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We present a solution for the problem of the distribution of spectral 
radiation fluxes through the thickness of a layer and the quantity of 
radiant energy absorbed by the elementary layers at a specific depth 
in capillary-porous colloidal bodies. We have demonstrated that the 
solution is found to be in good agreement with experiment. 

The ca lcu la t ion  of the ex te rna l  and in t e rna l  heat and 
m a s s  t r a n s f e r  in the dry ing  and heat t r e a t m e n t  of cap-  
i I l a r y - p o r o u s  col loidal  bodies by means  of i n f r a red  
(IR) r ad ia t ion  is  imposs ib le  without in format ion  on the 
spee t ra I  r ad ia t ion  flows within the l aye r ,  nor  without 
data on the spee t r a l  t h e r m a l - r a d i a t i u n  c h a r a c t e r i s t i c s  
( t r a n s m i s s i v i t y  TX, r e f l ec t iv i ty  RX, absorb t iv i ty  A x, 
as well as the e m i s s i v i t y  eX). Real  bodies exhibit  s e -  
lec t ive  opt ical  p rope r t i e s  c h a r a c t e r i z e d  by at l eas t  two 
s p e c t r a l  coeff ic ients  - a b s o r p t i o n  a ~ and s ca t t e r i ng  s~t. 

Unti l  now, to account  for the quant i ty  of IR rad ian t  
energy  absorbed  at some depth of the m a t e r i a l ,  we 
used  e i ther  the Bouguer law, or  the B o u g u e r - - L a m b e r t  
law [2]. However,  a fundamenta l  e r r o r  a r i s e s  in the 
u t i l i za t ion  of these laws for the indicated purpose.  

Let  us examine  the p r o c e s s  involved in the mono-  
ch romat i c  t r a n s p o r t  of a r ad i an t  flow in a plane l ayer  
(of th ickness  l) of a un i fo rmly  se lec t ive  a t tenuat ing  m e -  
d ium cha rac t e r i zed  by the spec t r a l  coeff ic ients  a x and 
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Diffused monochroma t i c  fIows of r ad ian t  ene rgy- -  

r e spec t i ve ly  equal to Q1 and Q2 (Fig. 1) - - impinge  on 
the two s ides  of the layer .  Let us de t e rmine  the d i s -  
t r ibu t ion  of the rad ia t ion  flows within this l aye r ,  and 
we can then use this quant i ty  to d e t e r m i n e  the r e m a i n -  
ing c h a r a c t e r i s t i c s  of the rad ia t ion  fietd. 

We know of two approaches  to the solut ion of this 
p rob l em [3]; these a re  based exc lus ive ly  on the two 
cons tan ts  a x and s x. These  methods  were  developed 
for  s tacks  of weak -abso rp t ion  but nonsca t t e r ing  l ayers  
[4], for  thin weak-absorp t ion  but s ca t t e r ing  powder-  
l ike l a y e r s  [5], and for s e m i t r a n s p a r e n t  gaseous  m e -  
dia [6]. Accord ing  to one of these  methods  the l ayer  
is  a s s u m e d  to be cont inuous and a k and s x a re  the un i t -  
th ickness  cons tan ts  of abso rp t ion  and sca t t e r ing  for 
the layer .  Accord ing  to the other method,  the layer  is 
a s s u m e d  to cons i s t  of e l e m e n t a r y  l a y e r s  whose th ick-  
ne s s  c o r r e s p o n d s  to the a v e r a g e d i m e n s i o n s  of the c r y s -  
tal pa r t i c l e s  and a x and s k a re  the cons tants  of a b s o r p -  
t ion and r e f l ec t ion  for these  c rys t a l s .  

Fo r  the so lu t ion  of the s ta ted p rob lem it is  adv i s -  
able to employ the c o n t i n u o u s - l a y e r  method in i t i a l ly  
proposed  by Schus te r  [6] in s tudying the t r a n s f e r  of 
r ad i a t i on  in a plane l aye r  of the a tmosphere .  This  m e t h -  
od was subsequen t ly  developed by Gurevich  [5], Ku-  
belka and Munk [7], Ge r shun  [8], et al. The fundamen-  

ta l  idea behind the Shuster  method involve s the spl i t t ing  

of the r ad ia t ion  field within the plane l ayer  into two 
d i s c r e t e  flows moving  in opposite d i rec t ions .  

Let  us i so la te  the e l e m e n t a r y  layer  dx at a depth x, 
with the d i s c r e t e  c o - c u r r e n t  flows q+ and q_ imping-  
ing on this l ayer .  In the genera l  case of b i l a t e ra l  i r -  
r ad ia t ion  of the l aye r ,  if we r e s t r i c t  our cons ide ra -  
t ion only to a s ingle  sca t t e r ing ,  the c o - c u r r e n t  flows 
will  be composed of the following: 

q+ = Q1T~ -l- Q~T,_xR~, 

q_ = Q2T~.x + QtTxR~-x, (1) 

where  R x and T x are ,  r e spec t ive ly ,  the re f l ec t iv i ty  
and t r a n s m i s s i v i t y  of a l ayer  of th ickness  x and R/_ x 
and T/_ x are ,  r e spec t ive ly ,  the re f l ec t iv i ty  and t r a n s -  
m i s s i v i t y  of a l a ye r  of th ickness  ( l -x ) .  

The s ca l a r  magni tude  of the s u m m a r y  vector  for 
the r ad ian t  flux dens i ty  at the depth x is  given by 

q~. = q+ + q- 

= Q1Tx + Q1TxR,-x + Q2Tz-x + Q2T~_xRx. (2) 

The quant i ty  of energy absorbed  in the e l e m e n t a r y  
volume of the med ium (of th ickness  dx) per  unit  t ime 
at a depth x is  uniquely  defined by the d ivergence  of 
qx in the x-d i rec t ion �9  

It follows d i rec t ly  f rom (2) that the basic  e r r o r  in 
the appl ica t ion of the Bouguer and B o u g u e r - L a m b e r t  
laws to the d e t e r m i n a t i o n  of the s u m m a r y  flux densi ty  
l ies  in the fact that no cons idera t ion  is  given to the 
c o - c u r r e n t  r ad i an t  flux at the depth x, said flux r e -  
f leeted f rom the r e m a i n i n g  th ickness  ( l -x)  of the layer  
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Fig.  1. D i s t r ibu t ion  of r ad ia t ion  
fluxes in plane l ayer  of se lec t ive  
absorb ing  and sca t t e r ing  medium.  
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or  f r o m  x, and which i s  equal  to Q~TxRI- x + Q2T/-xR x. 
Since  m o s t  c a p i l l a r y - p o r o u s  co l lo ida l  bodies  exhibi t  
subs t an t i a l  s c a t t e r i n g  coef f i c ien t s  [9] and,  consequen t ly ,  
s ince  they thus exhib i t  a high r e f l e c t i v i t y  (up to 90% in 
the n e a r - I R  r eg ion  of the s p e c t r u m ) ,  the e r r o r  is  qui te  
subs t an t i a l  (as much as  40%), p a r t i c u I a r l y  for  the l a y -  
e r s  n e a r  the s u r f a c e .  

In r e a l  a b s o r p t i o n  and s c a t t e r i n g  m e d i a ,  a po r t i on  
of each  r a d i a n t  f lux inc ident  on an e l e m e n t a r y  l a y e r  dx 
is a b s o r b e d  (axdx) and a po r t i on  is d i f fuse ly  s c a t t e r e d  
(sxdx) in the d i r e c t i o n  oppos i t e  to that  of the imp ing -  
ing flow (it  i s  r e f l e c t e d ) .  Then the d i f f e r e n t i a l  equa-  
t ions c h a r a c t e r i z i n g  the l o s s  of the d i s c r e t e  i n t e r d e -  
pendent  r a d i a n t  f luxes  q+ and q_ a r e  wr i t t en  [7,8] in 
the fo l lowing f o r m :  

dq+ _ (a~ + sJq+ + s~,q_, (3) 
dx 

dq_ 
- s~q+ - -  (a~ + sx) q_. (4) 

d x .  

The  boundary  condi t ions  a r e  

q+lx=o = Q~ and q.l~= z ---- Q~. (5) 

The so lu t ion  for  the s y s t e m  of equa t ions  (3)-(4)  for  
the boundary  condi t ions  (5) has  the f o r m  

q+ = O~ [eXp ( - -  ~ x) - -  'g~ exp ( ax x)j 

1 - -  [ e x p  x) - -  e x p  (-- x)], ( 6 )  

Q~ [exp {--ax (l - -  x)} - -  tt'~ exp { c~ (l - -  x)}] 

+ Q~T~I--W~ [exp {a~ (/ - -  x)l - -  exp {--  o,, (l - -  x)}] , (7) 

whe re  

�9 ~ = 71~ exp (--~x l), (8) 

~1~ = ax+  s~--cr~, and(y~ = I a x  (ax + 2 s J .  (9) 
Sx 

Equa t ions  (6) and (7) d e t e r m i n e  the m o n o c h r o m a t i c  
r ad i an t  f luxes  imping ing  at a depth x on a l a y e r  of th ick-  
n e s s  l. T h e s e  equat ions  a r e  s i m p l e r  in fo rm  than those  
d e r i v e d  by Andr i anov  [10] for  i n t e g r a l  f lows in a non- 
s e l e c t i v e  g a s e o u s  med ium.  

The quant i ty  qx is  d e t e r m i n e d  f r o m  the equat ion 

- -  Q~ [ __ exp(ozx) ] l ~ g ~  (1 + ~lx) exp(--exx) - T ~  

+ Q ~  ( l + n J  

• [ exp(g~x) - -~  k exp( - - axX) ] .  (10) 

The quant i ty  of ene rgy  a b s o r b e d  at the depth x by 
an e l e m e n t a r y  vo lume of t h i ckness  dx p e r  unit t i m e ,  
with c o n s i d e r a t i o n  of (3) mad (4), is  given by 

dw_~ = dq+ + dq_ = - -  ax (q+ + q_). (11) 
dx dx dx 

Using  (6), (7), and (1]) ,  we obtain 

dq~. 
dx 

gr exp 

a~Q~ ~" (I + ~)  

•  exp ( - - exx ) ]  ._f (i2) 

The e x p r e s s i o n s  with QI and Q2 a r e  funct ions  e x c l u -  
s ive ly  of the th i ckness  of the l a y e r  for  the given m a t e -  
r i a l  and waveIength.  Consequent ly ,  we can w r i t e  

dq~. - (13) d--~" = a~Q1C1 (x) + axQ2C ~ (x). 

The funct ions  Cl(x) and C2(x) a r e  s p e c t r a l  d i s t r i b u -  
t ion funct ions  for  the r a d i a n t  ene rgy  a b s o r b e d  through 
the t h i c k n e s s ,  and these  can be d e t e r m i n e d  in advance  
if we know the op t ica l  p r o p e r t i e s  of the m a t e r i a l .  

To tes t  the d e r i v e d  e x p r e s s i o n s  c h a r a c t e r i z i n g  the 
d i s t r i b u t i o n  of the m o n o c h r o m a t i c  r a d i a n t  f luxes  wi th-  
in the c a p i l l a r y - p o r o u s  co l io lda l  bod ies ,  as  wel l  as  
to t e s t  the hypo thes i s  of l i n e a r i t y  for  the s p e c t r a I  a b -  
so rb t ion  coe f f i c i en t s  a x and the b a c k s c a t t e r i n g  coe f f i -  
c ien ts  s x, we have to e s t a b l i s h  the r e l a t i o n s h i p  between 
the op t ica l  p r o p e r t i e s  of t he se  bodies  and the i r  t h e r -  
m a l - r a d i a t i o n  c h a r a c t e r i s t i c s  R k and T k, i . e . ,  c h a r -  
a e t e r i s t i c s  which can be m e a s u r e d .  

We can d e t e r m i n e  th is  r e l a t i o n s h i p  f r o m  (6) and 
(7). F r o m  (7), under  the condi t ion  of u n i l a t e r a l  i r r a d i -  
a t ion,  we have 

q- Q 2 = 0  
~ _ [ x = 0  _ % [ 1 - - e x p ( - - 2 a a l ) l  (14) 

QL 1 --~1~ exp ( - -  2a~ 1) 

F o r  the l i m i t  c a s e s  a?~ : 0 and s x = 0 f o r m u l a  (14) 
is  in a g r e e m e n t  with the f a m i l i a r  e x p r e s s i o n s  for  these  
cases: 

s~l and R~!s~= 0 =0.  (15) 
Rx[%=o - t + s ~ I  

F r o m  (6), given the condi t ion of u n i l a t e r a l  i r r a d i a -  
t ion,  we have 

Q2 =O 

T~ = q+ x = l  
Q1 (16) 

1 
----- exp( - -ax l )  1--~]~exp(--2~/)  

F o r  the l i m i t  c a s e s  (16) is  in a g r e e m e n t  with the 
f a m i l i a r  r e l a t i o n s h i p s  

1 
T~j%=o = l + s x /  and Tx]sk=o = exp(--ax/).  (17) 

F o r m u l a s  of the f o r m  of (14) and (16) we re  ini~ialiy 
d e r i v e d  by S tokes  [4] for  a s t ack  of w e a k - a b s o r p t i o n  
n o n s c a t t e r i n g  p l a t e s ,  and l a t e r  on by Gurev ich  [5] for  
a l a y e r  of s c a t t e r i n g  w e a k - a b s o r p t i o n  (axl  << 1) p a r -  
t i t l e s  in a vacuum.  
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With c o n s i d e r a t i o n  of (8), (9), (14), and (16), it  
fo l lows f r o m  (12) and (13) that  the funct ions  Cl(x) and 
C2(x) at  the  b o u n d a r i e s  of the l a y e r  a s s u m e  the fo l low-  
ing v a l u e s :  

Cx (x)l ._0 ----- ( 1 +  R~) = Ce(x)l~.l, 
C~ (x) l . .0  = T~ = Cl  (x)[.~z. 

Consequent ly ,  the s u r f a c e  l a y e r  is  hea ted  by two 
f l ows - - t he  inc ident  flow and the one which is  r e f l e c t e d .  

We can supply  the B o u g u e r - L a m b e r t  law only to 
the l a y e r  with the coo rd ina t e  x = l when we have un i -  
l a t e r a l  i r r a d i a t i o n  and s k << 0.1. 

The  f r a c t i o n  of e n e r g y  a b s o r b e d  by the l a y e r  can 
be found f r o m  the f a m i l i a r  r e l a t i o n s h i p  

Ax.=I__(Rx + T~)= 1_ l+Tlxexp(--er~l)  (18) 
I + ~1~ exp ( - -  er r l) 

F o r  the l i m i t  c a s e s  we have the f a m i l i a r  r e l a t i o n -  
sh ips  

Axl%=o - -0and  Ax[s~ = o = 1--  exp ( - -  a~I). (19) 

On the b a s i s  of f o r m u l a s  (14), (16), and (18) we d e -  
t e r m i n e  the s p e c t r a l  t h e r m a l - r a d i a t i o n  c h a r a c t e r i s t i c s  
of an o p t i c a l l y  in f in i te ly  dense  l a y e r  (a f t  ~ ~o) [7]: 

1 + a~ | /  a 2 a~ 
s~ - - -  ~ + ~  - -  = n~, (20) 

T| ---- 0 and A ~  = / V  a[s[ + 2  a~sx a~sx (21) 

Fo l lowing  d i r e c t l y  f r o m  (20) is  the p h y s i c a l  s i gn i f i -  
cance  of the coef f i c ien t  ~x - - a  quant i ty  equal  to the r e -  
f l e c t i v i t y  of an in f in i te ly  dense  l a y e r - - a s  wel l  as  the 
G u r e v i c h - K u b e l k a - M u n k  f o r m u l a  which f inds g r e a t e s t  
app l i ca t ion  in the s p e c t r o s c o p y  of l i g h t - s c a t t e r i n g  m e -  
d ia :  

a~ _ (1--Rx~) 2 (22) 
st 2Rx~ 

We can ob ta in  an equat ion s i m i l a r  to (22) for  ~ k f r o m  
f o r m u l a  (9) by c o n s i d e r i n g  (22): 

_ ~;. 1 -? R~= (23)  a~ 1 - - R # =  o r  - - -  
s~ 2R~. ax 1--  R ~  

Having so lved  (14) and (16) s i m u l t a n e o u s l y  for  ffkl 
and keep ing  in mind  (20), (22), and (23), we d e r i v e  the 
fo l lowing e x p r e s s i o n s  which a s s o c i a t e  the op t ica l  p r o p -  
e r t i e s  of the m e d i u m  with the t h e r m a l - r a d i a t i o n  c h a r -  
a c t e r i s t i c s  of the l a y e r :  

c~l = In \ ~ , (24) 

2 R ~  
sxl = l - - R [ ,  a~l, (25) 

as  wel l  as  [3] 

arl 1--  R~| %1. (26 )  
l + R r .  

f Z~t 

4/ a 0.8 

0.4 
, /  
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a5 lo /.5 ~o o 

b 

/ / 
/ / 

i.~.- ~  
3 

q5 /.0 /.5 

F ig .  2. Coef f i c ien t s  sk/ (a) and axl (b) of wood (pine) 
v e r s u s  l a y e r  t h i ckness  1 (mm) at va r i ous  wave leng ths :  
1) k =  0 . 5 # m ;  2) 0.6; 3) 0.9; 4) 1.4. 

Formulas (24), (25), and (26) permit us to deter- 

mine the internal spectral optical characteristics of 

the material from the experimentally derived R k and 

T k of a layer of finite thickness l, as well as the Rk~ 

of a layer that is infinitely dense fromthe optical stand- 

point. With consideration of (20), we can write formu- 
las (14) and (16) in the following form, more conve- 
nient for calculation: 

exp (er~ l) - -  exp ( - -  (~ l) (27) 
R~ = Rx~ exp (a~. l) - -  R ~  exp ( - -  ~ 1) ' 

r~  = 1 - ~  (28) 
exp (% l) - -  R~r exp ( - -  % l) 

T h e s e  f o r m u l a s  we re  t e s t ed  for  s e v e r a l  p o w d e r -  
l ike  m a t e r i a l s  which w e r e  d e n s e l y p a c k e d  ( luminophores )  
[11], for  c o l o r e d  g l a s s e s ,  e tc .  [3, 5, 8], and the p o s s i -  
b i l i ty  of the i r  u t i l i z a t i on  was  d e m o n s t r a t e d .  In [3] the 
a p p l i c a b i l i t y  of t he se  f o r m u l a s  was hypothes ized  for  
co l lo ids  and o ther  t u rb id  med ia .  

To ve r i fy  the d e r i v e d  r e l a t i o n s h i p s  for  the p r o p a -  
gat ion of r a d i a t i o n  within c a p i l l a r y - p o r o u s  co l lo ida l  
bod i e s ,  the au thor s  deve loped  a s p e c i a l  adap to r  for  
the S F - 4  s p e c t r o p h o t o m e t e r  by m e a n s  of which it was 
p o s s i b l e  to s tudy the s p e c t r a l  t h e r m a l - r a d i a t i o n  c h a r -  
a c t e r i s t i c s  of v a r i o u s  l i g h t - s c a t t e r i n g  m a t e r i a l s .  The 
a d a p t e r  to the S F - 4  s p e e t r o p h o t o m e t e r  p e r m i t s  the 
s imu l t a ne ous  m e a s u r e m e n t  of R k and T k in the s p e c -  
t r a l  r eg ion  f r o m  0.4 to 1.5 ~m for  the ca se  of n o r m a l  
inc idence  of m o n o c h r o m a t i c  r a d i a t i o n  onto the s u r f a c e  
of the spec imen .  

The  t e s t s  we re  c a r r i e d  out on such typ ica l  co l lo ida l ,  
c a p i l l a r y - p o r o u s  co l lo ida l ,  and c a p i l l a r y - p o r o u s  m a t e -  
r i a l s  a s  m a c a r o n i  dough, f r u i t - c a n d y  p a s t i l l e ,  r aw  p o -  
ta to ,  wood,  and f lour .  As  an e x a m p l e ,  in F ig .  2 we 
have p r e s e n t e d  sk/  and akl for  wood (pine) in the a i r -  
d r i e d  s t a t e  as  a funct ion of t h i ckness  for  four  w a v e -  
lengths  (0.5, 0.6, 0.9, and 1.4 #m),  c a l cu l a t ed  f rom 
(24), (25), and (26) on the b a s i s  of e x p e r i m e n t a l  data .  
In the wavelength  r ange  0 .5 -0 .9  #m the s c a t t e r i n g  co -  
e f f ic ien t  is  independent  of k. Thus ,  the t e s t s  con f i rm  
the cons t ancy  of s k found for  the l uminophore  powde r s  
[11] to be va l id  for  the t e s t  m a t e r i a l .  However ,  th is  
cons tancy  of s k p e r t a i n s  only to that  r e g i o n  of the s p e c -  
t r u m  in which the r e f r a c t i v e  index of the d i s p e r s e  m e -  
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7 ~  L 

F ig .  3. T r a n s m i s s i v i t y  T k of wood (pine) 
v e r s u s  t h i ckness  l (mm) and v a r i o u s  
wave leng ths :  1) k = 0.5 pm;  2) 0.6; 3) 0.9; 

4) 1.4. 

dium is approximately constant. However, with k cor- 

responding to 1.4 #m, we find, for example, that s k is 
smaller and a k is larger than when k is equal to 0.9~m. 

We know that the absorption band for water lies near 

1.42 #m. Consequently, a k and s k are functions of the 

refractive and absorption indices for all components 

of the medium. Particularly important is the fact that 
for the indicated wavelengths, akl and skl as functions 

of the thickness of the layer are linear in nature. The 

values of T k and R k calculated from (27) and (28), and 

derived experimentally, are shown as functions of / in 

Figs. 3 and 4, from which it follows that the optical 

characteristics of capillary-porous colloidal bodies 
can be calculated on the basis of theoretical relation- 

ships. The latter are obtained by means of a method 

according to which the absorption and scattering of a 
layer of unit thickness are treated as the properties 

of the material itself. In this connection, the magni- 
tude of the absorption coefficient for the unit layer-- 
calculated from (26)--is in good agreement with the 

magni tude  of the  a b s o r p t i o n  coef f i c ien t  for  the  m a t e r i a l ,  
th i s  quant i ty  having been  d e t e r m i n e d  e x p e r i m e n t a l l y .  

On the b a s i s  of the above,  we can d r a w  the fo l low-  
ing conc lus ions .  

1. We carmot use  the Bouguer  and B o u g u e r - L a m -  
be r t  l aws  to d e t e r m i n e  the d i s t r i b u t i o n  of r a d i a t i o n  
f luxes  in a b s o r b i n g  and s c a t t e r i n g  m e d i a ,  beca use  
they do not p rov ide  for  c o n s i d e r a t i o n  of the c o - c u r -  
r en t  r e f l e c t e d  f lows.  

2. F o r m u l a s  have been d e r i v e d  fo r  the d i s t r i b u t i o n  
of m o n o c h r o m a t i c  r a d i a t i o n  f luxes  and of the f r a c t i o n  
of r a d i a t i o n  e n e r g y  a b s o r b e d  by the unit l a y e r s  through 
the t h i cknes s ,  and f o r m u l a s  have been d e r i v e d  to r e -  
l a te  the op t ica l  p r o p e r t i e s  with the t h e r m a l - r a d i a t i o n  
c h a r a c t e r i s t i c s  of c a p i l l a r y - p o r o u s  co l lo ida l  bodies .  

3. The  c i ted  r e l a t i o n s h i p s  can be used  for  co l lo ida l ,  
c a p i l l a r y - p o r o u s  co l lo ida l ,  c a p i l l a r y - p o r o u s ,  p o w d e r -  
l ike ,  and s i m i l a r  l i g h t - s c a t t e r i n g  m a t e r i a l s .  

4. The l i m i t s  of app l i ca t i on  for  the d e r i v e d  r e l a -  
t i onsh ips  a r e  c o n s i d e r a b l y  g r e a t e r  than those  e s t a b -  
l i shed  e a r l i e r .  The  a p p l i c a b i l i t y  of r e l a t i o n s h i p  (26) 
had e a r l i e r  been r e s t r i c t e d  by the condi t ion  akI <_ 0.1, 
whi le  r e l a t i o n s h i p  (20) had been r e s t r i c t e d  by the con-  
d i t ion akl << 1.0 [3]. A c c o r d i n g  to our  e x p e r i m e n t a l  da t a  
and the r e s u l t s  f r o m  the ca l cu l a t i on  of akl f r o m  (26), 
the va l i d i t y  of t he se  r e l a t i o n s h i p s  is  r e t a i n e d  within 
wide l i m i t s  up to akl = 1.0 (Fig .  2b). 

F ig .  4. R e f l e c t i v i t y  Rk of wood 
(pine) versus thickness ! (ram) 

and various wavelengths: i) k = 

= 0.5 pro; 2) 0.6; 3) 0.9; 4) 1.4. 

NOTATION 

Rk, T k, and A k a r e  the s p e c t r a l  r e f l e c t i v i t y ,  t r a n s -  
m i s s i v i t y  and a b s o r p t i v i t y  of the  l a y e r ,  t h i ckness  l ;  ~k is  
the s p e c t r a l  r e f l e c t i v i t y  of the r e a l  body; a k and s k a r e  
the s p e c t r a l  a b s o r p t i o n  and back s c a t t e r i n g  f a c t o r s  of 
a l a y e r  of unit  t h i ckness ;  Q1, 2 is  the m o n o c h r o m a t i c  
r ad ia t ion ;  q+ and q-  a r e  the  d i s c r e t e  c o - c u r r e n t  s p e c -  
t r a l  f lows at  a depth x; qk i s  the s c a l a r  va lue  of the total  
dens i ty  v e c t o r  of m o n o c h r o m a t i c  r a d i a t i o n  at a depth x; 
RX~ o is  the s p e c t r a l  r e f ! e c t i v i t y  of an in f in i te ly  dense  
op t ica l  l a y e r .  
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