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Atmospheric absorption originates from two effects:

1. Thermal conduction and viscosity of the air.
2. Relaxation losses of oxygen and nitrogen molecules in the air.

Both effects cause attenuation of the sound wave. Sound energy is converted into heat in both
cases.

The attenuation is larger at high frequencies than at low frequencies.
The attenuation also depends on the humidity in the air. The relationship between the
absorption coefficient and the relative humidity is complicated. But greater attenuation tends to

occurs in drier air over lower and middle audio frequencies.

The following equations are taken from Reference 1.

Variables
o = Absorption coefficient
f = Frequency (Hz)
fr, N = Relaxation frequency of nitrogen (Hz)
frO0 = Relaxation frequency of oxygen (Hz)
h = Molar concentration of water vapor in the atmosphere (percent)
Pa = Atmosphere pressure (Pa)
Pr = 101,325 Pa
Psat - Saturation vapor pressure (Pa)
M = Relative humidity (percent)
T = Temperature (Kelvin)



Tog = 293.15K

The absorption coefficient is

o =8.686f2 1, [ (1.84e—11) py L+ 7,73 (b +bp) } dB/meters @)
where

T =T/ Ty (2)

Pr =Pa/Pr (3)

by = 0.1068exp(~3352/T) / (fr N + F2/fr N ) @)

by = 0.01275exp(—2239.1/T) / (fr o + F2/fr o) )
fr N =PryTr { 9+ 280hexp(—4.17 (t, /3 ~1) } (6)
fr 0 =Pr { 24+40400h(0.02+h) /(0.391+h) } (7)
h=rp P52 ®)

Pr

Psat = 10°sat 9)

Ceat = —6.8346 (To1/T) 1261 1 46151 (10)
To1 =273.16 K, the triple-point temperature of water (11)

Consider Wallops, VA as an example. Note that the Wallops average annual humidity = 71%.
The average monthly humidity levels vary from 50% to 76%.
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ATTENUATION AT 100 ft (0.030 km) -16°C  71% HUMIDITY
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