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Introduction 

In a recent work  [1] the inverse p rob lem for an isot ropical ly  scat ter ing medium 
was solved in terms of  the angular  d is t r ibut ion of  r ad ia t ion  enter ing and leaving a ha l f  
space. Here  we extend the previous result  to include a l inearly anisot ropica l ly  scat ter ing 
model .  

Analysis 

In terms o f  the p rob lem in radia t ive  t ransfer  defined by 

0 
f ~  (1 + bit/z')~b(x, It ')  dit ' ,  

tO 

440, it) = f(it), it > 0, 

and 

(1) 

(2a) 

and  

~b(a, it) = f(it)e-'~'~' + ~ -  T(it, i t ' ) f ( i t ' )  dit ' ,  it  > 0, (36) 

where 

+ S(it, It ') = X(it)X(it ' )[1 - c~(it + it ' )  - ritit ']  

- Y(it)Y(/V)[I + c1(/~ + it ' )  - ritit'l 
- e2(it + / z ' ) [X( /D  Y(it ') + Y(it)X(/z')] (4a) 

*) Permanent address: Nuclear Engineering Department, North Carolina State University, 
Raleigh, N.C. 27650, U.S.A. 

~b(a, - i t )  --- 0, It > 0, (2b) 

we seek to find the single scat ter ing a lbedo  w and the coefficient b in the scat ter ing law 
in terms o f f ( i t )  and the presumed measurable  r - / z ) ,  It > 0, and ~b(a, It), /z > 0. F r o m  
Chandra sekha r ' s  monumen ta l  work [2] on radia t ive  transfer  we note  that  

~b(O, - i t )  = ~ S(/z, I t ' ) f ( t t ' ) d t t ' ,  It > O, (3a) 
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and  
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and  

and  

fO 1 j ( a )  = f(/V)[ql Y(/z') + plX(/z')]/~' d/~' (6d) 

where 

. (x)= ,(x,.)d/z, j ( x ) =  f~x 5b(x'/~)/z d/~ (7) 

and ql and px are addi t ional  constants  that can be expressed in terms of  moments  of the 
X and Y functions.  Mult iplying Eqns. (3) by / z  2 and integrat ing over/z,  we find that we 
can write 

rK(O) = f(tx')([ca(1 - Xo) - c2yo + r(1 - Xo)/z'lX(/z') 

+ [c2(1 - Xo) - c l yo  + ryot V] Y(/z'))/x' d/V (Sa) 

rK(a)  = f ( tz ' ) ([czyo - c1(1 - Xo) + r(1 - Xo)/Z'] Y(/z') 

+ [cxyo - c2(1 - Xo) + rYoIM]X(l~'))tx' dl~' 

where 

K ( x )  = f /~ ~b(x, tz)tz 2 dtz , 

xo = X(~)tF(/x) d/z and Yo = Y(/~)tF(t, ) d/~,. 

(8b) 

(9) 

(10) 

( ~ , -  ~)T(t~,#) = r(~)x(#)[1 + c~(~ - t~') + r~#l  

- X(t*)Y( / , ' ) [1  - c1(/,  - / * ' )  + r/*/*'l 

+ c2(/* - / , ' ) [ X ( / s ) X ( / , ' )  + Y(/x)Y(/,')]. (4b) 

Here r = b(1 - to) and  X(tt) and Y(/,) are the funct ions associated with the characteristic 
funct ion 

' t O 0  = �89 + r~'~), (5) 

used by Chandrasekhar  [2] fol ~ the linearly anisotropically scattering model.  In  addit ion,  
the constants  cl and c2 can be expressed in terms of moments  of  the X and  Y functions.  
We note  that  Chandrasekhar  [2] has also deduced that 

p(O) = f (~ ' ) [ ( l  - c~#)X( l~ ' )  - c 2 #  Y(#)]  d # ,  (6a) 

s p(a) = f(~')[(1 + c~l~')Y(~')  + c21~'X(l~')] dl~', (6b) 

j (O) = f(tx ')[q~X(tz" ) + p~ Y(/z')I/x' d/*' (6c) 
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If  we now multiply Eqn. (3a) by fox) and integrate we find, after considerable algebra, 
that 

So = f ~  f~ )~ (0 ,  -t~) a t, (11) 

can be expressed as 

4So = oJ(p2(0) - p2(a)  - b[j2(O) - j U ( a ) ] ) ,  (12) 

after using Eqns. (6). Clearly we could carry out two experiments, say f(/z) = f l( /0 and 
f(/x) = f2(/0, and thus generate two versions of Eqn. (12) that could be solved for o~ 
and b. On the other hand, results for o~ and b can be obtained from only one experiment 
if we consider 

s2 = f~/'(t~)~(0, -t~)t~ 2 at,. (13) 

On multiplying Eqn. (3a) by f(/z)/~ 2 and integrating, we find we can write 

4Sz = co([j2(O) E J--2(a)] b [ K ~ O )  - K_2(a)]~. (14) 
oJ - oJb/3 ] 

We can now solve Eqns. (12) and (14) to find our final results: 

- B  - [B 2 - 4 A C ]  112 
oJ = (15a) 

2A 

and 
I- 4 "1 

= | p 2 ( 0 ) -  p ~ ( a ) -  S0|[/z(0) b j2(a)]- 1 
I. O )  -I 

where 

.4 = -[pZ(0) - pZ(a)][j2(0) - j 2 ( a )  + 4S2  - 3K2(0) + 3K2(a)], 

B = 4So[j2(0) - j 2 ( a )  + 4S2  - 3K2(0) + 3K2(a ) ]  

+ [p2(0) - p2(a)][4S2 - 3K2(0) + 3K2(a)]  

+ 3[j2(0) - j2 (a)][4S2  + j2(O) - j2(a)] 

and 

(15b) 

(16a) 

(16b) 
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C = - 4S014S2 - 3K2(0) + 3K2(a)] - 12S2[jz(0) - j2(a)]. (16c) 

It is evident that the solutions given by Eqns. (15) are in terms only of the surface quantities 
~b(0, t0 and ~b(a,/~). 
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Abstract 

The inverse problem for a linearly anisotropically scattering model in the theory of radiative 
transfer or neutron transport is solved, in terms only of surface quantities, for a finite slab. 

Zusammenfassung 

Das inverse Problem fiir ein linear anisotropes Streumodell in der Theorie der Strahlungs- 
iibertragung oder der Neutronen-Transporttheorie wird gelOst; for eine endliche Schicht wird 
die Lfsung mit Hilfe von Oberfl~tchengr6ssen ausgedriickt. 
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