
ï.12'735 8 
1.127393 
1. 127424 
U 127448 
1.127464 
1.127476 
1.127484 
1.127489 

857.86 
1272.97 
1877.3P 

2806.91 

294, 
437, 

4432.21 
6755.36 

10363.96 
16234.50 
25932.83 
40283.76 
63699.84 

102444.50 
159816.62 

645 
964 

1 52 3 
2322 
3 562, 
5580, 

“ 89T 4~, 
13847, 

“21897, 
35215, 

"5493T; 

888 
_5_86_ 
357 
881 

'585 
! 75 
655 
672 
'520 
727 

1.127492 
1.127496 
1.127498 
1.127499 

127501 
127502 
Í 27505 

127506 
127509 

1 
1 
T 

1, 
T, 
1.127510 
T. 127513 
U! 27513 
T. Ï2T514' 
1.127515 

105 
777 
'6W 

1.127515 
1.127515 
1.127513 
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SOUND RESORPTION IN STILL RIP 

FOR 9% RELRTIVE HUMIDITY. 

1.0 10 10 10 10 

FREQUENCY IN HZ„ 
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_ msmum «nh vfiqcitv of ig^^ s_u,u ^ ---^- 
RELATIVE HUMIDITY = 9.0¾ TEMPERAT UKr 

FREQUENCY 
IHZI _ 

2500. 
3150. 
4000. 
5000. 
6300. 
8000. 

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 
400000. 
500000' 
630000. 
800000. 

ABSORPTION 
jOB/lOPOFT) 

absorption 
(CB/KMJ_— 

ABSORPTION v,ELC1CIT]ír. , 
( DB/SEC )... LlpOOFJ/SEC ) 

0.009 

T7.747 
23.992 
31.144 
37.893 
44.454 
50.582 
55.910 
61.387 
68.615 
77.492 
90.359 

110.609 
143.479 
191.543 
269.075 
395.645 
580.315 
864.632 

1361.782 
2071.855 
3173.851 
4965.270 
7923.391 

12299.555 
19439.1Q5 
31251.953 

0.03 o_.pio_ 
0.017 
0.026 
07037" 
0.052 

58.21 
78.6_9 

102.15 
124.29 

10'. 003 
14^3^7 
20.006 
27.047 
35 ."Í 11 
42.721 

145.81 
165.91 
183.39 
201.35 
225.06 
254.17 

50.120 
57.030 
63.038" 
69.215 
77.365 
87.374 

1.12J1J1_. 
1.727124 
1,127127_ 
1.127131 
1.127137 
1.127 Î.45 
1.127152 
1.127161 
1 « 127169 
1.127Í74 
1.127178 
1.127183 
1.127185 
1.127187 
1.127188 
1■127190 
1.127193 
'1.127196 
1.12720? 

"1.127211 
1.127221 
1.127239- 
1.127263 
1.127294" 
1.127330 
17127371 
1*127408 
ï: 12 7444' 
1.127473^ 
1.127494 
1.127 508_ 
1.127521 
1.127526 

296.38 
362.80 
470.61 
628.26 

101.882 
124.716 
161.779 
215.972 

17127531 
1.127534 

882.56 
1297,71 
1903 
2835 

43 
99 

4466•64 
6795,68 

10410.23 
16286.08 

" 303.393 
446^106_ 

"654.331 
974.913 

153 5.476 
2336.122 
3578.682 
5598.602 

25988.72 
40342.54 
63760.55 

8934.055 
13868.434 

1.127538 
1.127539 
1.127541 
1.127542 

1712 7144" 
1.127547 
1.127549 
1.127551 

17117551 
1.1275 5 3_ 
1.12755 5 
1.127556 

1000000. 48743.488 

102506.37 
159878.62 

21918.777 
35238.320 

“54961.051 

"1.127556 
1.127556 
1.127557“ 
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SOUND ABSORPTION IN STILL AIR 

FOR 10% RELATIVE HUNIDITY. 
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FREQUENCY IN HZ„ 



_ABSORPTION and velocity of sound in still air 
RELATIVE HUMIDITY = 10.0¾ TEMPERATURE = 68. DEGREES ^ 

FREQUENCY ABSORPTION ' ABSORPtTgn’ "ABSORPTION VELOCITY 
(HZ )_; ( DB/1000FT )_( DB/KM).. ( DB/SEC). _LIP00FT/SEC ) 

12._0.008_0.03_  0.009 _1.127161 
16. 0.014 0.05    0V016 " 1.127163 
20._0.021_0.07_ 0.0 24 _Li 127167 
25. 0.031 0.10 ' - 0.035 1.12T170 

_31._ 0.044_0^14_ 0.050_1. 127175 
40. 0.064 0.21 0.072 1.127183 
50. 0.084 0.28 0.095 1.127191 
63. '■ Õ.Tor” * “ 0.35 07122'." "" 1.1*27199 ' 

_80._0.134 __ 0.44_ 0.151_ 1.127207 
100. 0.161 " '0.53'.07781  1.127213' 
125._0.191 0.63 0.215 1.127217 
160. 0.234 ' ' '0777' ~T."264 1.127 221 

..290._0.289_0._95_  0^_326 •_ 1.127225 
2 50. 0.370 1.21 '  0.417 ' 1. 127227 

_315._0.498_l.J,_3_ 0.561_J. 127228 
400. 0.706 2.32 ' 0.-796"""' " 1.Ï27230 

_500._l.On__3 • 32 _ 1. 139 1.127233 
630. 1.501 4.9 2 ' . 1.692 • 7.1272 34 
800._2_.297 7.54 2.590 1. 127238 

1000. 3.442       11.29.. 3.890 1.127245 
_1250;_5.155 16. 91 5. 811 1.127254 
1600. 7.984 " ~ 26719. ...9.000 " l. 177269 
2000. 11.658 38.24 13.141 1.127287 
2500. 16:602 54.45 '18.'716 ' 7. 127313 

_3150._23^104_ 75.78 26.046 1.127346 
4000. 31.02 3 101.76 .34. 975 ' 17127386 ' 
5000._38.967 _127.81__ _4 3.9_32_ 1.127424 
6300. ’ 47.085 154.44 ' ' ' 53.087- .. Ï.T'27462"' 
8000._54.975 170.ac? 61.872 1.127497 

10000. 61.57 8 201.98" " 6 9.431“ 1. 127 522" 
12500._68. 146 223.52 76.837 1.127540 
16000. 76.231 250 .04 " " " " 85.955 ï.l"2Y55‘5" 
20000._35.605 280.78_96.J525;_ 1.127563 
2 5000. 98.7 54 323^91 111.352 Ï.T27570''' 
31500. 119.113 390.69 134.309 1.127573 
40000. 151.938 ' 498. 36 ' 171.321.. 1.127576 ' 
50000._199-952 655.52 225.349 1.127579 
63000. 277.191 909. 19 312.555' ' 1.127581 '" 
80000._403.662_1324.01_4_55.162 __ 1.127583 

100000. 598.526 1930.37 6637613" " ..T.T275Ö4“ 
125000. _ 873.505 2865.10 984.953 1.127587 
160000. 1372.027 ' 45Ò0.25 1547. 082' " T.Ï27'589"~ 
20Q000. 2083.789 6834.82 2349.661 1.127591 
250000. 3187.62? 10455.40 3594.337.. ' 1.127592"" 
315000. 4980.809 1Ó337.05 5616.328 1.127594 
400000. 7940.414 26044.55 8953.578 17727596" 
500000. 12317.617 40401.78 13889.293 1.127596 
630000. 19457.973 63822.14 21940.T46 1772759^7-- 
800000. 31271.176 102569.44 35261.277 1.127597 

1000000. 48762.930 1599^2.37 549 847926 17127597""' 
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SOUND ABSORPTION IN STILL AIR 
FOR 12% RELATIVE HUMIDITY, 
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AND VELOCITY OF SOUND IN STILL AIR 
RELATIVE HUMIDITY = 12.0¾ TEMPERATURE = 68. DEGREES F 

FREQUENCY 
(HZ > 

12. 
16. 
20. 
25. 
31. 
40. 
50. 
63. 
80. 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 
630. 

_80CK_ 
‘1ÒÔ0. 
1250. 
1600. 
2000. 
2500. 
3150. 
4000. 
5000. 
6300. 
8000. 

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 
400000. 
500000. 
630000. 
800000. 

1000000. 

ABSORPTION 
(DB/1000FT) 

0.007 
0.012 
0.0J.O 
0.028 
0.040 
0.060 
0.081 
0.106 
ft.134 
0.162 
0.1^2 
0.231 
0.277 
0.342 
0.443 
0.606 
O.J4_4 
1.229' 
1.857 
2.770 
4. 161 
6.522 
9.714 

14.251 
20.674 
29.276 
38.859 
49.694 
60.972 
70.992 
80.485 
91.091 

102.069 
116.261 
137.214 
170.237 
218.040 
295.068 
421.212 
606.083 
891.771 

1392.281 
2106.940 
3214.324 
5011.270 
7974.289 

12354.000 
19496.242 
31310.672 

ABSORPTION 
(OB/KM) 

ABSORPTION 
(DB/SECI 

0.02 0.008 
0.04 
0.06 

0.014 
0.021 

0.09 
0. 13 

0.032 
0.045 

0.20 
0.26 

0.067 
0.091 

0.35 
0.44 

0. 120 
0. 151 

0.53 
0.63 

0.183 
0.216 

0.76 
0.91 

0.260 
0. 312 

1.12 
1.45 

0.386 
0.500 

1.99 
2.77 

0.683 
0.952 

4.03 
6.09 

1.385 
2.093 

9.09 
13.65 

3.123 
4.690 

21.39 
31.86 

7. 352 
10.951 

46.74 
67.81 

16.066 
23.308 

96.03 
127.46 

33.007 
43.812 

163.00 
199.99 
232.85' 
263.99 

56.030 
68.748 
80.048 
90.755 

298.78 
334.79 

102.716 
115.096 

381.33 
450.06 

131.100 
154.730 

558.38 
715.17 

191.969 
245.875 

967.82 
1381.58 

332.737 
474.985 

1987.95 
2925.01 

683.459 
1005.621 

4566.68 
6910.76 

1570.032 
2375.936 

10542.98 
16436.96 

3624.710 
5651.082 

26155.66 
40521.11 

8992.422 
13931.320 

48803.070 

63947.67 
102698.94 

161)074.0 0 

219P5.480 
35308.383 

~55<5y47r8T 

VELOCITY 
(1000FT/SEC I 

1. 127241 
1.127244 
1.127246 
1.127249 
1.127254 
1.127260 
1 « 127268 
1.127275 
1.127284 
1.127291 
1.127296 
1.127301 
1.127304 
1.127307 
1.127308 
1.12^311 
1.127312 
1.127314 
1.127316 
1.127320 
1.127325 
1.127336 
1.127347 
1.127365 
1.127390 
1.127423 
1.127460 
1.127501 
1.127541 
1.127573 
1.127600 
1, 
1, 

127621 
127634 

1.127644 
1.127651 
1.127656 
1.127659 
1.127661 
1.127663 
1.127666 
1.127667 
1.127669 
1.127671 
1. 1276 74“ 
1.127675 

17127677- 
1.127677 

1.127678 
1.127679 

T7I27679“ 

« 

-27- 
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SOUND RBSORPTION IN STILL AIR 
FÜR 15% RELRTIVE HUMIDITY, 
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RELATIVE 

ABSORPTION 
HUMIDITY = 

AND VELOCITY 
1 5,0% 

OF SOUND IN STILL AIR 
TEMPERATURE = 63. DEGREES 

FREQUENCY 

.(HU_ 

[ 

il 

_12. 
16. 
20,_ 
25o 

_ 31. 
AO. 
50. 
63. 

_80 • 
ioo. 
125. 
í 60 • 
200. 
2 50. 
315. 

ABSORPTION 
.(DB/IQQOFT ). 

0.006 
0.01Ò 
0.01_6 
0.Ö2A 

_0.03 5^ 
0.054 
0.075 
Õ. f0 2 
0.133 
0.164 
0.196 

ABSORPTION 
_I .O_P / K M ) _ _ 

0.02 
0.03 
0.05 

'Õ.ÕV 
0.12 
0.18 
0.25 
0.33 
0. A4 

AOO. 
_500 . 

6 30. 
800. 

100 o'. 
_1 2 5 0. 
1600. 
2000. 
2 500.' 
3150. 
AÓÒõ . 
5000. 

0.2 3 A 
0.274 
0.32 7 
0.40 A_ 

-0:526 
0.701 
Ö.985 
1.449 
2.130 

_3 .JL 7 8 
4.995 
7.527 

0.54 
0.64 
Ö. 77 
0.90 
ï. 07 
1.33 

6300. 
8000. 

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 

11.282 
16.938 
25.20 3 
35.459 
48T566' 

_64a055 
79.270 
94.330 

110.563 
125.630 
142.332 
165.862 

40000. 
50000. 

200.106 
248.373 

1.72 
_2.30 

3.23 
4.75 
6.99 

_10.4_2 
16738 
24.69 
37.00 
55.56 

' 82.67 
116.31 
159.30 
2.10.10 
260.00 
309.40 
362.65 
412.QX. 

-46 8,4-9 
544.J./3 
65 6.35 
814.66 

ABSORPTION 
iOB/SEC) 

0.007 
0.012 

_0.0 18 
Õ.Õ27 

_0.040 
0.061 
0. 085 
0.115 
0. 150 
Ö. 185 
0.221 
0.264 
0.309 
0.369 
0.4-56 
0.593 
0.791 

‘ 1. 110 
1.634 
2.401 
3.583 

' 5.631 
8.486 

12.720 
19.098 
28.417 
39.981 

63000. 
80000. 

325.359 
451.116 

1067.18 
1479.66 

54.761 
72.229 
89.388 

106.374 
124.684 
141j. 678 
161.079 
187.052 
225.674 
280.109 
366.933 
508.760 

100000. 
125000. 

635.635 
921.472 

2084.88 
3022.43 

160000. 
200000. 

1423.453 
2141.094 

250000. 
315000. 

3252.975 
5055.508 

4668.92 
7022.79 

1C 6 69.7 5 
16582.06 

716.860 
1039.224 
160 5/355 
2414.707 

400000. 
500000. 

8024.301 
12408.687 

630000. 
800000. 

1000000. 

19554.691 
31371.871 

'48865.84Ó 

26319.70 
40700.49 
64139.38' 

102899.69 
160279.94 

3668.686 
5701.582 
904 9.789 

13994.504 
22053.797 
35381.254 
55110.484 

VELOCITY 
(1000r T/SEC) 

1.127363 
1.127365 
1.127366 
1.127369 
1.127373 
1.127378 
1.127383 
1.127391 
1.127399 

'1.127407 
1.127415 
1.127419 
1.127424 
1 . 1274 26 
1.127429 
1.127431 
1.127432 
1.127434 
1.127435 
1.127437 
1.127440 
1.127445 
1.127453 
j. j 27463 
1.127479 

".'1. 1 27502 ‘ 
1.127530 

..1.'Í'27567 
1.127608 
T. 127646 
1.127681 

“l. 1277 ï 3 
1.127736 
T. 127752 '' 
1. 127763__ 

"1.127771 
1.127777 
1 • 127780 ~ 

_1. 127783 
' ' I’. 127786- 

1277 88 
1.127789' 
1.127791 

-f . 12779-4- 
1.127796 
1.127798 
1.127799 
1.127801" 
1.127802 
I. 127802" 

_22_ 

44 
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SOUND ABSORPTION IN STILL AIR 

FOR 20¾ RELATIVE HUMIDITY. 1 
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absorptiqn and 
RELÂ'fïVt hum ï d i ty = 

FREQUENCY 
(HZ > 

8000. 
10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000. 
160000. 
2QOOOO. 
250000. 
315000. 
400000. 
500000. 
630000. 
800000. 

1000000. 

ypOQJTv OF SOUND IN STILL 
20*°? temperature = 

A IR 
68. DEGREES F 

ABSORPTION 
_( 08 /1 QOOF T 1 

ABSORPTION 
(DB/KM) 

AB SORPTION 
I08/SEC) 

VELOCITY 
J_10O0FT/SEC ) 

112761 8 
1. 127624 
ï. 127627" 

1* 1276?i_ 
1.127633 
1.127634 
1• 1276 36 
1.127637 
ï.127639 
1 . 127^640 
ï*. Ï27 643~ 
1. 12^7645 

1276TÜ~ 
1.127659 

41.151 
59.072 
79.657 

103.004 

134.98 
193.76 

130.465 
155.809 

261.28 
337.85 

4 6.406" 
66.618 

182.040 
212.396 

427.93 
511.05 

89.836" 
116.170 

1. 127 670" 
1.127687 
Í. 12 7710- 
1. 127742 

251.952 
303.349 

597.09 
696.66 

147.146 
175. 736 

1.127778 
1.127817 

382.062 
508.369 

826.40 
994.98 

205.326 
239.571 

1.127859- 
1.127893 

692.667 
978.118 

1253. 16 
1667.45 

284. 192 
342. 168 

1480.462 
2200.245 

2271.95 
3208.23 

430.957 
573.431 

127921 
127944 
1 27960' 
127970 

3316.807 
5126.883 

4855.91 
7216.80 

781.318 
1103.306 

1.127977 
1.127982 

8105.262 
12498.750 

10879.12 
16816.17 

1669.948 
2481.864 

1 121986 
127989 

19653. 129“ 
31477.141 
48975.668“ 

26585.25 
40995.89 

3 741.346' 
5783. 113 

1.127992' 
1 . 127995 

64462.25" 
103245.00 

9142.742 
14098.629 

12 7996- 
127998 

16064ÏÏ7T?" 

22168".8Õ9~ 
35506.371 

^244.l!4T' 

1.128001 
1.128003 
1 . 128004- 
1.128005 

T7T7HÜÜ5- 

-31. 
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SOUND RBSORPTION IN STILL AIR 
FOR 30¾ RELRTIVE HUMIDITY. 
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_APSCRDTION 
RPLATIVF HUMIQUy = 

AND VELOCITY 
30.0¾ 

OF SOUND IN STILL AIR 
TEMPERATURE = 60. DEGREES 

FREQUENCY 
_LHZ.L_ 

12. 
16. 

.20. 
25. 
31 . 
40. 

_ 5G._ 
63. 
80. 

100. 
J 2J _. 
160. 

_2pO«L_ 
25Ö. 
315. 

ARSORPTihm 
—LQßYiXiQOFT) 

_0.0 O 3 
0.006 

Jlj.OO0 
0.014 
0.021 

400. 
_500._ 

6 30. 
800. 

Toõ'o.~ 
1250. 
1600.' 
2000. 

"2 500.' 
3150. 
4000. 
5000. 
6300. 
8000. 

10000. 
12500. 
16000. 
20000. 
25000. 
31500. 
40000. 
50000. 
63000. 
80000. 

100000. 
125000. 
160000.' 
200000, 
250000. 
315000. 
400000. 
500000. 
630000. 
800000. 

0.034 
0.051 
0.075 

-ÜjlUQ.. 
0. 151 
0.190 
0.256 
0.309 
O .361 

_0._41_7 
0.4 84"' 
0.564 
0.682 
0.868 
1.137' 
1.552 

'2 ."28 3" 
3.333 
4.'96 Ó 

_ 7.J5 87 
11. «56" 
18.005 
27.626' 
42.514 
62.493 

_89.659 
128.814 
171.847 

'220.587* 
275.744 
338,710 
407.767 
499.838' 
635.085 
8 24.065" 

1111.579^ 
1614V490 
23 34.884 
3454.203 
5271.504 

1000000. 

8263. 152" 
12673.461 
ï 984772 4 2" 
31690.441 
49204.289- 

ABSORPTION 
...Í.D0/KM1_ 

...O .01 
0.0?' 

___ 0.03 
0.05 

_ 0.07 
0.11' 

_ 0. 17 
0.25 

__0.36 
0.50" 

_ _ 0.65 
Ò.84 
1.01 
1.19 
1.37 
1.59 
1.85 
2.24 
2.85 

" 3.73 
5.09 

.'7.49 ' 
__ 10.93 

'16". 27 
24.89 

' 38.89 
_59.06 
90.6 ï”' 

130.44 
2 94.98. 

_ 294.. 08_ 
422.51 ' 

_ 563.66 
" "723.53"' 

904.44 
1Í10.97 " 

_ _1J3 7.47 
1639.47 ' 
2083.08 

"273 2.93 " 
_3 645j>_98 

5295.52. 
7658.42 

11328.79-- 
_17290.5 3 
27103714 

_41568,95 
6 509 8.95' 

103944.62 
"161390.00 

ABSOP.PT ION 
.. (08/SEC) 

... 0.004 
0.007 

. 0.010 
0.016 

.. .. 0.024 
0.038 
0.057 
0.085 
0.124 
0. 170 
0.224 
0,289 
0.349 
0.408 

_0.4 71 
0.546- 
0.637 
C. 770 
0.979 
1.282 
1.751 
2.576 
3.760 
5.596 
8.559 

" 13.374 
_ 20.311 

31.164. 
47. 959 
70.498 

101.148 
145.324 " 
193.879 
248.876 
311.117 
382.172" 
460.100 
563.998 ' 
716.614 
929.861 

1254.295 
1821.7 81 .. 
2634.680 
3897.725 
594«.387 
9324.191 

14300.85? 
22395.871 
35759.910 
'55522. 859 

VELOCITY 
(1000FT/SEC 

.127975 
,127976 
, 127976 
,127977 
127978 

1.127980 
1.127984 

,127987 
127994 
1279Q9 
128007 

1.128016 
1.128023 
1. 128029 
1.128034 
1. 128037 
1.123040 
1.128041 
1.128044 
1.128045 
1.128045 
f. 123046 
1.128047 
1.'128049 ' 
1.123053 
1.123056 
1.128062 

' 1.128072. 
1.123086 
1.1281G5 
1.128131 
1.128166" 
1.128204 
1.128243 
1.128283 
1. 128 316 
1.12834? 
1.128 36 í* 
1.128375 
1. 128384 " 
1.128390 
1.128394 
l. 128399 
1.123401 
1.128405 
1.128407 
1.128409 
1.128412' 
1.128413 
1.123415 • 

33 
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SOUND RBSORPTION IN STILL AIR 

FOR 4-0% RELATIVE HUMIDITY, 

]_ 0 E-1.~1 T’TTnil-1 I I I mij 

FREQUENCY IN HZ 
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ABSORPTIÜM 
RELATIVE HUMIDITY = 

AND VELOCITY 
40.0* 

_nF_ SOUND IN STILL AIR.. 
TEMPERATURE = 69. DEGREES F 

FREQUENCY 
(HZ) 

12. 
16. 
20. 
25. 
31. 
40. 
50. 
63. 
90. 

100. 
125. 
160. 
200. 
250. 
315. 
400. 
500. 
630. 
800. 

1000. 
1250. 
1600. 
2000. 
2500. 
3150. 
4000. 
5000. 
6300. 
B000. 

10000. 
12500. 
16000. 
20000. 
25000. 
31500, 
40000. 
50000. 
63000. 
80000. 

ABSORPTION 
(DB/1000FT). 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 
400000. 
500000. 

0.003 
0.004 
0.007 
0.011 
0.016 
0.027 
0.041 
'0.062 
0.0°3 
0.134 
0.195 
0.252 
0.318 
0.385 
0.453 
0.524 

JD_. 5^7 
0.692 
0.929 
1.01« 
1.309 
1.816 
2.544 
3.674 
5.510 
8.523 

12.932 
19.995 
31.337 
47.390 
70.857 

1C8.308 
154.838 
214.514 
289.709 
380.371 
477.377 
596.091 
753.514 
957.505 

1254.962 
1764. 122' 
2487.192 
3607.926 
5427.473 

630000. 
800000. 

1000000, 

8424.953 
12845.848 
20035.94i 
31899.719 
49433.414 

ABSORPTION 
JDB/KM) 

ABSORPTION 
(DB7SEC) 

0.01 
0.0! 
0.02 
0.04 
0.05 
0.09 
0.1 3 
0.20 
0.31 
Õ . 4 4 
0.61 
0.8 3 
1.04 
1.26 
1 .49 

0.003_ 
0.005 
0.0 0 8_ 

"0.012 
0.018 
0. 030 
0.046^ 
0.070 
0. 105 
Oil 51 
0. 208_ 

"0.284 
0.359 

1.72 
1.96 
2.27 
2.72 
3.34 
4.29 
5.96 
8.34 

12 .^5 
18.07 
2 7.96 
42.42 

0.434 
0.511 
0.592- 
0.674 
0.781 
0.935 

'1.150 
1.477 
2'.050" 
2.870 

65.58 
102.79 
155.44 
232.41 
355.25 
507.87 
703.61 
950.25 

1247.62 
1565.80 

4. 146 
6.218 

""9.618' 
14.593 

“ 227564 
35.363 

* 53.478 
79.962 

122.228' 
174.742 

"242.097' 
326.972 
429". 310" 
538.815 

VELOCITY 
1000FT/SEC) 

1.12A3R5 _ 
1.128385 
1.12J33 8 6 _ 
1.128386 
1.128386 
1.128388 
1.J.28390 
1 .128392 
1.128397 
T. 128402 
1.128408 
1.128416 " 
1.128424 
1.128431" 
1.128437 
1.128443' 
1.128448 
1. 128449 
1.128451 
1.128452 
1.128453 
1.128455 
1.128456 

'1.128456" 
1.128458 
1". 128460 
1.128462 
1. 128467 ' 
1.128474 
1.128484 
1.128499 

T. ï28 5 21 
1.128549 
l". 1285 83" 
1.128622 
1.128663 
1.128700 

L955.18 
2471.53 
3140.62 
4116.27 

"5786.32 
8157.99 

ï 1833.99 
17802.11 

672.827 
__850 ._5 36^ 
1080". 808 
1416.584 
1991.335 
2807.548 
4Ó72.648 
6126.590 

27633.84 
42134.37 
65717.87 

104631.06 
162141.56 

«510.199 
14500.605 

"22 616.957" 
36009.082 

' 5 5 80 lié 3 3’ 

1.128733 
1.128758 
17128776"' 
1.128787 
17128797” 
1.128802 
1717880 6” 

1.128811 
"1:1288 r4" 
1.128817 

"1 .'1T8819 
1.128821 
1 • 1?88'24" 
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_ABSORPTION ANO VELOCITY OF. SOUND IN STILL AIR.. 
RELATIVE HUMÍdITY = 50.0¾ TEMPERATURE = 6R. DEGREES F 

FREQUENCY 
(H7 )_ 

12. 
16. 
20. 
25. 
31. 
40. 
50. 
63. 
BO. 

100. 
12 5_._ 
160. 
200^ 
2 50. 
315. 
400. 

_50p._ 
630. 
BOO. 

1000. 
1250. 
1600. 
2000. 
2 500. 
3150. 
4000. 
5000. 
6300. 
8000. 

10000. 
12500. 
16000. 
20000. 
25000. 

J150 0^ 
4Õ00Õ. 
50000. 
63000. 
BOOOO. 

100000. 
125000. 
160000. 
200000. 
250000. 
315000. 
400000. 
5000CO. 
630000. 
800000. 

1000000. 

ABSORPTION 
(DB/IOQOFT > 

0.002 
0.004 
0.006 
0.009 
0.013 
0.022 
0.034 
0.052 
0.080 
0.117 
0.167 
0.238 

_0.3 13_ 
0.394 
0.478 
0.563 

_0._643 
0.734 
0 . B 51 
Ï.Ô05 
1.231 
1.621 
2.176 
3.040 
4.442 
6.752 

10.151 
15.643 
24.590 
37.521 
57.009 
89.594 

132.71Q 
192.445 
274.673 
382.722 
504.796 
6 54.606 
844.024 

1073.683 
1390.927 
1915.079 
2646.428 
3771^796 
5594.066 
8594.629 

13021.227 
20222.340 
32103.441 
49657.215 

ABSORPTION 
(DB/KM)_ 

0.01 
0.01 
0.02 

ABSORPTION 
( OB/SEC) 

0.002 
0.004 
0.006 

0.03 
0. 04 
0.07 
g._n 
0.17 

_0.26 
"O . 3 8’ 
0^55_ 
0.78 
K03 
1.29 
1.57 
1.85 
2.11 
2.41 
2.79 
3.3Ü 
4.04 

0.010 
0.015 
0.025 
0.038 
Ö.058 

"O". 132 
0.J89 

"0.269 
0.353 
0.445 

Jb540 
0.636 
0.726 
0. 828 

J).961_ 
1.134 
1.390 

VELOCITY 
(1000FT/SEÇ) 

1.128795 
1.128795 
1.128795 

.T.128796 
1.12B796 __ 

" 1.Í28797 
_1.128798 _ 

" 1•12 B BOO 
1.128802 

'"T. 128807' 
1^123812 

‘ " 1.128819 
_1.128926 

ï.I 28 835 
1.128842 
VJ 128849 " 

__ l._128853 
1.128858 
1.128860 

5.32 
7. 14 
9'. 97 

14.57 
'22.15 
33.29 

1.830 
2.457 
3.431 
5.015 
7.622 

11.459 

1.128861 
1.128862 
"1.128863 
1.128865 
T.12 8 B 6 5 
1.123866 
1.128867 
1.128868 

51.31 

123.07 
186.99 

17.659 
27.758 
42.357 
64.357 

1.128871 
1.128875 
1. ï 28 881 
1.128890 

'1 

293.87 
435.32 

101.143 
149.830 

631.22 
Q00.93 

1255.33 
1655.73 

217.260 
310.101 

"43'2. iOl 
569.944 

1.128903 
1.123922 
1.128946 
1.128980 
1.129020 
1.129059 

2147.11 
2768.40 

'3 521.68' 
4562.24 
6281.46 
8630.28 

12371.49" 
18343.54 
28190.38 
42709.62 
66329. 2 5' 

105299.25 
162 875.62” 

739.115 
953.016 

-1212:359- 
1570.605 
2162.496 
2988.357 

' 42 59. 152" 
_6316.914 

9105*227 
14703.879 
22 83 5.605 
36252.152 

’56074: 535- 

1.129099 
1.129133 

T7129T60 
1.129179 
T. 129194’ 
1.129204 
1'. 129211 
1.129217 
ï. 129220' 
1.129224 

"T. 129727’ 
1.129230 
ITT 29232' 
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SOUND RBSORPTIGN IN STILL RIR 
FOR 70% RELRTIVE HUMIDITY, 

Ll. 
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en 
CD 
CE 

CE 
h- 
O 

10' 10 10 10 10 

FREQUENCY IN HZ, 
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I 
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RELATIVE 

APSORPTÎDN_AN0 VELOCITY OF SOUND IN STILL AIR_ 
'HUMIDITY = 70.0^ TEMPERATURE = 63. DEGREES F 

FREQUENCY 
(HZ) 

ABSORPTION 
(DB/100ÜFT) 

ABSORPTION 
(CB/KM) 

ABSORPTION 
(DB/SEC) 

VELOCITY 
( 1000FT/SEC ) 

L¿ 0.001 
16. 
20. 

0.003 
0.004 

25. 
_31._ 
40. 
50. 
63. 
30. 

TÔO. 
J25. 
160. 

_2 0 0 
2 50. 
315. 

0.006 
0 • 01 0_ 
0.016 
0.025 
0.039 
0.061, 
Õ.Õ°2 
0.136 
Ö.204 
0.234 
0.3B1 
0.493 

0.00 
0.01 
0.01 
0.Ö 2 
0.03 
0.05 
0.03 
0. 13 
0.20 
O’. 30 
0.45 
0.67 
0.93 
1.25 
1.62 

400. 
500. 

0.611 
0.720 

630. 
_SOOj^ 
i oob. 

_12 JO. 
1600. 
2000. 

0.829 
0.947 
1.078 
1.250 

2.01 
2.36 
2.72 
3. il 
3.53 
4.10 

1.528 
1.915 

2500. 
3150^ 
'4000. 
5000. 

2.509 
3.471 

5.01 
6.28 
8.2 3 

11.33 
5.056 
7. 395 

16.58 
24.26 

0.002 _ 

Ò.ÕÒ3 
_0.005 
0.007 
0.011 
0.018 
0.028 
0.044 
0.069_ 
0.104 
0.153 

" 0'. 2 3 Õ 
0.321 
0.43Ï 
0. 55.7_ 
0.691 
0. «13 

'0.937 
1.070 
1.217 
1.412 

T .726 
_ 2.163 

2.834 
3. q2l 

”5.712 
8.354 

1.129618 
1.129618 
1.129618 
1.129618 
1.129618 
1. 129619 
U129619 
1.129620 
1.129622 
1.129623 
1.129627 
1.129632 
1.129638 
1.129645 
1.129654 

,129662 
129668 

1.129673 
1.129678 
1.129681 
1.129683 
1.129684 
1.129685 
1.129686 
1.129686 
.1. 129687' 
1.129687 

6300. 
8000, 

10000. 
12500. 

11.197 

17.450 
26.624 
40.758 

36.73 
57.24 

12.649 
19.713 

1.129689 
1.129690 

16000. 
20000. 

65.246 
P9.365 

87.33 
133.69 

'214.01 
325.92 

30.077 
46.044 

1.12Q693 
1.129697 

73.708 
112.254 

1.129704 
1. 129712 

25000. 
31500. 

150.000 
226.468 

492.00 
742.82 

169.459 
255.851 

1.129725 
1.129744 

40000. 
50000. 

339.153 
482.023 

63000. 
80000. 

673.667 
924.481 

1112.4? 
1581.04 
2209.63 
3032.30 

383. 165 
544.591 

1.129770 
1.129803 

761.137 
1044.556 

1.129842 
1.129884 

100000. 
125000. 

1218.987 
1598.232 

3998.28 
5242.20 

1377.358 
1805.929 

1.129921 
1.129954 

160000. 
200000. 

2179.337 
2948.748 

'7148.22 
9671.89 

2462.616 
3332.094 

250000. 
315000. 

4100.031 
5938.926 

13448.10 
19479.67 

4633.105 
6711.148 

1.129984 
1.130003 

T7T50ÖTT 

400000. 
500000. 

8949.742 
13384.277 

29355.15 
43900.43 

10113.516 
15124.770 

630000. 
800000. 

2C597.547 
32500.840 

1000000. 50086.289 

67559.94 
106602.69 
164283700 

23276.133 
36727.531 

1.130028 
‘1.130034“ 
1.130040 
1.130044" 

56600.090 
1.130049 
1.T3W52" 

41 
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SOUND RESORPTION IN STILL AIR e 

FOR 80% RELATIVE HUMIDITY 

o 10 10 10 10 10 
FREQUENCY IN HZ„ 
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ABSORPTIGN AND 
RELATIVE HUMIDITY = 8Õ 

VELOCITY 
O? 

GF SOUND IN STILL AIR 
TEMPERATURE = 60. DEGREES F 

FREQUENCY 
(HZ ) 

ABSORPTION 
(DB/IOOOFT) 

ABSORPTION 
(CB/KM) 

ABSORPTION 
(DB/SEC) 

VELOCITY 
< 1000FT/SEC) 

12. 0.001 0.00 
16. 

_?0._ 
25 . 
31 . 

0.002 
0.004 

0.01 
0.01 

0.006 
0.008 

40. 
50^ 
63. 
80. 

0.0? 
0.03 

0.014 
0.022 
0.03 4 
0.054 

100. 
_ J-iL5* 

160. 
_200^ 

250. 
_31 5 
400*. 
500. 
630. 
800. 

'1000." 

!250. 
'Ï600.' 
2000. 

0.082 
0.123 
0.188 
0.267 
0.367 
0.487 
0.620 
0.745 
C.870 

JL. 99 8 
1.1 30~ 
1.2° 3 

2500. 
315 ). 
4000. 
5000. 
6300. 
8000. 

1.545 
1.887 
2 • 40? 
3.246 
4.626 

_6 .663 
9.076' 

15.435 

0.05 
0.07 
0.1 f 
0.18 
Ö .27 
0.40 
0.62 
0.8 R 
ï. 20 
1.60 
? .0 3 
2.44 
2.8 5 
3.27 

'3.71' 
4.24 

"5."07" 
6.19 
7.90 

10000. 
12500. 
16000. 
20000. 

23.466 
35.896 
57.588 
83.144 

25000. 
31500. 
40000. 
50000. 

134.198 
2 0J . 3 3 3_ 
313.525 
456.068 

10.65 
15. i7' 

_?_1.85 
32772 
50.63 
76.97 

1 17.74 
13 8.89" 

_23 9 .JJ. 
4 40". 17” 

_673.49 
1028.36 
1495.90 

Os001_ 
" C.003 

0.004 
0.006 
0.010 
0.016" 
0.025 
0.039 
0.061 

'07093' 
_0.139 

"0.212 
0. 302 

'0.414' 
_ 0.550 
'0.701' 
0.842 
0. 983 
1. 128 
1.277 
1.461 
1 .746 
2.132 
2.720 
3.668 
5. 228 
7.529 

11.274" 
17.443 
26.519 
40.566 
6 5.08 T 
99.612 

Ij. 1300 30 
1.13ÕÒ30 
1.130030 
'1.1300 30 
1.130030 
1.130030 
1.130031 
I. 130032 
K1300 33_ 
'1.130034 
1.130036 
1.130041 
1.130047 
1.130053 
1.130060 
17130069 
1.130076 
1.130082 
1.130088 
17130091 
1.130094 
ÏTTÎO'OW 
1.130096 
T.Ï30C97 
1.130098 
1.130098 
1.130099 

T. nOTOO" 
1.130101 
1.13010? 
1.130106 

63000. 
80000. 

655.282 
925.566 

100000. 
125000. 

1248.4Q2 
1661.857 

160000. 
200000. 

2280.556 
3078.994 

250000. 
315000. 

4252.531 
6107.367 

400000. 
500000. 

9128.473 
13568.906 

630000. 
800000. 

20737.070 
32697.352 

2149.33 
3035.86 
409 5 .05 

_5450.89 
'7430.22'" 

! 0099.10 
"13 948.30 
20032«16 
29 941 ¡39" 
44506.01 
68181.56 

107247.25 
1000000. 50293.703 16 496 3731" 

151.660 
232.055 

'"354.334' 
515.443 

" 740.615 
1046. 134 
1411.1 74 
1878.465 

■■'2 577.983- 
3480.494 
4807.137 
6903.961 

10319.203" 
15338.945 

'234 9 8. 805 
36962.945 
"56955.1 02 

1.130110 
1.130116 

TTTîôîTr 
2.130140 
1.130161 
1.130189 
1. 130223 
1.130264 

T. 1"3T3'03' 
1.130341 

"171*30375" 
1.130400 
T .130419 
1.130432 
1. 1304 42 
1.130448 
1.13Ö45T 
1.130457 
1.130462 
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_ ABSORPTION AND VELOCITY OF SOUND IN STILL AIR 
RELATIVE*HUMiniTY = 90.0¾ TEMPERATURE = 68. DEGREES F 

FREQUENCY 
_JH.I1_ 

12 
16. 
20. 
25. 

_31. 
40. 
50. 
63. 

__P0 
1Õ0. 
125. 
160. 

_2P°« 
2 50 . 
315. 

ABSORPTION 
I OB./.J0.0OF T ).. 

_^0.001 
0.ÒÕ2 

_0.0 03_ 
0.005 

_O.OOR 
0.013 

_ 0.019 
0.031 

_0.049 
0.074- 

_0_. 112_ 
0.173 

_0_._2_5 0 
Ò . 3 5 0 
0.476 

ABSORPTION 
K MI_ 

0.00 
0.01 
0.01 
0.02 
0.0_2_ 
0.04 
£.06 
0. 10 
0. 16 

"Õi 24 
0.37 
0.57’ 
0.B2 
r. is 
1.56 

400. 
_5^00 _. 

6 3Ö. 
800. 

1ÕÓ0. 
12 50. 

0.621 
_0_._761 
0.903 
1.045 
1.1 p4 
1.344 

1600. 
2000. 

'2 500. 
3150. 
4 000." 
5000. 
6 300'. 
8000. 

1.581 
1.892 
2". 359* 
3.10R 
4.33 7* 
6.149 

10000. 
12500. 

9.0°9 
13.963 
21.133 
32.258 

2.04 
2.50 

' 2.96 
3.43 
3.88' 

_4 • 41 
' 5". 18- 

6.21 
7.74 

10. 19 
14.22 
20.17 

'29". 84 
45.80 

ABSORPTION 
(DB/SEC) 

JD.OOl 
0.002 

_ 0.004_ 

0,006 
_ ^5.009 

0.014 
0.022 

■*0.03 5 
0. 055 
0.084 
0^127 

"*0,196' 

0.283 
0.396 
0_. 5 38 

"0.702 
0. «60 
1.021 
1.132 

"1.338 
1. 520 

' Ï.7P7 
2. 139 
*2.667 
3. 513 

"4.903 
6.952 

TO . 2 8 6* 
15.785 

VELOCITY 
(1000FT/SEC) 

1.130443 
' 1. 13Õ443 
_ 1.130443 

1.130443 

1 

16000. 
20000. 

51.762 
79.424 

69.32 
105.81 
169.78 
260.51 

25000. 
31500. 
40000. 
50000. 

121.533 
187.539 
290.117 
429.066 

63000. 
80000. 

100000. 
125000. 

629.701 
_91.1 j^286 
1256.0 2 8' 
1700.482 

398.63 
615.13 
951.58 

1407.34 
2065.42 
2939.02 
4119.77 
5577.58 

160000. 
200000. 
250000. 
315000. 

2358.361 
3190.381 

7735.42 
10464.45 

4391.773 
6267.992 

14405.02 
20559.01 

400000. 
5COOOO. 

9303.785 
13752.715 

30516.41 
45108.90 

23.891 
36*468 
5 8.5 18 
89.7P1 

137.397 
212.021 

' *"32 7.99 5 
_ 485.094 

711.548* 
1030.346 
1420.' nr 
£92 2.783 
2666.759 
3607.6 rl 
4*966. 3 Ö1 
7088.074 

TÏÏÇ2ÏTTT2" 
15552.359 

630000. 
800000. 

1000000. 

20976.715 
32392.934 

"■504977855“ 

68803.56 
107888.81 
T6T63T794" 

23721.773 
37197.562 

"5 TI06."598"' 

1.130443 
Ï.Ï30443 
1. 130444 
l". 130444 

130445 
1.130446 * 
1.130448 
1.130452 " 
1,130457 
f. 130463 " 
1. 13047C 
1 .*130478 " 
1.130486 
1.130493 
1.130498 
1.130503* 
1.130505 
ï. 130507 
1.130508 
1.130510 
1. 170510 
1.130 5 ï ï 

130511 
130512 ' 
130513 
130514 
130516 
130520 
130526 
130531 
13°544_ 

1.130561 
1.130582 
T.Í306Í2 
1.130651 
r.T30"69õ“" 
1. 130729 
iTl 30768 
1.130796 
1.130819 " 
1.130836 
T.'1T0849' 
1.130857 
T;T70I62~ 
1.130868 

1 
1. 
I, 
1, 
1, 
1 
1, 

T, 
i. 

T7TT08T2" 
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SOUND ABSORPTION IN STILL AIR 
FOR 100¾ RELATIVE HUMIDITY. 
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_.ABSORPTION ÄNp_yELOCITY OF SOUND IN STILL AIR 
RELATIVE HUMIDITY = 100.0¾ TEMPERATURE = 68.~ OFGREFS F 

FREQUENCY ABSORPTION ÃBSÕRPTToN ABSORPTION VELOCÍTy" 
_(H7.J__J_0B/1000FJ )_( 0B/KM_)__( DB/SFÇ) _ ( lOOOFT/SEC I 

12. 
16. 
20. 
25. 
31. 
40. 

_50. 
63. 
iiO. 

100. 
J 25. 
160. 
200. 

0.001 
O.OÖ? 
0,003 
'0.004' 
0.007 
0.011 
0.01_B 

~û . Õ 2 R~ 
0.044 

.00 

. 01 

.01 

0. 
Ö. 
0. 

.01 

.02 

.04* 

.06 

.06 

.14 
0.068 
0._103 
0.1 ¿0 
0.234 

250. 
315. 
400. 

„500. 
630. 
800. 

100 Õ. 
1250. 

0.333 
0.461 
0.616 

_0.769_ 
0.628 
1 .087 
ï. 2'36' 
L.39Q 

1600. 
2000, 
250Õ. 
3150. 
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ABSTRACT 

A set of analytical expression has been developed which will predict the absorption of 

sound in ai, at 20° C. The results agree within 3% of previous work in the frequency range of 

100 Hz - 1 MHz for all humidities. Below 100 Hz accuracy cannot be judged because of lack 

of knowledge about the vibration-vibration energy transfer between COj and O 
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ß./ß - relaxaHon sirengfh 

[(%- \)/(*o2 % + xn2 mn2)]2 xo2xn2= 

Molecular diffusion consfanf 

Specific heaf af consfanf pressure 

Specific heaf af consfanf volume 

Frequency dependenf complex specific heafs 

High frequency limit, of specific heat, (value af the specific heat, 
quencies above the vibrational relaxation effects) 

Tofal vibrafional specific heaf = ZCl 
i 

Vibrafional specific heaf of fhe i-fh vibrafional mode 

Velocify of sound in 1000 ff/s 'sec 

Diffusion coefficient for Oj and N2 mixture 

Sound frequency 

Percent relative humidify 

Mole fraction of wafer vapor 

Wave number 

Molecular mass 

Ambient pressure 

Vapor pressure of wafer 

Universal gas constant 

Entropy 

27rr.ps = modified relaxation ti me 
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Frequency dependent sound velocity 

Low frequency limit of sound velocity 

High frequency limit of sound velocity 

Concer tration of molecular species (i = C^, l^/ etc) 

Total amplitude sound absorption coefficient 

Amplitude sound absorption coefficient due to classical effects 

Amplitude sound absorption coefficient due to rotation 

Amplitude sound absorption coefficient due to vibration 

+ a ., a 
rot vit 

(ß° - /3°°) = 2/3. - :otal adiabatic compressibility of vibrational modes 

Low frequency limit of the adiabatic compressibility 

High frequency limit of the adiabatic compressibility 

Adiabatic compressibility of the i-th vibrational process 

C /C 
P V 

Coefficient of shear viscosity 

Absolute temperature 

Coefficient of heat conductivity 

Density 

Isobaric-isothermal relaxation time of the i-th vibrational process 

Isobaric-isentropic relaxation time of the i-th vibrational process 
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IL INTRODUCTION 

In a previous paper1 a calculation of sound absorption in still air was discussed and 

results were presented in graphical form over the relative humidity range of 0-100/° at 20 C. 

The calculations were based on fundamental physical principles with as few empirical steps as 

possible. The method was quite successful and agreement between the predicted values and 

available experimental data was very good. However, in two oral presentations of those 

results, desires were expressed for a more usable format than the graphs of absorption in 

dB/1000 ft as functions of frequency which were presented. To fulfill these needs a set of 

tables has been produced which cover an expanded frequency range 2, and now in this paper 

an analytical expression for sound absorption is developed which can be easily programmed 

for computer computation or solved manually if necessary. 

The absorption of sound in air as in ail molecular gases is caused by two different 

mechanisms: 

• Classical effects 

e Relaxation effects 

The classical effects are a result of the transport processes which occur in a gas, i.e., internal 

friction, heat conduction, and molecular diffusion. Of these mechanisms the internal friction, 

or viscosity,and heat conduction are the largest contributors to the classical effects. Numerical 

inspection of the general equation for binary mixtures3 has shown that the largest of the 

diffusion terms contributes only 0.5 percent of the total classical absorption, so only that term 

has been included in the expression for air1 . For the frequencies of interest, i.e., well below 

the collision frequency of the molecules, there is no translational dispersion and the transport 

properties of the gas obey the ordinary equations of continuum hydrodynamics, so 
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The relaxaHon effects are a result of an additional loss mechanism inherent in 

molecular gases. As a sound wave progresses in a molecular gas part of the compressional 

energy is stored in the internal degrees of freedom of the molecules. Since this storage involves 

excitation and de-excitation of internal energy states which occur during collisions, it requires 

time, and a phase lag between the internal and translational energy modes of the gas results. 

This relaxation effect can be taken into account by introducing into Eq. (2) either 

frequency-dependent and complex dynamic heat capacities and or adiabatic 

compressibility /3 . If the transport processes are neglected and only one internal storage mode 

for the energy with a single relaxation time is considered then 

cdyn = co° + _C 

1 t-juT1 P' 
(3) 

and the well known bell shaped absorption curve for aX versus f would be obtained along 

with the S-shaped dispersion curve for the speed of sound4 . 

In the presence of internal relaxation, the classical absorption is altered in several 

ways 

the heat capacities appearing in Eq. (1 ) must be considered 

as frequency dependent and complex 



o the diffusion of excited molecules supplies on additional and 

frequency dependent mechanism for the heat conduction, so 

that K = k(u) . 

• for infrared active modes the emission and re-absorption of radiation 

must be considered along with the diffusion outlined above. (However, 

it can be shown that there is no influence in the full frequency range 

in air owing to radiation effects. For high frequencies there is only 

small coupling into the internal modes due to the inefficient collision 

processes occuring in air, and for low frequencies the chance that the 

infrared photons are re-absorbed in essentially the same portion of the 

acoustic wavelength is very high.) 

* If bofh transport and relaxation parts of the absorption become 

very large, then after the above mentioned alterations have been 

applied the sound absorption is no longer a simple sum of separate 

absorption processes. 

Fortunately, numerical estimates show that all these complicated interdépendances become 

negligible for the special case of air below a frequency of 1 MHz. This means that the dis 

persion can be calculated as if the transport processes are absent, i.e., 

rdyn 

V’ = -L Re 
P -~dyn 

Vw ' 

V 

Also the absorption can be obtained by simple addition of the transport and relaxation 

contributions 

(4) 



(5) 

“ " “classical + “relaxation 

where 
Eq. 0) for the classical absorption can be expressed as1 

o 2 f2 

“c, = U (,-9) n 

(6) 

HI THEORETICAL METHOD 

be taken into account. These modes are sub-divided into 

0 rotational degrees of freedom 

© vibrational degrees of freedom 

The frequency ran3e importan, for absorption in air is well below the rotational relaxation 

frequency and the contributions owir, to rotation 9ive a term which is linear in frequency 

for frequencies less than , MHc. There is also neqliqihle velocity dispersion in this reqion as 

a „suit of rotation. To calculate the absorption due to rotation the rate constan, for dry air 

can be taken from Greenspan», ossuminq that i, is not humidity dependent. Unfortunately, 

there is no experimental verification of tha, assumption. In fact, very little ,s known about 

by this assumption is small. When these assumptions ore made the absorption due ,0 relaxation 

effects is 

“relaxation " “rotation + “vibration 

(7) 

Ò- 

where 
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at 20° C and the rotational relaxation rate has been taken from Greenspan. 

For the vibrational relaxation processes a simple extension of the addition technique 

applied above would lead to 

rdyn = 
vib £ 

1 + i(JT 

(8) 

as a representation of the vibrational dynamic; heat capacity where the CJ are the vibrotional 

heat capacities of N2, C02 and and the are closely connected to the life¬ 

times of the corresponding vibrational quantas. However, this interpretation of Eq. (8) 

is correct only if the vibrational energy is converted totally into translational energy (V-T 

process). If instead there is a vibration to vibration exchange of energy between the molecules 

(V-V process), then the heat capacities of these modes are coupled via that process. As a result 

of this coupling, each G.' contains part of the heat capacities of all the vibrational degrees of 

freedom which are present in air and each contains lifetimes of all quanta which depend 

upon the transition probabilities of all V-T and V-V processes. Furthermore, depending upon 

the number of excited levels involved, there can even be more than four vibrational relaxation 

times present in Eq. (8). Since at least three close resonances between vibrational states 

exist in air, namely those between N2 and C02 ; 02andCC>2; and C>2 and H2C , these 

V-V processes certainly must be considered. These processes totally dominate the sound 

absorption in the audible region, and there are no other means to predict the acoustic behavior 

pxcGpt' to investigate their influence and to determine their rates« 
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The method of calculation of the C.' and proceeds in a standard way. The 

coupled equations for the V-V processes owing to the excited vibrational levels are decoupled 

by means of a main axis transformation6 . Each of the decoupled equations furnishes one 

term in Eq. (8). The significance of these terms is that they form the simplest mathematical 

representation of the dynamic heat capacities. Now, the dispersion and absorption can be 

given by 

1 

V 2 = f Re 
c“ + cdr,n 

V vib 

> + cdrLn 
p VI b 

and 
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where each contains a complex rational function of high order in (jto). The separation into 

real and imaginary parts would yield an even more complicated fraction; however, for the 

convenience of the user, we have expressed ( c" + C^j / (Cp + Cv¡b 

fractions by using a second main axis transformation. This yields 
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as felling which part of the vibrationally relaxing adiabatic compressibility, 3 , is connected 

to the particular T?S (called isobaric-adiabatic or isobaric-isentropic relaxation time in 

Ref. 6). Using this notation, the separation of the imaginary and real parts of the 

propagation constant k can be accomplished fo obtain 
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00 
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(12) 

IV. RESULTS 

The 24 binary energy transfer rates defined in Ref. 1 were used to obtain relaxation 

times and strengths which were in turn inserted into Eqs. (11 ) and (1 2) of this paper to obtain 

the absorption and dispersion of sound in still air. To facilitate these calculations the rate 

MOP1 (5,2,0) was changed to 7x 105 sec atm“' . After this change the absorption results 

were within 3% of those published in Ref„ 2 for all frequencies above 100 Hz. Below 100 Hz 

the two differ by as much as 15% for some humidities; however, this is not considered serious 

since below 100 Hz the values in Ref. 2 may be in error by as much as 50%. The difference in 

the MOP1 (5.2-0) rate will be discussed in a subsequence publication. The eigenvalue 
" 1 

analysis using the 24 rates yielded several relaxation times; however, only three of these had 

an associated relaxation heat or strength large enough to influence the absorption. As a result, 

instead of requiring 24 rates to describe the vibrational relaxation absorption as in Ref. 1, 
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only three relaxation times and strengths are needed at each humidity. In addition, the 

strengths are very nearly independent of humidity. For 20 C, the relaxation times and 

strengths are presented in Figs. 1 and 2. It is not possible to associate a relaxation time to a 

specific component of the atmosphere; however, examination of the contributions to the 

adiabatic compressibility shows that T^S is closely related to the relaxation of and 

to C^. These relaxation times should be considered only as useful computational parameters, 

and no attempt should be made to ascribe fundamental physical significance to them. The 

fundamental quantities are the binary rate constants. 

Using Eq. (12), adding the various absorption terms, and combining constants gives 

the results in dB/1000ft 

a = 27 

f T; A 

i=l 
1 + f2 T.2 

+ 1.525x 10“9 f * f 
c 

(13) 

The values of (T|, T2 , T3) and (A| , A2 , A3) can be taken from Figs. 1 and 2 respectively or 

calculated using 

log (T. or A.) = b +b (log H) + b (log H)2 + b (log H 
e i i 0 1 e 2 e 3e 

\3 04) 

where the regression coefficients are given in Table I. A is defined to be unity, 

T =6.5x10“ 10 sec and c is calculated by 
4 

1 
c = 

30480 

/3.5 + 5h \ 8.3166X 107 0 

t2.5 + 5h / 28.966 - 10.95h 
(15) 

where h = P H/100, 
w 

(-. 
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For computational convenience c may be set equal to 1.13 if an empirically derived 

T = 5x 10-10 sec is used. This will also reproduce the tables of Ref. 2 within 3% . During 
4 

any of these calculations it must be remembered, that the frequency divided by the pressure, 

not the actual acoustic frequency is the important variable. Hence, a decrease in pressure is 

equivalent to an increase in frequency. For calculations at pressures other than one standard 

atmosphere, f/p should be inserted at all places f presently appears except outside the 

brackets in Ëq „ (13). 

LJ 

V. SUMMARY 

A set of equations has been developed which will accurately predict the absorption of 

sound in still air at 20 C over the frequency range of 12 Hz - 1 MHz and over all humidities. 

The method of calculation presented was devised primarily as a computational convenience. 

The accuracy of the calculations is still limited, as was noted in Ref. 1 by limited knowledge 

of the binary energy transfer rates, but not by the computational method. Specifically, this 

lack of knowledge limits the accuracy of low frequency (12 Hz to 60 Hz) calculations which 

might be off as much as a factor of 2 due to rhe lack of knowledge about CO^/O^ V-V 

energy transfer. The ability to apply this formalism at other temperatures is also severely 

limited by lack of knowledge about the temperature dependence of the CC^/C^ rates and 

those rows involving as a collision partner. Nevertheless, the problem of sound absorp¬ 

tion in still air has been simplified while maintaining a correct physical formalism. The 

temperature dependence and low frequency problems will be solved as soon as binary rate data 

CrC 

is available. 
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TABLE I. Regression Coefficients for Eq. 140 

:) 

- 2.357009 

- 5.388992 

- 9.780594 

- 8.974335 

- 7.397324 

-10.40355 

! 

-0.5423307 

-1.231140 

-0.8459473 

-0.003204346 

0.006179810 

0.01698303 

-0.05253065 

-0.04769421 

-0.03399849 

-0.0004720688 

0.0001125336 

-0.002468109 

-0.0006430596 

0.004000068 

0.002532959 

-0.0001525879 

-0.00001049042 

-0.0002794266 
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Figure 1. Modified Relaxation Times 1,1 and T as a Function 
1 2 3 

of Percent Relative Humidity. 
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Figure 2. Derived Relaxation Strengths A , A and A as a Function 
1 2 3 

of Percent Relative Humidity. 
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