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PREFACE 

A basic problem in radiative transfer is the estimation of the 

physical parameters of a scattering and absorbing medium based on 

measurements of the diffusely reflected light.  In this series of 

papers we shall show how such tasks may be viewed .as nonlinear 

boundary-value problems which may be solved computationally using 

the technique of quasilinearization. 

In this Memorandum we consider a stratified medium consisting 

of two layers. Our aim is to determine the optical depth and the 

albedo for single scatterinf? of each layer based on measurements of 

the angular dependence of the light diffusely reflected from the slab. 

The results of some numerical experiments are presented, and FORTRAN 

IV listings are provided. 

The results will be of interest to meteorologists;, experimental 

physicists, and control engineers. 



SUMMARY 

Consider a slab which consists of two layers which absorb and 

scatter light.  First the basic differential-integral equation for 

the intensity of the diffusely reflected light is given, the source 

being uniform parallel rays. Then we show how to determine the 

nature of each layer using measurements of the light diffusely re- 

flected from the slab. We view this as a nonlinear boundary-value 

problem and show thf»t it may be resolved computationally using the 

technique of quasil.'.nearization. Numerical examples and FORTRAN 

programs are provided. 



I.  INTRODUCTION 

Problems of radiative transfer in planetary and stellar atmos- 

(12 3) 
pheres have been extensively treated by many investigators.N » » ' 

Much of this work has dealt wi h what we may call direct problems, 

i.e., the determination of the intensities of radiation, produced by 

certain light incident on a medium with known scattering and absorbing 

properties. Recently, though, as a growing list of papers attests, 

there has been increasing interest in inverse problems.  In these, 

the aim is to deduce the nature of the medium (and often the source) 

on the basis of measurements of the radiation field produced by in- 

cident radiation.v » » ' 

With this Memorandum we initiate the study of inverse problems 

(7 8) 
in radiative transfer via the method of quasilinearization.  *   We 

wish to show that such problems can be viewed as multipoint boundary- 

value problems for large systems of nonlinear ordinary differential 

equations.  These equations can then be resolved numerically using 

current digital computers and the method of quasilinearization. 

We consider a slab which consists of two layers of isotropically 

scattering material of unknown optical thickness and albedo for single 

scattering.  Given the measured intensity of the light diffusely re- 

flected from the slab, we wish to determine the optical thickness of 

the two layers and their albedos for single scattering. 

Ir subsequent papers we shall consider more complex processes 

involving ani'jotropic scattering, time-dependence, and noncoherent 

scattering. 



II.     BASIC EQUrtTI&NS 

We consider an  inhomogeneous, plane-parallel,  non-emitting and 

isotropically  scattering atmosphere of  finite optical  thickness  T. 

whose optical properties depend only upon T»   the optical height above 

the bottom  (0 S T a£ T1) •     Let parallel  rays of light of ne*"  flux TT 

per unit area normal to  their direction of propagation be incident 

on the upper surface in the direction characterized by  the number 

u    (0 < u    < 1), where u    is  the cosine of  the angle measured  from 
o o ' o 

the normal  to  the  surface.     The bottom surface is a completely ab- 

sorbing barrier,   so that no  light is reflected  from it.     This  is not 

an essential requirement.     See Fig.   1. 

TT ^M.MO.^l) 

o-1- 

Fig.l—Incident and reflected rays for a slab of thickness T 



The intensity of Che diffusely reflected light in the direction 

-1 
cos      p.  is r^, ^  ,  T, )•     We define a related function R(i*,  u  »  Ti)» 

syimetric  in jj, and ji   ,  by writing 

r(li»  M.0J   T1) 

R(^,   ^0,   Tj) 

The function R satisfies  the  integro-differential  equation 

(1) 

(1,9) 

öR(M.,M-0,T1) 

-O+irO^o'V 
(2) 

+ u^) [I+| J Rfc.^,^) ^ ] [i+| j R^^.TJ) *; ] 

where XCT,) is the albedo for single scattering, and R is subject to 

the condition 

R0i,Ho,O) - 0. (3) 

This equation is obtained by means of the theory of invariant imbed- 

ding.  A discrete version of Eqs. (2) and (3) is obtained by replacing 

the integrals by finite suras using a Gaussian quadrature formula of 

order N.  Let us introduce new functions R..(T,). 

RijCTj) - ROi^j,^);   i,j « 1,2,...,N, (4) 

where [\x ]  is the set of N roots of the shifted Legendre polynomial 

PN((j,) ■ PN( 1-2^),  The values of u and the corresponding Christoffel 

weights are tabulated in Ref. 10 for N - 3,4,...,15.  The functions 

R.-CT,) satisfy the system of ordinary nonlinear differential equation 



dR-.(T.) 

(5) 
N N 

k-1 k k-1 k 

with  the inltifil  conditions 

»^(0)   - 0  , (6) 

for i - 1,2,...,N;   j - 1,2,..,,N. 



III.  AN INVERSE PROBLEM 

Let us now consider a medium composed of two layers, with albedo 

for single scattering X1 in the lower layer aid albedo X- in the upper 

layer (\. p  X-).  The total optical thickness of this slab is T and 

the thickness of the lower layer is c.  See Fig. 2.  We wish to de- 

termine c, T, and the parameters X1 and X«. 

b^rjjd) 

\k 
X2 (Layer 2) 

(L3yer l) 

w 
► Ti = T 

Fig. 2—A stratified medium 

Let us assume that we have obtained N (noisy) measurements of 

the diffusely reflected light, b ., wheve b  is the intensity of the 

light diffusely reflected in the direction p.    caused by incident 

parallel rays of net flux rr in the direction p. ,    The constants which 

characterize this medium, K,,\~tc,  and T are to be determined 30 that 

the theoretical diffuse reflection pattern produced by using the 

estimated values in the differential Eqs. (5) will agree as closely 



as possible, in the least squares sense, with the observed field 

(b, .). i.e., we wish to minimize the expressic ion 

N  N 

I     I   [rii(T) • biJ ] ' (7) 

:-i J-i 

Let us assume that the albedo function has the form 

X(T) - a + b tanh 10 (T - c) (8) 

so that 

X, ^ a - b     in Layer 1, 

X 2! a + b     in Layer 2, 

(9) 

and c is the position of the boundary between Layer 1 and Layer 2. 

See Fig. 3. 

The "observations" {b, .} are produced computationally wich the 

use of Eq. (8) for the albedo function, where we set 

a - 0.5, b - 0.1, c « 0.5, (10) 

and with the use of the differential cqs. (5), integrating out to a 

thickness 

T - 1.0 . 

The observations which this produces are given in Table 1. 



r »t.o 

T^O.5 

X {T)J 
Layer  t 

Layer 2 

T =0 
0.2 0,4 0.6 0.8 

Fig. 3—The albedo function 

Table  1 

THE MEASUREMENTS  fb. J 

j  =  1 2 3 4 5 6 7 

i = 1 0.079914 0.028164 0.014304 0.009104 0.006707 0.005515 0.004970 

2 0.143038 0.091522 0.058437 0.040826 0.031405 0.026378 0.023989 

3 0.167000 0.134331 0.099653 0.075106 0.060044 0.051445 0.047248 

4 0.178898 0.157955 0.126408 0.099392 0.081253 0.070435 0.065042 

5 0.185284 0.170817 0.142072 0.114229 0.094495 0.082423 0.076332 

6 0.188723 0.177733 0.150791 0.122665 0.102104 0.089349 0.082870 

7 0.190354 0.180898 0.154995 0,126773 0.105829 C.092748 0.086083 



IV.     NUMERICAL dOLUTIOEj VIA QUASILINEARIZÄTION^7'8*11, i2^ 

Let us consider  the problem posed  above  in more general   and 

flexible  terms.     An R-dimensional  column vector x(t)   is a solution 

of the differential  equation 

x -  f(x)   ,        0 S t ^ T . (11) 

The value of T 's assumed known.  This again represents no essential 

restriction as we shall see.  We wish to determine the initial vector 

x(0) = c , (12) 

in such a manner that we minimize the quadratic form 

(x(T) - b, x(T) - b) - Q , (13) 

where x(T) is the solution of Eq. (1) for t ■ T.  The first s com- 

ponents of c are required to be zero and the remaining ones are 

variables to be determined. 

Our computational formalism proceeds as follows:  First an Initial 

approximation to the desired initial vector is selected.  We then 

proceed inductively.  Suppose that we have obtained a k  approxima- 

tion to c, which we denote by c , and a k  approximation to the 

solution function x(t), which we denote by x (t).  Note that the 

superscripts refer to the order of the approximation and not to the 

k+1     k+1 
components of c and x.  We obtain the vectors c   and x  (t) In 

k+1 
this manner.  The vector x   't) is a solution of the linear system 

k+1 
in x 

xk+1 - f(xk) + J(xk) (xk+1 - xk) , (14) 



where J(x ) is the Jacobian matrix with elements 

J^ - (ö^/dx.) . (15) 

We produce a particular solution p(t) of the system (14) by numerically 

integrating the system 

p - t(xk) + J(xk) (P - xk) , (16) 

where p(t) Is subject to the initial condition 

p(0) = 0 . (17) 

Then we produce numerically R-s independent solutions of the homoge- 

neous system 

h. = J(xk)hi , (18) 

where the vector h (t) is subject to the initial condition 

(j  component of h (0)) " 6. . ,  I ■ » + 1, ... , R ,    (19) 

6.. being the Kronecker delta function. These integrations are readily 

carried out on the interval 0 S t s T, since complete sets of initial 

conditions are given.  From general theory we know that the vector 

x   is representable in the form 

R 

xk+1(t) = p(t) +   ^ m±hx(t)   , (20) 

i-iH-1 

where the numbers m, are arbitrary constants.  In view of the way we 

have chosen the initial conditions in Eqs. (17) and (19), we see that 

t- f- 



10 

m    represent»  the Initial value of the i " component of the vector 

k+1 
x      .     In particular, when the  integrations «re completed,  we shall 

have,   in numerical   form,   the values of  the vectors p(T),  h       (T) 

We now wish  to minimize  the  form 

R R 

(p(T; +     Y   inlhi(T) - b, p(T) +     Y   IB
1
h
i<T) " b) 

i-8+1 i"8+l 
(21) 

" F(ins->-l'ms+2"-",nR)- 

over the values of m ,   i ■  s+l,  8+2,  ..,,  R, where b is known experi- 

mentally and p(T),  and h       (T),  h^.2(T),   ...,  h^(T)  are known com- 

putationally.     This minimization is done by  solving,  numerically, 

the linear algebraic  system of equations 

öF/dm    - 0, i « s+l,   s+2,   ...,  R . (22) 

The values of m ■■» m «»••♦»"^•o obtained are the values of the 

k+1      k+1 
last R-s components of the vector c   , and x  (t) can be determined 

from Eq. (20) using the values of m  , m _,..., m_ and the stored 

values of p(t) and h (t), i ■ s+l, s+2, ..., R.  The entire process 

is then repeated to obtain the (k+2)   approximations. 

To simplify the procedure of finding the m1s, let us observe 

that the relation 

xk+1   (T)  ssb (23) 

1 
can be written in  the  fonn 
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R 

^  hi(T)mi ab - p(T)                  (24) 

i = s+l 

If we let H be the matrix whose i  coltnnn ia h.(T), i ■ s+1, »f2, 

..., R, y be th column vector b - p(T), and m be the column vector 

whose i  component is m., then the above relation can be rewritten 

Hm a y ,                          (25) 

where H is a matrix with R rows and R-s columns, and m  and y are R-s 

dimensional column vectors.  According to the theory of the method 

of leatt squares the vector m which minimizes the form 

(Hm - y, Hm ~ y) - G                     (26) 

IS 

m = (H'H)'1H*y , (27) 

where H' is the transpose of H, 

A few general comnents on the procedure are now in order.  The se- 

lection of a good initial approximation is important, since in this 

case the method is rapidly convergent, with the number of correct digits 

approximately doubling with each additional step; if, however, the ini- 

tial approximation is too poor, the method may be divergent.  At each 

step  we must integrate R(R-s+l) first order differential equations with 

given initial conditions to produce the R-s homogeneous solutions and 

the one particu''ir solution.  In addition we must solve a  system cf R-s 

linear algebraic equations.  This may be a sizable computing load, and 

the solving of the linear algebraic equations can be a source of great 

difficulty.(8) 
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V.  NIMERICAL EXPERIMENTS TO DETEmiNE c. 

THE THICKHESS OF THE LOWER LAYER 

In the first series of experiments we wish to determine only 

the thickness of the lower layer, assuming that all of the other 

parameters of the medium are known.  We use a seven-point Gaussian 

quadrature, so that N ■ 7. We consider c to be a function of i    for 

which dc/dr, ■ 0.  Following the method prescribed in the preceding 

2 k+1 
section, we obtain w - 49 linear differential equations for R 

k+1 
and one equation for c  . Thus there are SO linear differential 

equations 

dR^t1 ,      ,  .     »  ,  W 

i      i  J i-i   * 

N .  W 

i«i   x J 

N   w_  it ,, .  , . w 

l'l *    x-l * 

e-i    *        Iml i 

x (- 10 b sech2 10 (Tj - ck))l. , 

. k+1 
dc 

(28) 
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where 

X(ck)  - « + b t«nh I0(rl - ck) 

Cne may reduce  the number of differential  equation» in the 

system  (28)  by using the  symnetr;' property 

k+1 k+1 
K\   M  " C  (T,)   . i -  1,2....,N  , 

1J       1 Jl       1 (29) 
j - 1.2,....N . 

2 k+1 k+l Thus instead of N    + 1 « 50 differential  equations  for R   .    and c       , 

we have  (N(Nfl)/2)  +1-29 differential equations plus  the  finite 

Eqs.   (29)   to  fill  in the missing values of R.     However, we will  itill 

speak of the matrix iR. .   1- as having 7 rows and  7 columns. 

k+1 
Now   let   the 50-dimensional vector x       (T,)  represent  the 49 

k+1 
elements R,,     (T,)   taken in  some order. 

"x^V ' ^'V (30) 

for £ -  1,2,...,49 as i - 1,2,...,7,  and  J -  1,2 7,  and 

x^Tj)  - c^Vp   • (31) 

k+1 
We express x  (T ) as a sum of a particular solution p(t) and a 

homogeneous solution h(t) of the Eqs. (28), 

X^CTJ) - PCT^ +m hdj) . (32) 

We require that the multiplier m be chosen to minimize the expression 



u 

49 

I  [P/(1) + m hi(i> " bx 
i-1 

(33) 

where the singly subscripted set [b ] (i ■ 1,2,...,49) represents 

the doubly subscripted set of constants {4u b .} (i ■ 1,2,..,,7, 
i  Ij 

j - 1,2,...,7)   taken in the same order as  the  transfotroation  (30). 

The value of m which minimires  (33)   is  that  for which 

m 

49 
I   h  (l)Cb    - p  (1>] 

49 2 
r   CMD] 

(34) 

as we see from a simple differentiation.  With the proper choice of 

initial values p(0) and h(0), this constant in is the initial value 

m - c  (0) 

and hence gives directly the thickness of Layer 1. 

The results of three experiments with different initial guesses 

of the thickness c are shown in Table 2.  IT    itial approximation 

is generated in each run by integrating the nonlinear Eqs. (5) with 

the value of c listed as approximation zero. 

Table 2 

SUCCESSIVE APPROXIMATIONS OF c 

Approximation Run  i Run  2 Run 3 

0 
1 
2 
3 
4 

0,2 
0.62 
0.5187 
0.500089 
0.499990 

0.8 
0.57 
0.5024 
C.499970 
0.499991 

0.0 

No 
converge ice 

True W.lue 0.5 0.5 0.5 
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Even with 60 per cent errors in the initial approximations, the 

value of c is determined to one part in fifty thousand or 0.002 per 

cent in four iterations.  The time required on the IBM 7044 is 1% 

minutes per run, using an integration step size of 0-01 and the Adams- 

Moulton methoa. Making use of the symmetry of R, 58 linear differen- 

tial equations have to be integrated for the particular and homogeneous 

solutions for each approximation.  In Run 3 the solution diverges be- 

cause the initial guess is not good enough. 
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VI.  NUMERICAL EXPERIMENTS TO DETERMINE T. 

THE OPTICAL THICKNESS 

Next we consider the estimation of the total optical thickness T 

when all of the other system cjnstants are known and 49 measurements 

{b} are given.  The formulation of the linear boundary-value problem 

proceeds as for the previous case with one major difference.  The 

terminal boundary for the interval of integration is unknown.  In 

order that the interval be fixed, ie  define a new independent vari- 

able a, 

^ T - Tj . 

with 0 s a S 1 as the range of integration.  The constant T is a 

solution of the equation dT/da •» 0.  Then one may obtain the linear 

equations which correspond to (28), with independent variable O 

instead of T,. 

Three trials are made to determine T, with initial guesses 

T - 0.9, 1.5 and 0.5 respectively.  Recall that the true value is 

T - 1.0.  Within four minutes of computing time, four iterations are 

carried out per trial, and the results obtaineo are correct to one 

part in ICG;000. 
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VII.     NUMERICAL EXPERIMENTS TO DETErailNE X   .   X-.   and c. 

THE, ALBEDOS AND OPTICAL THICKNESS 

In the  final experiment,  on the basis of the 49 observations, 

we  try  to determine Xn» 5u >  and c  assuming T "  1.0  is known.    Again 

we use N =  7.     This  time  there are  three homogeneous  solutions and 

a particular  solution  to compute,   each with N(N+l)/2 + 3 =  31 com- 

ponents,   so  that 4 x 31 «  124 linear differential equations are  to 

be integrated during each  stage of  the successive approximation 

calculations.    A standard   (Gaussian elimination) matrix  inversion 

procedure is used  to  invert the 3x3 matrix of the linear algebraic 

system.    The results  in Table 3 are obtained  in three iterations 

which consume 2 minutes of computing time on  the Ilfrl  7044 machine. 

Table 3 

SLCCESSIVE APPROXIMATIONS OF X,,  X2,   AND c 

Approximation h \2 c 

0 

1 

2 

3 

0.51 

0.4200 

0.399929 

0.399938 

0.69 

0.6052 

0.599995 

0.599994 

0.4 

0.5038 

0.499602 

0.499878 

True Values 0.4 0.6 0.5 
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VIII.  DISCUSSION 

The 5_neral conceptual and computational approach to inverse 

problems which we have discussed here is by no means limited to the 

simple physical model considered. At the expense of additional com- 

puting time we may treat atmospheres having anisotropic scattering, 

time-dependent sources, and so on. We may also wish to consider 

wave rather than particle processes. Applications to orbit deter- 

mination,^ ' system identification,  *   cardiology    and other 

areas    have been made. Of particular importance is the question 

of the effect of errors in the observations on the accuracy of the 

estimates of the parameters.  In this connection it appears that 

the use of the min-max criterion rather than that of least squares 

may be efficacious. These and other matter' will be discussed in 

later papers. 
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APPENDIX 

This Appendix lists the FORTRAN IV programs which were written 

for (I) The Estimation of c, (II) The Estimation of T, and (III) The 

Estimation of \   ,   \0, and c.  The major difference in the three 

programs lies in the subroutine DAUX, in which the right-hand sides 

of the differential equations being integrated must be evaluated in 

the sar'e order as the dependent variables ther selves and both sets 

stored in the array called "T".  T(2) contains the current value of 

the independent variable, T(3) contains the integration step length, 

the next M locations from T(4) through T(M+3) contain the M variables 

which are being integrated, followed by the M derivatives in locations 

T(M+A) through T(2M+3).  The integration routine used (RAND 7044 

Library Routine Numbei W031) is called upon with the statements 

CALL INTS (T,M,2,0,0,0,0,0,0) and CALL INTM, and these in turn c«ll 

upon subroutine DAUX. 

In program (III), the matrix inversion and linear algebraic 

equation solving subroutine MATINV (RAND Library Routine Number 

W019) is used.  The matrix of coefficients in the program is EHAT, 

the number of unknowns is three, and the right-hand vector is FVEC. 



PROGRAM FOR THE  ESTIMATION OF c.   THE  THICKNESS OF THE  LOWER LAYER 

20 
SI3FTC   RTINV 

COMMON   NtRT{7J »WT(7J »WRC 7)tAR(7»7)♦NPPNTtMlMAXtKMAXtDELTA tXTAU» 
1 ZEf?LAM»XLAM(2)»B2{7»7)»R2(7»7).IFLA6»R{28il0l)fT(l491)»SIGi 
2 P(28»lOntH(28»3»10l) »PTAUPPLAM { 2 ) »HTAU ( 3 ) »HLAM { 2 »3 ) »P2 < 7 .7 ) . 
3 H2(7,7«3)♦C0NSTI3)»NEO 

C 
C PHASE   I 
C 

1 READ1000»N 
PR1NT899 
PRINT900tN 
READlOQlt(RT< I),1 = 1 iN) 
PR!NT901.{RT{IS»I=1»N) 
REAOlOOlf<WT( I) ,I = l»N) 
PR:NT90li(WT(I).1=1.N) 
DO   2   1=1.N 
WR(I)=WT( I )/RT(I) 
DO   2   J=1.N 

2 ÄR(I,J)=   l.O/RTCI)   +   1.0/RT(J) 
C 

899 FCRMAT(lH146X36HRA0lATiyE   TRANSFER   -   INVERSE   PROBLEM   /    ) 
1000 F0RMAT{6I12) 
900 FORMAT(6I20) 

1001 F0RMAT(6E12.8) 
901 FORMAT(6E20.8) 

REAOlCOO.NPRNTtMlMAX.KMAX 
PRINT900»NPK

,
NT»M1MAX»KMAX 

READlOOlsDELTA 
PRINT90l,DELTA 
REA01001»XTAU»2ERLAM.XLAM(1 ).XLAM(2) 
PRINT902 
PRINT903»XTAU»ZERLAM»XLAMJ1)»XUAM(2) 

902 F0RMAT(1H123HPHASE I - TRUE SOLUTION /) 
903 FORMAT(1H0/ 

1 IXIIHTHICKNESS ■* F10.<» / 
2 1X11HAL8ED0(X) »» 20HA ♦ 8*TANH{10»(X-C))  // 
3 1X3HA «. E16.8t 10X3HB •♦ E16.8, 10X3HC =. E16.8 //) 
CALL NONLIN 
00 3 I«ltN 
DO 3 J«1»N 

3 B2{I»J)»R2(I»J) 
C 
CN 
C PHASE I I 
C 

4 READlOOi.XTAUtZERLAM.XLAMC1)4XLAM{2) 
< = C 
PRINT904»< 
PRINT903»XTAU»ZERLAM,XLAM{1)»XLAM(2) 

C 
CALL NONLIN 

C 
904 F0RMAT(1H1   13HAPPR0XIMATI0Ni 13/ ) 

C 
C 0UASILINEAR1ZATI0N ITERATIONS 
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DO 5 Kl*IfKMAX 
PPINT9!H.<1 
CALL PANDH 
CALL LINEAR 
CONTINUE 

C 
c 
c 

READ1ÜOO»IGO 
GO TO (1,M .IGO 
END 

SIBFTC DAUX 
SUBROUTINE DAUX 
DIMENSION V2(7»7)fX(3) »Fm »Gm 
COMMON N,RT(7)fWT(7)»WR«?) »AR(7.7).NPRNT,MlMAXtKMAX»DELTA.XTAU. 

1 ZERLAM»XIAM(2)♦B2<7,7)»R2{7.7).I FLAG»R(28♦101)»T«149I)»SIG» 
2 P«28»101)»H(28»3»101) »PTAU »PLAM ( 2 ) »HTAUO) .HLAM(2»3> »P2( 7.7) . 
3 H2(7,7,3) .CONSTO) .NEQ 
GO TO (1.2) »IFLAG 

C 
CNONLINFAR 
C 

1  L = 3 
DO 4 I=1.N 
DO 4 J=1.I 
L = L + 1 

4 V2(I»J)=T(L) 
DO 5 1=1.N 
DO 5 J=I,N 

5 V2(I»J)=V2(J.I) 
L = L + 1 
VLAM2=T(L) 
SIG=T(2) 
Y=XTAU»5IG 
X(l )=ZERLAM 
X(2)=XLAM( 1) 
X(3)=VLAM2 
CALL ALBEDOCY.X.Z) 
ZLAMDA=2 

C 
00 6 1=1.N 
F( I )=0.0 
DO 7 K=1.N 

7 F( I )aF( 1) + WR{K)»lv2(I »<) 
6 F( I )=Ü.5»F{ I ) + 1.0 

C 
DO 8 1=1.N 
DO 8 J=1,I 
L = L + 1 
0Rs-AR(I»J)»V2(I.J) + ZuAMDA*F(I)»FCJ) 

8 T(L)=DR 
DO 9 1=1,1 
L = L*1 

9 T(L)«0.0 



22 
RETURN 

C 
C 
CUNFAR 
C 

2     SIG«T{2) 
Y = XTAU*MG 
X(1)»ZERLAM 
X{2)=XLAM( 1) 
X(3)»XLAM(2} 
CALL   ALBEDCiY.X.Z) 
ZLAMDA.2 

C 
DO   16   I «1♦N 
r( i )so.o 
DO   17   K=1»N 

17      F<I).F{I)   +   WR(lc:)*R2n »<) 20 

16     F( I )«0.5»F{I )   +   1.0 C 

C 
CP'S 
c 

L = 3 
DO   14   I«1♦N 
DO   14   J«ltI 
L = L + 1 

U     V2(I.J)*T»L) 
DO   15   I»1»N ll 

DO   15   J«ItN 
15     V2<I.J)=V2(Jt I ) 

L = L+1 
VLAM2=T{L) 29 

c 100 

DO 10 1=1.N 
G( I )=Ü.C 
DO 10 <=1»N »IBFTC 

10  G(I)«G(1) + (V2(I»K)-R2(1»<))*WR(<) 
ARG=lO.C*(Y-XLAy(2) ) 
XTANX = -1C«C*XLAM(1)«(1.0-< TANH(ARG) )**2) 1 
MO + NEQ 2 

DO 12 1*1»N 3 

DO 1? J«1.T J 
FIJ»F(I)*F<J) C 

CAPF = -AR( I .J)*R2n f J) + ZLAyDA*FIJ 

Tl» -AR« I«J)#(V2«I ♦J)-R2( I tJ) ) 
T2«     0.5#ZLAMDA»«F(n»G(J)+F(J)»G«1)) 
T3=     CAPF I» 
T4=(V_AM2-XuAM(2))»XTANX»FIJ L 

M«M+1     ' L 
12  T(y)«Tl*T2+T3+T4 C 

DO 19 1=1.1 D 
M«M+1 L 

19  T(M)=C.O L 
R 
R 

1  T 
L: 

c 
CH»S 



23 DO 100 Ksl,l 
C 

DO 24 IM.N 
DO 24 J«1»I 
L = L + 1 

24  V2{I.J)»T(L) 
DO 25 I=lfN 
DO 25 J=I,N 

25  V2(If J)«V2(J»n 
L = L + 1 
VLAM2=T(L> 

C 

DO 20 I«1,N 
G{ n=o,o 
DC 20 J»ltN 

20  6M)=G(n +     V2( I •J)»WR{Ji C 

DO 22 I«1»N 
DO ?? J«1.I 
FIJ = F(n#F(j) 

Tl«     -AR(I»J)#V2{I»J) 

T2«     CS5*ZLAMDA»(F{1)#G(J)♦F(J)»G(IH 

T4cVLAM2*XTANX#FrJ 
M«M+1 

22      T(M)-T1+T2+T3+T4 

DO 29 1-1,1 
M = M+1 

29  T{M)«0,0 
IOC  CONTINUF 

RETURN 
END 

JIBFTC NONLIN 

SUBROUTINE NONLIN 

COMMON N,RT(7),WT(7)»WR{7)fAR(7»7).NPRNT.Ml MAX»KMAX»DELTA,XTAU» 
1 ZERLAM.XLAM(2).82(7,7)»R2(7.7).IFLAG-R(28.101)»T(1491).SIG. 
2 P(28,101)»H<28»3,101)fPTAU.PLAM(2).HTAU<3)»HLAM(2»3)♦P2(7»7) . 3 H2(7»7,3).CONST(3)tNEO 

C NONLINEAR D.E. FO» TRUE SOLUTION OR FOR INITIAL APPROX. C 

IFLAG=1 
T{2)»0,0 
T{3)sDELTA 
M=l 
L1=0 
L^ = ? 
DO 1 I=1»N 
DO 1 J=1.I 
L1=L1 + 1 
L3=L3+1 
R2n.J)«0.0 
R(L1»M)=R2(I.J) 
T{L3)=R2(I,J) 
L3=L3+1 
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2  Ta3)*XLAM(2) 

MfO«(N»(N+l))/2   *   1 
CALL INTS(T»NEO.2»0»0»0»0»0»0) 

SIG-H2) 
CALL OUTPU'. 

DO 5 M1»1,M1MAX 
DO 4 M2=1»NPRNT 
CALL INTM 
M = y+1 
L1=0 
L3»3 
DO 3 fel»N 
DO 3 J=1,I 
U=L1 + 1 
L3=L3+1 
R2(1*J)*T{L3) 

3 R(L1»M)=R2(I.J) 
U SIG«T(2) 
5 CALL OUTPUT 

RETURN 

SIBFTC PANDH 
SUBROUTINE PANDH 
COMMON N»RT(7)»WTC?)iWR(7)?AR<7»7}»NPPNT,M1WAX.<MAXv ELTA♦XTAU» 

1 ZERLAM,XLAM(2) ,B2(7»7)4R?(7.7).I«
rLÄG^<28»iri).T(1491)»SIG» 

2 P(28»101)»H(28»3fl01)»PTAU.PLAMI 2)»HTAUO).HLAM(2»3)♦P2(7,7). 
3 H2<7,7,3) »CONSTO) »NEQ 
IFLAG=2 
T(2)=0.0 
T{3)«DELTA 

C P'S 
c 

L1=C 
L3 = 3 
DO 1 I=1,N 
DO 1 J=1»I 
L1*L1+1 
L3»L3+1 
P{LltM).0.0 
T(L3)=P(L1.M) 
L3=L3+1 
PLAM(2)=0.0 
T(L3)=PLAM(2) 

C 
C H'S 
c 

DO 7 K = l.l 
L1=0 
DO ■• 1=1.N 
DO 3 J«1»I 
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L1 = L 1 r 1 
L3=L3+1 
H(L1»K.M)=0.0 

3  T(L3)=H(L1»)C»M) 
C 

L3=L3+l 
6 HLÄM{2.<J = 1 .0 
7 T(L3)=HLAM(24K) 

C 
L = 0 
DO 8 1=1.N 
DO 8 J=1.I 
L = L + 1 

8 R;(I»J)«R(L»M) 
DO 9 I»1»N 
DO 9 J-»I,N 

9 R2(I.J)*R2(J.I) 
C 

NEQ=2*((N*(N+1))/2 + 1) 
CALL INTS(T»NEO.2-0»O»0»0.0.0) 

LMAX=«N*(N + n )/2 
PRINT52fT(2» »(P(L»M)fH(L»liM)»L*!»LMAX) 

52  FORMAT{1HOF9.4»5E20.8/<10X5E20.8)) 
C 

DO 51 M1-1.M1MAX 
DO 50 M2=1»NPRNT 
CALL INTM 
M = M+1 

CPREV.APPROX, R(ItJ) 
L1«0 
DO 10 I«1.N 
DO 10 J«ltl 
L1=L1+1 

10 R2(I»J)«R(L1»M) 
no 11 I«i»N 
DO 11 J-I.N 

11 R2{i»J)«R2<Jil) 
L1«0 
L3«3 
00 12 I«1.N 
DO 12 J«1.I 
L1*L1+1 
L3=L3+1 

12 P(L1»MJ«T(L3? 
L3=L3+1 
DO 13 K«ltl 
L1«0 
DO 14 I«lfN 
DO 14 J«1»I 
L1=L1+1 
L3=L3+1 

14  H(L1»<»M)«T{L3J 
13 L3=L3+1 
50 CONTINUE 
51 PRINT52.T(2)»(P{L»MJ.H(L»1»M)»L-l.LMAX) 
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SIBFTC LINEAR 
SUBROUTINE LINEAR 
DIMENSION CHKI {3 ) 
DIMENSION A(49»3 J ♦8(49) tEMAHSOiSO) ♦ P I VOT ( 50 5 ♦ INDEX ( 50 . 2 ) 

1»IPIVOT{50)»FVECtSO»!) 
COMMON N.RTC 7).WT(7)»WR(7).AR(7.7).NPRNT«M1MAX»KMAX»DELTA♦XTAU♦ 

1 ZFRLAM,XLAM(2),B2f7,7),R2(7,7).IfLAG*S(28.101).T(1491)»SIG» 
2 P(28»101)»H(28»3fl01)tPTAU»PLAM(2)»HTAUOJ»HLAM(2,3) »P?(7 71 , 
3 H2<7,7»?) .CONSTO) ,NEO 

C80UNDARY CONDITIONS 
MLAST = NPRNT»M1VIAX + 1 
DO 1 K=l»i 
1 = 0 
DO 2 I=1»N 
DC 2 J=1.I 
u = L + l 

2 H2n ♦ J»K)=H( L.K.MLAST) 
DO 1 1*1,N 
DO 1 J=I.N 

1  H2(I»J.<)=H2(J»I.K5 

DO 3 1=1»N 
DO 3 J=l♦! 
L = L + 1 

3 P2(I»J)«P(L»MLAST) 
00 4 I=1»N 
DO A J»IfN 

4 P2(I»J)=P2«J»I ) 
CLEAST SQUARES 

DO 5 K. = l.l 
L«C 
DO 5 I«1.N 
00 5 Jsl,N 
L = L + 1 

5 A(L»K)»H?{I»JtK) 
L«0 
DO 6 I=1»N 
DO 6 J«1,N 
LsL-»l 

6 B(L)«82(!fJ\   -  P2(I»J) 
C 

LMAX«N»»2 
PRINT60 

60 FORMAT (^IHO) 
DO 61 L=l,LMAX 

61 PRINT82» U(L,K) .K«l ♦!) »B (L) 
C 

HO fl 1=1,1 
DO 7 JM,1 
SUM=0.0 
DO 9 L=1,LMAX 

9  SUM = 5UM ♦ A(L,n»AiL,J! 
7 EMAT«I,J)«SUM 
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c 

c 
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suv=o.o 
00 10 L*1»LMAX 

10  SUM = SUM + A(L*n*8(U 
8  FVFC(I»1)=SUM 

PRINT6Ü 
DO Rl 1 = 1 »] 

31  PRINT82.(EMAT(Itj)»J»!,!).FVEC(It1) 
82  PrRMATI10X6E2Ü.8) 

FVEC( 1 »n«FVEC( 1.1)/EMAT< l^l) 

DO U 1 = 1 »l 
11  rnwcrr i«-cwcr»f . i % 

XLAM{2)»C0NST(1) 
PRINT903.XTAU»ZeRLAM»XLAM(1 ) »XLAM(2) 

903   FORMATdHO/ 
1 1X11HTHICKNESS =. F10.4 / 
2 IXilHALBEDO(X) =. 20HA + B*TANH{10»(X-C))  // 
3 1X3HA », E16.8, 10X3HB =. E16.8» 10X3HC =» E16.8 //) 

C 
CNEW APPROXIMATION 
r 

M=l 
L = 0 
00 12 1=1«N 
DO 12 J»1»I 

SUV=P(L»M) 
DO 13 <*1»1 

13 SUM «SUM ■» CONST{<)#H(L»K.M) 
12  R(LfMJ»SUM 

L = C 
DO 14 I«1»N 
00 14 J=lfl 
L = L + 1 

14 R2(I»J)«R(L»M) 
SIG=0.0 
CALL OUTPUT 

DO 50 M1«1.M1MAX 
DO 18 M2«l.NPnNT 
M = M+i 
L = 0 
DO 15 1=1»N 
DO 15 J«1»I 
L = L + 1 
SUM=P(L»M) 
DO 16 K»l.l 

16  SUM«SUM + C0NST(K)*H(L»K»MJ 
15 R"(LfM)«SUM 

L = 0 
DO 17 I«ltN 
DO 17 J«1»I 
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l.'L + l 

17 R2{ I »J)«Ra»M} 
18 SIG=5IG + DELTA 
50  CALL OUTPUT 

C 
RETURN 
FND 

tIBFTC OUTPUT 
SUBROUTINE OUTPUT 
DIMENSION Xm 
COMMON N»RT(7)»WT(7)»WRCn fÄR{7»7) »NPRNT.M1MAX.KMAX»DELTA,XTAU» 

1 ZFRLÄM,XLAM(?),6?(7,7) ,R2<7,75♦ IFL&G»P<28»101).T(1491).SIG, 
2 P(28«101 ) ♦H(28»3il0niPTÄU»PLAM{2) iHTAUO) »HLAM(2»3) iP2(7»7) » 
5  H2(7,7»3)♦CONST(3)«NEQ 
00 1 I*1.N 
DO 1 J=I,N 

1  R2(I ♦J)=R2(J»I ) 
Y=XTAU*SIG 
X( 1 »«ZERLAM 
X(2)=XLAM(1) 
X(3)«XLAM{2) 
CALL ALBEDOiY»X»Z) 
PRINT100, SIG,Y,Z 

100 FORMAT.(1HO 7HSIGMA =»F6.2» 4X5HTAU =♦ F6.2« 4X8HALBEDO =»F6.2/) 
DO 2 J=ltN 

2 PRINT101»J»(R2(I»J)»I«ltN) 
101 FORMATdlO» 7F10.6) 

RETURN 
END 

JISFTC ALBEDO 
SUBROUTINE ALBEDO(Y ,X,Z) 
DIMENSION X{3) 
COMMON N»RT(7)iWT(7)♦WR(7)♦AR(7»7)»NPRNT,M1MAX»KMAX•DELTA»XTAU♦ 

1 ZERLAM,XLAM(2)»82(7»7)»R2(7»7)»IFLAG.R(28♦101}♦T(1491)>SIC« 
2 P(28,101)tH(28»3fl01)iPTAUfPLAM(2)»HTAU(3)»HLAM(2♦3) .P2(7»7) . 
3 H2(7,7,3),CONST(3)»NEQ 
ARG=10,0»(Y-X(3)) 
Z=X(1) + X(2)*TANh(ARG) 
RETURN 
PND 

48C 

i 



TI.     PROGRAM FOR THE ESTIMATION OF T.  THE THICKNESS OF THE MEDIUM 
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SIBFTC RTINV 

COMMON N.RK 7) ,wTm »WR(7) ,AR{7.7) »NPRNT .Ml MAX t KMAX »DELTA »XTAÜ i 
1 ZFRLAM,XLAM(2).B2<7»7)»R2(7.7».I FLAG»R ( 28»101)»T(1491)»SIGf 
2 P{28»101)*H{28»3tl01) tPTAU.PLAM ( 2 ) »MTAI.M3) .HLAM(2»3) »P2(7»7^ » 
3 H2(7»7.3? »CONSTm fNFO 

C 
C PHASE I 
C 

1 READIOOO^N 
PRINT99Q 
PRINT900.N 
RFAD1001.(RT{I),r=l*N) 
PRINT901,(RT( I) ,1 = 1 .N) 
READ1C01»(WT(I).I=1,N) 
PRINT9ni,(WT(I),r«ifNr 
DO 2 1=1.N 
WR(I)=WT(I)/RT'M 
DO 2 J=1.N 

2 AR(I,J)= 1.0/RT(I) + 1.0/RT(J) 
C 

899 F0RMAT(1H146XVHRADIATIVE TRANSFER - INVERSE PROBLEM / ) 
1000 FOPMAT(6I12) 
900 FORMAT(6I20) 

1001 F0RMAT(6E12.8) 
901 FCRMAT(6E20.8) 

READlt.OO.NPRNT»MlMAX,KMAX 
PRINT900,NPRNT.M1MAX»KMAX 
READlOOl,DELTA 
PRINT901.DELTA 
READlt'Ol.XTAU.ZcRLAM.XLAMd )»XLAM(2) 
PRINT902 
PRINT903.XTAU.2ERLAM»XLAM(1).XLAM<2) 

902 F0RMAT(1H123HPHASE I - TRUE SOLUTION /) 
903 FORMAT(1H0/ 

1 1X11HTHICKNESS «» F10.4 / 
2 IXllHALBEDOm »» 20HA + B»TANH {10* ( X-C ) )  // 
3 1X3HA »» E16.8. 10X3HB *» £16.8. 10X3HC ». E16.8 //) 
CALL NONLIN 
DO 3 I=1.N 
00 3 J«1»N 

3 B2(If J)=R2n.J) 
C 
c 
C PHASE 11 
C 

4 READlOOl.XTAU.ZERLAM.XLAMd),XLAM(2) 
K«0 
PRINT904.K 
PRINT903.XTAU»ZERLAM»XLAM(1).XLAM(2) 

C 
CALL NONLIN 

C 
904 FORMATdHl   13HAPPR0X IMATI ON. 13/ ) 

C 
C QUASILINEARIZATION ITERATIONS 



r 
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DC 5 <1^1»KMAX 
PRINTQ04.K1 
CALL PANDH 
CALL LINEAR 
CONTINUE 

C 
c 
c 

READlG 
GO TO 
END 

STBETr HAUX 
5UBR0U 
Dl^ENS 
COMMON 

1 ZERL 
2 ^(28 
3 H2< 7 
GO TO 

C 
CNONLINEAR 

00»I GO 
(1»4)»IGO 

TINE DAUX 
ION V2< 7t7)»X(3) »F(7) »0(7) 
N.RT( 7 ) .WT( 7) »KR(7 ) iAR(7.7) , NPPN1" ., Ml MAX »KMAX »DELTA . X TAU f 
A,'UXLAM(2)»B2<7»7)»R2(7»7).:FLAG»P{28»101),T{1491).5IG. 

»101 )»H(28f3*101J»PTAU»PLAM{2).HTAIH3)♦HLAM(2»3).P2(7»7> » 
.7.3)♦C0NST(3)»NEQ 
(1.2)»IFLAG 

Ls3 
DC A I«1,N 
DO A J»:»I 

L = L*1 
V2(I.J)«T<L) 
00 5 1=1.N 
DO 5 J=l»N 
V2( I .J)»V2(J»I) 
L = L + 1 
VT^U«T(.f 
SI6«T(2> 
YrVTAU'SJiG 
X(li«IEPLAM 
X(2)«XLAM{ 1) 
X(^)«XLAM(2} 
CALL ALBEDO'Y.X.Z) 
2LAMDA»Z 

7 
6 

DO 6 I«1.N 
F ! I ) ■■0.0 
00 7 K-l.N 
F( I)«F(n ♦ WR(<)*V2(I .<) 
fl I )«0,5»F(I) 4 1.0 

Du 8 IM»N 
oo e J-i.i 
L = L + 1 
DR«-AR!I.J)*V2<I.J) ♦ ZLAMDA» M n»F{J> 
T(L)»OR»VTAU 
DO 9 I«1.1 
L»L*1 
T(L)»0.0 



RETURN 3l 

C 
C 
CLINEAR 
C 

2  SIG=Ti2) 
YrXTAU»SIG 
X(1>=ZERLAW 
X(2)=XLAM( 1 ) 
X(3)«XLAM(2* 
CALL ALBEDOCV.XtZJ 
ZLAMDA=Z 

C 
DO 16 I«1»N 
F( n»o.o 
DO 17 K=lfN 

17  F( I )=F(I) 4 WR(K)«R2(I,K) 
16  FM )«0.5»F( I ) + 1.0 

C 
CP'S 
C 

L = 3 
DO 14 1=1.N 
DO 14 J«1.I 
L = L + 1 

14 V2(I.J)*T(L) 
DO 15 1=1»N 
DO 15 J»r»N 

15 V2(I.J)«V2U.I) 
L = L*1 
VTAU»T(L) 

C 
DO 10 1=1»N 
G( I )=0.0 
DO 10 K=1,N 

10  G(n=G(n + (V2( I»<)-R2( I »K) )»WR(!0 
ARG=10.0»<Y-XLAM(2)} 
PARTL = 10.0»SrG»XLAMU)»( 1. 0-( TANH ( ARG) )»»2) 

Me3+NEO 
DO 12 I»1»N 
DO 12 J»!»! 
FIJ»F{ n»F( J) 
CAPF=-MR{I,J)»R2(I»J) + ZLAMDA*FIJ 
T1=-XT; J»AR{ItJ)»«V2(I»J)-R2( ItJ) ) 
T2*XTAU*0.5»ZLAMDÄ*(F(1»*G(J)♦FJJ)»re I)) 
T3=XTAU*CAPF 
T4=l V-AU-XTAUJ^tCA^F -f XTAU*F IJ*PARTL ) 

M = M+1 
12  T(M)=Tl + T2-»-T3 + T4 

DO 19 I«l.l 
M = M+1 

19  T{M)«0.0 
C 
CH'S 
C 

■ -^-p ■■ -^--w :.—~- - 
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DO 100 K«!,1 

C 
00 24 I»lfN C 
00 24 J«l»| 
L»L + 1 

24 V2(I»J)«T{U C 
DO 25 I-l.N 
DO 25 J»IiN 

25 V2(I.J)»V2( J»n C 
L'L+1 
VTAU«T(L) 

C 
00 20 l»l.N 
G( I i»0,0 
DO 20 J«1.N 

20  GO-Gd) -f  V2(ItJ)»WR(J) 
C 

DO 22 I»1.N 
DO 22 J»ltl 
FIJ«F(I)»F(J) 
CAPF»-AR<I♦J)»R2(I»J) ♦ ZLAMDA»F1J 
T1«-XTAU*AR(I♦J)»V2(l*J) 
T2«XTAU»Ot5*ZLAMDA»(F(I)♦G(J)+F{J)*G(I)) 
T3-0.0 C 
T4«VTAU»<CAPF ♦ XTAU»FIJ»PARTL) 

MrM+1 
22  T(M)«Tl-fT2-t-T'3 + TA S 

C 
DO 29 I«lil 

M«M+1 
29  T(M)»0,0 

100  CONTINUE 
RETURN 
END 

$I8FTC NONLIN 
SUBROUTINE NONLIN Ct 
COMMON NfRT(7)»WT(7)»WR(7).AR(7»7) »NPRNT»MIMAX»KMAX»DELTA♦XTAU ♦ 

1 ZERLA^,XLAM(2),B2(7»7) .R2(7»7)»I FLAG .R(28♦101)»T(1491)♦SIG♦ 
2 P(28.i01)»H{28.3»i01)»PTAU^PLAM(2).HTAUO).HLAM(2»3<♦P2<7,7)« 
3 H2(7,7.3)»CONST(3)»NEQ 

C NONLINEAR D.E. FOR TRUE SOLUTION OR FOR INITIAL APPROX. 
C 

IFLAG«! 
T(2)»0.0 
T(3)«vELTA 

L1«0 
L3 = 3 
DO 1 IM.N 
DO 1 J=ltl 
Ll«Ll+l 
L3'=L3+1 
R2<I»J)«0.0 
R(L1»M)=R2(I»J) 

1  T(L3)=R2n.J) Cl 
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L3=L3+1 

2 T(L3)=XTAU 
C 

NEO={N»(N+l))/2  *   1 
CALL   INTS{T»NE0.2fO.OtO»OfOfO) 

c 
SIG=T(25 
CALL OUTP»JT 

C 
00 5 M1»1«M1MAX 
DO 4 M2=1»NPRNT 
CALL INTM 
M«M+1 
L1»0 

L3»3 
DO 3 I=ltN 
00 3 J=ltl 
L1=L1-»1 
L3=L3+1 
R2{ I tJ)»T(L.3) 

3 R(LltM)«R2(I,J) 
4 SIG=T(2) 
5 CALL OUTPUT 

C 
RETURN 
END 

SIBFTC LINEAR 
SUBROUTINE LINEAR 
DIMENSION CHKI(3) 
DIMENSION A(49,3I»8(49>fEMAT(50f50) . PI VOT(50).INDEX(50.2 ) 
1,IPIVOT{50).FVEC{50.1) 
COMMON N»RT(7),WT(7).WR(7)♦AR(7♦7)»NPRNT.M1MAX.KMAX»DELTA»XTAU» 

1 ZERLAM.XLAMJ2).82(7.7).R2(7,7).IFLAG.R(28.101).T(1491).SIG. 
2 P(28.101).H(28.3»101).PTAU.PLAM(2).HTAU(3)»HLAM(2.3).P2(7.7)» 
3 H2(7.7.3).CONSm).NEO 

CBOUNDARY CONDITIONS 
MLAST = NPRNT»M1MAX <f 1 
DO 1 K«l.l 
L«0 
DO 2 I=1.N 
DO 2 J«1.I 
L = L + 1 

2 H2( I .J.<)«H(L,)C.MLAST) 
DO 1 IM.N 
DO 1 J«I.N 

1  K2(I.J.K)»H2{J.I.IC) 
L = 0 
DO 3 I«1.N 
DO 3 J«1.I 
L-L+l 

3 P2(I.J)«P(L.MLAST) 
00 4 I*1.N 
00 4 J=I.N 

4 P2n .J)«P2U.I) 
CLEAST SQUARES 
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c 

34 
DO 5 K*ltl 
L = 0 
DO 5 I*1»N 
DO 5 J=1»N 
L = L + 1 

5 A(Li<)=H2(I»JtK) 
L = 0 
DO 6 I*1.N 
DO 6 J«l .N 
L = L+1 

6 8(L)=B2(I.J) - P2(I»J) 

LMAX=N*»2 
PRINT60 

60 FORMATdHO) 
DO   61   L=1»LMAX 

61 PRINT82«(A(LflO tlC«l»lJ »8(U 

DO 8 I=l»l 
DO 7 J=lfl 
SUM=0.0 
DO 9 L«1»LMAX 

9  SUM«SUM + A(L»I)»A(L»J) 
7 EMAT( I,»J)«SUM 

SUM=O.O 
DO 10 L=1»LMAX 

10 SUM = SUM + A<L»n»B<L) 
8  FVECn»l)«SUM 

PR1NT60 
DO 81 1=1tl 

81 PRINT82»(EMAT(I,J)♦J-l.l)»FVEC«1*1) 
82 FORMAT(10X6E20,8) 

FVEC(1.1)-FVEC(1»1)/EMAT(1.1) 

DO 11 l«ltl 
11 CONSTCD'FVECd »1) 

XTAU        «CONST«1) 
PRINT903.XTAU»ZERLAM.XLAM(n»XLAM<2> 

903   FORMATUHO/ 
1 1X11HTHIC<NESS   =»   E16.8   / 
2 IXIIHALBEOCXX)   «.   20HA   ♦  B»TANH(10»{X-C))      ft 
3 1X3HA   *♦   E16.8»   10X3HB   «»   E16.8»   10X3HC   =♦   E16.e   //) 

C 
CNEW APPROXIMATION 
C 

M»l 
L»0 
DO 12 I=1»N 
DO 12 J«1»I 

SUM*P<LfM> 
DO 13 <=1»1 
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13 SUM =SUM + CONST{K)»H(L»K»M) 
12  R(L»M)=SÜM 

L = 0 
DO 14 Ul.N 
DO IU Jmitl 
L = L+1 

14 R2(I.J)«R{LtM) 
SI6=0.0 
CALL OUTPUT 

C 

DO 50 M1.1,M1MAX 
DO 18 M2»l.NPRNT 
M = M+1 
L = 0 

DO 15 I»1»N 
DO 15 JM.I 
L = L + 1 
SUM»P(LfM) 
DO 16 K=lf1 

16 SUM = SUM + CONSTU)*H(L»<»M) 
15 R(L»M)aSUM 

L = 0 
DO 17 I«ltN 
DO 17 J»1»I 
L = L + 1 

17 R2n tJ)«R(L»M) 
13  SIG=SIG + DELTA 
50  CALL OUTPUT 

C 
RETURN 
END 

$IBFTC PANDH   LIST 
SUBROUTINE PANOH 

COMMON N»RT(7).WT«7)»WR(7}.AR(7.7)»NPRNT»M1MAXtKMAX.DELTA,XTAU. 
1 Z£RLAM.XLAM{2)fB2(7.7).R2{7.7).IFLAG»R(28»101),T(1491),SIG. 

2 P<28»101)»H(28»3»101).PTAU.PLAM(2».HTAU(3J»HLAM(2.3).P2(7»7). 
3 H2( 7.7»3> »CONSTO) »NEO 
IFLA^^ 
T(2)"0.0 
T(3)»0ELTA 
M»l 

C P'S 
c 

L1«0 

L3 = 3 
DO 1 I=lfN 
DO 1 J«1»I 
L1»L1+1 
L?«L3+1 
P(L1»M)«0.C 
T(L3)=P(L1»M) 
L3-L3+1 
PTAU«0.0 
T(L3)=PTAU 
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C 
C 

DO 7 Ml.l 
L1»0 
DO 3 r«i»N 
DO 3 J=1.I 

L3=L3+1 
H(LltKfM'(=0.0 

3  T(L3)*H(L1»K»M) 

L3=L3+1 
6 HTAU(<)=1.0 
7 T(L3)=HTAU<<) 

L=0 
DO 8 1=1,N 
DO 8 J=l»I 
L = L + 1 

8 R2(I .J)=R(L»M) 

DO 9 I=1»N 

DO 9 J=ItN 
9 R2(I .J)=R2(J»I) 

NEG=2#((N*(N+1))/2   + 1) 

CALL lNTS(T»NEQ.2»0»0»0»0»OfO) 

LMAX={N»(N+1))/2 

DO 51 M1=1»M1MAX 
DO 50 M2«1«NPRNT 
CALL INTM 

CPREV.APPROX. R(I»JJ 
L1*0 
DO 10 IM ,N 
DO 10 J=1.I 
L1«L1+1 

10 R2{ I »J)«R(LlfM) 

DO 11 I»1»N 
DO 11 J=I iN 

11 R2( I »J)s=R2( Jtl ) 
Ll-0 
L3«3 
DC 12 r«lfN 
DO 12 J«ltl 
LI=L1+1 
L3=L3+1 

12 P(L1.M)«T(L3) 
L3sL3+l 
DO 13 K*lfl 
L1=C 
DO 14 1*1«N 
DO \h  J»1.I 
L1«L1+1 
L3»L3+1 
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14  H(LlfK»M)*T{L3) 

50 rONTINUF 
51 CONTINUE 

RETURN 
END 

siBrrc OUTPUT 
SUBROUTINE OUTPUT 
DIMENSION X(3) 
COMMON N,RT«7),WT<7).WR(7).AR<7.7).NPRNT.M1MAX»kMAX»DELTAtXTAU♦ 

1 2ERLAM»XLAM(2),82(7.7),R2(7»7)»IFLA6.R(28»101) IT{1491)tSlG» 
2 P{28.101).H{28»3»101)»PTAU.PLAM(2).HTAUO)tHLAM(2.3)iP2(7»7)i 
3 H2(7,7,3) »CONSTO) »NEO 
DO 1 I=1.N 
DO   1   J=ItN 

1      R2(IiJ5=R2(J. I ) 
Y=XTAU»5IG 
X(1)=ZERLAM 
X(2)=XLAM( 1 ) 
X(3)=XLÄM(2) 
CALL   ALBEDO<Y.X,Z) 
PR I NT 100»   SIG.Y,Z 

100 FORMATdHO   7HSIGMA   =»F6.2»   4X5HTAU   =,   F6.2.   AX8HALBEDO   =.F6,2/) 
DO   2   J=1.N 

2   PRINT101,J»(R2( I »J) »UltN) 
101 FORMATdlO. 7F10.6) 

RETURN 
END 

SIBFTC ALBEDO 
SUBROUTINE ALBEDO(Y.X,Z) 
DIMENSION X(3) 
COMMON N.RT(7) ,WT(7)»WR(7).AR{7.7).NPRNT.M1MAX,<MAX»DELTA,XTAUt 

1 ZERLAM»XLAM(2)»82(7»7)^2(7»7).I FLAG,R(28.101)»T(1491)»SIG, 
2 Pi23»101)»H{28.3.101)tPTAü»PLAM{2)fHTAU(3).HLA1M(2»3)»P2(7,7)» 
3 H2(7,7»3)♦CONST(3)»NEO 
ARG«10.0»(Y-X(3)) 
Z=X(1) + X<2)*TANH(ARG) 
RETURN 
END 
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SIBFtr   RTINV 
COMMON   N«RT{7)»WT(7} »WRC?) »AR(7»7)•NPPNT»Ml,MAXfKMAX»DELTA.XTAU» 

1 XLAMO), B2(7,7) ,R2{7.7) ♦ IFLAGtRtaSflOl) .T(U91)fSIGf 
2 P(28 .101 ) »H{28^» 101) fPLAMJ 3) .HLAMO.I) iP2(7»7) . 
3 H2{7.?,3),CONST(3)»N£Q 

C 
C PHASf    I 
c 

1 READ1C00.N 
PRINT8Q9 
PRINT900.N 
REA01001»(RT(I).1*1»NJ 
PRINT901♦(RT(1) ,f = 1 ,N) 
READ1001.{WTII)»I=1«N) 
PRINT901.<WT(1)tl»l»N) 
DO 2 1=1.N 
WR(I)=WT(I)/RT(I) 
DO 2 J=1.N 

2 AR(I.J)= 1.0/RT(I) + l.0/RT(J) 
C 

899 FORMAT ( 1H]<*6X36HRADIATIVE TRANSFER - INVERSE PROBLEM / ) 
1000 FORMAT(6I12) 
9D0 FORMÄT(6I20) 

1001 FORMAT(5F12.8) 
901 FORMAT(6F20.8) 

READlOOO.NPRNTtMlMAX.KMAX 
PRlNT900»NPRNTtMlMAX»KMAX 
READ1001.DELTA 
PRINT901.DELTA 
RFADltOl.XTAÜ.(XLAM(I).1=1»3) 
PRINT902 
PRINT903.XTAU.(XLAM(I).I«l»3) 

902 FORMAT{1H123HPHASE I - TRUE SOLUTION /) 
9C3 FORMATdHO/ 

1 1X11HTHICXNESS «. F10.4 / 
2 IXllHALBEDO(X) ■» 20HA + B»TANH(10»(X-O)  // 
3 1X3HA ». El6.8. 10X3H8 ». El6.8. 1^X?HC =» £16.8 //) 
CALL NONLIN 
DO 3 IM.N 
DO 3 J=1»N 

3 B2(I♦J)«R2<I»J) 
C 
c 
C PHASE II 
C 

4  READ1001»XTAU.(XLAM(!»»I«!»3) 
< = 0 
PRINT904.< 
PRINT903»XTAU.(XLAM(I) .1»!»3) 

CALL NONLIN 

904 FORMATdHi   ISHAPPROXIMAT ION» 13/ ) 
C 
C QUASILINEARIZATION ITERATIONS 

C 

c 
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DO 5 <l«i,KMAX 
PRINT904,K1 
CALL PANOH 
CALL LINEAR 
CONTINUF 

C 
C 
c 

REAOlüOOtIGO 
GO TO (1.4)»IGO 
END 

1I8FTC DAUX    LIST 
SUBROUTINE OAUX 
DIMENSION V2(7,7).X(3) .F(7) .G(7) 

1  »VLAMOJ 
COMMON N.RT(7).WT{7)»WR<7)»ARC?»?!.NPRNT,M1MAX.KMAX»DELTA»XTAU. 

1 XLAMO).       B2<7.7),R2(7.7)♦IFLAG»R(28»101)»7(1491)»SIG» 
2 P(28»101)♦H(28»3.101)»PLAM(3).HLAM(3»3)♦P2{7»7)» 
3 H2(7f7,3).CONST(3)»NEQ 
GO TO (1.2)»IFLA6 

C 
CNONLINEAR 
C 

1  L = 3 
00 4 I=1»N 
DO 4 J=l,l 
L»L+1 

4 V2(I»J)=T(L) 
DO 5 1=1,N 
DO 5 J=I.N 

5 V2(I»J)=V2{J» 1) 
DO 51 I=l»3 
L = L + 1 

51 VLAMm»T(L) 
SIG=T(2) 
Y=XTAU*SIG 
DO 52 I=l»3 

52 XfD'VLAMd) 
CALL ALBED0(Y»X»2) 
ZLAMDA=Z 

C 
DO 6 1=1.N 
F( I )sO.C 
DO 7 K«1,N 

7 F{I )«F<1) + WR(K)»V2{I .<) 
6 F( I )»C.5»F( I ) + 1,0 

C 
00 8 I«1»N 
DO 8 J=1.I 

L = L + 1 
DR*-AR{I»J)*V2(I»J) + ZLAMDA*F{I)*P(J) 

8 T(L)=DR 
DO 9 I=li3 
L = L + 1 
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T ( L ) = C . 0 
RFTuRN 

CLIN 
C 

2 

21 

EAR 

16 
C 
CP'S 
c 

14 

15 

18 

SfG=T(2) 

YsXTAü*SIG 
DO 21 I«1» 3 
X( I )=XLAMC I ) 

CALL ALB?0O{Y,X»Z) 
ZLAM0A*2 

DO 16 1 = 1,N 
F{ I )=0.0 
DO 17 K«1»N 
FU )«F( I ) + WR<<)»R2J I ♦<) 
F( I )»0.5»F{ I ) + 1.0 

L'1 

DO 14 I=1»N 
DC 14 J=1»I 
L = L+1 
V2(I ,J)=T(Ll 

00 15 1=1.N 
DO 15 J=I»N 
V2( I ♦J)»V2tJ»I) 
DO 18 I«l»3 
L»L + 1 
VLAM( I )»T(L) 

DO 1 

10 

12 

(j( n 
DO 1 
G( I ) 
ARG = 
TARG 
XTAN 

V = 

DO 1 
DO 1 
FIJ = 
CAPF 
T1=C 
T2=- 

1 + 
T3={ 
T4=( 
T5=( 

M = 
T(M) 
00 1 

M = 

0 
.0 
0 
= G 
10 
• T 
x = 
3 + 
2 
2 
F ( 

AP 
AR 
0. 
VL 
VL 
VL 
M + 

■ T 
9 
M + 

I«l 
.n 
<*1 
(D 
.0» 
ANH 
-10 
NFO 
I«l 
J«l 
n» 
AR{ 
F 
(I, 
5*2 
AM( 

AMC 
AM( 
1 
1 + T 
1 = 1 
1 

»N 

»N 
+ {V2( i »K)-R2n ♦<n*wR{<) 
(Y-XLAMm ) 
(ARG) 
,0*XLAM(2)*<l.0-TARG»*2) 

»N 
tl 
F ( J) 
I♦J)»R2{I»J) + 2LAMDA»FIJ 

J)»<V2<I*J)-R2(I»J) ) 
LAMOA»{F( I )«G(J) ♦ F(J)*G(in 
1)-XLAM( 1 ) )*FTJ 
2)-XLAM(2) )*TARG»F IJ 
3)-XLAM(3))*XTANX«FIJ 

2+T3+T4+T5 
.3 
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19  KM) =0,0 
C 
CH'5 
C 

DO  IOC  <: 

no ?4 I«l «N 
00 24 J=1»I 
L = L + 1 

24 V2(I»J)«T(L) 
DO 25 r«ltN 
DO 25 J«I»N 

25 V2n.J) = V2(J»n 
DO 26 I«l»1 
L«L+1 

26 VLAHfn»T(L) 
C 

DO 20 1=1,N 
G( I)=ü.O 
DC 20 J»1,N 

20  G{I)»G(I) ♦  V2(IvJ)»WR(J) 
C 

DO 22 I«1»N 
DO 22 J»1»I 
FIJ=F(I)»F{J) 
TlxO.U 
T2«-AR( I,J)»V2( I»J) ■»■ 0.5»ZLAMOA*(F( I)»G( J) 4 F(J)»G(n) 
T3«VLAM(l)*Frj 
T4«VLAM(2)*TARG»FIJ 
T5«VLAM(3)»XTANX#FIJ 

M«M+1 
22  T(M)"T1«H2*T34T4+T5 

C 
DO 29 I«1.3 

29  T(M)«0.0 
100  CONTINUF 

RETURN 
FNn 

SIBFTC NCNLIN 
SUBROUTINE NONLIN 
COMMON N.RT(7),WT(7)»WR(7).AR(7,7)»NPRNT,MlMAX.<MAX.DELTAtXTAU, 

1 XLAM(3)»       82(7»7).R2(7.7).IFLAG.P(28.101).T(1491).SIG. 
2 P(28»101 J*H(28»3fl01) »PLAMO) ♦HLAM(3»3) ♦P2<7»7) ♦ 
3 H2{7,7f3)»CONST(3)»NEQ 

C NONLINEAR D.E. FOR TRUE SOLUTION OR FOR INITIAL APPROX, 
C 

IFLAG=1 
T(2)«0,0 
T{3)«DELTA 
M*l 
L1*0 
L3«3 
DO 1 I«1.N 
DO 1 J»1.I 
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L1«L1*1 
L3=L3+1 
K ?(I »J )» 0•0 
RiLl«M)=R2(I»J) 

1 T(L3)=R2{I»J) 
DO   2   1=1»3 
L3=L3+1 

2 T(L3>=XLAM{I} 
C 

NEO=(N»(N+l n/2   +   3 
CALL   INTStT»NEQt2»0»O»0i0»OtO) 

C 
SIG«T(2) 
CALL   OUTPUT 

C 
DO   5   M1=1,M1MAX 
DO   4   M2=l,NPRNT 
CALL    INTM 
M = M+1 
L1--0 
L3 = 3 
DO   3   I=1»N 
DO  .3   J = l.l 
L1=L1+1 
L3=L3M 
R2< I »J)»T«L3) 

3 R(LliM)=R2{ItJ) 
t*      SIGxT;2) 
r>      CALL   OUTPUT 

C 
RETURN 
FND 

jjTPjr PflK'HH 
SUBROUTINE 0ANL I 
COMMON NfRT(7)iWn7)»WR<7)»AR«7»7)»NPRNT,M1MAX.KMAX»DELTA»XTAU» 

1 XLAM(3)»       E2(7,7)»R2(7»7)rIFLAG»R(28.101)»T{1491)»SIG. 
2 r«28»101).H(28»3»lCl)♦PLAM(3>.HLAwt3,3)♦P2«7»7)» 
3 H2(7»7»3)*CONST{?)»NEO 
IFLAG-2 
T(2)«0.0 
T(3)-DELTA 
M«l 

C P'S 
c 

L1«0 
L?a3 
00 1 I»1>N 
00 1 J=l»l 
Ll-Ll+1 
L3*L3 + 1 
P(L1»M)«0.0 

1  T{L3)=P«L1»M) 
DO 2 I«It3 
L3«L3+1 
FLAM«I)»0.0 
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2 T{L3J»PLAM( I ) 
C 
C H«S 
C 

DO 7 K=l,3 
L1=0 
DO 3 I=lfN 
DO 3 J=ltl 
L1=L1+1 
L3=L3+1 
H(L1♦K.MlsO.O 

3 T(L3)=H(L1« :»M? 
C 

DO 7 1=1,3 
L3=L3+1 
HLAM( I .0=0.0 
IF« I-K)7,6»7 

6  HLAM(I»K)=1.0 
'7  T(L3)=HLAM(1.K) 

C 
L = 0 
00 8 I=1»N 
DO 8 Jsl.I 
L = L+1 

8 R2(I»J)=R(L»M) 
DO 9 I»1»N 
DO 9 J=I»N 

9 R2{I tJ)aR2(J»n 
C 

NE0=4»(IN»{N+1))/2 + 3) 
CALL INTS(T.NEOf2»0»OfO»0»0»0» 
LMAX=(N»(N+1))/2 
P,RINT52»T{2) » <P(L»M) »HCL.ltM) .L*1»LMäX) 

52  FORMAT{1HOF9.A,5E20.8/(10X5E20.8)) 
C 

DO 51 Mlal»MlMAX 
DO 50 M2«1.NPRNT 
CALL INTM 
M = M+1 

CPREV.APPROX. R:I»J) 
L1=0 
DO 10 1 = 1.N 
DO 10 J=i. I 
L1=L1+1 

10 R2( NJ)aR(Ll»M) 
00 11 1=1»N 
DO 11 J«I.N 

11 R2'.I» ')=R2( J»I ) 
L1 = 0 
L3 = 3 
DO 12 1=1»N 
DO 12 J=l.I 
LI«Ll+1 
L3=L3+1 

12 P(L1.M)«T(L3) 
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L3-L3+3 
DO 13 K»1.3 
L1=0 
DO 14 1*1iN 
DO H J=1.I 
Li=Ll+l 
L?=L3+1 

14  H(L1»K»M)=T(L3) 
11  L3^L3-3 
50 CONTINUE 
51 PRINT52»T{2)»<P;L»M)»H(L»1»M)»L«l»LVAX) 

RFTURN 
END 

5IBFTC LINEAR 
SUBROUTINE LINEAR 
DIMENSION CHKI(3) 
DIMENSION Ai^q,?)»B(49)»EMA1(50*50)» PIVOT{50)»INDEX<50♦2) 

1«IPIVOT(50)»FVECJSO«!) 
COMMON N«RT(7),WT(7)»WRC?).AR(7*7).NPPNT,MlMAX»KMAXtDELTA»XTAU» 

1 XLAM(3)t       B2<7,7) .R2(7.7) . IFLAG^{28»1C1 ) .T( 1491 ) .SIG» 
2 P(28.101)tH(28»3f101).PLAM(3).HLAM{3t3)»P2(7»7)♦ 
3 H2(7»7»3) »CONSTCj ) .NEQ 

C80UNDARY CONDITIONS 
MLAST=NPRNT*M1MAX + 1 
DO 1 K=},3 
L = C 
DO 2 I-l.N 
DO 2 J»l»I 
L = L + 1 

2 H2( I»J»IC)«HIL»K»MLAST) 
DO 1 I«1.N 
DO 1 J-ItN 

1  H2n»JiJC)«H2( J»I »K) 
L = 0 
DO 3 i»l»N 
DO '3 JM.I 
L = L+1 

3 P2(I»J)=P{L.MLAST) 
DO 4 *=1,N 
00 4 J»ItN 

4 P2n ♦J)«P2(J» i) 
CLEAST SQUARES 

DO 5 K-l.3 
L«0 
DO 5 I»1»N 
DO 5 J-l.N 
L»L + 1 

5 A(L»K)«H2l I »JJIC) 
L = C 
DO 6 I--1»N 
DO 6 J*1»N 
L = L + 1 

6 B!L)«B2(I.J) - P2«I»J) 
C 

LMAX»N»*2 
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PRINT60 
60 FORMAT(IHO) 

DO 61 L=ltLMAX 
61 PRINT82»(ÄCL.K)tK«l»3)»SCU 

DO 8 1=1,3 
DO 7 J«l,3 
SUMsQ.O 
DO 9 L=1»LMAX 

9  SUMsSUNi + A(L,I)»A<LfJ) 
7 EMAT(I»J)«SUM 

SUM'0.0 
DO 10 LM.LMAX 

10 SUMrSUM + A(L»I)»B(U 
8 FVEC(I,1)«SUM 

PRINT60 
DO 81 1«1.3 

81 PRINT82»(EMAT(I♦J).J=l13)»FVEC'I ♦ 1 ) 
82 FORMAK 10X6E20.8) 

CALL MATINV(EMAT,3,FVECf1»DETERM,PIVQT,INDEX♦IP IVOT) 

DO 11 I«1,3 
11 CONST(n«FVECn»l) 

DO 20 1=1,3 
20  XLAM(I)>CONST(I) 

PRINT903»XTAÜ,(XLAM;1),I«1 ,3) 
903 FORMATCIHO/ 

1 1X11HTHICKNESS =, E16.8 / 
2 IXllHALBEDOCX) =, 20HA + 8»TANH(10»(X-C))  // 
3 1X3HA », E16,8, 10X3HB =t E16.8, 10X3HC », E16.8 //) 

C 
CNEW APPROXIMATION 
c 

MM 
L«0 
DO 12 I«1,N 
DO 12 J«1,I 
L«L + 1 
SUM«P(L,M) 
DO 13 K»l,3 

13 SUM »SUM + CONST(K)*H(L,<fM) 
12  R(L»M)«SUM 

L«0 
DO 14 r«i,N 
DO 14 J»1,I 
l*L*l 

14 R2(IfJ)»R(L»M) 
SIG=0.0 
CALL OUTPUT 

C 
DO 50 Ml»lfMlMAX 
DO '" M2»1,NPRNT 
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L = 0 
00 15 1*1»N 
DC 15 j=i.r 
L = L + 1 
SUM«P(L»M) 
00 16 K«l»3 

16 SUM = SUM + CONr>T(<)»H.Lf^»M) 
15  R(L.Mj=SUM 

• =0 
DO 17 1*1iN 
DO 17 J=l»l 
L«L+1 

17 R2(I»J)=R(L»M) 
18 SIG-SIG + DELTA 
50  CALL OUTPUT 

C 
RETURN 
END 

siBFTc OUTPUT 
SUBROUTINE OUTPUT 
DIMENSION X(3j 
COMMON N.RTC7),WT(7)♦WR<7).AR{7.7)»NPPNT»M1MAXIKMAX»D£LTA.XTAUt 

1 XLAM13)»       B2<7f7)»R2{7.7),IFLAG»R(28»101>fT(1^91)tSIG» 
2 P(28.10n»H(28f3.101) fPLAM( 3) »HLAM{3,3) tP2<7»7) ♦ 
3 H2(7,7,3)»CONSTt3)»NEO 
DO 1 I«1»N 
DO 1 JM»N 

1  R2(I♦J)»R2(Jtl) 
Y»XTAU«5IG 
DC 3 1*1.3 

3  X{I)«XLAM(I) 
CALL ALBEDO(Y,X.Z) 
PRINT10C» SIG»YSZ 

100 FORMATdHQ 7HSIGMA =»F6.2» 4X5HTAU =♦ F6.2» 4X8HALBED0 «.F6.2/) 
00 2 J«1»N 

2 PRINTl0l»Jt(R2(liJ).I«1»N) 
101 FORMATdlO. 7Fl0.t.) 

RETURN 
FNO 

SIBFTC ALBEDO 
SUBROUTINE ALBEDO(Y»X,Z ) 
DIMENSION X(3) 
COMMON N.RT(7),WT(7).WR(7).AR(7»7).NPRNT,Ml MAX»KMAX»DELTA.XTAU. 

1 XLAM(3).       B2(7.7)♦R2<7,7),IFLAG.R(28.101).T(1^91),SIG» 
2 C'P(28»101).H(28»3»101) »PLAMO) .HLAM{3»3) .P2(7»7) » 
3 H2(7,7,3)»C0N5T(3)»NEQ 
ARG«iO,0»(Y-Xn) ) 
Z=X(1) + X{2)»TANH(ARG) 
RETURN 
END 
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