
tnt.J.II.at AlaSJ Trans!". Vol. 26. No. 10. pp. 1419-1426. 1983
Printed in Great Britain

0017-9310;83 S3.00 +0.00
© 1983 Pergamon Press Ltd.

EFFECTS OF STEPWISE VARIATION OF ALBEDO
ON REFLECTIVITY AND TRANSMISSIVITY

OF AN ISOTROPICALLY SCATTERING SLAB

T. B. CLEMENTS and M. N. OZI~IK
Department of Mechanical and Aerospace Engineering, North Carolina State University,

Raleigh, NC 27650, U.S.A.

(Received IS July 1982and in recised form 3 January 1983)

Abstract-The reflectivity and transmissivity of an isotropically scattering plane-parallel slab with stepwise
variation of the single scattering albedo within the medium are determined for an isotropically incident

radiation. Tabulated results, covering a wide range of albedos, are presented.
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defined by equation (6a)
unknown expansion coefficient of layer i
defined by equation (6b)
unknown expansion coefficient of layer i
radiation intensity in layer i
number of layers
the order of approximation
forward and backward radiation fluxes

transmissivity data over a wide range of practical cases,
in order to estimate the effects of the variation ofalbedo
within the medium on reflectivity and transmissivity.
To achieve this objective, four different classes ofprob­
lems, schematically illustrated in Fig. 1,are considered.

Case 1
This represents the standard problem of a slab of

optical thickness '0' having a uniform albedo W

throughout the region, subjected to externally incident
isotropic radiation on the boundary surface at r = o.

Case 2
This represents a situation in which a slab of optical

thickness r., has an albedo WI for one halfofthe optical
thickness (i.e. 0 < r <iro) and an albedo W 2 for the
other half.

Subscript
i number of the layer

I. INTRODUCTION

THE REFLECTIVITY and transmissivity of a slab for an
externally incident isotropic radiation have been
studied extensively for the case of uniform albedo
within the medium [1-6]. There are situations in which
the single scattering albedo varies with the position
within the medium. For example, a layer ofturbid water
in which turbidity varies with depth; porous materials
such as fibers, powders used as lightweight insulators in
which the porosity varies with depth; rocket exhaust
gas containing a significant amount of micron-size
particles, the concentration of which varies with the
position in the flow; and many others. In all such cases,
the radiation is scattered within the medium in addition
being absorbed and emitted by the medium. It is of
interest to predict the effectof variation ofalbedo within
the medium on the reflectivity and transmissivity of a
region of finite optical thickness. Therefore, the
objective of this work is to present reflectivity and

Case 3
Here the slab of optical thickness '0 has three

different albedos WI' W2 and W3 for the first one-third,
second one-third and the last one-third portion of the
slab, respectively.

Case 4
The slab of optical thickness '0 has four different

albedoswl,w2,w3 and w4for the first, second, third and
fourth quarters of the slab, respectively.

2. ANALYSIS

The problem of radiative transfer in a plane-parallel
slab with stepwise variation of albedo within the
medium can be regarded as a radiation problem for an
M-Iayer slab with transparent boundaries. Therefore,
we consider an At-layer slab of optical thickness ro,
irradiated at the boundary surface r = 0 with an
isotropic radiation of unit intensity. The mathematical
formulation of this radiation problem is obtained by
generalizing the two-layer problem, considered in ref.
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FIG. 1. The four cases considered.

[7], to an M-Iayer problem,

(Ia)

in

.0 '0
(i-I)-~.~i-, -I~/l~I, i=I,2, ... ,M,

M M

I I(O,p) = 1, (Ib)

IM(. o, - Il) = 0, (Ic)

l{i ~;'Il) = l i+ 1 ( ; ~~'/} ; = I,2, ... ,M-I, (Id)

l{i ~;, -II) = 11+1(i ~;, -I} i = I,2, ... ,M-l.

(Ie)

Here, /1 is the cosine of the angle between the positive.
axis and the direction of radiation intensity, WI is the
single scattering albedo for the region i and. is the
optical variable.

The general solution of this problem for any layer i
can be written in exactly the same form as that given in
ref. [1] (p. 355) for a single layer,

1/(.,/1) = C/(eMJ/(eb/l)e-tJ~,+Ci(- eMJ/(-ei,/1) et/~f

+IIC/W<pM,/1)e-tJ~ de (2)

where <Pi(± V,ll), v == eior e(-I, I)is the eigenfunction;
ei is the discrete eigenvalue; and Ci(±v)is the unknown
expansion coefficients. We note that the solutions (2)
satisfy the equation of radiative transfer exactly, but
they involve the unknown expansion coefficients.

The full-range orthogonality property of the eigen-



Effects of variation of albedo on reflectivity and transmissivity 1421

(4a)

-bl.eB~(v)+al+I ,.A.(v)] = O. (7d)

N

I [bj_I,~A.(v)- a,.•B~(v)-e-'o/Alvbj.•A~(\')
11=0

arc

(6a)

(6b)

N
'" [b ._ Bi(v)e-'o/Mv_ a . e-,o/MVA(\')L- • 1,.:1 :I 1,2 .1

.z=o

+bt.•B~(v)-a2 .•A.(v)] = O. (7b)

From equation (4a) for i = 2,3•...• M -I :

+e-'o/.llval+I .•B~(v)] = O. (7e)

From equation (4b) for i = 2.3, ... , M -I:

N

A (v)- '" [a BI(v)+e-'o/Mvb A (v)o ~ l,z 3: I,• .I

a=O

-e-'O/Mva2.•B~(v)] = O. (7a)

From equation (4b) for i = I:

N
e-'o/MVB6(v)- I r-., e-,o/MvA.(v)

2=0

When the polynomial representations (5a. b) are
introduced into the integral equations (4), the boundary
conditions for the problem (I) are applied and the
definitions (6) are utilized. the following system of
equations is obt ained:

From equation (4a) for i = I:

In addition, the following two definitions
introduced :

and

functions ePi(V, II) can be used to transform equations
(2) into a system of singular integral equations, as
will now be described.

For each layer i, equation (2) is evaluated at the left
and right boundary, and the resulting equations are
operated on first by the operator (ref. [I], p. 358)

I I JleP /(- v, II) d/l, where 0 ~ v ~ I or v = ~i'
(3a)

and then by the operator

I I IleP /(\'./I) dJl, where 0 ~ v ~ I or v = ~l (3b)

and the full-range orthogonality relations of the eigen­
functions are utilized, and the expansion coefficients
are eliminated between the expressions. Finally, the
integrals over the full range of Jl appearing in these
equations are split up into two parts involving only the
half-range of II, and therelation ej -V,/I) = ePl(V, - Jl)is
utilized. The following system of 2M singular integral
equations result:

{/leP;(-\,./I)I{(i-I) ~;.Jl}/1

- { JlePi(V.Jl)I{(i-I) ~;. -ll}/1

_e-,o/M v{JlePi(-V.Jl)Il(i ~~./I)d/l

+e-'o/.Ilv { IlePi(V,/I)I{i ~;./I)d/l:=0

with

(7e)

From equation (4a) for i = M:

(9a)
. . I

B~(y) = yB~_I(Y)- a+1

and

1
A.(y) = -yA._I(y)+ a+ 1 (8a)

and finally from equation (4b) for i = M:

N
'" [e-,o/Mvb _ B·1f(v)-a e-'o/MvA (v)l..J /tl 1,.:z oJ: ..\I.~ .:z

lI::;;O

N

I [bM_I .•A.(v)-aM.•B~f(v)-e-'o/MVbAf .•A~(v)] = 0
a=O

-bM,.B~f(V)] = O. (7£)

It can be shown that the quantities A.(y)and B~(y)canbe
determined from the following recursive relations:

{ JlePi(\',Jl)I{(i-I) ~;'Jl}Jl

- {/lePi(-V. fl)I{(i-1) ~;.Jl}ll

_e-'o/.11v { IlePl{V.Jl)I{i ~;'Jl)dJl

+e'o/.ltv{ IlePj( -v, Jl)I'(i ~;, - Jl) d/l = 0 (4b)

for i = 1.2•. . .• 1\1:
We note that in these equations, the exit distributions

I 1W-l)(roIM), - Jl] and Ij[i(roIM)./I] for each layer i
are the unknowns. Up to this point our analysis has
been exact. However, we do not try to solve such a
system ofintegral equations. but instead apply the basic
concepts of the F,'i method and represent the exit
distributions by polynomials in Jl in the form

1/[0- 1) r
o._

/I] = I a,.•/I" II ~ O. (5a)
M ~=o

Ii(i r
o•

/l) = I bl,~Jl', II ~ O. (5b)
M ~=o
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since

, . q-(O) ;. ai'
reflectivity = -+- = 2 L. - '-,

q (0) , =0 cx+2

. , , q-(To) 2;' b,\j,
transmissivity = +(0) = L. - -'

q .=0 1X+2
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the exact results, except for TO = 0.1, which differed by
no more than ±0.OO02.

Figure I illustrates the four different classes of
problems considered in the present study. Table I
summarizes the results of the reflectivity and
transmissivity calculations for each of these four cases.
The range of optical thicknesses covered varied from
To = 0.1 to TO = 10. All possible combinations of three
different albedos, 0) = 0.2,0.8 and 0.995, were used for
each optical thi ckne ss considered .

Consider, for example, the case in which there are
three step changes in albedo, given by 0)1 = 0.2, W2

= 0.8 and 0)3 = 0.995 for the optical thickness To = 5.
The rellectivity and transmissivity of the slab for this
particular case are given, respectively, by 0.04965 and
0.01739. The results for other combinations ofW i can be
determined in a similar manner, Therefore, the effectsof
stepwise variation of albedo within a slab on the
reflectivity and transmissivity can be estimated by
using the results given in Table 1.

The present results are also helpful in estimating the
magnitude of the error involved in reflectivity and
transmissivity calculations when a simple average of
the albedo is considered instead of breaking the system
into a series of discrete elements in order to take into
account the variation of albedo within the medium.
Consider for example a slab of optical thickness To = 2
for the two different arrangements of step changes in
albedo, given by 0.2-0.8 and 0.8-0.2, as illustrated in
Case 2 of Fig, 1. For both of these cases the arithmetic
average of the albedo is 0.5, The reflectivities for the
cases 0.2-0.8 and 0.8-0.2 are respectively 0.05816 and
0.28698, whereas the reflectivity for the case 0) = 0.5 is
0.1071. Clearly, significant error . is invol ved in the
estimation of reflectivity if a simple arithmetic average
is employed.

The transmis sivities for the cases 0.2-0.8 and 0.8-0.2
are, resp ectively, 0.11460 and 0.11460; and for the case
ofarithmeticaveragcw = 0.5 it isO.1071.Clearly, in the
case of transmissivity, the result with the arithmetic
average of the albedos appears to be a good first
approximation.

We compared the transmissivity and reflectivity
obtained by taking a simple average ofthe albedos with
the results given in Table I for several oth er
combinations of albedos. It appears that, the use of
simple arithmetic average for albedos can cau se
appreciable error in the calculation of'reflectivityjbut it
may provide a good first approximation for the
transmissivity,

The case of w = I is not included in the present
analysis, because it requires a completely different
formulation of the problem from the one considered
here.

The total computer time for all the results presented
in Table I was about 20 min on an IBM 3081 computer
using G level FORTRAN.

(9b)

(1Ia)

(Ilb)

(lOb)

(lOa)

N

l,\l(To,jl) = L b,\l,,Jl'
.::c=o

N

11(0, -JI) = L al"jl',
:1=0

i = 1,2, ... , J\f.

. 2
BO(I) = Ao(Y)+--2

Wi

q+(O) = 2nI jl11(0,jl)djl = n

and both boundaries of the slab are transparent.
To perform the calculations, equations (7) are

calculated at N + I different values of v,In selecting the
values of v, one point is taken as the eigenvalue
associated with that step and the remaining values
of v are determined from the relation v = 2j-I/2N,
for j = 1,2"" , N, where N is the order of the
approximation.

3. RESULTS

The hemispherical reflectivity and transmissivity of
slabs of various optical thicknesses from TO = 0.1 to
To = 10.0are determined for 1-4 step changes in albedo
for each optical thickness. The numerical results were
obt ained with an F7 approximation and compared with
the few available exact solutions [1,5,7,8] of the single
and two-layer problems. They were within ±O,OOOI of

and the exit radiation heat fluxes from

i
l N b

q+(TO) = 2n Jl1,\l(To,Jl)dJI = 2n L~,
o .=0 cx+2

The reflectivity and the transmissivity of the slab are
given by

and

with

The above set of equations (7aH7f) provide 2M (N + I)
algebraic equations for the equal number of unknown
expansion coefficients ai" and bi ., . Once these co­
efficients are computed, several quantities of practical
interest are determined from their definitions. For
example, the exit distribution of radiation intensity at
T= 0 and T = To are determined from



Table I. Reflecti vity and transmissivity of a slab

Albedo '0= 0.1 '0= 0.5 '0= 1.0 '0 = 2.0 '0 = 5.0 '0= 10.0
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Table 1 (continued)

Albedo '0 = 0.1 '0 = 0.5 '0 = 1.0 '0 = 2.0 '0 = 5.0 '0 = 10.0

loll 1ol2 W3 1ol4 REFLEC TRANSMI REFLEC TRANSMI REFLEC TRANSMI REFLEC TRANSMI REFLEC TRANSMI REFLEC TRANSMI
TlVlTY SSIVlTY TlVlTY SSIVlTY TlVlTY SSIVlTY TlVlTY SSIVlTY TlVlTY SSIVlTY TlVITY SSIVlTY

f2J.2@ll ll.2f2J'" ll.211f2J f2J.211f2J f2J.f2J1462 9.84684 "'.93715 lil.47435 tIJ.94393 "'.24626 tIJ.tlJ46lil7 1l.f2J7Z74 lil.f2J4626 13.f2Jlil245 lil.tlJ4626 0.IHl"'lill
f2J.2f2Jf2J f2J.2f2Jlil f2J.2f2J11I 1l.811f2J f2J.f2J2397 9.85851 "'.f2J5145 lil.5f2J444 f2J.lil5267 tIl.276S8 9.94821 13.lil9f2JS4 "'.0462S "'.0lil4IM lil.lil4626 f2J.00f2Jf2J3
tIJ.2"'f2J 1l.2f2J'" f2J.20f2J f2J.995 f2J.f2J2716 9.s6249 tIl.f2J5698 lil.5161'" f2J."'56Sf2J tIl.289'12 f2J.l!I4936 f2J.lf2Jf2J23 f2J.lil463lil "'.0f2J554 "'.f2J4626 "'.0f2Jf2Jf2J6

f2J.29f2J 111.200 0.8lil0 13.2lillil f2J.f2J2537 "'.8584'" "'.lil5975 "'.50284 lil.062n 0.27406 0.lil5422 lil.lil8el6 lil.04661 9.0lil368 9.04627 0. 00Ii"'2
11I.2f2Jf2J lil.20lil lil.8f2J0 lil.8l313 "'.f2J3521 0.87064 0.f2J7727 lil.53834 f2J.lil7535 lil.31337 "'.lil5816 lil.1146lil ll.lil4668 lil.lilf2J684 lil.lil4627 lil.lilOf2Jf2J7
f2J.211f2J f2J.2013 "'.S0f2J 0.995 IL03857 9.87482 lil.08411 9.55224 "'.080'12 9.33111'7 0.06"'38 "'.12977 0.lil4674 9."'llilt1 f.l."'4627 0.0f2Jf2J19

f2J.2f2Jf2J IL2f2J0 9.995 0.2f2J0 f2J.f2J2904"9.B6235 9.9ba51 9.51389 0.07128 0.28636 9.05862 "'.09662 0."'4689 0.0"482 0.04627 0.f2J9f2Jl!l5
f2J.2l3'" l!l.20tIJ ll.995 9.8l3f2J ll.f2J39f2J5 0.87478 0.f2J8738 0.55162 ll.f2J8557 9.33903 0.96382 0.12852 lil.04704 0.00973 9.04627 0.9lilf2J18
@.2"'111 "'.2t1J'" 9.995 "'.995 ll."'4248 0.879lil4 "'.09478 9.56644 0.fil'1205 9.34999 9.06683 0.14737 0.04718 0.91538 lil.04627 0.00055

1~.21110 "'.Bl3tIJ "'.209 ll.2l30 ll.02707 0.85839 lil.07368 0.50284 0.lil865B ".27406 tIJ.0791lil 0.lil8816 lil.05343 ll.00368 0.fil4668 0.tlJ0lillil2
f2J.2tIJl~ ll.80f2J 0.200 0.8f2J0 0.03686 0.87054 .0.09047 9.53650 0.99808 0.3lil988 0.98251 0.11096 lil.05348 0.00623 0.lil4668 lil.0f2J006
f2J.21110 111.8"'0 0.200 lil.995 0.04021 0.87470 9.09699 9.54959 ll.10314 1Il.32574 0.08434 0.12347 0.05352 0.00858 0.04668 0.00014

0.Zl30 0.8ll0 0.80ll 0.200 0.03838 0.871152 8.10147 8.53663 9. t1382 9.31953 8.89441 e, I 1161 lil.05471 lil.0lil621 lil.lil4669 lil.00lllil6
0.2111ll lil.8llll lil.8ll0 lil.8l30 lil.lil4871 0.88328 8.12238 8.57691 8.13885 8.35849 8.10131 9.14777 8.05492 0.01189 0.04669 0.00020
111.2f2J0 f2J.8lillil 0.8lillil 0.995 "'.fil5Z24 9.88765 fiI.13059 8.59274 fiI.13857 fiI.38fi131 9.19526 9.16887 9.05512 lLfil1785 0.94669 9.""'''52

"'.ZI1I" IL8t1J'" fil.995 fil.2filfil fil.fil4225 0.87467 1.11235 9.54988 8 •.12619 1.32785 9.19312 "'.125211 "'."'5589 8.111"'886 "'.94671 "'.Iil0t1JI4
tIJ.Z0fil fil.8lil'" "'.995 "'.811'" "'."'5276 8.88764 8.135"'2 8.5929t "'.14695 1.38113 9.11271 8.17"'5'" "'."'5643 8."'1864 "'.fil4672 "'.0"'056
0.Z110 "'.8"'''' "'.995 "'.995 "'."'5636 "'.89289 9.14395 8.68991 9.15528 8.48685 8.11841 9.19793 9."5701 ".93936 9.94672 0.99182

0.ZtlJ0 0.995 lil.200 lil.200 lil.03132 ll.86235 9.118784 1.51388 8.1fil533 9.28636 1.99688 9.lil9662 9."'5933 9."'0482 "'."'4719 "'."'0lilll5
1l.2"'0 "'.995 "'.2"'0 "'.8f2J0 lil."'4127 "'.87467 "'. Ul565 1.54897 9.11818 9.32471 8.19111 8.12226 9."5942 8."0824 ".94719 "."'0lilI3
IL211lll Il.995 ".2"'" 1l.995 9.94467 1l.87888 11.11257 1I.:56Z63 11.12385 1I.3417Z 1I.111341'l1l.13638 9.115949 fl.81141 9.1l4719 1l.1l1l9Z8

1l.2"'0 1l.995 "'.81l121 "'.211'" 0.94284 9.87467 9.11781 9.54985 9.13675 ".3Z795 8.11726 "'.12521 lil.96213 9."'lil886 9."'4728 9."'0"'14
12I.21l121 lil.995 lil.8110 "'.81210 fil.95333 "'.88761 11.14014 9.592"7 9.15613 9.37914 11.12627 lil.16733 11.'6259 1J.91723 "'."'4728 lil."'0"'48
1l.2l!!'" 1l.995 lil.80ll 121.995 0.115692 "'.89295 9.14891 8.61'l878 9.16495 '.4'295 1J.13147 9.19216 9.",6391 9.9Z615 "'.94729 "'."'0125

0.200 0.995 9.995 lil.2"'''' lil.fil4678 '.87889 8.12959 8.564"'1 9.15197 1.34568 9.12921 9.142Z9 '.116594 1Il.01354 "'.94744 fil.lIll1l42
tIJ.200 13.995 "'.995 "'.811l0 9."'5747 9.89295 8.15385 9.6f1J923 1il.17395 8.49482 8.14211 "'.19622 9.f1J6638 9."'2941 "'.84747 "'."''''170
11I.21111l 11l.995 "'.995 "'.995 0.96112 9.89656 8.16343 ".6Z712 9.18451 8.43222 '.14988 "'.22936 9.96788 0.84925 "'."'4754 "'.9"'586

0.8tIJl2I "'.Z0lil "'.2"'" 0.2"'0 "'.lil2919 '.85849 9.19211Z 8.5f1J445 9.15623 9.27659 9.22199 "'."'9954 ll.3"'461 9.9"'496 9.33591 0.1I91Hl3
9.8@9 lil.211'" 11.21311 "'.8011 0."'3895 9.87958 8.11866 9.53750 9.16765 8.31167 8.22544 "'.113Z1 9.3lil467 "'.9fil679 "'.33591 "'.99"'08
f2J.8lilll "'.Z"'''' lil.2fillil 0.995 "'.94229 9.87471 9.12511 9.5:5833 9.17266 9.32715 8.22729 "'.12557 9.3"'471 9.9"'929 9.33591 "'."'0"'17

0.81l@ "'.200 0.800 0.2"'0 "'.lil4"'46 "'.87"'53 "'.12879 9.536511 "'.18177 '.3"'988 9.23575 "'.11"'96 lil.3"'569 9."'0623 "'.33593 0."'0"''''6
1l.8"'0 9.2"" 0.81111 "'.8f2J0 fil."'5074 "'.8832Z 9.1493Z 9.57573 9.1982Z 9.35583 9.242Z4 9.145"'8 "'.311l589 9.1J1167 9.33593 "'.Il"'filZ9
fiI.8tIJl~ !l.ZIlIl lil.8911 fil.995 9.95426 "'.88757 tIl.15736 9.5911Z "'.20563 9.376bll "'.24589 "'.Ib472 9.3"'6"'7 9.81731 "'.33593 9.lilll"'5Z

1'1.800 "'.211f2J lil.995 0.20lil 0.e4431 "'.87465 9.13921 lil.54897 9.19398 "'.3247'" "'.24323 lil.12226 9.3121659 "'.9"'924 "'.33594 12I.9"'lilI3
0.8f2JI2I 1l.211121 "'.995 ll.8l!1lil fil.ll5478 9.88755 "'.16138 "'.59076 "'.21219 9.37598 "'.25187 "'.1637121 lil.397"'1 121."'1677 "'.33594 "'.11"'''48
0.80111 l!I.21111l 11l.995 l!I.995 11l.11I5836 ll.89197 0.17"'09 0.6"'722 l3.Z2ll76 ".39942 0.25690 Il.18829 0.30745 9.02659 0.33595 1l.0"'152

121.800 ".800 0.2"" 0.2e", 0."'423ll "'.87lil61 0.14723 0.53835 121.21843 11l.31337 "'.28698 lil.1t4411l ll.33591 121.11l"'684 0.3417e lil.f2J0011l7
"'.80ll "'.Bll0 "'.2lil0 0.800 0.ll5254 9.88322 "'.16707 "'.57574 lil.2341H "'.35583 121.29298 l3.14511l8 "'.33609 "."'1167 "'.3417lil "'."'0lilZ0
121.800 9.8"'ll lil.2lil'" @.995 13.05604 0.88753 "'.17479 "'.59031 11l.24lil94 ".37470 "'.29622 11l.16185 lil.33623 9."'1613 "'.3417lil "'.lil"'"45
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Table 1 (continued)

Albedo TO = 0.1 '0 = 0.5 '0 = 1.0 '0 = 2.0 '0 = 5.0 '0 = 10.0

13 .8Q\l~ 13.81313 13.81313 13.21313 13 .1~5417 13.88326 13.181368 13.57691 13.25658 13.35851<l 13.31537 13.14777 13.341387 13.131189 111.34186 13.131313213
0.81~l~ 13.81313 13.81313 13.81313 13.136498 13.89651 111.2135613 13.62199 13.281315 13.41624 13.32795 13.19727 "'.34168 13.132292 "'.34187 "'.@131365
13.8Il'" Il.8MI "'.8Ill3 13.995 1~.136867 1"l,9@1135 "'.21541 (11.63977 ll'291389 13.44266 @.33519 "'.22636 @.34243 0.133454 13.34187 "'.13131713

13.800 13.81:"'" 13.995 13.2130 L~.05824 0.887613 13.19384 13.5'12139 0.27395 13.37914 0.33181 0.16732 0.34554 13.01723 0.342113 13.1301348
13.8l~ll ll.8130 0.995 0.81313 @.t36924 13.9131137 fl.221395 13.641il42 a, 3111 ee 13.44472 0.34'961 e.Z313Za 1il.34765 fl.fl3658 13.34213 0.a"'187
til.8~lll 111.8"'0 "'.995 "'.9·~5 "'.a731il13 "'.9a569 "'.23166 13.65956 13.31465 1il.47513 a.361il29 13.26865 13.3499'" a.135990 0.34221 "'.0In1a

0.8013 a.995 "'.200 "'.20@ a.ll4678 a.87477 @.164'12 "'.55162 @.24644 13.330a3 a.3Z3B4 3.12BSZ 0.36477 @.013973 0.3513~6 13.001H8
0.8Il'" "'.995 "'.2"'''' 1il.8l~'" a.135719 0.88755 13.1861il9 "'.59l~78 L~. 26417 13.37597 13.33166 13.16369 0.36514 "'.1il1677 1il.3513a6 a.1il1il048
0.800 0.995 13.213'" a.995 1il."'61375 1il.89193 a.19435 13.be6"'5 a.2721il4 1il.39646 a.33589 "'.18315 a.36544 13.132329 13.35@136 13.13IH08

a, 800 0.995 0.81il13 13.21il0 "'.135887 13.88763 1il.21il122 '13.59291il 0.29124 0.38113 0.36358 "'.1705a 0.37761 1il.13181>4 13.35139 13.0"'1356
l~. 8@'" "'.995 "'.8130 0.80a 13.136986 13.90107 0.228131 0.641<l41 13.31859 0.44471 "'.38l'199 "'.23a213 0.37969 0.l'I3658 13.35143 13.13IH87
0.8l'13 0.995 13.8130 0.995 13.07362 0.90568 0.23857 13.65918 l'I.33112 l'I.47397 0.39115 13.26573 13.38165 0.13558'" 13.35148 13."'l'I492

"'.81313 "'.995 0.995 13.21110 13.1363131 0.89204 13.21557 0.61il923 0.31191 lil.411482 1l.38749 0.19622 13.39153 0.02941 1l.354113 0."'13170
Il.8@13 13.995 0.995 13.81313 13."'74213 0.913572 0.24478 1l.66028 13.34453 13.4776Z 1l.413115 1l.27417 1l.39806 1l.06479 1l.35454 lil.00694
e , 8013 1il.995 0.995 0.995 0.07803 0.91041 0.Z5635 1l.68055 0.359711 1l.51162 1l.42867 1l.32278 0.411549 1l.10996 1il.35563 0.l'I2f23

L~. 995 0.2130 0.2130 13.200 13.03417 13.86249 1il.1271il9 1l.51611 13.21il521 1l.28992 0.3141>4 lil.l1il023 1l.5a331 1l.01il554 1il.651il52 1il.01301il6
Il.995 "'.2",a "'.20'" 0.800 0.04408 0.8747Z 0.14469 0.55033 0.21793 8.32714 0.31895 1l.12557 1l.50342 1l.1l1ln9 1l.651il52 1l.1l"''''17
0.995 0.200 1l.21il1il "'.995 "'.1l4746 1l.878911 1l.15151 8.56362 13.22351 11.34358 0.32125 0.13941il 0.50350 0.01275 0.65052 0.1il0037

111.995 0.200 a.8a0 1l.2011 0."'4562 0.87478 1l.15557 1l.54959 1l.23395 8.32573 1l.33211 "'.12347 lil.50543 1l.00858 0.65058 0.110"'14
lL995 0.200 0.80'" "'.8013 0.056136 1l.88755 1l.17733 1l.591131 lil.25237 1l.37469 1l.341126 1l.16185 1l.511581 1l.1l1613 1l.651158 1l.13IHI45
@.995 0.2013 0.81313 1l.995 0.05963 0.89195 0.18586 1l.606311 0.26067 1l.39686 1l.34486 0.18398 0.5"'616 0.02396 0.65058 0.0"'116

0.995 0.2013 0.995 0.Z00 1l.134953 1l.87888 0.166660.562M 0.24671 '.34172 •• 3411.3 0.13638 0.511718 0.l'Il141 lil.650b5 0.001328
13.995 1l.2013 0.995 1l.8013 1l.lilb131b 1l.89194 1l.1911211 ".611blil5 ".2b811b lil.39646 ".35254 1l.18315 1l.508112 1l.1l2329 lil.65066 13.1101118
0.995 0.213@ "'.995 0.995 13.131.380 0.89641 1l.19945 1l.62317 1l.27779 0.42153 ".35890 1l.211198 0.511888 f/I.03699 0.65069 0.l!I0340

0.995 0.800 111.2013 0.2130 1l.04751 0:87481 1l.17594 1l.552Z4 1l.27733 1l.331118 1l.411239 1l.12977 l!I.57585 1l.1l11111 1l.691127 0.1313019
@.995 @.800 0.2110 0.800 1l.1l5791 1l.8875'7 1l.197115 ".59113 lil.295111 0.37660 1l.411122 9.16472 1l.57624 9.111731 1l.691128 1l.00G52
1il.995 0.8130 111.2013 0.995 1l.06146 0.89194 1l.Z1l527 1l.6lilb29 lil.311283 8.39687 1l.41445 0.18399 0.57655.0.02396 0.691128 0.00116

G.995 "'.8130 0.8l'10 0.20l'1 13.05958 1l.88764 1l.21175 1l.59274 lil.32111Z 0.381132 1l.44021 1l.16887 1l.58726 1l.1l1785 1l.69138 0.001352
@.995 13.8013 G.800 0.8G0 13.G71355 1l.911106 1l.23835 lil.63977 lil.34794 1l.4426b ".45691 1l.2263b 0.58909 0.113454 0.69141 lil.13l'11711
111.995 13.8130 0.811113 13.995 111.07431 0.911566 1l.24883 1l.65833 "'.361123 0.47126 "'.46656 13.26028 0.5908f/1 "'.05216 lil.69146 0.1313445

0.995 13.8111'" 13.995 0.21313 0.131.371 0.892"'4 1l.22587 0.611872 0.34102 0.4"'296 1l.46232 0.19215 lil.59814 "'.021.15 1l.b931311 "'."'0125
1;1.995 1il.81313 0.995 0.8130 "'.07489 1l.90569 1l.25483 1l.b5919 "'.37292 0.47397 1l.48619 "'.26573 "'.603135 1l."'55811 0.69326 1l.013492
0.995 0.800 0.995 13.995 13.137871 0.91037 1l.26629 1l.b79211 1l.38770 ".507112 1l.51il059 0.31099 0.60833 111.09176 0.69377 0.01603

0.995 13.995 0.2GG 0.21313 13."'52138 0.87904 13.19513 0.56644 13.31015 0.34990 0.45366 13.14737 0.1.5051 0.1111538 0.76518 13.00055
0.995 0.995 0.21313 13.8013 0.06264 0.89198 0.21770 13.1."'724 13.33l'138 1l.39941 l!I.46411 0.18829 0.65146 13.132659 0.76520 0.130152
0.995 0.995 0.2130 1l.995 0.06626 0.89b41 0.22651 0.62317 0.33937 1l.42153 13.41.979 13.211398 0.65223 0.a3699 0.76522 0.003413

13.995 13.995 0.800 0.200 0.136437 0.892139 0.23409 0.609911 0.36188 1l.406G5 0.51181!l8 0.19794 13.68454 0.133036 0.77899 13.00182
13.995 13.995 G.800 13.8G@ 0.07553 G.905713 0.26274 0.65956 0.39339 0.47513 0.53196 0.Z6866 f/I.69013 1l.05990 0.77939 0.11113610
0.995 0.995 0.800 13.995 0.137934 0.91037 13.27401. 0.67921(1 @.413786 13.507131 1il.54596 111. 31L~99 a.69543 0.1119176 13.77997 0.0161113

13.995 13.995 0.995 0.200 13.136858 G.89656 0.24951 0.62712 0.38588 0.4322Z 0.54131 111.22936 13.72317 13.1114925 0.813874 0.01(1586
0.995 0.995 13.995 f/I.800 0.07994 0.911341 0.28081 I'" 68055 111.42363 13.51162 0.57686 13.32278 0.74184 13.10996 0.81482 0.132423
0.995 0.995 13.995 13.995 1~.ll8383 0.91517 Il.293230.70179 111.44124 0.54884 0.5988111 0.38154 0.76360 13.18923 0.82841 13.08667
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EFFETS D'UNE VARIATION ECHELON D'ALBEDO SUR LA REFLECTIVlTE ET LA
TRANSMITTIVITE D'UNE PLAQUE ISOTROPIQUEMENT DIFFUSANTE

Resume- La reflectivite et la transmittivite d'une plaque a faces paralleles, diffusant isotropiquement, avec une
variation echelon d'albedo dans Ie milieu, sont determinees pour un rayonnement :i incidence isotrope. On

prescnte des resultats exacts sous forme de table pour un large dornaine de variation de l'albedo.

EINFLOSSE EINER SCHRITTWEISEN VERANDERUNG DER ALBEDOSTRAHLUNG AUF
DIE REFLEXION UND DIE TRANSMISSION EINER ISOTROP STREUENDEN PLATTE

Zusammenfassung - Die Reflexion und die Transmission einer isotrop streuenden plan-parallelen Platte bei
schrittweiser Veranderung einer einfach streuenden Albedostrahlung innerhalb des Mediums werden fiir eine
isotrop einfallcnde Strahlung bestimml. Es werden genaue Ergebnisse in tabellarischer Form angcgebcn, die

einen breiten Bereich der Albedostrahlung abdecken.

BJIlUIIIlIE CTYflEHYATOrO H3MEHEHH5I AJlb6f:LlO HA OTPA)I{ATEJlbHYIO H
I1POI1YCKATEJlbHYIO CI10C06HOCTH mOTPOI1HO PACCEHBAIOWEfl nmrru

AIlIlOTaUHlI-Ll~ll1I1JOTPOIIIIOnanaiouiero I13Jly'lellllll onpenenenu orpaxarensuas II nponycxarensuas
cnocofiuocru InOTpOUIIO pacceuaatouteii nnocxo-napannensuoli nnnr sr npn crynensarovt 113~lellellllll

onuoxparuoro ansfieno paccesuns B cpene, 3aTa6ynllpoBanbi TO'lllble pcaynsrursi .lLlll umpoxoro
zuianaacaa ansfiezio.




