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A M E R I C A N  N A T I O N A L  S T A N D A R D S  O N  A C O U S T I C S  

T h e  A c o u s t i c a l  S o c i e t y  o f Am e ri c a  ( AS A)  p ro v i d e s  t h e  S e c re t a ri a t  fo r A c c re d i t e d  S t a n d a rd s  C o m m i t t e e s  
S 1  o n  Ac o u s t i c s ,  S 2  o n  M e c h a n i c a l  V i b ra t i o n  a n d  S h o c k ,  S 3  o n  B i o a c o u s t i c s ,  S 3 / S C  1  o n  An i m a l  
B i o a c o u s t i c s ,  a n d  S 1 2  o n  N o i s e .   T h e s e  c o m m i t t e e s  h a v e  w i d e  re p re s e n t a t i o n  fro m  t h e  t e c h n i c a l  
c o m m u n i t y  ( m a n u fa c t u re rs ,  c o n s u m e rs ,  t ra d e  a s s o c i a t i o n s ,  o rg a n i z a t i o n s  w i t h  a  g e n e ra l  i n t e re s t ,  a n d  
g o v e rn m e n t  re p re s e n t a t i v e s ) .   T h e  s t a n d a rd s  a re  p u b l i s h e d  b y  t h e  A c o u s t i c a l  S o c i e t y  o f A m e ri c a  a s  
Am e ri c a n  N a t i o n a l  S t a n d a rd s  a ft e r a p p ro v a l  b y  t h e i r re s p e c t i v e  S t a n d a rd s  C o m m i t t e e s  a n d  th e  A m e ri c a n  
N a t i o n a l  S t a n d a rd s  I n s t i t u te  ( A N S I ) .  

T h e s e  s t a n d a rd s  a re  d e v e l o p e d  a n d  p u b l i s h e d  a s  a  p u b l i c  s e rv i c e  t o  p ro v i d e  s t a n d a rd s  u s e fu l  t o  t h e  
p u b l i c ,  i n d u s t ry ,  a n d  c o n s u m e rs ,  a n d  t o  F e d e ra l ,  S t a t e ,  a n d  l o c a l  g o v e rn m e n t s .  

E a c h  o f t h e  Ac c re d i t e d  S ta n d a rd s  C o m m i t t e e s  ( o p e ra t i n g  i n  a c c o rd a n c e  w i t h  p ro c e d u re s  a p p ro v e d  b y  
AN S I )  i s  re s p o n s i b l e  fo r d e v e l o p i n g ,  v o t i n g  u p o n ,  a n d  m a i n t a i n i n g  o r re v i s i n g  i t s  o w n  S t a n d a rd s .   T h e  
AS A S t a n d a rd s  S e c re t a ri a t  a d m i n i s t e rs  C o m m i t t e e  o rg a n i z a t i o n  a n d  a c t i v i t y  a n d  p ro v i d e s  l i a i s o n  b e tw e e n  
t h e  A c c re d i t e d  S t a n d a rd s  C o m m i t t e e s  a n d  AN S I .   Aft e r t h e  S t a n d a rd s  h a v e  b e e n  p ro d u c e d  a n d  a d o p t e d  
b y  t h e  Ac c re d i t e d  S t a n d a rd s  C o m m i t t e e s ,  a n d  a p p ro v e d  a s  Am e ri c a n  N a t i o n a l  S t a n d a rd s  b y  A N S I ,  t h e  
AS A  S t a n d a rd s  S e c re t a ri a t  a rra n g e s  fo r t h e i r p u b l i c a ti o n  a n d  d i s t ri b u t i o n .  

An  A m e ri c a n  N a t i o n a l  S t a n d a rd  i m p l i e s  a  c o n s e n s u s  o f t h o s e  s u b s t a n t i a l l y  c o n c e rn e d  w i t h  i t s  s c o p e  a n d  
p ro v i s i o n s .   C o n s e n s u s  i s  e s t a b l i s h e d  w h e n ,  i n  t h e  j u d g m e n t  o f t h e  A N S I  B o a rd  o f S t a n d a rd s  R e v i e w ,  
s u b s t a n t i a l  a g re e m e n t  h a s  b e e n  re a c h e d  b y  d i re c t l y  a n d  m a t e ri a l l y  a ffe c t e d  i n t e re s t s .   S u b s t a n t i a l  
a g re e m e n t  m e a n s  m u c h  m o re  t h a n  a  s i m p l e  m a j o ri t y,  b u t  n o t  n e c e s s a ri l y  u n a n i m i t y .   C o n s e n s u s  re q u i re s  
t h a t  a l l  v i e w s  a n d  o b j e c t i o n s  b e  c o n s i d e re d  a n d  t h a t  a  c o n c e rt e d  e ffo rt  b e  m a d e  t o w a rd s  t h e i r re s o l u t i o n .  

T h e  u s e  o f a n  Am e ri c a n  N a t i o n a l  S t a n d a rd  i s  c o m p l e t e l y  v o l u n ta ry .   T h e i r e x i s t e n c e  d o e s  n o t  i n  a n y  
re s p e c t  p re c l u d e  a n y o n e ,  w h e t h e r h e  o r s h e  h a s  a p p ro v e d  t h e  S t a n d a rd s  o r n o t ,  fro m  m a n u fa c t u ri n g ,  
m a rk e t i n g ,  p u rc h a s i n g ,  o r u s i n g  p ro d u c ts ,  p ro c e s s e s ,  o r p ro c e d u re s  n o t  c o n fo rm i n g  t o  t h e  S t a n d a rd s .  

N O T I C E :   T h i s  Am e ri c a n  N a t i o n a l  S t a n d a rd  m a y  b e  re v i s e d  o r w i th d ra w n  a t  a n y  t i m e .   T h e  p ro c e d u re s  o f 
t h e  A m e ri c a n  N a t i o n a l  S t a n d a rd s  I n s t i t u t e  re q u i re  t h a t  a c t i o n  b e  t a k e n  p e ri o d i c a l l y  t o  re a ffi rm ,  re v i s e ,  o r 
w i t h d ra w  t h i s  S t a n d a rd .  
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F o r e w o r d  

[ This Foreword is for information only and is not a part of the A merican National Standard A N S I /A S A S 1 . 2 6 - 2 0 1 4  

Am e ri c a n  N a t i o n a l  S t a n d a rd  M e t h o d s  fo r C a l c u l a t i o n  o f t h e  Ab s o rp t i o n  o f S o u n d  b y t h e  At m o s p h e re .  A s such,  this 

Foreword may contain material that has not been subjected to public review or a consensus process.  In addition,  it 

does not contain requirements necessary for conformance to the standard. ]  

T h i s  s t a n d a rd  c o m p ri s e s  a  p a rt  o f a  g ro u p  o f d e fi n i t i o n s ,  s t a n d a rd s ,  a n d  s p e c i fi c a t i o n s  fo r u s e  i n  a c o u s t i c s .   
I t  w a s  d e v e l o p e d  a n d  a p p ro v e d  b y  Ac c re d i t e d  S t a n d a rd s  C o m m i t t e e  S 1  A c o u s t i c s ,  u n d e r i t s  a p p ro v e d  
o p e ra t i n g  p ro c e d u re s .   T h o s e  p ro c e d u re s  h a v e  b e e n  a c c re d i te d  b y  t h e  A m e ri c a n  N a t i o n a l  S t a n d a rd s  
I n s t i t u t e  ( AN S I ) .   T h e  S c o p e  o f Ac c re d i t e d  S t a n d a rd s  C o m m i t t e e  S 1  i s  a s  fo l l o w s :   

Standards,  specifications,  methods of measurement and test,  and terminology in the field of physical acoustics,  

including architectural acoustics,  electroacoustics,  sonics and ultrasonics,  and underwater sound,  but excluding 

those aspects which pertain to biological safety,  tolerances,  and comfort.  

T h i s  s t a n d a rd  i s  a  re v i s i o n  o f AN S I  S 1 . 2 6 - 1 9 9 5 ,  w h i c h  h a s  b e e n  te c h n i c a l l y  re v i s e d .  T h e  re v i s i o n  c o n s i s t s  
o f t h e  i n c l u s i o n  o f w o rd i n g  e x p l a i n i n g  t h a t  t h e  m e t h o d s  d i s c u s s e d  w i l l  n o t  n e c e s s a ri l y  p ro v i d e  s i m i l a r re s u l ts  
a n d  u p d a t i n g  o f t h e  n o rm a ti v e  re fe re n c e s .   T h i s  s t a n d a rd  i s  t h e  Am e ri c a n  N a t i o n a l  S t a n d a rd  c o u n t e rp a rt  o f 
I n t e rn a t i o n a l  S t a n d a rd  I S O  9 6 1 3 - 1 : 1 9 9 3  A coustics—Part 1 : Calculation of the absorption of sound by the 
atmosphere.  T h e  t e c h n i c a l  re q u i re m e n ts  i n  t h i s  Am e ri c a n  N a t i o n a l  S t a n d a rd  a re  i d e n t i c a l  t o  t h o s e  i n  I S O  
9 6 1 3 - 1 .  T h i s  s t a n d a rd  h a s  s o m e  a d d i t i o n a l  c l a u s e s  d e a l i n g  w i t h  a n  a p p ro x i m a t e  m e t h o d ,  a n d  i n c l u d e s  
p ro p a g a t i o n  i n  l a rg e  ro o m s .  

T h i s  s t a n d a rd  c o n t a i n s  fi v e  i n fo rm a t i v e  a n n e x e s .  

An n e x  E  i n  t h i s  Am e ri c a n  N a t i o n a l  S t a n d a rd  i s  n o t  c o n t a i n e d  i n  I S O  9 6 1 3 - 1 .  T h i s  a n n e x  d e s c ri b e s  a n  
a p p ro x i m a t e ,  n o n - a n a l y t i c a l  m e t h o d  t o  p ro v i d e  a  p ra c t i c a l  m e t h o d  to  c o m p u t e  t h e  a t m o s p h e ri c  a t t e n u a t i o n  
a p p l i c a b l e  t o  fra c t i o n a l - o c t a v e - b a n d  s o u n d  p re s s u re  l e v e l s  m e a s u re d  a t  a  l a rg e  d i s t a n c e  fro m  a  s o u n d  
s o u rc e  o r u n d e r h i g h l y  a b s o rp t i v e  c o n d i t i o n s ,  o r a  c o m b i n a t i o n  o f d i s t a n c e  a n d  a b s o rp t i v e  c o n d i t i o n s .  Al s o ,  
t h e  s c o p e  o f t h i s  A m e ri c a n  N a t i o n a l  S t a n d a rd  i s  n o t  l i m i t e d  t o  s o u n d  p ro p a g a t i o n  o u t d o o rs  a s  i s  I S O  
9 6 1 3 - 1 ,  b u t  a l s o  i n c l u d e s  p ro p a g a t i o n  i n  ro o m s .  

At  t h e  t i m e  t h i s  S t a n d a rd  w a s  s u b m i t t e d  t o  A c c re d i t e d  S t a n d a rd s  C o m m i t t e e  S 1 ,  Ac o u s t i c s ,  fo r a p p ro v a l ,  
t h e  m e m b e rs h i p  w a s  a s  fo l l o w s :  

R . J .  P e p p i n ,  Chair 
A.  S c h a ri n e ,  V i c e - C h a i r 

S . B .  B l a e s e r,  Secretary 
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A m e r i c a n  N a t i o n a l  S t a n d a r d  

M e t h o d s  f o r  C a l c u l a t i o n  o f  t h e  A b s o r p t i o n  o f  S o u n d  
b y  t h e  A t m o s p h e r e  

1  S c o p e  

1 . 1  T h i s  S t a n d a rd  s p e c i fi e s  a n  a n a l y t i c a l  m e t h o d  to  c a l c u l a t e  t h e  a t t e n u a t i o n  o f s o u n d  a s  a  re s u l t  o f 
a t m o s p h e ri c  a b s o rp t i o n  fo r a  v a ri e t y  o f m e t e o ro l o g i c a l  c o n d i t i o n s  w h e n  t h e  s o u n d  fro m  a n y  m o d e ra t e -
a m p l i t u d e  s o u rc e  p ro p a g a t e s  t h ro u g h  t h e  a t m o s p h e re .  T h e  c a l c u l a ti o n  m e t h o d  o f t h e  S t a n d a rd  a p p l i e s  fo r 
m o l a r c o n c e n t ra t i o n s  o f w a t e r v a p o r i n  t h e  a t m o s p h e re  fro m  l e s s  t h a n  0 . 0 0 5  p e rc e n t  t o  g re a t e r t h a n  5  
p e rc e n t a n d  fo r ra t i o s  o f t h e  fre q u e n c y  o f t h e  s o u n d  t o  t h e  a tm o s p h e ri c  p re s s u re  fro m  a s  l o w  a s  
4  ×  1 0

- 4
 H z / P a  ( 4 0  H z  p e r a t m o s p h e re )  t o  a s  g re a t  a s  1 0  H z / P a  ( 1  M H z  p e r a t m o s p h e re ) .  

1 . 2  F o r p u re - t o n e  s o u n d s ,  a t t e n u a t i o n ,  u s i n g  d e s c ri p t o r “ d e c i b e l s , ”  o w i n g  t o  a tm o s p h e ri c  a b s o rp t i o n  i s  
s p e c i fi e d  b y  fo rm u l a e  i n  t e rm s  o f a n  a t t e n u a t i o n  c o e ffi c i e n t ,  i n  d e c i b e l s  p e r u n i t  s o u n d - p ro p a g a t i o n  
d i s t a n c e ,  a s  a n  a n a l y t i c a l  fu n c t i o n  o f fo u r v a ri a b l e s :  t h e  fre q u e n c y  o f t h e  s o u n d ,  a n d  t h e  t e m p e ra t u re ,  
h u m i d i t y ,  a n d  p re s s u re  o f t h e  a t m o s p h e re .  C o m p u t e d  a t t e n u a t i o n  c o e ffi c i e n ts  a re  p ro v i d e d  i n  t a b u l a r fo rm  
fo r ra n g e s  o f t h e  v a ri a b l e s  c o m m o n l y  e n c o u n t e re d  i n  p re d i c t i o n  o f o u t d o o r s o u n d  p ro p a g a t i o n .  

1 . 3  F o r w i d e b a n d  s o u n d s  a n a l y z e d  b y fra c t i o n a l - o c ta v e  b a n d  fi l te rs  ( e . g . ,  o n e - t h i rd  o c t a v e  b a n d  fi l t e rs ) ,  
a n  a p p ro x i m a t e  m e t h o d  i s  p ro v i d e d  fo r c a l c u l a t i n g  t h e  a t t e n u a t i o n  o w i n g  t o  a tm o s p h e ri c  a b s o rp t i o n  fro m  
t h a t  s p e c i fi e d  fo r p u re - t o n e  s o u n d s  a t  t h e  m i d b a n d  fre q u e n c i e s .  T h e  s p e c t ru m  o f t h e  s o u n d  c a n  b e  
w i d e b a n d  w i th  n o  s i g n i fi c a n t  d i s c re t e - fre q u e n c y  c o m p o n e n t s  o r i t  m a y  b e  a  c o m b i n a t i o n  o f w i d e b a n d  a n d  
d i s c re t e  fre q u e n c y  s o u n d s .   

N O T E   T h e  a p p ro xi m a t e  m e t h o d  wi l l  n o t  n e c e s s a ri l y  g i v e  t h e  s a m e  re s u l t s  a s  t h e  p ri m a ry a n a l y t i c a l  m e t h o d .  

1 . 4  T h i s  S t a n d a rd  a p p l i e s  t o  a n  a t m o s p h e re  w i t h  u n i fo rm  m e t e o ro l o g i c a l  c o n d i t i o n s  a n d  t o  a  s t ra t i fi e d  
a t m o s p h e re  i n  w h i c h  t h e  m e t e o ro l o g i c a l  c o n d i t i o n s  m a y  b e  c o n s i d e re d  t o  b e  u n i fo rm  w i t h i n  l a y e rs .  T h e  
p ro c e d u re s  d e s c ri b e d  i n  t h e  S t a n d a rd  m a y  b e  u s e d  t o  d e t e rm i n e  a d j u s t m e n t s  t o  b e  a p p l i e d  t o  m e a s u re d  
s o u n d  p re s s u re  l e v e l s  t o  a c c o u n t  fo r d i ffe re n c e s  b e tw e e n  a t m o s p h e ri c  a b s o rp t i o n  l o s s e s  u n d e r d i ffe re n t  
m e t e o ro l o g i c a l  c o n d i t i o n s .  T h e  c a l c u l a t i o n  m e t h o d  m a y  a l s o  b e  a p p l i e d  t o  a s s e s s  t h e  c o n t ri b u t i o n  o f 
a t m o s p h e ri c  a b s o rp t i o n  t o  t h e  d e c a y  o f s o u n d  p re s s u re  l e v e l  i n  a  re v e rb e ra n t  s o u n d  fi e l d  o ft e n  fo u n d  i n  
ro o m s .  

1 . 5  T h i s  S t a n d a rd  a c c o u n ts  fo r t h e  p ri n c i p a l  a b s o rp t i o n  m e c h a n i s m s  p re s e n t  i n  a n  a t m o s p h e re  d e v o i d  o f 
s i g n i fi c a n t  fo g  o r a t m o s p h e ri c  p o l l u t a n ts .  I t  d o e s  n o t  c o v e r s o u n d  a t t e n u a t i o n  b y  m e c h a n i s m s  o t h e r t h a n  
a t m o s p h e ri c  a b s o rp t i o n  s u c h  a s  w a v e  d i v e rg e n c e ,  re fra c t i o n ,  s c a t t e ri n g  b y  t u rb u l e n c e ,  g ro u n d  re fl e c t i o n ,  
o r n o n - l i n e a r p ro p a g a t i o n  e ffe c t s .  

2  N o r m a t i v e  r e f e r e n c e s  

T h e  fo l l o w i n g  re fe re n c e d  d o c u m e n ts  a re  i n d i s p e n s a b l e  fo r t h e  a p p l i c a t i o n  o f t h i s  s t a n d a rd .   F o r d a t e d  
re fe re n c e s ,  o n l y  t h e  e d i t i o n  c i t e d  a p p l i e s .    

AN S I /AS A S 1 . 1 1 - 2 0 1 4 /P a rt  1  /  I E C  6 1 2 6 0 - 1 : 2 0 1 4 ,  A merican National Standard Electroacoustics - 
Octave-band and Fractional-octave-band Filters - Part 1 : Specifications 

I S O  2 5 3 3 : 1 9 7 5 ,  S t a n d a rd  a t m o s p h e re  
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I S O  2 5 3 3 : 1 9 7 5 /A d d  1 : 1 9 8 5 ,  H y p s o m e t ri c a l  t a b l e s  

I S O  2 5 3 3 : 1 9 7 5 / Ad d  2 : 1 9 9 7  E x t e n s i o n  to  - 5 0 0 0  m  a n d  s ta n d a rd  a t m o s p h e re  a s  a  fu n c t i o n  o f a l t i t u d e  i n  
fe e t  

3  R e f e r e n c e  a t m o s p h e r i c  c o n d i t i o n s  

3 . 1  C o m p o s i t i o n  

At m o s p h e ri c  a b s o rp t i o n  i s  s e n s i t i v e  t o  th e  c o m p o s i t i o n  o f th e  a i r,  p a rt i c u l a rl y  t o  t h e  v a ry i n g  c o n c e n t ra t i o n  
o f w a t e r v a p o r.  F o r c l e a n  d ry  a i r a t  s e a  l e v e l ,  fo r t h e  p u rp o s e s  o f t h i s  S t a n d a rd ,  t h e  m o l a r c o n c e n t ra t i o n s ,  
o r fra c t i o n a l  v o l u m e s ,  o f n i t ro g e n ,  o x y g e n ,  a n d  c a rb o n  d i o x i d e ,  ro u n d e d  t o  t h re e  s i g n i fi c a n t  fi g u re s ,  a re  
0 . 7 8 1 ,  0 . 2 0 9 ,  a n d  0 . 0 0 0 3 1 4 ,  re s p e c t i v e l y .  F o r d ry  a i r,  o t h e r m i n o r t ra c e  c o n s t i t u e n ts ,  w h i c h  h a v e  n o  
s i g n i fi c a n t  i n fl u e n c e  o n  a t m o s p h e ri c  a b s o rp t i o n ,  m a k e  u p  t h e  re m a i n i n g  fra c t i o n .  F o r a t m o s p h e ri c -
a b s o rp t i o n  c a l c u l a t i o n s ,  t h e  s t a n d a rd  m o l a r c o n c e n t ra t i o n s  o f t h e  p ri n c i p a l  c o n s t i t u e n t s  o f d ry  a i r c a n  b e  
a s s u m e d  t o  h o l d  fo r a l t i t u d e s  t o  a t  l e a s t  5 0  k m  a b o v e  m e a n  s e a  l e v e l .  O n  t h e  o t h e r h a n d ,  t h e  m o l a r 
c o n c e n t ra t i o n  o f w a t e r v a p o r,  w h i c h  h a s  a  m a j o r i n fl u e n c e  o n  a t m o s p h e ri c  a b s o rp t i o n ,  v a ri e s  w i d e l y  n e a r 
t h e  g ro u n d  a n d  b y  n e a rl y  t h re e  o rd e rs  o f m a g n i t u d e  fro m  s e a  l e v e l  t o  a n  a l t i t u d e  o f 2 0  k m .  

3 . 2  A t m o s p h e r i c  p r e s s u r e  a n d  t e m p e r a t u r e  

F o r p u rp o s e s  o f t h i s  S t a n d a rd ,  t h e  re fe re n c e  a t m o s p h e ri c  p re s s u re ,  p r ,  i s  t h a t  o f t h e  I n t e rn a t i o n a l  
S t a n d a rd  At m o s p h e re  a t m e a n  s e a  l e v e l ,  n a m e l y 1 0 1 . 3 2 5  k P a ;  s e e  I S O  2 5 3 3 .  T h e  re fe re n c e  a i r 
t e m p e ra t u re ,  Tr,  i s  2 9 3 . 1 5  K ( i . e . ,  + 2 0 ° C ) —t h e  t e m p e ra t u re  a t  w h i c h  t h e  m o s t  re l i a b l e  d a t a  s u p p o rt i n g  t h i s  

S t a n d a rd  w e re  o b t a i n e d .  

4  A t t e n u a t i o n  c o e f f i c i e n t s  o w i n g  t o  a t m o s p h e r i c  a b s o r p t i o n  f o r  p u r e - t o n e  
s o u n d s  

4 . 1  B a s i c  e x p r e s s i o n  f o r  a t t e n u a t i o n  

4 . 1 . 1  A s  a  p u re - t o n e  s o u n d  p ro p a g a t e s  t h ro u g h  t h e  a t m o s p h e re  o v e r a  d i s t a n c e  s ,  t h e  p re s s u re  a m p l i t u d e  
p t d e c re a s e s  e x p o n e n t i a l l y ,  a s  a  re s u l t  o f t h e  a t m o s p h e ri c - a b s o rp t i o n  e ffe c t s  d e s c ri b e d  i n  t h i s  S t a n d a rd ,  

fro m  i t s  i n i t i a l  v a l u e  p i  i n  a c c o rd a n c e  w i t h  t h e  d e c a y  fo rm u l a  fo r p l a n e  s o u n d  w a v e s  i n  fre e  s p a c e  

  t i e x p 0 . 1 1 5 1p p s   ( 1 )  

w h e re  s o u n d  p re s s u re s  p t a n d p i  a re  i n  p a s c a l s ,  d i s t a n c e  s  i s  i n  m e t e rs ,  a  i s  t h e  p u re - to n e  s o u n d -
a t t e n u a t i o n  c o e ffi c i e n t  fo r a t m o s p h e ri c  a b s o rp t i o n  i n  d e c i b e l s  p e r m e t e r.  F ro m  h e re  o n ,  fo r c o n v e n i e n c e ,  
t h e  s h o rt e n e d  t e rm ,  a t t e n u a t i o n  c o e ffi c i e n t ,  w i l l  b e  u s e d  fo r α  i n  p l a c e  o f t h e  fu l l  d e s c ri p t i o n  j u s t  g i v e n .  I n  
E q u a t i o n  ( 1 ) ,  t h e  t e rm  e x p  ( - 0 . 1 1 5 1  αs )  re p re s e n t s  t h e  b a s e  e  o f N a p i e ri a n  l o g a ri t h m s  ra i s e d  t o  t h e  

e x p o n e n t  i n d i c a t e d  b y  t h e  a rg u m e n t  i n  p a re n t h e s e s ,  a n d  0 . 1 1 5 1  ≈  1 /[ 1 0  l g ( e 2 ) ]  n e p e rs  p e r d e c i b e l  i s  

i n c l u d e d  b e c a u s e  a t t e n u a ti o n  c o e ffi c i e n ts  a re  i n  d e c i b e l s  p e r m e t e r,  n o t  n e p e rs  p e r m e t e r.  

4 . 2  A t t e n u a t i o n  o f  s o u n d  p r e s s u r e  l e v e l s  

At t e n u a t i o n  δL t(  f ) ,  i n  d e c i b e l s ,  o w i n g  t o  a t m o s p h e ri c  a b s o rp t i o n  o f t h e  s o u n d  p re s s u re  l e v e l  o f a  p u re  

t o n e  w i t h  fre q u e n c y  f,  fro m  t h e  i n i t i a l  l e v e l  a t  0s   t o  t h e  l e v e l  a t  d i s t a n c e  s ,  i s  g i v e n  b y  
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w h e re  t h e  s o u n d - a t t e n u a t i o n  c o e ffi c i e n t   i s  a  fu n c t i o n  o f fre q u e n c y  a n d  a t m o s p h e ri c  c o n d i t i o n s .  

5  C a l c u l a t i o n  p r o c e d u r e  f o r  p u r e - t o n e  a t t e n u a t i o n  c o e f f i c i e n t s  

5 . 1  T h e  v a r i a b l e s  

T h e  p ri m a ry  a c o u s t i c  a n d  a t m o s p h e ri c  v a ri a b l e s ,  a n d  t h e i r l e t t e r s y m b o l s ,  u n i ts ,  a n d  u n i t  s y m b o l s ,  a re :  
( 1 )  t h e  fre q u e n c y  o f t h e  s o u n d  f ( i n  h e rtz ,  u n i t  s y m b o l  H z ) ,  ( 2 )  a m b i e n t  a t m o s p h e ri c  t e m p e ra t u re  T  ( i n  

k e l v i n s ,  u n i t  s y m b o l  K) ,  ( 3 )  m o l a r c o n c e n t ra t i o n  o f w a t e r v a p o r h  ( i n  p e rc e n t ,  u n i t  s y m b o l  % ) ,  a n d  
( 4 )  a m b i e n t  a t m o s p h e ri c  p re s s u re  pa  ( i n  k i l o p a s c a l s ,  u n i t  s y m b o l  k P a ) .  

N O T E  1  F o r a  s p e c i fi c  s a m p l e  o f m o i s t  a i r,  m o l a r c o n c e n t ra t i o n  o f wa t e r v a p o r i s  t h e  ra t i o ,  e x p re s s e d  a s  a  
p e rc e n t a g e ,  o f t h e  n u m b e r o f k i l o m o l e s  ( i . e . ,  t h e  n u m b e r o f k i l o g ra m  m o l e c u l a r we i g h t s )  o f wa t e r v a p o r t o  t h e  n u m b e r 
o f ki l o m o l e s  o f m o i s t  a i r i n  t h e  s a m p l e .  T h e  n u m b e r o f k i l o m o l e s  o f m o i s t  a i r i s  t h e  s u m  o f t h e  n u m b e r o f k i l o m o l e s  o f 
d ry a i r a n d  wa t e r v a p o r.  B y A v o g a d ro ' s  l a w,  m o l a r c o n c e n t ra t i o n  o f wa t e r v a p o r i s  a l s o  t h e  ra t i o  o f t h e  p a rt i a l  p re s s u re  
o f wa t e r v a p o r t o  t h e  a t m o s p h e ri c  p re s s u re .  

N O T E  2  M o l a r c o n c e n t ra t i o n s  o f wa t e r v a p o r ra n g e  fro m  a b o u t  0 . 2 %  t o  2 %  fo r c o m m o n l y  e n c o u n t e re d  
a t m o s p h e ri c  c o n d i t i o n s  a t  a l t i t u d e s  n e a r m e a n  s e a  l e v e l ,  b u t  d e c re a s e  t o  we l l  b e l o w 0 . 0 1 %  a t  a l t i t u d e s  a b o v e  1 0  k m .  

5 . 2  T h e  f o r m u l a e  

5 . 2 . 1  A s  d e s c ri b e d  i n  An n e x  A ,  a t t e n u a t i o n  o w i n g  t o  a t m o s p h e ri c  a b s o rp ti o n  i s  a  fu n c t i o n  o f t w o  
v i b ra t i o n a l  re l a x a t i o n  fre q u e n c i e s ,  frO  a n d  frN,  fo r o x y g e n  a n d  n i tro g e n ,  re s p e c t i v e l y .  V a l u e s  o f frO  a n d  frN,  i n  

h e rt z ,  s h a l l  b e  c a l c u l a t e d  fro m  
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5 . 2 . 2  T h e  a t t e n u a t i o n  c o e ffi c i e n t ,  a,  i n  d e c i b e l s  p e r m e t e r,  s h a l l  b e  c a l c u l a t e d  fro m  
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 ( 5 )  

V a l u e s  fo r re l a x a t i o n  fre q u e n c i e s  rOf  a n d  rNf  i n  E q u a t i o n  ( 5 )  s h a l l  b e  c a l c u l a t e d  b y  u s e  o f E q u a t i o n s  ( 3 )  

a n d  ( 4 ) .  

5 . 2 . 3  I n  E q u a t i o n s  ( 3 )  t o  ( 5 )  f,  pa,  T,  a n d  h  re p re s e n t  t h e  v a ri a b l e s  s p e c i fi e d  i n  5 . 1 ;  pr a n d  Tr a re  th e  
re fe re n c e  a tm o s p h e ri c  p re s s u re  a n d  t e m p e ra t u re  s p e c i fi e d  i n  3 . 2 .  

5 . 2 . 4  E q u a t i o n  ( 5 )  i s  a  c o n d e n s e d  fo rm  s u i t a b l e  fo r c o m p u t a t i o n s .  F o rm u l a e  fo r t h e  c o n t ri b u t i o n s  fro m  t h e  
i n d i v i d u a l  p h ys i c a l  m e c h a n i s m s  a re  g i v e n  i n  A n n e x  A .  
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5 . 3  C o m p u t a t i o n  o f  a t t e n u a t i o n  c o e f f i c i e n t s  

5 . 3 . 1  E q u a t i o n s  ( 3 )  t o  ( 5 )  a re  a l l  t h a t  a re  n e e d e d  t o  c a l c u l a t e  t h e  p u re - t o n e  a t t e n u a t i o n  c o e ffi c i e n t  fo r 
a t m o s p h e ri c  a b s o rp t i o n  fo r s e l e c t e d  v a l u e s  o f t h e  v a ri a b l e s .  A l t h o u g h  a i r t e m p e ra t u re  a n d  a t m o s p h e ri c  
p re s s u re  d a t a  m a y  n o t  b e  s u p p l i e d  i n  t h e  u n i t s  o f m e a s u re  g i v e n  i n  5 . 1 ,  c o n v e rs i o n  fa c t o rs  a re  re a d i l y  
a v a i l a b l e  t o  c o n v e rt  t h e  g i v e n  u n i t  t o  k e l v i n s  o r k i l o p a s c a l s ,  re s p e c t i v e l y .  H u m i d i t y  d a t a ,  o n  t h e  o t h e r 
h a n d ,  a re  ra re l y  s u p p l i e d  i n  t e rm s  o f m o l a r c o n c e n t ra ti o n  o f w a t e r v a p o r.  An n e x  B  p ro v i d e s  i n fo rm a t i o n  o n  
c o n v e rs i o n  o f h u m i d i t y  d a ta  i n  t e rm s  o f re l a t i v e  h u m i d i t y  o r d e w p o i n t  t o  c o rre s p o n d i n g  v a l u e s  o f m o l a r 
c o n c e n t ra t i o n .  

5 . 3 . 2  An n e x  C  d e s c ri b e s  th e  m e a n s  b y  w h i c h  t h e  a t t e n u a ti o n  m a y b e  d e t e rm i n e d  b y  u s e  o f t h e  fo rm u l a e  
o f 5 . 2  fo r a  p u re - t o n e  s o u n d  t h a t p ro p a g a t e s  t h ro u g h  a  re a l ,  i n h o m o g e n e o u s  a tm o s p h e re .  An n e x e s  D  a n d  
E  d e s c ri b e  p ro c e d u re s  fo r c a l c u l a t i n g  t h e  a t t e n u a t i o n  b y  a t m o s p h e ri c  a b s o rp t i o n  w h e n  s o u n d s  a re  
a n a l y z e d  b y  fra c t i o n a l - o c t a v e - b a n d  fi l t e rs .  

5 . 4  T a b u l a r  v a l u e s  o f  a t t e n u a t i o n  c o e f f i c i e n t s  

5 . 4 . 1  T a b l e  1  l i s t s  p u re - t o n e  a t t e n u a t i o n  c o e ffi c i e n t s  c a l c u l a t e d  b y  u s e  o f E q u a t i o n s  ( 3 )  t o  ( 5 )  fo r s e l e c t e d  
v a l u e s  o f a i r t e m p e ra t u re ,  re l a t i v e  h u m i d i t y ,  a n d  fre q u e n c y ,  a t  t h e  re fe re n c e  p re s s u re  o f o n e  s t a n d a rd  
a t m o s p h e re  ( 1 0 1 . 3 2 5  k P a ) .  T h e  u n i t  i s  d e c i b e l s  p e r k i l o m e t e r fo r c o n v e n i e n c e  i n  a p p l i c a t i o n s  t o  s o u n d  
p ro p a g a t i o n  o v e r l o n g  p a t h l e n g t h s .  T a b u l a r v a l u e s  a re  p re s e n t e d  t o  t h re e  s i g n i fi c a n t  fi g u re s .  

5 . 4 . 2  U s e rs  o f T a b l e  1  s h o u l d  n o t  i n t e rp o l a t e  b e t w e e n  t h e  e n t ri e s ,  o r e x t ra p o l a te  b e y o n d  t h e  t a b l e  ra n g e ,  
b u t  s h o u l d  u ti l i z e  E q u a t i o n s  ( 3 )  t o  ( 5 )  to  c a l c u l a t e  s p e c i fi c  p u re - to n e  a t t e n u a t i o n  c o e ffi c i e n ts  fo r d e s i re d  
c o n d i t i o n s .  

5 . 4 . 3  A n n e x  A d e s c ri b e s  a  p ro c e d u re  t h a t  c a n  b e  e m p l o y e d  t o  d e t e rm i n e  a t t e n u a t i o n  c o e ffi c i e n t s  fo r 
a t m o s p h e ri c  p re s s u re s  o t h e r t h a n  t h e  re fe re n c e  a t m o s p h e ri c  p re s s u re  i n  l i e u  o f u s i n g  t h e  fo rm u l a e  i n  5 . 2  
a n d  An n e x  B .  

N O T E  1  F re q u e n c i e s  s h o wn  i n  T a b l e  1  a re  t h e  n o m i n a l  m i d b a n d  fre q u e n c i e s  fo r o n e - t h i rd - o c t a v e - b a n d  fi l t e rs  i n  
a c c o rd a n c e  wi t h  AN S I /AS A S 1 . 1 1 /P a rt  1  / I E C  6 1 2 6 0 - 1 .  H o we v e r,  a t t e n u a t i o n  c o e ffi c i e n t s  i n  T a b l e  1  we re  c a l c u l a t e d  
fo r t h e  e x a c t  m i d b a n d  fre q u e n c i e s  fm,  i n  h e rt z ,  u s i n g  t h e  g e n e ra l  e x p re s s i o n  fo r t h e  N- t h  fre q u e n c y  b a n d  a c c o rd i n g  t o  

t h e  b a s e - 1 0  s y s t e m  

   0

3 /1 0b
m 1 0

N

f f  ( 6 )  

w h e re  t h e  re fe re n c e  fre q u e n c y ,  f0 ,  i s  1  H z ,  a n d  1 /b  i s  t h e  b a n d wi d t h  d e s i g n a t o r fo r a  fra c t i o n a l - o c t a v e  fi l t e r b a n d ,  e . g . ,  

1 /b  =  1 /3  fo r o n e - t h i rd - o c t a v e - b a n d  fi l t e rs .  F o r T a b l e  1 ,  i n d e x  N ra n g e d  o v e r t h e  i n t e g e rs  fro m  + 1 7  t o  + 4 0 ,  
c o rre s p o n d i n g  t o  n o m i n a l  m i d b a n d  fre q u e n c i e s  fro m  5 0  H z  t o  1 0  k H z .  

N O T E  2  R e l a t i v e  h u m i d i t i e s  g i v e n  a s  c o l u m n  h e a d i n g s  i n  T a b l e  1  a re  wi t h  re s p e c t  t o  s a t u ra t i o n  o v e r a  s u rfa c e  o f 
l i q u i d  wa t e r a t  a l l  t e m p e ra t u re s ;  s e e  A n n e x  B .  S a t u ra t i o n  v a p o r p re s s u re s  we re  c a l c u l a t e d  fro m  t h e  fo rm u l a e  g i v e n  i n  
An n e x  B .  

6  A c c u r a c y  o f  c a l c u l a t e d  p u r e - t o n e  a t t e n u a t i o n  c o e f f i c i e n t s  f o r  v a r i o u s  r a n g e s  
o f  t h e  v a r i a b l e s  

6 . 1  A c c u r a c y  o f  ± 5  p e r c e n t  

Ac c u ra c y  o f t h e  c a l c u l a t e d  p u re - t o n e  a t te n u a t i o n  c o e ffi c i e n t s  c o m p u t e d  b y  t h e  m e t h o d  o f t h i s  S t a n d a rd  i s  
e s t i m a t e d  t o  b e  ± 5  p e rc e n t  fo r a n  a i r t e m p e ra t u re  o f 2 9 3 . 1 5  K ( + 2 0  ° C ) ,  a n  a t m o s p h e ri c  p re s s u re  o f o n e  
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s t a n d a rd  a t m o s p h e re  (pa  =  pr =  1 0 1 . 3 2 5  k P a ) ,  m o l a r c o n c e n t ra t i o n  o f w a t e r v a p o r fro m  0 . 2 %  t o  2 %  ( i . e . ,  
re l a t i v e  h u m i d i t y  fro m  1 0 %  t o  1 0 0 % ) ,  a n d  fre q u e n c y  o f t h e  s o u n d  fro m  2  k H z  t o  1 5  k H z .  

6 . 2  A c c u r a c y  o f  ± 1 0  p e r c e n t  

Ac c u ra c y  o f t h e  c a l c u l a t e d  p u re - to n e  a t te n u a t i o n  c o e ffi c i e n t s  i s  e s t i m a t e d  t o  b e  ± 1 0  p e rc e n t  fo r v a ri a b l e s  
w i t h i n  t h e  fo l l o w i n g  ra n g e s :  

 m o l a r c o n c e n t ra t i o n  o f w a te r v a p o r:  0 . 0 5 %  t o  5 % ;  

 a i r t e m p e ra t u re :  2 5 3 . 1 5  K t o  3 2 3 . 1 5  K ( - 2 0  ° C  t o  + 5 0  ° C ) ;  

 a t m o s p h e ri c  p re s s u re :  l e s s  t h a n  2 0 0  k P a  ( i . e . ,  l e s s  t h a n  t w o  a t m o s p h e re s ) ;  a n d  

 fre q u e n c y - t o - p re s s u re  ra t i o :  4  x  1 0
- 4

 H z /P a  t o  1 0  H z /P a  ( 4 0  H z / a tm  t o  1  M H z /a t m )  

6 . 3  A c c u r a c y  o f  ± 2 0  p e r c e n t  

Ac c u ra c y  o f t h e  c a l c u l a t e d  p u re - t o n e  a tt e n u a t i o n  c o e ffi c i e n t s  fo r a t m o s p h e ri c  a b s o rp t i o n  i s  e s t i m a t e d  t o  
b e  ± 2 0  p e rc e n t  fo r v a ri a b l e s  w i t h i n  t h e  fo l l o w i n g  ra n g e s :  

 m o l a r c o n c e n t ra t i o n  o f w a te r v a p o r:  0 . 0 0 5 %  t o  0 . 0 5 %  a n d  g re a t e r t h a n  5 % ;  

 a i r t e m p e ra t u re :  2 5 3 . 1 5  K t o  3 2 3 . 1 5  K ( - 2 0  ° C  t o  + 5 0  ° C ) ;  

 a t m o s p h e ri c  p re s s u re :  l e s s  t h a n  2 0 0  k P a  ( l e s s  t h a n  tw o  a t m o s p h e re s ) ;  a n d  

 fre q u e n c y - t o - p re s s u re  ra t i o :  4  x  1 0
- 4

 H z / P a  t o  1 0  H z /P a .  

6 . 4  A c c u r a c y  o f  ± 5 0  p e r c e n t  

Ac c u ra c y  o f t h e  c a l c u l a t e d  p u re - t o n e  a tt e n u a t i o n  c o e ffi c i e n t s  fo r a t m o s p h e ri c  a b s o rp t i o n  i s  e s t i m a t e d  t o  
b e  ± 5 0  p e rc e n t  fo r v a ri a b l e s  w i t h i n  th e  fo l l o w i n g  ra n g e s ,  w h i c h  i n c l u d e  e n v i ro n m e n t a l  c o n d i t i o n s  
e n c o u n t e re d  a t  a l t i t u d e s  u p  t o  2 0  k m :  

 m o l a r c o n c e n t ra t i o n  o f w a te r v a p o r:  l e s s  t h a n  0 . 0 0 5 % ;  

 a i r t e m p e ra t u re :  g re a t e r t h a n  2 0 0  K ( - 7 3  ° C ) ;  

 a t m o s p h e ri c  p re s s u re :  l e s s  t h a n  2 0 0  k P a  ( t w o  a t m o s p h e re s ) ;  a n d  

 fre q u e n c y - t o - p re s s u re  ra t i o :  4  x  1 0
- 4

 H z / P a  t o  1 0  H z /P a .  

N O T E  C o m b i n a t i o n s  o f m o l a r c o n c e n t ra t i o n  o f wa t e r v a p o r a n d  a i r t e m p e ra t u re  t h a t  i m p l y  a  re l a t i v e  h u m i d i t y  
g re a t e r t h a n  1 0 0 %  i n  6 . 1 ,  6 . 2 ,  6 . 3 ,  a n d  6 . 4  a re  e x c l u d e d  fro m  t h e  c o rre s p o n d i n g  a c c u ra c y  e s t i m a t e s .  
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T a b l e  1  — P u r e - t o n e  a t m o s p h e r i c - a b s o r p t i o n  a t t e n u a t i o n  c o e f f i c i e n t s  a t  a n  a i r  p r e s s u r e  o f  o n e  
s t a n d a r d  a t m o s p h e r e  ( 1 0 1 . 3 2 5  k P a )  

( a )  a i r t e m p e ra t u re :  - 2 5  ° C  

N o m i n a l  
f r e q u e n c y a  

( H z )  

A t t e n u a t i o n  c o e f f i c i e n t  ( d B / k m )

R e l a t i v e  h u m i d i t y  ( % )

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

5 0  0 . 5 2 8  0 . 5 1 9  0 . 4 7 9  0 . 3 7 6  0 . 2 9 0  0 . 2 3 0  0 . 1 8 9  0 . 1 6 0  0 . 1 4 0  0 . 1 2 5  0 . 1 1 4  

6 3  0 . 6 3 3  0 . 6 6 3  0 . 6 4 5  0 . 5 4 0  0 . 4 2 8  0 . 3 4 1  0 . 2 7 8  0 . 2 3 4  0 . 2 0 1  0 . 1 7 8  0 . 1 6 0  

8 0  0 . 7 2 5  0 . 8 0 6  0 . 8 3 1  0 . 7 5 5  0 . 6 2 3  0 . 5 0 4  0 . 4 1 3  0 . 3 4 5  0 . 2 9 5  0 . 2 5 7  0 . 2 2 9  

1 0 0  0 . 7 9 8  0 . 9 3 4  1 . 0 2  1 . 0 2  0 . 8 8 9  0 . 7 4 1  0 . 6 1 4  0 . 5 1 4  0 . 4 3 8  0 . 3 7 9  0 . 3 3 4  

1 2 5  0 . 8 5 4  1 . 0 4  1 . 1 9  1 . 3 1  1 . 2 3  1 . 0 7  0 . 9 0 6  0 . 7 6 7  0 . 6 5 5  0 . 5 6 6  0 . 4 9 6  

1 6 0  0 . 8 9 4  1 . 1 2  1 . 3 3  1 . 6 0  1 . 6 3  1 . 5 0  1 . 3 2  1 . 1 4  0 . 9 7 9  0 . 8 4 9  0 . 7 4 4  

2 0 0  0 . 9 2 2  1 . 1 8  1 . 4 4  1 . 8 6  2 . 0 5  2 . 0 2  1 . 8 6  1 . 6 5  1 . 4 5  1 . 2 7  1 . 1 2  

2 5 0  0 . 9 4 3  1 . 2 2  1 . 5 2  2 . 0 8  2 . 4 6  2 . 5 9  2 . 5 2  2 . 3 3  2 . 1 0  1 . 8 8  1 . 6 7  

3 1 5  0 . 9 6 0  1 . 2 5  1 . 5 8  2 . 2 5  2 . 8 2  3 . 1 6  3 . 2 6  3 . 1 6  2 . 9 6  2 . 7 1  2 . 4 6  

4 0 0  0 . 9 7 6  1 . 2 8  1 . 6 2  2 . 3 7  3 . 1 0  3 . 6 7  4 . 0 1  4 . 1 0  4 . 0 0  3 . 8 0  3 . 5 3  

5 0 0  0 . 9 9 4  1 . 3 0  1 . 6 6  2 . 4 7  3 . 3 2  4 . 1 0  4 . 6 9  5 . 0 5  5 . 1 6  5 . 0 9  4 . 8 9  

6 3 0  1 . 0 2  1 . 3 3  1 . 6 9  2 . 5 4  3 . 4 9  4 . 4 4  5 . 2 7  5 . 9 2  6 . 3 2  6 . 4 9  6 . 4 7  

8 0 0  1 . 0 5  1 . 3 7  1 . 7 4  2 . 6 1  3 . 6 2  4 . 7 0  5 . 7 4  6 . 6 5  7 . 3 8  7 . 8 7  8 . 1 4  

1 , 0 0 0  1 . 1 1  1 . 4 3  1 . 8 0  2 . 6 9  3 . 7 4  4 . 9 0  6 . 1 0  7 . 2 5  8 . 2 7  9 . 1 2  9 . 7 4  

1 , 2 5 0  1 . 2 0  1 . 5 2  1 . 8 9  2 . 7 9  3 . 8 7  5 . 0 9  6 . 4 0  7 . 7 2  9 . 0 0  1 0 . 2  1 1 . 2  

1 , 6 0 0  1 . 3 3  1 . 6 5  2 . 0 3  2 . 9 4  4 . 0 4  5 . 3 0  6 . 6 8  8 . 1 3  9 . 5 9  1 1 . 0  1 2 . 3  

2 , 0 0 0  1 . 5 5  1 . 8 7  2 . 2 5  3 . 1 6  4 . 2 7  5 . 5 6  6 . 9 8  8 . 5 2  1 0 . 1  1 1 . 7  1 3 . 3  

2 , 5 0 0  1 . 8 9  2 . 2 1  2 . 5 9  3 . 5 0  4 . 6 2  5 . 9 3  7 . 3 9  8 . 9 8  1 0 . 7  1 2 . 4  1 4 . 2  

3 , 1 5 0  2 . 4 4  2 . 7 6  3 . 1 3  4 . 0 5  5 . 1 7  6 . 4 9  7 . 9 7  9 . 6 0  1 1 . 4  1 3 . 2  1 5 . 1  

4 , 0 0 0  3 . 3 0  3 . 6 2  3 . 9 9  4 . 9 1  6 . 0 4  7 . 3 6  8 . 8 5  1 0 . 5  1 2 . 3  1 4 . 2  1 6 . 2  

5 , 0 0 0  4 . 6 6  4 . 9 8  5 . 3 6  6 . 2 8  7 . 4 0  8 . 7 3  1 0 . 2  1 1 . 9  1 3 . 7  1 5 . 7  1 7 . 7  

6 , 3 0 0  6 . 8 2  7 . 1 4  7 . 5 2  8 . 4 4  9 . 5 7  1 0 . 9  1 2 . 4  1 4 . 1  1 5 . 9  1 7 . 9  2 0 . 0  

8 , 0 0 0  1 0 . 2  1 0 . 6  1 0 . 9  1 1 . 9  1 3 . 0  1 4 . 3  1 5 . 8  1 7 . 5  1 9 . 4  2 1 . 4  2 3 . 5  

1 0 , 0 0 0  1 5 . 7  1 6 . 0  1 6 . 4  1 7 . 3  1 8 . 4  1 9 . 7  2 1 . 3  2 3 . 0  2 4 . 8  2 6 . 8  2 9 . 0  

a )  
S e e  5 . 4 . 3 ,  N o t e  1 .  
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( b )  a i r t e m p e ra t u re :  - 2 0  ° C  

N o m i n a l  

f r e q u e n c y a  

( H z )  

A t t e n u a t i o n  c o e f f i c i e n t  ( d B /k m )  

R e l a t i v e  h u m i d i t y  ( % )  

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

5 0  0 . 5 8 9  0 . 5 0 9  0 . 4 1 8  0 . 2 8 5  0 . 2 1 1  0 . 1 6 8  0 . 1 4 2  0 . 1 2 5  0 . 1 1 4  0 . 1 0 5  0 . 0 9 9 1  

6 3  0 . 7 5 6  0 . 7 0 4  0 . 6 0 2  0 . 4 2 1  0 . 3 0 8  0 . 2 4 1  0 . 2 0 0  0 . 1 7 3  0 . 1 5 5  0 . 1 4 2  0 . 1 3 3  

8 0  0 . 9 2 4  0 . 9 3 5  0 . 8 4 6  0 . 6 1 9  0 . 4 5 5  0 . 3 5 2  0 . 2 8 6  0 . 2 4 3  0 . 2 1 4  0 . 1 9 4  0 . 1 7 9  

1 0 0  1 . 0 8  1 . 1 8  1 . 1 5  0 . 9 0 2  0 . 6 7 5  0 . 5 2 1  0 . 4 1 9  0 . 3 5 0  0 . 3 0 3  0 . 2 6 9  0 . 2 4 5  

1 2 5  1 . 2 0  1 . 4 3  1 . 4 9  1 . 2 8  0 . 9 9 8  0 . 7 7 6  0 . 6 2 1  0 . 5 1 4  0 . 4 3 9  0 . 3 8 4  0 . 3 4 4  

1 6 0  1 . 3 0  1 . 6 4  1 . 8 3  1 . 7 7  1 . 4 5  1 . 1 6  0 . 9 3 0  0 . 7 6 6  0 . 6 4 8  0 . 5 6 1  0 . 4 9 5  

2 0 0  1 . 3 7  1 . 8 2  2 . 1 6  2 . 3 3  2 . 0 6  1 . 7 0  1 . 3 9  1 . 1 5  0 . 9 7 0  0 . 8 3 4  0 . 7 3 0  

2 5 0  1 . 4 3  1 . 9 5  2 . 4 2  2 . 9 3  2 . 8 3  2 . 4 6  2 . 0 6  1 . 7 3  1 . 4 6  1 . 2 6  1 . 0 9  

3 1 5  1 . 4 6  2 . 0 5  2 . 6 4  3 . 4 9  3 . 7 0  3 . 4 3  3 . 0 0  2 . 5 7  2 . 2 0  1 . 9 0  1 . 6 5  

4 0 0  1 . 4 9  2 . 1 2  2 . 7 9  3 . 9 9  4 . 6 0  4 . 5 9  4 . 2 3  3 . 7 4  3 . 2 7  2 . 8 5  2 . 5 0  

5 0 0  1 . 5 2  2 . 1 7  2 . 9 1  4 . 3 8  5 . 4 5  5 . 8 6  5 . 7 2  5 . 2 9  4 . 7 5  4 . 2 3  3 . 7 5  

6 3 0  1 . 5 5  2 . 2 2  3 . 0 0  4 . 6 9  6 . 1 7  7 . 1 0  7 . 3 9  7 . 1 9  6 . 7 1  6 . 1 3  5 . 5 5  

8 0 0  1 . 5 9  2 . 2 8  3 . 0 8  4 . 9 2  6 . 7 6  8 . 2 2  9 . 0 7  9 . 3 1  9 . 0 9  8 . 6 0  7 . 9 8  

1 , 0 0 0  1 . 6 5  2 . 3 4  3 . 1 7  5 . 1 1  7 . 2 1  9 . 1 4  1 0 . 6  1 1 . 5  1 1 . 7  1 1 . 6  1 1 . 1  

1 , 2 5 0  1 . 7 4  2 . 4 4  3 . 2 7  5 . 2 8  7 . 5 7  9 . 8 8  1 1 . 9  1 3 . 5  1 4 . 4  1 4 . 8  1 4 . 7  

1 , 6 0 0  1 . 8 8  2 . 5 8  3 . 4 2  5 . 4 8  7 . 9 0  1 0 . 5  1 3 . 0  1 5 . 2  1 6 . 9  1 8 . 0  1 8 . 6  

2 , 0 0 0  2 . 1 0  2 . 8 0  3 . 6 5  5 . 7 3  8 . 2 4  1 1 . 0  1 3 . 9  1 6 . 6  1 9 . 0  2 1 . 0  2 2 . 4  

2 , 5 0 0  2 . 4 4  3 . 1 5  4 . 0 0  6 . 1 0  8 . 6 7  1 1 . 6  1 4 . 7  1 7 . 8  2 0 . 8  2 3 . 5  2 5 . 8  

3 , 1 5 0  2 . 9 9  3 . 7 0  4 . 5 5  6 . 6 6  9 . 2 7  1 2 . 3  1 5 . 5  1 9 . 0  2 2 . 4  2 5 . 7  2 8 . 8  

4 , 0 0 0  3 . 8 6  4 . 5 6  5 . 4 2  7 . 5 4  1 0 . 2  1 3 . 2  1 6 . 6  2 0 . 2  2 4 . 0  2 7 . 8  3 1 . 5  

5 , 0 0 0  5 . 2 4  5 . 9 4  6 . 8 0  8 . 9 3  1 1 . 6  1 4 . 6  1 8 . 1  2 1 . 9  2 5 . 9  3 0 . 0  3 4 . 1  

6 , 3 0 0  7 . 4 2  8 . 1 2  8 . 9 8  1 1 . 1  1 3 . 8  1 6 . 9  2 0 . 4  2 4 . 2  2 8 . 4  3 2 . 7  3 7 . 1  

8 , 0 0 0  1 0 . 9  1 1 . 6  1 2 . 4  1 4 . 6  1 7 . 2  2 0 . 3  2 3 . 9  2 7 . 8  3 2 . 0  3 6 . 5  4 1 . 2  

1 0 , 0 0 0  1 6 . 4  1 7 . 1  1 7 . 9  2 0 . 1  2 2 . 7  2 5 . 8  2 9 . 4  3 3 . 3  3 7 . 6  4 2 . 2  4 7 . 0  

a )  
S e e  5 . 4 . 3 ,  N o t e  1 .  
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( c )  a i r t e m p e ra t u re :  - 1 5  ° C  

N o m i n a l  

f r e q u e n c y a  

( H z )  

A t t e n u a t i o n  c o e f f i c i e n t  ( d B /k m )  

R e l a t i v e  h u m i d i t y  ( % )  

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

5 0  0 . 5 7 3  0 . 4 2 5  0 . 3 2 1  0 . 2 1 2  0 . 1 6 4  0 . 1 3 9  0 . 1 2 4  0 . 1 1 4  0 . 1 0 7  0 . 1 0 2  0 . 0 9 6 8  

6 3  0 . 7 9 3  0 . 6 1 8  0 . 4 7 2  0 . 3 0 5  0 . 2 2 8  0 . 1 8 8  0 . 1 6 6  0 . 1 5 2  0 . 1 4 2  0 . 1 3 5  0 . 1 3 0  

8 0  1 . 0 6  0 . 8 8 5  0 . 6 9 3  0 . 4 4 6  0 . 3 2 4  0 . 2 6 0  0 . 2 2 4  0 . 2 0 2  0 . 1 8 7  0 . 1 7 7  0 . 1 7 0  

1 0 0  1 . 3 4  1 . 2 3  1 . 0 1  0 . 6 6 0  0 . 4 7 1  0 . 3 6 8  0 . 3 0 8  0 . 2 7 1  0 . 2 4 8  0 . 2 3 2  0 . 2 2 1  

1 2 5  1 . 6 2  1 . 6 5  1 . 4 4  0 . 9 7 9  0 . 6 9 5  0 . 5 3 2  0 . 4 3 5  0 . 3 7 4  0 . 3 3 4  0 . 3 0 8  0 . 2 8 9  

1 6 0  1 . 8 8  2 . 1 1  1 . 9 9  1 . 4 5  1 . 0 4  0 . 7 8 6  0 . 6 3 1  0 . 5 3 1  0 . 4 6 4  0 . 4 1 8  0 . 3 8 6  

2 0 0  2 . 0 8  2 . 5 7  2 . 6 3  2 . 1 0  1 . 5 5  1 . 1 7  0 . 9 3 2  0 . 7 7 3  0 . 6 6 3  0 . 5 8 7  0 . 5 3 2  

2 5 0  2 . 2 4  2 . 9 9  3 . 3 2  2 . 9 7  2 . 3 0  1 . 7 6  1 . 4 0  1 . 1 5  0 . 9 7 3  0 . 8 4 7  0 . 7 5 6  

3 1 5  2 . 3 5  3 . 3 3  3 . 9 8  4 . 0 5  3 . 3 4  2 . 6 4  2 . 1 1  1 . 7 3  1 . 4 5  1 . 2 5  1 . 1 0  

4 0 0  2 . 4 3  3 . 5 9  4 . 5 6  5 . 2 7  4 . 7 3  3 . 8 9  3 . 1 7  2 . 6 1  2 . 1 9  1 . 8 8  1 . 6 5  

5 0 0  2 . 5 0  3 . 7 8  5 . 0 3  6 . 5 2  6 . 4 3  5 . 6 1  4 . 7 0  3 . 9 3  3 . 3 2  2 . 8 5  2 . 4 9  

6 3 0  2 . 5 5  3 . 9 3  5 . 3 9  7 . 6 7  8 . 3 5  7 . 8 1  6 . 8 3  5 . 8 5  5 . 0 1  4 . 3 3  3 . 7 8  

8 0 0  2 . 6 1  4 . 0 5  5 . 6 6  8 . 6 5  1 0 . 3  1 0 . 4  9 . 6 2  8 . 5 3  7 . 4 6  6 . 5 3  5 . 7 4  

1 , 0 0 0  2 . 6 7  4 . 1 5  5 . 8 7  9 . 4 4  1 2 . 1  1 3 . 2  1 3 . 0  1 2 . 1  1 0 . 9  9 . 6 9  8 . 6 4  

1 , 2 5 0  2 . 7 7  4 . 2 8  6 . 0 7  1 0 . 1  1 3 . 7  1 6 . 0  1 6 . 7  1 6 . 3  1 5 . 3  1 4 . 0  1 2 . 8  

1 , 6 0 0  2 . 9 1  4 . 4 4  6 . 2 8  1 0 . 6  1 4 . 9  1 8 . 4  2 0 . 5  2 1 . 1  2 0 . 7  1 9 . 7  1 8 . 3  

2 , 0 0 0  3 . 1 4  4 . 6 7  6 . 5 4  1 1 . 0  1 5 . 9  2 0 . 5  2 3 . 9  2 6 . 0  2 6 . 7  2 6 . 4  2 5 . 4  

2 , 5 0 0  3 . 4 9  5 . 0 3  6 . 9 2  1 1 . 5  1 6 . 8  2 2 . 2  2 6 . 9  3 0 . 5  3 2 . 7  3 3 . 7  3 3 . 7  

3 , 1 5 0  4 . 0 4  5 . 5 9  7 . 4 9  1 2 . 2  1 7 . 8  2 3 . 7  2 9 . 4  3 4 . 5  3 8 . 4  4 1 . 0  4 2 . 5  

4 , 0 0 0  4 . 9 2  6 . 4 7  8 . 3 8  1 3 . 1  1 8 . 9  2 5 . 2  3 1 . 7  3 7 . 9  4 3 . 4  4 7 . 8  5 1 . 1  

5 , 0 0 0  6 . 3 1  7 . 8 6  9 . 7 8  1 4 . 6  2 0 . 4  2 7 . 1  3 4 . 1  4 1 . 2  4 7 . 9  5 4 . 0  5 9 . 1  

6 , 3 0 0  8 . 5 2  1 0 . 1  1 2 . 0  1 6 . 8  2 2 . 7  2 9 . 6  3 7 . 0  4 4 . 7  5 2 . 4  5 9 . 8  6 6 . 5  

8 , 0 0 0  1 2 . 0  1 3 . 6  1 5 . 5  2 0 . 3  2 6 . 3  3 3 . 2  4 0 . 9  4 9 . 0  5 7 . 4  6 5 . 8  7 3 . 9  

1 0 , 0 0 0  1 7 . 5  1 9 . 1  2 1 . 0  2 5 . 9  3 1 . 9  3 8 . 9  4 6 . 7  5 5 . 1  6 4 . 0  7 3 . 0  8 2 . 1  

a )  
S e e  5 . 4 . 3 ,  N o t e  1 .  
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( d )  a i r t e m p e ra t u re :  - 1 0  ° C  

N o m i n a l  

f r e q u e n c y a  

( H z )  

A t t e n u a t i o n  c o e f f i c i e n t  ( d B /k m )  

R e l a t i v e  h u m i d i t y  ( % )  

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

5 0  0 . 4 8 2  0 . 3 2 5  0 . 2 4 5  0 . 1 7 5  0 . 1 4 6  0 . 1 3 1  0 . 1 2 1  0 . 1 1 3  0 . 1 0 6  0 . 1 0 0  0 . 0 9 4 6  

6 3  0 . 7 0 0  0 . 4 7 5  0 . 3 5 0  0 . 2 3 9  0 . 1 9 5  0 . 1 7 4  0 . 1 6 1  0 . 1 5 2  0 . 1 4 5  0 . 1 3 8  0 . 1 3 2  

8 0  1 . 0 0  0 . 6 9 7  0 . 5 0 9  0 . 3 3 2  0 . 2 6 1  0 . 2 2 8  0 . 2 1 0  0 . 1 9 9  0 . 1 9 1  0 . 1 8 4  0 . 1 7 9  

1 0 0  1 . 3 9  1 . 0 2  0 . 7 5 0  0 . 4 7 2  0 . 3 5 7  0 . 3 0 2  0 . 2 7 3  0 . 2 5 7  0 . 2 4 6  0 . 2 3 9  0 . 2 3 3  

1 2 5  1 . 8 6  1 . 4 8  1 . 1 1  0 . 6 8 8  0 . 5 0 1  0 . 4 0 9  0 . 3 6 0  0 . 3 3 2  0 . 3 1 5  0 . 3 0 4  0 . 2 9 7  

1 6 0  2 . 3 8  2 . 1 0  1 . 6 3  1 . 0 2  0 . 7 2 1  0 . 5 6 9  0 . 4 6 5  0 . 4 3 6  0 . 4 0 7  0 . 3 8 8  0 . 3 7 6  

2 0 0  2 . 8 9  2 . 8 7  2 . 3 7  1 . 5 2  1 . 0 6  0 . 8 1 6  0 . 6 7 6  0 . 5 9 1  0 . 5 3 7  0 . 5 0 3  0 . 4 8 0  

2 5 0  3 . 3 6  3 . 7 5  3 . 3 5  2 . 2 7  1 . 5 8  1 . 2 0  0 . 9 6 9  0 . 8 2 7  0 . 7 3 4  0 . 6 7 2  0 . 6 2 9  

3 1 5  3 . 7 4  4 . 6 6  4 . 5 6  3 . 3 5  2 . 3 8  1 . 7 9  1 . 4 3  1 . 1 9  1 . 0 4  0 . 9 2 9  0 . 8 5 3  

4 0 0  4 . 0 3  5 . 5 1  5 . 9 3  4 . 8 6  3 . 5 7  2 . 7 0  2 . 1 3  1 . 7 6  1 . 5 1  1 . 3 3  1 . 2 0  

5 0 0  4 . 2 4  6 . 2 4  7 . 3 2  6 . 8 2  5 . 3 0  4 . 0 7  3 . 2 3  2 . 6 5  2 . 2 4  1 . 9 5  1 . 7 3  

6 3 0  4 . 4 0  6 . 8 1  8 . 6 1  9 . 2 0  7 . 7 0  6 . 1 0  4 . 8 9  4 . 0 1  3 . 3 8  2 . 9 2  2 . 5 7  

8 0 0  4 . 5 3  7 . 2 6  9 . 7 1  1 1 . 8  1 0 . 8  8 . 9 9  7 . 3 6  6 . 0 9  5 . 1 4  4 . 4 3  3 . 8 8  

1 , 0 0 0  4 . 6 5  7 . 5 9  1 0 . 6  1 4 . 4  1 4 . 6  1 2 . 9  1 0 . 9  9 . 1 9  7 . 8 2  6 . 7 5  5 . 9 1  

1 , 2 5 0  4 . 7 8  7 . 8 7  1 1 . 3  1 6 . 8  1 8 . 8  1 7 . 9  1 5 . 8  1 3 . 7  1 1 . 8  1 0 . 3  9 . 0 3  

1 , 6 0 0  4 . 9 4  8 . 1 4  1 1 . 8  1 8 . 8  2 3 . 0  2 3 . 6  2 2 . 1  1 9 . 8  1 7 . 5  1 5 . 5  1 3 . 7  

2 , 0 0 0  5 . 1 8  8 . 4 4  1 2 . 3  2 0 . 5  2 6 . 8  2 9 . 7  2 9 . 6  2 7 . 8  2 5 . 4  2 2 . 9  2 0 . 6  

2 , 5 0 0  5 . 5 4  8 . 8 5  1 2 . 8  2 1 . 8  3 0 . 1  3 5 . 6  3 7 . 8  3 7 . 4  3 5 . 5  3 2 . 9  3 0 . 2  

3 , 1 5 0  6 . 1 1  9 . 4 4  1 3 . 5  2 3 . 1  3 2 . 9  4 0 . 9  4 5 . 9  4 7 . 9  4 7 . 5  4 5 . 7  4 3 . 1  

4 , 0 0 0  7 . 0 0  1 0 . 3  1 4 . 5  2 4 . 4  3 5 . 4  4 5 . 5  5 3 . 5  5 8 . 5  6 0 . 7  6 0 . 6  5 9 . 0  

5 , 0 0 0  8 . 4 0  1 1 . 8  1 5 . 9  2 6 . 1  3 7 . 8  4 9 . 6  6 0 . 2  6 8 . 4  7 3 . 9  7 6 . 7  7 7 . 4  

6 , 3 0 0  1 0 . 6  1 4 . 0  1 8 . 2  2 8 . 6  4 0 . 8  5 3 . 8  6 6 . 4  7 7 . 5  8 6 . 4  9 2 . 8  9 6 . 7  

8 , 0 0 0  1 4 . 2  1 7 . 5  2 1 . 7  3 2 . 2  4 4 . 8  5 8 . 6  7 2 . 7  8 6 . 2  9 8 . 2  1 0 8  1 1 6  

1 0 , 0 0 0  1 9 . 7  2 3 . 1  2 7 . 3  3 7 . 9  5 0 . 7  6 5 . 0  8 0 . 2  9 5 . 4  1 1 0  1 2 3  1 3 5  

a )  
S e e  5 . 4 . 3 ,  N o t e  1 .  
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