
13 .2  Opera t i ona l  De f i n i t i on  o f  Beam T ransmi t t ance  
We cons ide r  nex t  some poss ib le  expe r imen ta l  means  o f  de te rm in ing  
t he  beam t r ansm i t t ance  o f  a  genera l  pa th  o f  s i gh t  in a  na tu ra l  
hyd roso l .  The  deve lopmen t  i n  Sec .  3 .14  o f  t he  concep t  o f  beam 
t ransmi t t ance  s ta r t i ng  f rom the  i n te rac t i on  p r i nc ip le  exh ib i t s  t he  
phys i ca l  f ounda t ions  and  bas i c  mean ing  o f  t he  beam t ransmi t t ance  
concep t , -  and  we  now show how we can  bu i l d  on  tha t  deve lopmen t  
i n  seve ra l  ways ,  so  t ha t  beam t ransmittances can be obtained using standard 
radiance measuring equipment. 
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General Two-Path Method 
Let Or (xl , C) and (P (x 2,  ~) be two parallel paths of length r as depicted in f i g .  
13.4. We now show how measurements of the radiances at the extremities of these 
paths can lead to a determination of Tr(x,O, the beam transmittance of the path Qr (x, ~) 
. We need only arrange matters so that all three p a t h s  are in a regular 
neighborhood of paths (Def. 2, Sec. 9.5), i.e., so that: 
and 

T = = 
x. (x1 ~ ) Tr (x2 , ~) Tr (x J, 0 (1) 

Nr (Y ~ = 
N T  C Y 2 ~ = 
•Lqr ( Y  ~  

( 2 )  

 
Such paths are often encountered in real optical media, so that what follows is of more 
than academic interest. By means of (5) of Sec. 3.13, the apparent radiances at the 
terminal 
points of the paths Qr(x~ (IDr(x2, ) are expressible as 
N(Y1 s ) = N(x1 !~)Tr(x1 1E) + N*CY1'P0 (3) 
N (Y2 ) N (x2 ) T . (x2 s ) + N* (Y2 ) (4) 
 
FIG. 13.4 The two-path method for beam transmittance. 
286 OPERATIONAL CONCEPTS VOL. VI 
Writing: 
"AN (Y~ for N(y19E) - N(Y2~  ) (S) 
„AN (x, ) t '  for N ( x 1  )  -  N (x2 ) (6) and subtracting (4) 
from (3), we have 
 
T (x, ) _ AN ( E) r AN x,~ 
Now for theoretical or practical purposes it is possible to use e i ther  the natura l  
rad iances occurr ing,  a t  x ,  x2, y 1, Y2 
for  computat ions wi th (7)  or  to  p lace ar t i f ic ia l .  sources at  the points x1, 
x2. In  e i ther  case the method proceeds by measur ing the four  rad iances 



under  such condi t ions,  and then us ing (7)  to  determine T (x- ,  C)~:
 In  e i ther  case therefore,  (7)  wi l l  y ie ld  up numer ica l  
determinat ions of  Tr(x,O so long as (1) and (2)  ho ld.  Equat ion (7)  may 
thus prov ide an operat ional  def in i t ion of  Tr(x ,0 .  
General One-Path Method 
The preceding development  f rom (1)  to '  (7)  ma be re interpreted so 
that  there is  only  one Path,  namely (x ,0over  ~ 
which at time t1 there is an artificial or natural r radiance distribution such that (3) holds 
and a small time later at t2, (4) holds. For example, a light beam along the path 0. (x, 
Q may change radiance arbitrarily or may blink periodically so that in any case it has 
two distinct radiances N(x,E,t1) and N (x, ~ , t 2) with corresponding observable 
radiances N (y, E , t ,) , 
N(y,~,t2). If (1) and (2) hold in the present case, i.e. , if 1-0 
Tr(x,~,tI) = 
Tr(x,~,t2) = 
T (x 0

 (8)  

Nr(Y,~, t 1)  _  
Nr(Y,~, t 2)  Nr(Y,~)   (9)  

then:    

T  ON 
= ,E, t )  
r  (x ,  )  AN x,~, t  '  

 (10)  

where now we have wr i t ten:    

"ON (Y,  ~,  t )  "  for  N (Y,  ~ ' t  1) - N (Y,  ~ ,  t 2 )   (11)  

"AN (x,~, t ) t "  for  N(x,~, t 1)  -  
N(x,E, t 2)  -  (12) 

 
Thus by either spatial modulation of radiances, as in (7), or temporal modulation of 
radiances, as in (10), the beam transmit tance over  the corresponding regular  
neighborhood of  paths may be operat ional ly  def ined.  
 


