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CHAPTER I
ABSTRACT

The problem of radiative transfer in a pure absorb-
ing, emitting and non-isothermal medium between parallel
plates is investigated taking into account the effect of
anisotropic scattering due to local inhomogeneities,

A mathematical method utilizing idempotent 1s ap-
plied in the discrete heat flux model. The method, which
provided only a homogeneous‘solution, 18 modified to fit
the specific physical conditions, and a particular solu-
tion is developed by the author. All the necessary proofs
and discussion of the limiting cases are thoroughly
covered. |

A linear or parabolic temperature distribution,
which is equivalent to the case of a variable heat source
(or sink) locally distributed, is assumed in the medium.
The monochromatic net heat flux at a bounding wall iﬁ a
medium of a constant particle size parameter was obtained

numerically by a high-speed computer. The total net heat
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at a wall with a medium of a given diameter of particles is

computed in an example.



CHAPTER II
INTRODUCTION

The radiant heat transfer problem involving absorbing
and emitting media has been solved by Usisikin and Sparrow (1)
by numerically 1ntégrating the integral equation. Deissler
(2) has solved the problem by using a diffusion model with a
higher order Jump boundary condition, and Howell and
Perlmutter (3) have investigated the same problem by utiliz-
ing a Monte Carlo method. None of the authors took into
account any effect of anisotropic scattering in the medila.
The scattering effect may not be negligible in case of a
medium having local inhomogenelties or dispersion particles
which absorb, epit and scatter the radiant energy. A
thorough analysis considering the scattering effect in an
absorbing and emitting medium'between parallel walls was
developed by applying the discrete hest flux model by Love (4).
AThe special casé of radiant thermal equilibrium in an absorb-
ing, emitting and isotroplic scattering medium discussed in
the latter's work actually corresponds to a pure absorbing,
emitting and non-isothermal medium considered by the other
workers previously mentioned, since anisotropic scattering

may be treated as an emission mechanism. An appropriate

3
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comparison may be made as indicated in Figure 1 of the results
of these authors. It seems that all these models are in a
good agreement; however, the discrete flux model could serve
more complex problem after introducing a mathematical method
by Frame (5) with certain modifications to fit the physical
problem as pfopbsed in this work. Although a certain de-
ficlency of the disérete flux model at a lower order of
approximation was indicated in the special case proposed by
Churchill, Chu and coworkers (6), the author would suggest
that engineers and sclentists in this field at least use the
results hereafter as an initial estimation for further re-
finements, comparisons and iterations in the problem.

In general, all the cases discussed in Love's work
may be considered as an effort to seek, with certalin rear-
rangements, the solution of a set of simultaneous, homogeneous
(or non-homogeneous differential equations having a constant
as its particular solution) first order, linear differential
equations by which the equations of radiant heat transfer are
formed. The present analysis differs from Love's work in that
the particular solution 1s not a constant due to a non-
isothermal temperature distribution in a medium. This in-
vestigation may be considered as a further extension of his
work. |

The assumed non-isothermal temperature distribution
may be interpreted as the existence of a variable heat source

>(or sink) in a medium or it may be considered as the combined
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effects of conduction and conQection. In Usiskin and
Sparrow's work, a certain temperature distribution may be
found for a predetermined heat source if the relation be-
tween the temperature and the emisslive power of gas 1is known.
Consequently in this work, the strength of a local heat
source (or sink) contained in a medium may be estimated for
an assumed temperature distribution.

It is interesting to note that the approach in this
investigation may be extended to the different geometries
such as concentric spheres with some appropriate

modifications.
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CHAPTER III
ANALYSIS

(a) Description and Assumptions

The absorbing, emitting and anisotropic scattering
particles are assumed to be spherical in shape with a complex
refractive index. The scattering function for the discrete
directions according to the double Gaussian formula may be
chosen from the combination of Love's and Chu, Clark, and
Churchill's work (7). The diffusely reflecting, emitting;
gray (or non-gray) walls, wh;ch were also called Jump
boundary condition by Deissler, are considered thoroughly in
the problem. Theltemperature at each wall is regarded uni-
formly constant, but one may differ from the other. The
Planck functlion 18 used to represent the black body emission.
The mass emission and absorption coefficlents {may or may not
‘be a function of frequency or wave lenzth) are considered to
be equal; this is especialiy true under thermodynamic équilib-
rium. A linear or parabolic form of temperature distribution
4is assumed between the parallel plates. The intensities for
the discrete directions are evaluated on a monochromatic
basis. The magnitude of scattering effect is supposed to be
linearly dependent on the number of the particles (or the

7
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density of the dispersion) per unit volume. This is a special
case of multiple scattering in which the scattering effect
among the particles (secondary scattering) is neglected as
appeared in Churchill and Chu's work. The coordinate scheme

for the problem is indicated in Figure 2.

(b) Homogeneous Solution

The general radiant heat transfer equation which
would satisfy the conditions described in (a) was presented

by utilizing the discrete flux model by Love as follows:

ax,, (1,41, ) & ~
My vdT 10 o 1 (r,Hny) + 55 321 a48 (+uy,41y) * Iy(7,4uy)
) |
+ 25 ) ags(hug,-ug) L(r,-ug) + 5 Tgy o (1) (1a)
J=1
a1, (7,-uy) L
" ;T 17 _ “Iy(T,-ny) + -2‘1-5- Z aJS(-ui,-fuJ) I\,(f,-wj)
J=i
n
+ o5 ) aS(uy,ony) T,(r-uy) + 5 I (r) (ib)
J=1 ’

Equations (la) and (1b) can be written in matrix form as

follows:

#*
dI (T:u)
hd *_% —
dr - M IV(T:U) = % Ibb_.\)(T(T))u P) (2)

where T(t) is the temperature distribution in the medium.

The starred characters represent the matrices as shown:



7 g LN 4
/] g
7B /
‘// Scattering Effect for a ;;
jﬁ |Spherical Particle /
Z 4
. 1
2'. ™ T | ;
7 ; ‘7
/) 1 s

u=-{// _ p=1 ;/-
? | dx = p dS ;
/ M= cos 0 /
41— Y/
// /
x=0

— "

Figure 2., Coordinate .Scheme for a Plane Parallel Axially
Symmetrial System
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IV(T:+U1)

Iv(T:+u2)

. MG
Iv(T’U) B IV(T:‘Ul) (28)

IV(T:’U2)

Iv(T:“un)

poee —

/w3
1/up

1/u,
-1/u1

By introducing the principle of recliprocity for single
scattering,
S(+Um:+Un) = S(’“m:‘“n) } m= lxexo-on

S (+ups -up) = S(-up,+up) ° n=1,2,...n
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Then
. A* B* (20)
M = 2c
B A"
where
§ a'S' a S' a S' i
<}_;_,+ i 1,1:)) 251,2 o, n°1,n
My Hy Hy Hq
f ! R (]
2182,1 (__1_ , 2281,2 ) . anS2,n
. Ho 7N Hp Mo P Ho
A = * [ ] * .9 [ 2
a é' a é' o a.S'
lun,l , 2°n,2 , ., <};L_+ n"n,n )
n Hn Hn o
B ' g ' N
218),-1 2237, 2 ’ an31, -n
s s e s 0o
K K1 H1
f 1 1
818> _1 ’ 8085 o , ’ 8182, -n
* Ko Ho Ho
B = L] [ ) ® & ¢ ® o 0 0 *
Sl [ . .g
831°n,-1 8s3n o 8n8n, -n
Hn Hn My
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and
' o .-
Sm,n = 55 S (+up, 41, ) m=1,2, ... n
' } (2d)
o
Sm’-n = ﬁ S(+um,-un) n= 1,2, e o 0 n

The homogeneous part of the solution to Equation (2) by Frame
is

»
I;’v(f,u) =M Te* | (3)

. _ :

where IH v('r,u), c* are 2n x 1 column matrices. The latter
>

willl be determined by the boundary condition of the problem

and

' AT
Mo ) et (1)

xj are the eigenvalues of the matrix M* and E; are the idem-

potents (each one is a 2n x 2n square matrix) of the matrix M*.
The definition of idempotents (Appendix I) appears

in abstract algebra texts such as Perlis' (8). However, the

application of the ldempotent in solving the simultaneous,

homogeneous differential equations as indicated in Equations

(3) and (4) and the methematicai manipulation for computing

the idempotents are contributed by Frame. The expressions

for the idempotents in the latter's work are as follows,

£% = q, (4" (5)

| q:]().) = (X — i‘;?)fl(xj) (6)
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Therefore Equation Y(3) becomes
2n

AT
Ip ,(Tm) = le e qy(uf) c* (7)

It can be seen that M* is a nonsingular matrix which has 2n
distinctive eigenvalues. These eigenvalues'can be grouped
into n pairs; the components of each pair are numerically

equal but opposite 1n sign, such that
lljl = leJl for all j = 1,2, ... n (8)

The computation of eigenvalues will be discussed later in
the paper.

Both the eigenvalues and the corresponding eigen-
vectors of the métrix M* are involved in the homogeneous

solution introduced by Love. The relation may be written,

MY, = xjyj j=1,2, ... 2n (9)

Jth normalized

 where Yg, a 2n x 1 column matrix, is the
elgenvector corresponding to the Jth elgenvalue, lj,‘of the
matrix. In the present problem, the diagonal elements of M*
are dominant over the others; it always appears that the Jth
element of the 2n column matrix, Yy, is 1 and the other ele-
ments are numerically less than 1.

'waever, the elgenvalues and idempotents are used in
this approach. To the author's knowledge, an idempotent may
be called an "Eigen matrix", which concept does not appear

in the literature, for it has the following property,
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quJ(M') = Ajq4 (M%) 3=1,2, ... 2n  (10)

The proof of Equation (10) is in Appendix II. Furthermore,
it is understood that every column vector of qJ(M') is a
product of Y; multiplied by a constant such that

qJ(Mf) = [01Y;: czyg, ... ciyj, o CnY;] (11)

where Cy are distlinctive constants. In the present case, it

always appears that

Ci=l when 1 = J
leyl <1 14

Therefore qJ(Mf) may be considered as a normalized eigenmatrix.

Evidently, Equations (10) and (11) imply the relation
in Equation (9). Thus, the homogeneous solution is the same
in these two methods. However, the use of idempotents may be
more powerful for the developing of a particular solution for
a non-isothermal medium.

It is important to note that the terms of the summa-
tion at the left-hand side of Equation (7) are dominated by
the term which possesses the largest positive eigenvalue such

that
2n AsT A T
z: e d q.(M*) c* = e 1,max qi(Mf) c* (12)
J=1 J ,

where Xi,max is the_largest positive elgenvalue of Mf.

Each term of the summation at the left-hand side of
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Equation (12) can be proved to be a homogeneous solution for
I:(f,u) (see Appendix III). However, in utilizing a single
term as the homogeneous solution, for example I:(T,u) =

A T
e Lsmax qi(M*) c*, the solution will include the trivial

components for the direction other than uy. This may be ex-
plained by the fact that qi(M*) is’' characterized for a spe-
cific direction py. In order to get the homogeneous solution
without any trivial components, Equation (7) cannot be
accepted directly as the solution. The final homogeneous

solution was modified as follows,

oY e a,, 0" )¢ (13)

where r,, the optical spacing between the parallel plates, is
indicated in Figure 3. The validity of the equation can be
proved by a direct substitution. Each term of the summation
in the equation thus contributes an appropriate amount to the
solution without dominating the others. Alsuv TGquation (13)
indicates that a linear differential equation in a matrix form
carries the same basic characteristic of an ordingry linear
differential equation. The cholce of a minus sigh between

the two summation terms in Equation (13) was made because the

elements of the matrix indicated in the dutmost parenthesis



? (10~ T) 7 %d—l—ﬁ = /
/) o” T/ /] L/
7 = j /] t %

% 7 /
/) .U 4 /
7/ e 7 /
7 2l %
/] % A L/
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at the right-hand of the equation tends to converge with

increasing of 15 under a numerical computation.

(¢) Particular Solution

The particular‘solution of Equation (2) may be ex-

pressed as follows,

» ¢ -Ingl(r - t) -
) =3 ) e ay(M*) Iy (7 (t))at *
' o J=1 :
(S gl -0
- FS ) e Qg4n (MF )Ty, o (T(8))dE 0*
T J=1
(14)

where t is a dummy variable as indicated in Figure 4. The
term‘Ibbvv(T(t)) may be expressed in the form of Planck's
3

function,

3
(p(8)) = 2~ L (15)

I
bb, Vv
2 co

e (t) -1
In this investigation the temperature distribution was ex-
pressed as follows in referring to Schlichting (12)

T(t) - T
1l _ T T
= — 4 N — l] - —
T2 - Tl T T ( T )

The proof of (14) was done by a direct substitution (see
Appendix IV). Since the consideration of an expansion of
Planck function into a convergent infinite series 1s not

possiple unless v and T become dependent, which is not
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desirable in the present case, the integration is carried out
by the double Gaussian formula. Combine Equations (15) and

(16) with some appropriate transformations,

* ® L < "p‘ ‘(T‘ ' ) *
Ip,v(f,u) = E-[T E: z: a, e J T qJ(M ) Tpp,v(T(t3))

J=1 1i=1
' n m -Ix (- )%
- (rg - 1) le 121 ape 00 a0 1, ()] E

(16)

where t3 = x47, 0O<t<r
! 1
t1=x170+(l-xi)'r, Titi‘fo
ai,xi (for 1 = 1,2, ... m, where m may differ from n)
are welght factors and ordinates of the double
Gaussian formula for m degree of approximation.

In a particular case of an isothermal medium of

temperature Ty,

Ibb’v(T(T)) = Ibb,v(Ta) = a constant

Equation (14), after being integrated, becomes

| | -1x,1
et -8 i) (e -
-|13|(70 - 1)
+ liJl'e qj-}n(".)" |—:'J—| qJ_m(M.) )If' Coan
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The second and third terms in the parenthesis of the equation

may be included in the part of homogeneous solution, thus

I;,V,iso(u) = n Iob,v(Ta) 2: (qJ(M ) - qJ+n(M )™

el (18)

The particular solution of an isothermal medium was verified

to be Ibb,v(Ta) by Love under the condition,

Zl [ajs(ui:uj) + aJS(uis“uJ)] =2, i=12, ... n

Since in case of anisotropic scattering the assumption 1is
precisely held only when n approaches infinity. Therefdfe
it is left to be determined whether the part of relation in
(18) implies, | |

11 i -2 (a,(m") (M*))ia* o (19)
e j=1 1Ayl * Ty T B/x
B/x

Although the correctness of Equation (19) may not be rigor-
ously proved, it can be proved convinecingly by direct numeri-
cal computation (see Appendix V) -and the foilowing example

of a limiting case: '

In a pure absorbing and emitting medium,



20

] =T
3t = T
and
i —
(a,(M") - a,, (M) 2
J‘l J ) J+n ) ‘le
“r -
0 W 0 o] 0 o] l/u2
o o wy, O 0 0 v
= {0 o0 0 - O 0 ~1/u1
0O O0 o] 0  -uy- 0 -1/u2
O o 0 0] 0] “Up -l/un
1
1
= . (20)
1

Since 8/x = 1 in this case (for ¢ = 0), Equation (20) is a
proof for a limiting case.
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It is noteworthy that the part of the solution con-
tributed by the scattering effect is not a function of a
degree of approximation, n, in the limiting case of an
isotropic scattering or a negligible scattering (a special
case of an isotropic scattering). The closeness of the
numerical résults between the left and right-hand sides of
Equation (19) may give us some idea about the accuracy of an
approximation, provided the numerical value of the angular
distribution coefficient, scattering function, and the ratio
of mass scattering to extinction coefficient chosen from Chu,

Clark, Churchill (7) and Love (4) are sufficiently accurate.

(d) Complete Solution and Boundary Condltions

The complete solution for intensity I;(f,u) may be

written as follows:

: 2 -|k K
) = 1 () + 33 () = (L e ay (")
o |
=yl (rg - 7)
- - e J (o] T qJ+n(Mf) ) G’
TR -agl(r - t)
%(S z e AN qJ(M') Tpp, v (T(t))dt
o J=1
L N IATCREY

By ) Ty, (2())at DT (2la)

-§ ) e

T Jm=l
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or by quadrature,

L -IleT »
1y (r,m) = ( Zle ay (M)
I=

n

-Ile(fo - 1) * #
) JZA . Ui () ) ©

n -] (r- Xif)
+ 5[ le 121 aj e ay () Ty o(2(t;))

m

. L ' ‘l* |(7 - ) ' » .
- (15- 1) JZ; izg ay e JWI\To ~ T)Xy qJ+n(M ) Ibb,v(T(ti)) ] H

(21b)

where t, is referred to Equation (16).
In the limiting case of pure absorbing and emitting

medium, EBquation (2la) becomes.



I;(T:u) =

7-t
M1

© O O O

O O O o
O O O o
O O O o
O O O o
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[ 10 7
0 0 o o0 0 0 1/uy
To 0 0 0 0 0 0 1/u,
0O 0 0 0 0 0 1/u,
L
-\ Ipp,u(T(t)) JO O o my O 0 -1/uy
_t-T
00 o o ) 0 -1/ug
e
. _—P-:—T- .
7 0 0 0 0 0 . ¥ -1/u,
(22)
Equation (22) may be rewritten as follows,
T LIt
M1 M1 dt
I (t,Hy) = Cy e &+ § e T Iy (R(8)) (23a)
_To7T S e
M o u
' i 1 dt
I,(t,-py) = -C4 e + S e Ipp, v(T(t)) vy (23b)
T
where 1 = 1,2, ... n

It is easy to see that
1
Ci = IV(O’+ui) H ci = -IV(TO’-“i)

Therefore,

dt



I, (7, +uy) = I,(0,4py) e o § e 't Ibb,v(T(t))dt (24a) -

_To-7 t-r

: Ky B4 .
I,(v,-Hy) = I, (10, -ny) e +{e Ty J(r(t)as  (aub)
T

The above equations will be exactly the Chandrasekhar
(9) formula for parallel plates, axial symmetﬁ& case by re-
calling the fact that Iv(T,—Hi) defined in the present case
is equivalent to I, (r,+u;) in his case.

Since a total heat flux at a bounding surface, Q(0)
or Q(rg), is of most interest in the present investigation,
the net monochromatic heat flux on a wall, Q,(0) or Qy(to),

should be obtained. To do this the following steps are

followed,
» S S 'li‘*O » » »
15 (0,u) = JZ; q; (M) - JE% e 2yn (") * + 18 (0,u)
(25a)
¢ -yl S
» J'o #
I3 (room) = ( le e ay(M*) - J; Q") ) C
#*
+ Ip,v(tgsm) (25b)

Eliminate C* between Equation (25a) and (25b)

* : *_& *_® *_»
D I3(0,1) - G Iy(ro,u) = DI (0,u) - 6T | (7o,n) (26)
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where D’ is the inverse of the matrix,

n

L L .
C L ay) - J; e 7% ayn ) )

=1

n

and G* is the inverse of the matrix,

n

C 2 il ay (M) - ) qJ+n(M*))

J=1

J=1

For the diffusely reflecting and emitting non-gray walls having

constant temperature T(0) and T(To) respectively, the boundary

condition may be written as follows referring to Love (4),

or

—

P

Iv(°:’“1)
Iv(o:'uz)

Iv (OJ -un)

I:(O:U) =

n
(1- pv,l)Ibb,\,(T(O)H 2p,, 1 le aJuJI\,(O,-uJ)

n
(1-py,1)Tpp,v(T(0))+ 20y le 84141, (0, -uy)

n
(1= Py, 1)Tpp,v(T(0))+ 20y 1 ) 85usTy(0,-uy)

(27a)



I:(TO:U) =
- =4 _
I\;(TO:UI) I\;(To:ul)
I\,("’o:ug) 4 Iv('ro:UQ)
I\,.(To,un) I\)(*Q:un)
R
-%La o (1= py,2) Iy, (T(T5)) + 20 5 Jz a4uyI,,(755Hy)
R n
~v,2 (1- by p)Tpp o (T(1g)) + 28, 5 J};l 8 g1 T, (7o, Hy)
R' L
2 (1- 0y, 5)Tpp, o (T(10)) + 20, 5 le 8 14Ty (7o)

(27v)

where Rv,l’ Rv é are monochromatic radiosities at wall 1 and
3
2. »p s P are monochromatic reflectivities at wall 1
v,1° "v,2
and 2.

After some necessary grouping and inversion, then
*
I (0- fo’u) = L (D (O,H) p,\)('roJu)) (28)

where
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Iv(o)—ul)
I\) (0, ‘“2)

I\,(O:'un)
I:(O- ‘ro:u) = I\)(To)ul)
Iv(fo:ua)

IV(TQ’un)

- —

Lf is a known 2n square matrix which includes pv,l’ pv,2;
T(0), T(7,); and elements of D¥,a".

Since every matrix on the right-hand side of Equatilon
(28) 1s a known quantity, I:(O-v#o,u) is thus obtained and
the same for I:(O,u) and I:(To,u). If the monochromatic
intensities anywhere in the medium, I:(f,u), are of interest,
the result may be obtained by solving C* in eithervKuation
(252) or (25b) with recalling that I:(O,u) or IJ(r,,u) is ob-
tained in the previous approach, and substituting Cf back to
Equation (21a) or (21b).

Also

Qv(o) - falul, ce anun, 'alul, s 00y -anun]I:(O,u) (29&)
_ .
QV(TO) = [alul, o8 0y an“n, -alulg o0 0y -anun]Iv(To,u) (egb)

It should be noted that Q,,(0), Q,(r,) in the above equations
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are obtained for a constant particle size parameter, a or %Q.
Therefore to get Q(0) or Q(r,) for a given diameter of
particles in the medium, Q,(0) or Q,(r,) should be sﬁbjected
to change due to the variation of a according to v. The
integration technique will be shown in the part of numerical

results.

(e) The Eigenvalues

The matrix, M', may be seen to have a possibility of
having complex eigenvalues. Fortunately, 1ts diagonal ele-
ments are dominant over the others, thus the real elgenvalues
are alwayé expected. The iterative root-removai method i1s
likely effective for obtalining eigenvalues in a large-size
unsymmetric matrix as mentioned in Modern Computing Method
(10). However, after applying the method in the present
problem, the difficulty of an oscilllating eigenvector appéﬁrs.
Even one eigenvalue could not be obtained. The problem of
oscillation may be demonstrated by a simple matrix,

4 1

P* = - (30)

When the method is applied, the following happens

1 1 1 5 ' 1
= normali;eg,.
-1 -4 1 -5 -1
1 A
where is the initial lterative eigenvector, then
1 .
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normalized
1 -4 -1 3 !

The oscillation may be observed.
Actually, the eigenvalue of P* are v/I5 and - /15. The

corresponding normalized eigenvectors,

1 -4 + /15
and

-4 + /15 1

may be found.

Whatever value 18 given to the initial iterative
eigenvector (except the true values), it will most likely
oscillate.

The oscillation characteristic of M® is somewhat
similar to Pf. However, a better method other than the
iterative root removal one was not found for the presentr
problem. Therefore, the possibility of finding an appropriate
transformation prior to using the method was considered.

In the following relation,

_ b1 ¥ 1 15 0
(P* ) 2 - P* . P{ = =
: . : -1 -4 -1 -4 0 15

It i8 interesting to note that the multiplicity eigenvalue of
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(P')Q, 15, is the square of either one of the eigenvalues of
P*, /15 or-/15. This characteristic may be extended to M',
fér the determinant

2 2 2 a2 2
g U% - M*] = ay U"° - M*] = [(agu* - M¥) (3T* + M%) |
= Iu* - M*] [\u* + M*]
= -f(Ay) £(-Ay)

ence |\ U* - M"¥| = 0, 1f £(Ay) or £(-Ay) = 0. The last
relations denote that if Ay (or =Ay) is the eigenvalue of M*,
then apy (=l§) will be the eigenvalue of M*2. 1r ay is found,
Ay will also be obtained with some Jjustification of its
appropriate sign. If ay is a negative,AkM will be a complex
number. If each positive ay has a multiplicity; the pairs of
a positive and negative but numerically equal of Ay's may
appear. This 1s the case of this investigation which had
been indicated earlier in Equation (8).

The above transformation may also be applied to a
matrix similar to M* but without a multiplicity in ay. The
type of matrix will be seen in different geometric
configurations.

Since the diagonal elements of M*a

are positive and
dominant, then the iterative root-removal method becomes

appiicable and the oscillation disappears.



CHAPTER IV
THE NUMERICAL RESULTS

(a) General Discussion of the Results and a Comparison

with Love's Isothermal Case

The computation for the radiant heat transfer between
parallel walls separated by a non-isothermal medium were
programmed by using a third order quadrature approximation.
The program was written in two parts:

(1) the scattering functions and the eigenvalues of

the matrix M"

(2) the idempotent, the particuler solution, and the

| net monochromatic flux at bounding walls.

The language used was Fortran for both parts. The
first part was run on the IBM 1410 while the second part, for
which lafger storage and computations were required, was run
on an IBM 7090. The computer prbgfams are listed in |
Appendix VIII.

The variables and the data points of each varilable

involved in the computation are as follows:
m= 1,25 -1.251 , 2.00 - 0.6041

To = 0.2, 1.0

32
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Py1sPp = 0.1,0.1; 0.5,0.5

T,,T5 = 2000,4000; 2000,6000; 1000,4000; 1000,6000; 500,4000;
3000, 8000°R

'ﬂ=0,2:4

a =0, 0.6, 1.0, 2.0, 3.0, 4.0

v = .01, .18, .36, .90, 1.80, 3.60, 7.20, 14.40, 57.00 hr -

The results for Q\,(O)/Q\‘,,bb and Qv(To)/Qv,bb were tabulated
in Appendix VII.

Since the computations are fairly cumbersome, merely
the essential data have been calculated. However, the informa-
tion may well present a general and basic characteristic of
the problem. For example, the nine points of frequencies
would ccver the wavelengtns through 0.18 to 1080 microns.

The thermal radiation band is within the region. Although
the data for the particle size parameter larger than 4 has
not been computed, it may be reasonably assumed that they
remain constant after that point. This point could be
strongly supported by Love's work. In his case of isothermal
medium the heat transfer parameters M, N, and Q are essen-
tially constant for @ > 4. It is well understood that only
two of the thiee parameters are 1ndependent. The independent
parameters, if N and Q are chosen, may be related to the
parameters, Q,(0)/Qy,pp and Q,(7,}/Q, pp, used in thiz work

as follows:
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1 UIy,pp(Ta) - Iy,pp(T1)) N '

Q,(0)/Q by, = [ Ty oo Mol = Ty pp (1)) 7 ] (31)
Iy, bp(T2) - Iy,pp(Ta)) N

Qv(To)/Qv,bb = [ n(Iv,bb(Té) -‘T;;bbiii)) + ﬁ'] (32)

The direction of heat flow at a bounding wall is defined as
a positive if the flow direction is from the right to left;
and a negative if otherwise.

It may pe easily seen that the terms in the left-hand
side of Equation (31) and (32) are constant if N, Q are con-
sidered to be constant for @ > 4, 1In addition to this point
some of the computed results as shown through Figure Ta,b to
iea,b indicate the same characteristic may be held for the
non-isothermal case. That the accuracy of Q,(0)/Qy,pp (or
Qv(fo)/QV’bb) is decreasing for larger a's may be explained
by the fact that the sum of

n n
%-[ E; aJS(ui,uJ) + El_aJS(ui,-uJ) ]

J=1 J=1
deviates much more from 1 at every uy for the a's. In the
other words, S(“i’“J) and S(“i"“J) may not adeqﬁately repre-
sent the scattering functlion for very large a's. The reason
for this may be explained as follows. (1) The.larger a, the
more angular distribution coefficients are used for computing

the scatteéring functions. The accuracy of the coefficients
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in Chu, Clark and Churchill need be further studied. (2) The

Legendre polynomials for (ui,uJ) directions in Love's work
may require a more refined work in integrating the function
with respect to the azimuthal angle. A comparatively higher
inaccuracy existed for @ > 4 may be the other reason for not
computing the results beyond that point.

In order to get a general plcture of the numerical
results, the case of the linear temperature distribution with
T1 = 2000°R and Tp = 4000°R was chosen as an example. The
curves, which may well show the effect on radiative transfer
due to a change of the wariables involved, were plotted.
Qv(o)/dv,bb (or Qv(*o)/Qv,bb) versus a using v as a parameter
ﬁéé shown through Figures Ta,b to 12a,b. In each designated
pair of figures, the net monochromatic heat flux at a wall
in the parallel plates system was described. Besides the
three variables, v, a and Q,(0)/Q, pp (or Q,(75)/Qy pp), an
additional variable such as optical spaciﬁg (or reflectivity,
refractive index, temperatures at the bounding walls ... )
was lnvolved to show the effect of the specific variable on
heat transfer under the conditions described in the figures.

Turning first to Figure Ta and Figure 7b, it may be
observed that the curves of 15 = 0.2 are relatively higher
than To = 1.0 for the corresponding v's. This is physically
reasonable in that the increase of 1, mist increase the re-
sistance of radiative heat flow. The curves of 1, = 0.2 are

relatively flatter than vog = 1.0. This is consistent with
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the fact that the scattering effect is smaller for a thinner
optical spacing.

It may not be easy to see that the curves are moving
up with decreasing of v for wall 1 while with increasing of v
for wall 2. However, an evidence to support this may be
shown witﬁ.the aild of Love's work. If a constant temperature
of 3000°R is substituted for the linear temperature distribu-
tion of the medium and the rest of the conditions are held
the same, then the values of heat transfer parameters, N and
Q namely, may be found in his work. . Agcording to Equations
(31) and (32), the corresponding values of Qv(o)/qv;bb and
Qv(fo)/Qv’bb may be computed. The curves of the lineéar and
constant temperature distributions were compared for three
different frequencies as shown in Figure 13a and Figure 13b.
The trend of the variation of curves with respect to the
'frequencies at each wall is thus confirmed.

Focusing attention on Figure 13a, the curves for
isothermal and linear temperature.dietributions are close
together especially at.the higher frequencies. Since Ve is
near to the frequency of which Qv,bb is the maximum, as shown
in Figure 18, and Qv,bb is comparatively negligible at v,,
it is not surprising that the total net heat flux at the
wall for the case may be closer than the monochromatic case.r
This trend may be roughly verified. For the simplicity of
explanation, the cases in Figure 5a and Figure 5b may be

approximated by the case of a pure absorbing and emitting
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medium between black walls. Then the following relations

may be approximately held: In Figure 5a,

N (e-l/u 3/u) + T el

4
Q(0) = olT, 2 1

-7 ] (33)

In Figure 5b

-1/4 - -
Q'(0) = o[(Tg, e v + Tgl,'e 3/L‘) + Tg et - Tg 1 (3%)

Under a numerical computation of the above equations with
the assumption of Ty, = 2000°R and Tyy: = 4000°R, the result,
Q(0) = 314,600 Btu/ft2-hr and Q'(0) = 302,500 Btw/ft2-hr, may
be obtained. A more accurate comparison may be made by
dividing the medium into many more fegions.

In the same fashion, the net heat flux at wall 2 may

be written: In Figure 5a
Q(r) = ofth - o} (/% 4 &3 gt el ) (35)

In Figure 5b

Qt(re) = ofth - (%, My wt V) Lt ey (36)
Q(r,) = 257,900 Btu/ft2-hr and Q'(r,) = 208,200 Btu/ft2-hr
may be computed. The significant differenée between Q(To)
and Q'(r1,) was displayed in Figure 13b.
The effect of reflectivity on radiative heat transfer
may be observed from Figure 8a,and'Figure 8b. It is physically
reasonable that heat_tranéfer 5ecomes much more difficult on

the walls for a larger value_df reflectivity. The relatively



/

Z 2 %
/] / /] /
/ o,/ /T,
/] 05 / (>
/) | % / /
g o a4
/] V /] 3 4 / o/
é . / /B v 4 ;
:;;%ﬂo 3 . ;; :j %ﬂﬂ;;
g I A R g /] //
7 A 7
/] 3 / /) %
/)& "o / f 3.

. /) AR s R A L LN

Py 7/ L ; pl?w ! ?
/T I 11 / A1 1T’ ﬁ//
=0 T=T =0 T=T
wall 1 Wa11’2  Wall 1 Wall 2

(a) (b)
B2, o - o0
TR
Filgure 5. Sketch for an Approximate Explanﬁtion of Net Heat

Flux at a Bounding Wall in the Linear and
Isothermal (with T, = Average of T; + To) Cases

38



39

flattening trend for Py = Pp = 0.5 as shown in the figures 1is
the indication of a comparatively small effect of anisotropic
scattering. This point may be explained by considering the
larger diffuse reflectione on both walls as a bigger isotropic
stirring force. The non-directional property of the force
tends to reduce the directional property of anisotropic
scattering.

It was also displayed in Figure 9a and Figure 9b that
To 18 no longer the dominant factor of radiative transfer for
large reflections on the walls.

The effect of the refractive indices of the particles
on the radiant transfer was shown in Figure 10a and Figure 1Ob.

The effect of changing temperature of the boundaries
while holding a linear temperature distribution in between
may be shown in Flgure 1lla and Figure 1llb. It 1is understood
that Q, pp, varles with the combination of T; and T,. Since
Qv(o)/Qv,bb or Qu(7o)/Qv,bb differs appreciably for changing
the temperature, éxcépt comparing the case of T; = 2000°R,
To = 4000°R with T, = eood°n, T, = 6000°R, Q,(1)/Qy,p, should
not be the parameter for which the boundary temperatures need
be defined. It would be the author's hope that such a
parameter could be found in the further studies.

The three types of temperature distributions with the
same boundary temperatures were shown in Figure 6. The local
temperature of the medium are.comparatively increased for the

increasing of n. In other words, the incident radiation from
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the medium to the both walls is increased and consequently
the net heat flux at wall 1 is increased while at wall 2 it
i8 decreased with increasing of n. This trend can be seen
from Figure 12a and Figure 12b. Qv(o)/Qv,bb larger than 1
at certain places is physically reasonable for a medium
having a local temperature higher than the temperatures of
the boundaries. The direction of heat flow is changed when
Qv(To)/Qv,bb varies from a positive to a negative. The
crossings of curves at point 1 in Figure 12a, point 2 and
point 3 in Figure 12b were caused by the choice of the
parameter. For if Q,,(0) and Q,(7,) versus a of the corres-
ponding cases are plotted as shown in Figure 1l4a and Figure
14b, no intersections may be observed. The reason for the
intersection of curves at point 4 in Figure 12b is because
of the change of the direction of heat flow as shown in

Figure llec.

(b) Integration of Monochromatic Net Heat Flux

The total net heat flux at a wall may be expressed

as follows: At wall 1

a(0) = § o (0) av (37)
o
At ﬁall 2
Q(ro) = § Qy(rg) av o (38)
_O

Radiant heat energy 1is comparatively negligible for
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v < .01 x 1077 hrl and v > 57.00 x 107 hr'l. The following

relations hold approximately.

Q(0) = J; ag, (0) v, (39)
Q(7,) = JZI %, (0) vy (10)

—_ 1
where vy = g-(loglo vy + log,, VJ+1)

In the present computation, n = 8 was chosen and Yy, v2, e

v9 are the orderly numbers listed in the figures. Then

.170 x 10°7 np-l

AVl =

v, = .180 x 1017 nr-l
V3 = .540 x 107 hp-1
av, = .900 x 107 nr-l
AV = .180 x 1018 pp-1
Avg = .360 x 1018 hr~1
Avy = .720 x 1018 pp-l
Avg = .U26 x 1077 nr7t

To check the accuracy of

the approximate relations, the net

heat flux at a wall for black surfaces of 2000°R and 4000°R

without & medium as shown in Figure 18 was integrated.

having the value of 421,022 Btu/ftz-hr'which is 5,822

%b



Btu/ft2-hr larger than the true value, 415,200 Btu/ft2-hr
was obtained. The error is only about 1.4%; the approximate
approach should be accurate enough for application.

To calculate the total heat flux at a wall for a
fixed particle size of a medium, the following example may
be shown:

(1) Statement of Problem. Two infinite parallel
walls are spaced 0.1 ff apart. A uniform cloud of iron
particles (density = 481 1b/ft3) occuples the intervening
space. The apparent density of the cloud 1s 0.008 (1lby)(ft)3.
The particles are assumed to be spheres with a diameter of 2
microns and a refractive index of 1.25 - 1.251 for all
frequencies. There are variable local heat sources (or
sinks) distributed between the medium such that a linear
temperature distribution between the boundaries is considered.
In addition to the conditions T; = 2000°R, T, = 4000°R, and
Pp = Pp = 0.1 are assumed.

(2) Desired Information. Find the net heat flux at
wall 1. _

(3) Solution.

1. Compute aJ for the corresponding vJ.

2. Read K® from Love's work for the corresponding a,.

3. Compute ('ro)J corresponding to K%.

4. Read Q, (0)/Qv ,bb from Figure la corresponding'to the

= 0,2

values of &y and (TO)J. Since only 7, = 1.0 and T,

were computed in this work, both the extrapolations and
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interpolations for 71, may be approximately made with the
aild of Love's work as partially shown in Figure 15,
Figure 16, and Figure 17. The results of the operations

are tabulated below.

J ay K] (1) %, 018y b
1 0.005 0.10 - 037 446
2 0.104 0.24 .091 454
3 0.209 0.46 174 448
4 0.525 1.60 .608 .408
5 1.050 2.84 1.079 485
6 2.110 2.88 1.094 .566
T 4,230 2.56 972 .T36
8 8.470 2.45 .931 .800
‘9 33.000 2.45 .931 .833

Multiplying Qv (o)/Qv ,bb by QvJ,bb which was tabulated

in Appendix VI and plotting Q, (o) versus log,, Vy as

shown in Figure 19, then QV (0) may be read from the
figure. PFinally

[N

Qy (0) bvy

.00010 x 104

00450 x 10%
.04050 x 10%

.54000 x 10%
"

o oE W N

1.80000 x 10
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3 %, (0) av,
6 12.96000 x 10%
7 6.84000 x 10%
8 .00213 x 10%
Q(0) = 22.1872 x 10% = .221872 x 10° Btu/ft2-hr. The ratio

of Q(0) to @, would be 52.7%. In other words, the heat
transfer is reduced about 47.3% at wall 1 in cemparison with

the case of black walls without the medium.



To = 0.2 m=1.25-1.251
T, = 2000°R, T, = 4000°R

. ——— T =1.0 Temp. Distr. Parameter = O
- | (Linear)
Py = P5 = 0.1
| : j i
0 1 2 3 4

Figure Ta. The Effect of Radiative Transfer at Wall 1 for
the ‘Change of T,

46




.6 7.20--
//20—
va o e———— — \_/
“ 3,60 — -
é?s—— ::::1180_-
PR =——— ”’//ﬁ—“/ﬁ\i\ —
\
A .18 —
= 0.2
— = 1.0
.3 = 1,25 - 1.251
'rl = 2000°R, T, = 4000°R
Temp. Distr. Parameter = O
(Iinear)
.o Py = Pp = 0.1
1 ! i l
0 1 2 3 M
a
Figure Tb. The Effect of Radiative Transfer at Wall 2 for

the Change of To

b7



m=1.25 - 1.254
T, = 2000°R, Tp

To = 1.0
T
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Figure 8a. The Effect of Radiative Transfer at Wall 1
) for the Change of Surface Reflectance

48




m=1.25 - 1.251 - ———p; = pp = 0.1
Ty = 2000°R, T, = 4000°R ——-p] = py = 0.5
o = 1.0, Temp. Distr, Parameter

T

T - 14,40

7.20

Figure 8b. The Effect of Radiative Transfer at Wall 2
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CHAPTER V

DISCUSSION OF A DISTRIBUTION OF LOCAL HEAT SOURCE
(OR SINK) IN THE SYSTEM

In referring to Usiskin and Sparrow's work, the local
emissive power of a pure absorbing and emitting medium with a
soufce distribution (eithér uniform or otherwise) between
black walls of temperatures Ty and T, may be rewrltten as

follows,

e (7) (41)

e !
= e + e
T) med(T)

med( med

where e;ed(f) is the local emissive power of a medium for

radiative equilibrium case. The temperatures on the walls
1 !

are Tl and T2. e;ed(f) is the local emissive power of a

medium for heat source case. The temperature on both walls

?s To. And

o =

'y
aTl 4+ oT

h
= 0T, + oT

oT

i

oT

&
o =

If T, = O 18 chosen; then T} = T; and T, = T, are ob-
tained. In other words, Equation (41) states that the
emissive power of a medium with a source (or sink, if neg-
ative) distribution 18 the sum of emissive power'of the
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medium in radiative equilibrium at the identical boundary
temperatures and emissive power of the medium of the same
source distribution at zero boundary temperatures. If the
emisslve powers previously mentioned follow the conventional
representation (13), then the temperature distribution for a
radiative equilibrium case may be plotted as shown in Figure
20. And according to Equation (41) the following relation

1s obtained.

' L, , 4

ey (T/76) = o(T¥(1/76))" - a(1%(1/75))" (42)
where TL(T/TO) is the local temperature of the linear distri-
bution and T®(t1/1,) is the local temperature of the equilib-
rium distribution. The parameter, &, defined by Usiskin and

Sparrow is related to e;ed(T/ro) in the following.

1 \
emed(T/To’

Q(T/To) = SO(T/TO)/p’(t

(43)

where SO(T/TO) is a local heat source per unit volume. x,
18 the total mass absorption coefficient.

In applying their analysis, the following is obtained.

/1

YIESIBRCOIITES
BEICISNCO I NES I D

(44)
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From Equations (42), (43), and (44)

/T
s [t (e ¥ - @ e/ 0" ]
(o]

So(t/10)

[ T§t (e™5/8)as ] d(t/7,)

¢ [(Tb(t/w ))4 - (7% (t/7 ))“‘] @
0 fo) - 1
-:/§o 8, (t/75) [ th(e /8)as ] d(t/To)4';;

/7 ) [@ (/e N* - @22 N* ]
(o] (o) 0

= 5. (770) _(us)

The above integral equation may be solved for SO(T/TO)
using T, as a parameter in the similar fashion as solving for
the emissive power of a medium by Usiskin and Sparrow.

In case of an isothermal temperature distribution,
(TL(T/TO))u may be replaced by Tg'in Equation (45).

The emissive powers are not necessarily expressed in
terms of oTu. So long as a specific relation between them
is given, Sy (7/71y) could be solved. Equations (41), (43) and
(44) also hold for the monochromatic case. 1In case of
eb’med(T/To) and‘es,med(f/fo) are given functions of the
temperature and frequency, the monochromatic heat source

could be determined.
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For a smaller reflectivity on the walls, the method
could be approximately applied; however, a different approach
should be considered for a larger reflectlon.

In the problem of anicotropic scattering, a local
heat source should also be a function of a direction. It
may be too involved to be accurately solved. .

Generally speaking, the distribution of heat sourcé
in an optical spacing can be determined exactly or approxi-
mately for a given temperature distribution, if the emission

power of a medium could be expressed as a specific function

of the temperature.



CHAPTER VI
THE CONCENTRIC SPHERICAL BOUNDARIES

This model can be applied to the case of concentric
spherical boundaries. The general approach and formuleations
for the case are discussed below.

The equation of radiative transfer in an absorbing,
emitting, and scattering medium between the concentric
spherical boundaries may be written in referring to

Chandrasekhar's work as follows.

" 3Iv(1':u) + 1 - u2 aIv(r:U)

or r o
1
= -PBIV(I‘,H) + ”2_0 S I\)(r:IJ')S(u:u')dU'
-1
+ %-Iv’bb(T) . (46)

where r is the radius of sphere between the inner wall of
radius r1 and the outer wall of radius Py’ p' is used for

making distinction from u.
. Replacing the integral by a summation and considering
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H at a specific direction p,, Equation (46) becomes

2
dIy(r,ug) 1 - ui  3Iy(r,n)
r

Ky
dr o Mepy

= -pBIv(r:IJi) + 02_0 Z aJS (ui:HJ)Iv(r:IJJ) + 'g‘ Iv,bb(r) (47)

If the optical depth is defined as
dr = pB dr (48)

and pB is assumed independent of r, Equation (47) may be

rewritten as

2
Iy 1 - W3 ~ 371
e U T —= C 3ﬁ‘>L=ui
= ‘PBIi + 92'0- g: aJS (“i’“J)IJ + "g' IG . (49)

-

where I, IJ, I and iG are‘fespectively the abbreviations
for I, (7,u4), Iv(T,uJ), I,(T,u) and Iv’bb(T); 10 18 equal
pBry. | '
' ‘Following the same method used'by Chandrasekher in
the pure absorbing and emitting medium with spherical bound-
aries, Equation (47) is multiplied by aiPi(ui), where P£ is
the first derivative of Legendre function of order 4, and

summing over all i,
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+n +n
d ! L§L + 1} .
a7 Z a,mu3Py (g )T, + 5 +Z ayPy(uy )Ty
i=-n T+ T i=-n
+n +n +n
= - ) &P (u)Ly + 3 zap'() Y 248 (uyuy)T
1Pp My )1y + 55 154 Hy Jo\HysHg /2y
i=-n i=-n J=-n
+n
n ! _

i=-n

Although either single or double Gaussian quadrature may be
applied to Equation (49), only single Gausslian quadrature

can be used for Equation (50). This is due to the restriction
for which the equation is obtained. .

Rewriting Equation (50) in the matrix form:

d _®_® 1 * * * *
EMI\’(T,M) +.<;—+——1-5X +Y - @ )Iv('r,p.)

=K1, (1) (51)

' x L % % *
The elements of M, X', Y, &, or K* (my 4, X; 4, ¥y 3>
Pp.3s OT Kp 4 namely) may be expressed as follows if My n+i

=My _45 Xp pps = ¥p, 40 - 8Te defined.

1
my g = ayuyPy(uy)
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!
mponel = “83HgPr(-ny)
x = L(t + 1)ayPy (uy)
Xe,ne1 = (& + 1agPy(-uy)

1
i, = 83Py(ny)
]

Yo,ne1 = 21P2 ()

t
aiPL(ui)

~
P
-
(W

1
w| x

N 1
kyntt = F 84Pe(-1y)

n n
o= g5 [ L epiepstgmy) v 1 agpi(upsupmg) ]

n

n
®L,n41 = gﬁ'[ JZ; aJPi(“J)s(“J"“i) + ng BJPL(—MJ)S(-uJ,-ui) ]

+t =1, ..., 2n ; i=1, ..., n

The existence of the inverse of M* may be recognized by the
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fact that its column matrices are independent. Thus Equation

(51) becomes

d * #,-1. 1 - * »
E?'Iv(T’“) + (M) ( :—:—:a'x +Y -8 ) I,(7,n)

-l
= (u") Iv b (T) (52)

For a value of 1/pBr close to zero, the contribution of the

1
T4+ T
(52) becomes

term, X', may be comparatively negligible, Equation

0.

G Il + 0T - Lm0 = ()7L (1) (53)

Equation (53) is similar to Equation (2) of a parallel plate
case, therefore, the method developed in Chapter III can be
applied. However, if 1/pBr is not close to zero the optical
spacing between the boundaries may be partitionéd into p
divisions. In each partition an arithmetic mean radius, FI,
is chosen to approximate the radius 1in a partition as shown
in Figure 21. |

Applying Equation (52) to each partition: (1) In

the optical spacing between O and 15

H_I (T:u) + (H ) l(__i’ +Y* - .'>I:(T:U)
L.+ To

= ()7 RS L (1) (sb.1)
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where ?I'= pBFI - 1°

(2) In the optical spacing between T, and T,

d % -1 1 * * * *
a?Iv(T,Ll) + (M*) (-T_—;——;-—X +Y - ¢ ) Iv('l',Ll)
2 0
-1 %
= (M) 7 K'I{ pplT) (54.2)
where To = pBTp - 70

(3) In geﬁeral, for the optical spacing between Ty1 and T4.

d »* *4 -1 1 * ) » *
a-Tf- Iv('f:ll) + (M ) (mx + Y - 9% > I\,(T,l-l)

= (") M L () (54.1)

where Ty =9eBry - T

Since ?I} ?E} ceus ?I, cees ?;'and T© are constants, the

equation through (54.1) to (54.p) may be solved by using the
method for parallel plates. The boundary conditions at Ty

and 74_; can be related to the boundary conditions at Ty

and Ty o respectively. T R in turn, can be related

T
i+1° 1-2’
to the boundary condition at Ti+2s Ti-3- Repeating the -

process, then the boundary condition at Ty_y> can be ex-

1)
pressed 1n terms of boundary condition at 7 = Tos T = 0.
Thus the problem may be solved.

The third and fourth order of approximation of
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Gaussian quadrature for PL(“i’“J)’ of which the integration
was carried out for every 5° interval of azimuthal angle, 1is

listed in Appendix IX.



CHAPTER VII

CONCLUSIONS

The following conclusions may be drawn from this

study.

(a) The problem of radiative heat transfer of an absorbing,

(b)

emitting, anisotroplic scattering, and non-isothermal
medium was solved approximately by this model. The
degree of accuracy may be further increased by increasing
the degree of approximation. Other methods which are
based on total flux cannot account properly for the
frequency-dependent anisotropic scattering.

The development of a particular solution for a non-
isothermal medium utilized Frame's method. The applica-
tion of the discrete heat flux model may be extended and
a differentvgeometrical configuratioh may be solved in a
similar fashion. It 1s suggested that similar physical
problems outside this field may also be solved by applying
the method with the appropriate modifications.

The modified method for finding eigenvalues of a matrix
of this type may be considered as ah additional method

to handle the problem of large size unsymmetrical square

matrices.
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(d) The conclusion related to the numerical results may be
listed as follows

(1) The net heat flux at wall 1 for a linear temperature
distribution may be approximated by the isothermal
case in which the temperature of the medium is taken
as the average temperature of the walls. However,
the approximation cannot be applied to wall 2, where
the lower temperature is at wall 1.

(2) The general characteristices of the results for the
non-isothermal cases are similar to the isothermal
case.

(3) The method of integrating monochromatic heat flux to
obtain total heat flux utilized a numerical scheme;
however, the accuracy appears to be satisfactory.

(4) The large diffuse reflections on the walls reduce

the directional effect of anisotropic scattering.
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APPENDIX I

The definition of idempotents (referred to Perlis):

Idempotent E*, cooy E¥ are uniquely determined by a given

n x n matrix, HY whos& distinctive elgenvalues are

Qs oo Qpe They have the following properties:
* * *

H = alEl + ... + oTnEm

o ifr 1 £}
E*E* = {
173 E*
1
E] + ... + EX = U* (a unit matrix)

if 1 =)

Each E4 has rank equal to the multiplicity of the eigen-
value ay

If W(x) is any polynomial, then

W(H*) = W(a )E] + ... + W(o )E}

Any given matrix 2* commutes with V* if and only if z*

commutes with every EI.
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APPENDIX II

The proof of Equation (10):
By the definition of ldempotents,

*

M = llql(M*) t ..t gy (M) + ... 4+ kenqzn(M*)

AMultiplying the equation by qJ(M*) on the right of both sides,
. .
Mha, (W) = dqa; (F)ay ) + ... + Agay (M¥)a, (W)
+ lgnQQn(M*)QJ(M*)

= )‘qu (M*)

*

0 1 £
For ay (M*)a,(¥*) = { ay(M*) 1=
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APPENDIX III

AgT
To prove that e J qJ(M*)C* is a homogeneous solution for

AsT
I:(T:u), proceed as follows: ILet I:(T:u) =e J qJ(M*)C*
substituting this relation into the left-hand side of

Equation (2),

»*
dI\)(T:u)

- AT
T - Wy (ru) = e ) (0" - K, (H*)c"

For Ayq, (M) - M*qy(M*) = o"

(refer to Appendix II)

Q. E. D.

87



APPENDIX 1V

The proof of Equation (14);

-y l(r-t)

). e

A a, (M) Iy, (T))at i

Let I3(7,u) =.’&

(o] S I

x (° T -lgle-) . | .
B §§ 321 € qu(M )y, o (T(t))at i

Substituting from the above relation into each term at the
left-hand side of Equation (2) and referring to
Hilderbrand (11),

)

dIS(T,u) _ x 4
E-[ § J=1

n
dr

~Igl(r- t) i
Ixyle 1! qJ(M*)Ibb,v(T(t))dt m

n
£ ) a )T, (T(r)E* ]
J=1

To n - t- 7 .
505 2 yle . )qJ+n(“*)Ibb,v(T(t))dt w
T J=1
n
= ) Gy ()T (T (1)) W ]
J=1
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-Ia -
we e MO0 @ 7

n
*_&*
-M IV(T:U) = - %

(o] S I

(%
i

* -Iljl(t— T)

M e ay,, ()T, (T (8))at o

L agg

+
wo| 2
[ ]

J

Adding the above equations,

dI:(T:H)

*_x
ar M Iv(TJU) =

LR gl ..
- B’§ Y e d (M + g 1U7)ay (M) T o (T ()"

J=1
To n .
-yt - 1)
* %; le e (M* - IXJIU*)qu(M*)Ibb,\,(T(t))dt a
2n ,
. le ay () Ty (T(6))E" (1p)
s1 X { ;|KJ| 2 J = 1)2, eee N
nce =
| ! lXJI 5 J=mn, ntl, ... 2n

and refer to Appendix II, then

(M + g loh)ay () = (o - 2 0%)a, (w") = o
and

W - Iglo*)a,, ) = (6 -2, u*)a, (M%) = o
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By definition,
2n
), a () =0
J=1

Therefore Equation (1p) becomes

dI: (T:u)

*__% x i
ar— - ¥ Iy(rm) =5 Iy (T(t))u

Compare Equation (2p) with Equation (2); the validity of

Equation (14) 1is thus proved.

(2p)



APPENDIX V

The examples of the numerical computation of Equation (19)
(1) Refraction index = 1.25 - 1.251

a =1, 0o/B =0.315

By third approximation,

1.47265
3 1.ﬁg923
1 1.
L T @) - g ()R =) o 4TI6
J=1 1%y 1.46924
1.48975
The true value of B/x_should be
B _ 1 - 1 -
XT - o/B) - (T -o3m) - 9%

(2) Isotropic scattering with o/8 = 0.145

By third approximation

.17036
.16957
.17039
.17036
.16957
.17039

. —

3
Z -,-—-— (a,(*) - ay,, 0% =

b b e

The true value of B/» should be 1.16959.
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200

T
1 _ koo

T

.728523 x
.235580 x
-936855 x
.562372 x
.195720 x
476806 x
434260 x
462255 x
.228274 x

T, = 100

T2 = 600

.182128 x
.588573 x
.233627-x
-138765 x
476676 x
.126585 x
.194118 x
.825735 x
203562 x

APPENDIX VI

o:n
0°R
10-17

1071

10713
10712

10-12

10712
10713

10722

0°R
0°R
10-16

10714
10-13

.193540 x 10
.825728 x 10
.203562 x

.607881 x 10"

T; = 2000°R
Tp = 6000°R

.145703 x 10-16
471467 x 10714
.187856 x 10713
.114300 x 10-12
417075 x 10712
.121157 x 10711

-12

10-17

T, = 3000°R
T; = 8000°R

.182134 x 10716
.589716 x 10
.235428 x 10713
.145165 x 10
553772 x 10
.185493 x 10
415127 x 10
.351771 x 10711

92

.531089 x 10
440038 x 10712
.462337 x 10713
.228274 x 10722

% 409901 x 10

.160360 x 10713
.881525 x 107!
.262107 x 10
.531811 x 10
.440039 x 10
.462337 x 10~

T; = 1000°R
T = 4000°R

.109277 x 10-16
.352687 x 10-1%4
.139456 x 10713
.807024 x 10713
.255321 x 10712

-12

T, = 500°R
T; = 4000°R

127487 x 10~16

14

3
-12
-12
-12

.228274 x 10



TENMP1=2000.Ry

TEMP. DISTR. PARAMETER=

REFRACTIVE INDEX=1,.25-1.251

OPTICAL ‘SPACING=1.0

REFLECTIVITY AT-SURFACE 1,2=

v x 10

-18
36
«90
1.80
3.60
7.20
14,40
57,00

01
-18
36
«90
1.80
3.60
7.20
14.40
57.00

17

a=o°‘

hy~+
o435
435
435
o431
<421
«387
«318
251 .
195

<436
<436
436
-439
« 449
482
559
- 664
822

0.

TEMP2=4000.R

ol

. ° 6

THE RATIO OF Q,,(0)/Q

o .

0443

o443
<439
428
=395
0329

<263

209

1.0

<470 -
<469
468
<464
<453
o421
.358
0297
<244

THE RATIO OF

437
o437
438
ch4l
o451
-483
558
o657
-805

448
<448
-« 450
<454

<495
«564
- 654
-783

Qut T

2.0

yxbb

o567
0564
553
536
500
<437
«376
321

o)/Qy
°,4687°P

469
«473
-483
«500
535
«603
-684
- 795

3.0

« 657
«649
662
0622
595
«550
482
0419
362

<430
- 437
- %45
o %64
«491
<536
« 607
<689
2796

4.0

-708
698
«688
<663
0629
«S577
«506
<440
-380

405
o415
<425
450

- «483

=534
610
<693
-802

€6



TEMP1=2000.Ry
TEMP. DISTR. PARAMETER= 0,
REFRACTIVE INDEX=1o25-1.251

TEMP2=4000.R

OPTICAL SPACING=1.0

REFLECTIVITY AT SURFACE 1,2=

17
\Y 0
x 104,

-18
236
90
1.80
3,60
7.20
14.40
57.00

.01
~18
036
290
'1.80
3.60
7-20
14.40
57,00

hr~

a=00

2222
0222
0222

220 -

o214
«193
150
108
068

«223
0223
223
0225
«231
251
298
360
451

-5

-6

THE RATIO OF 0,(0)/Q

1.0

2.0

0228 .242 29200
.228 .242 .289
227 . 241 287
0225 .238 280
218 .231 .268
198 2211 o244
156 .170 201
.113 128 -158
074 .088 116
THE RATIO OF Qyul743/Qy pp
0224 .228 221
0224 .228 2223
0224 .229 225
0226 .232 0232
233 .239 <244
253 259 .268
299 .303 313
359 .359 366
o446 <437 <436

«343
338
332
319
«300
«269
0222
<176
2131

-186
<191
«196
- 209
2228
0259
308
<363
0432

4.0

<374
367
2360
0342
o319
283
0232
185
-138

«162
<169
o176
2193
0217
0252
305
2361
°432

144



TEMP1=20000R,

TEMP. DISTR.
REFRACTIVE INDEX=1.25~1.251

TEMP2=4000,R

PARAMETER=

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 142= .1

17

vV x 19,
18

-36

290
1.80
3.60
7.20
14.40
57.00

01
ol8
36
90
1.80
3,60
7.20
14,40
57,00

hr'l

G:oo

- 703

o703
- 703
o702
e 697
«683
0652
<618
583

o703

«703

704
o 705
- 709
o723
o156
o794
841

0.

o6

l1.0

«706 o T14
<705 «7l4
- 705 . 713
<704 «712
« 700 - 708
~686 0696
658 «673
«627 « 647
0595 620

THE RATIO OF

~703
~703
o704
o705
709
o722
751
- 7187
- 829

« 707
<707
o707
- 709
o713
o124
- 749
o778
812

2,0

THE RATIO OF Qv«oxlovfbb
4

L]

o746
o T4
o T4l .
o736
- 125
o704
«682
660

Qul T617Qy, b
716
o717
o718
.721
o726
738
- 759
o783
811

3.0

o772
- 170
- 768
- 762
- 154
o T4l
« 720
699
678

- T09
oTll
o713
-718
o126
739
o161

- 784

-810

-788
«785
782
o775
«T66
- T51
o729
«708
«686

703
«706
<709
oTl6
o125
«T40
«T63
o786
0812

€6



TEMP1=2000.R,
TEMP:-DISTR. PARAMETER=
REFRAGYIVE INDEX=10,25-1.251

TEMP2=4000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .5

v x 10

-0l .

.18
036

290 -

1.80
30,60

7.20

: 140 40
57.00

01
18
036
290

1,80 -

3.,60
7.20
14.40

57.00 -

hr

-1

a=nO'

-309
309
309
»308
304
«293
268
240
0210

«309
2309
309
-310
0314
-325
«351
2381
0416

0.

6

1.0

2.0

THE RATIO OF Q,(0)/Q, ,}

o311 315 0329
<311 <314 328
310 0314 328
<309 .313 325
306 309 2320
0295 300 <310
0272 280 =292
0246 <257 «273
0218 0233 0252
THE RATIO OF QulT51/7Qy by
309 308 303
309 309 <304
0309 309 305
310 310 <307
o314 . o314 312
0324 =323 0322
6348 o344 2340
0376 0367 0361 .
0408 0395

384

3.0

0346
° 344
0342
0337
331
319
300
281
0« 261

290

2292

« 294

0299
305
«317
2336
2356
«378

4.0

356
0354
0352
0345
<337
0324
304
285
0264

282

284 .

286
0293
301
0314
334

«354

377

96



TEMP1=2000.R,
TEMP. -DISTRs- PARAMETER= 0.
REFRACYIVE INDEX=2.00-0.601

TEMP2=4000.R

OPTICAL SPACING=1.0
REFLECTIVITY AT ‘SURFACE 1,2= .1

1
\JxlO7

-0l
-1l8
«36

<90

1.80

3460 -

7.20

14040 -

57.00

-0l
~18
«36
90
1.80
3.60

7.20:

14.40
57-.00

hr

a = .0-

435
=435
435

431 .

0421
387
-318
251
«195

«436

<436
o436 '

-439
o449
482
559
<664
822

b

1.0 -

2.0

THE RATIO OF Qvi0)/Qv,bb
- 1

o446 <485 °

o446 <484 . 554 .
o445 o482 550
o441 o477 540 .
«431 . ° 466 «523
-398 o435 <487
0332 «374 o426
0267 313 2366
213 <261 313

THE RATIO OF

0437

o438

-438
o442

«452
«483

557

«655
-800

<456
« 457
-458
<463
474
<504

<571 .

658

Ayl TLl7Qy,
°°452’bb
<456
459
<470
0486
0521
.587
.668
-778 "

3.0

2556

552 -

=548
0536
o517
480
0418
359
306

o431
«436

o 540 -

o451
o470
506
-573
<654
- 765

4.0

+591
0584
oST7
0558
531
0486
0420
.359
306

0371
.378
-386
<404
0430
c4T4
546
.629
oTh3

L6



TEMP1=2000cRy
TEMP. DISTR. PARAMETER= 0.
REFRACTIVE INDEX=2,00-0.601

TEMP2=4000.R

OPTICAL SPACING=1.0

REFLECTIVITY AT SURFACE 1,2=

1
vxlO7

01
18
90
1.80
3,60
7.20
14.40
57.00

-0l
-18
36
-90
1.80
3.60
7.20
14,40
57,00

hr

a

=oo

0222
0222
222
220
2214
193
«150
108

- 068

0223
223
2223
0225
0231
0251
2298

2360 .

<451

05

o6

1.0

2.0

THE RATIO OF Q,£01/Q,, .\

0230 - «249 -288
0229 0249 -286
0229 248 0283
0227 244 0276
0220 0237 «265
199 0217 0240
0158 o176 «198
o115 134 0156
<076 095 o115
THE RATIO OF Q! T.}/Q
0224 2230 °ozlf’bb
224 «231 0219
e225 0232 0222
0227 <235 0229
" 0233 242 «240
0253 0262 0264
0299 306 .308
-358 «360 0361
obb4 «436 0431

3.0

0292
- 289
286
278
265
240
197
- 155
oll4

2206
209
0212

0220

233
- 257
«303
0356
o427

0321
<316
o311
298
279
249
202
158
o116

-169
o174
«179
192
0210
240
289
345
418

86



TEMP1=2000.R ¢

TEMP.-DISTR,.

REFRACTIVE INDEX=2.00-0.601

TEMP2=4000.R

PARAMETER=

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1l¢2= o1

17

vV X 104,
.18

.36

290

1.80
3.60
7.20
14.40
57.00

01
-l8
36
90
1.80
3,60
7.20
14.40
57,00

hr~

0.=.0

- 703
703
o703
o702
« 697
«683
0652
«618
«583

.703
-T703
0704
705
- 709
o723
- 756
o794
841

0.

)

1.0

2.0 -

THE RATIO OF'QVlO)/Qvébb
4

2106 «719 o

- 706 718 o T41
« 706 ~718 0740
- 704 o716 o137
-700 - w712 o132
«687 «702 720 -
«660 - 679 - 700
630 «655 o679
599 «630 0657

THE RATIO OF

«703
<703
«703
- 705
- 709
o722
- 150
o784
.825

«710
- 710
-711
«T12
716
o 127

750 -

«TT7
- 809

- QulTo}/Qv,bb
oT11
«T13
2 Tl4
o117
o122 .
o733
o154
o TT7
<805

3.0

o142
o741
739
- 136
- 130
«718
- 698
«6T6
2655

« 705
« 706
- 107
«T11
« 716
- 728
« 749
o173
800

0749
o T47
0745
-739
<731
o718
696
<675
«653

-686
-689
-691
-696
- 704
o717
-739
«163
791

66



TENMP1=2000.R

TEMPs; DISTRs; PARAMETER= 0.
REFRACTIVE: INDEX=2,00~0.,601

TEMP2=4000.R

OPTICAL . SPACING= .2
REFLECTIVITY AT :SURFACE 1¢2= .5

vV x II.O17

-01.

.18
«36

0«90 -

hr

1.80 -

3.60
7.20
14.40 -
57.00 -

-0l

-18
36

290 -

1.80
3,60

7220 -
14.40 -

57,00

-1

a=,0

309
309
«309
«308
- 304
<293
- 268
240
210

<309
309
2309
310
314
<325

o351 .

381
o416

o6

1.0

2.0

THE RATIO OF Q\(0)/Qy 1y

o311 316 «329
311 316 328
311 316 0327
310 «314 0324
<306 311 2320 -
«296 2302 <310
2273 .283 292
0248 0261 <273
0221 «239

THE RATIO OF

«309
309
309
310
«313

0324 .

347
374
«406

«309
«309
<309
311
-314

‘«323

343

«365

<391

0253

QulT,)7Q
V' 0.392+PP

303
304
2306
311
321
339
359
2382

«331
<330
«329
«325

320 -

310
0292
273
253

298
299
300
304
<309
0’31‘9
«337
357

-380

0341
339
0337
<332
325
«314
295
2275
2255

286
-288
290
294
301
<313
0332
353
376

0ot



TEMP1=2000.Ry TEMP2=6000.R
TEMP. DISTR.- PARAMETER= 0.
REFRACTIVE INDEX=1,25~1.251
OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1l¢2= o1

a = oo . .6 'loo 200 300 ".0
v x 1057 np-1 THE RATID OF Q,€0)/Q,
.01 <435 0443 <466 553 0619 657
.18 0435 o442 466 552 615 652
36 435 c442 <465 550 - o611 0647
290 0431 <438 <461 <543 600 633
1.80 0420 o427 <452 529 .581 610
3,60 .385 393 419 496 543 569
7.20 0317 328 - .358 0437 0481 505
14.40 253 .266 .299 379 0422 0443

57,00 o197 0211 « 246 2324 . 0364 -383

THE RATID OF QuiTo1/Qy pp

-01 o436 . o438 «451 468 «455
18 «436 <438 «452 «485 0472 «460
<36 0436 439 «453 . 487 - 475 <465
<90 - 439 0442 o456 493 -487 <480
1.80 o 449 o451 «466 506 505 501
3.60 «481 483 495 «538 541 o541
7.20 0555 0554 561 600 <606 «608
14.40 654 648 e 646 678 <683 5687

57,00 813 796 o775 - 789 « 790 o796

[{0] 8



TEMP1=2000.R, .
TEMP., DISTR. PARAMETER= 0,
REFRACTIVE: INDEX=1.25-1,251

TEMP2=6000.R

OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .5

1
vx107

<01
-18
36
«90
1.80
3.60
7.20
14.40
57.00

01
-18
36
90

1.80 -

3,60
T.20
140,40

57.00 -

hr

-1

c.=.0

0222
0222
0222
2220
213
192

150

110
«070

0223
0223
0223
0225
0231
0251
0296
354
0446

o6

. THE RATIO OF .Q,(0)}/Q

1.0

2.0

.227 .240 .280°P
227 .240 279 .
227 .239 2277
0225 .237 273
218 .230 264
.197 .209 0241
156 .169 201
115 130 160
076 .090 118
THE RATIO OF Qu(7_$/Q,
0224 . 230 © 233’PP
0225 .230 234
.225 .231 235
227 .233 240
233 - 240 248
253 .259 2270
297 .301 o312
354 .355 2362
e <433 432

3.0

<317
o314
311
«303
«290
0264
0221
178
-133

212
o214
217
225
-238
«263
=307
359
«428

4.0

338
0335
»331
«321
«306
0277
0232
187

" o140

197
<204
0214

2230 -

0257
304
357
428

<ot



TEMP1=2000.R,

- TEMP. -DISTR.
REFRACTIVE INDEX=1.25-1.251

TEMP2=6000.R

PARAMETER=

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .1

1
v x 10 7

-01.

-18
«36
90
1.80

3.60 -
7.20 -

14.40
57.00

-01
=18
«36
90
1.80
3,60
120
14.40

57.00 -

hr-l

a =,0

«703
- 703
- 703
« 702
697
682
0652
<620
585

-703
«703
- 704
- 705
- 709
124
- 155
. 792
-839

0.

b

- 705 «T13
=705 -713
705 -T12
-703 oT1l1 .
<699 - 707
«686 «696
658 -673
629 - 648
597

- 704 - 703
-T704 «708
<704 «708
« 705 - 710
«709 «713
o722 724
«751 - 748
827 -.811.

loo ’

- 621 .

2.03

THE RATIO OF .Q,(0}/Q,
z4lbb

o T4l

o740 -

-738
e 734

oT24 .
07.0‘ !

«683

-661 .

THE RATIO DF-QV(TO){gv bb

-722
«722

0124 .
-728

«739
«T59

«782 .
0,810 :

3.0

«761
« 760
o759
156
« 751
739
720

- T7T00 -

<679

«T19
720
- 121
« 725

«730 -

- T4l

" o T60 :

- 782
- 809

4.0

- 174
o772
<771
o767
« 760
o T48
° 729
- 709
-687

o717
«719
«720
«T724
e731
o742
«T62
784
-811

£0T



TEMP1=2000.Ry

TEMP. -DISTR.

PARAMETER=
REFRACTIVE INDEX=1.25-1.,251

TEMP2=6000,R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .5

vV X 1017
«01

18

036

90

1-80
3,60

hr

7.20 -

14.40
57.00

.01
-18
236

290 -

1.80

3,60

1.20
14.40
57.00

o =

00

«309

309
309
<308
304
0293
~268
0242
212

©309
<309
-309
0311
o314
0350
0379
0414

0.

b6

1.0

THE RATIO OF

310
2310

310

«309
«306
295
0272
- 248
0220

<314
313
«313
312
309
«299

280 -

259
<235

THE RATIO -OF

309
309
«309
310
o314

0324‘
«3647

374
-406

<309

0310 -
«310 -

0311
o314
0323

<343

<366
»393

2.0‘

910170y 1y

i,

325
0324
322
«319
310 -
292
274
253

)/Qy
.307’ 0P

<308
308
310
314
0322
«340
383

«337
2336
335
0332
0327
o317
- 300
2282
262

2299
2300
«301
<304
309
319
2336
354
377

4.0

2344
0343
o341
«338
0332
0322
304
0286
0265

0294
<295
«297
.300
306
0316
.334
353
2376

#0T



TEMP1=2000.R¢ TEMP2=6000.R
TEMP. DISTR: PARAMETER= 0.
REFRACTIVE INDEX=2,00-0.601
OPTICAL SPACING=1.0 -
REFLECTIVITY AT SURFACE 1,2= .1

o = oO‘ o6 1.0 200 3-0 400
17 -1
v x 10" hp . THE RATIO OF Q(0)/Q,, v\
.01 o435 445 «480 540" «535 <554
-18 0435 . o444 «479 538 533 551
36 0425 bbb «478 536 <531 547
«90 - 0431 o440 - <474 «529 <523 536
1.80 420 . <429 « 464 516 509 eS17
3.60 6385 «396 « 432 <483 <476 «480
720 - 0317 331 <373 425 o417 419
14.40 <253 270 «316 369 361 «362
57,00 «197 o215 «263 <315 «308 2309
THE RATIO OF QylT)/Qv,bb

- 01 436 <439 «461 470 : o452 « 408
-18 <436 439 <461 472 454 «4ll
36 o436 0440 - «462 <474 <457 415
«90 439 o443 « 466 -480 c 464 426
1.80 - 449 452 475 -493 c&T7 " o444
3.60 481 c483 <504 0523 «509 «479
720 0555 554 <568 585 <871 544
14.40 <654 <646 « 650 662 - 648 623

57.00 ' -813 o191 - 173 o772 o758 c136

SOT



TEMP1=2000-Ry -
TENP. DISTR.

PARAMETER= ‘0.
REFRACTIVE INDEX=2.00-0.601

TEMP2=6000.R

OPTICAL SPACING=1.0:
REFLECTIVITY .AT .SURFACE 1,2= .5

vV x 1017
«01

18
36

290 :
1.80 -

3,60

1.20 -
14.40 -
57.00 -

-01
-18
36

«90 -
1.80

3,60

7.20 -

14.40
57.00

hr

_1'

q=.0=

2222
0222
222
« 220

«213

192
«150

ollo -

«070

0223 -
0223 -
2223 -

225

0231 .
0251 .
2296

0354
o446

)

1.0

2.0

THE RATIO :0F Q\(0}/Qy 1

229 246 276
0229 246 275
0228 e 245 . 0274 .
0226 242 0269
0219 «235 2260
-198 -215 0238
~187 . 176 -198
o117 136 o158
~078 -

- 097

- THE RATIO OF

0225
«225
225
227
234
<253
0297
353
439

233

«234& .
=234

237
<243
262
<304
«356
«431

o117

“Qul To)/Qy b
0229

0230 -
231
. <236
o264k
0265
-307
=357 .
0427

277
276
o274
269
259
0237
«197
157
o115

-221
0222

oZZ‘t .

-229
238
259
«302
352

423

296
0293
«290
283
270
244
202
«160
.118

194
197
0199
-207
0219
0244
-288
o341
chl4

901



TEMP1=2000.R,

TEMP. DISTR: PARAMETER=
REFRACTIVE INDEX=2.00~0.601

TEMP2=6000.R

OPTICAL :SPACING= .2
REFLECTIVITY AT SURFACE 142= .1

v x 1087 hr~
«01
ol8
36
«90 -
1.80
3,60
T.20
14,40
57.00

01
-18
236
90 -
1.80
3.60
T7.20
14,40 -

- 57,00

1

Q= ,0:

o703 -

- 703
-703
- 702
- 697
« 682
« 652
« 620
«585

«703
703
- 104
. o705
- 709
o124
155
792
«839

0.

b

1.0 -

2.0

THE RATIO OF Q,(0)/Qy 1

706 o T17 737
-706 «T17. 736
2705 oT17. « 736
o704 «715 734
-700 «7T12 - 730
687 701 719
660 «679 o700
0631 «656 680
-600

«&31 .

THE RATIO OF

« 104

o704 .

104
«705
«7C9
oT22
749
-782
823

«T11
«711
o712
o713
<717

o727

« 749
- 775
-808

«658

Qv(To)’Qv,bb
o717

o T17
o718
« 7120 :
o124
o734
o753
776
-804

3.0

736
« 735
o134
o732
<728
- T17
- 698
-678
«656

o711l
oTl1l
o712
-714
o T19
- 729
o 149
o TT1
2799

4.0

-738
.737
-736
«733
.727
o716
.696
0676
0654

«697
<698
699
o702
«708
o719
«739
o762
o790

L0T



TEMP1=2000.R

TEMP. DISTR- PARAMETER= 0.
REFRACTIVE: INDEX=2,00-0.601

TEMP2=6000.R

OPTICAL :SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .5

vV x 1017
-01
-18
36

hr~

90 -
1.80
3.60 -

1.20

14.40 -

57.00

=01
-18
«36

«90 -

1.80
3,60

7.20 -
14.40

57.00

1

a = .0

309
«309
<309
«308
304
293
0268
0242
0212

" 2309
309
309
0311
o314
326

350 -

379
o4léb

)

1.0 -

2.0 :

THE RATIO OF :Q\(0)/q,, bb

o311 . 3185 - «324
311 315 324
311 . <315 0323
309 314 321
306 . «310 - -318
©«295 «301. 309
0273 -283 0292
249 <263 o274 .

«222

«240 -

THE RATIO OF

309
309
309

<310

<314
324
«347
0372

0404

-310 -

310

-310

«311
«314
<323
342

364
«390 .

- 254

“Qyl To)/Q,,
°.,306’bb
.307 .
<307
«309
-313
0321
°338

<357 -
380 -

3.0

325
2325

0324

322
318
309
0292
« 274
254

304
304
«305
307
«311

«320 -

337
«356
379

4.0 -

0332
2331
<330
327
2322
312
295
276
<256

295
296
« 297
<300
305
°315

2332

352
375

80T



TEMP1=1000.R,

TEMPs -DISTR.

REFRACTIVE INDEX=1.25-1.251

TEMP2=4000.R

PARAMETER=

OPTICAL SPACING=1.0 :
REFLECTIVITY AT SURFACE 192= 1.

1
\)xlOT

o0l
18
=36
S0
1.80
3,60
7.20
14.40

57.00

«01
-18
«36
90
1.80

3,60 -

7,20
14.40
57,00

hr

0.=o0

. o435
%35
0433
421 .
-388 .
0325
0262
0222
186

0436
0436
o438
o 44?
o476
542
«635
- 125
857

0.

o6

~ THE RATIO OF Q,(0)/Q
442

44l
0440
428
396
2335
0275
236
«201

1.0

465
0464
462
0451
<421
«365

270
236

2.0

Xabb
0545

541 .
0528
-498
444 .
388
2349
313

THE RATIO DF Q,(7,)/Q

438 <453 ©.489°PP
<439 454 <492
441 .455 0495
2450 465 .507
478 491 534
0542 2550 .590
.630 630 .664
.715 .705 .730
.838 .811 .818

-606
- 601
«595
o577
0545
489

o431

391
353

480
486
<491
-508
0539
0596
« 669
«733
-.818

4.0 -

640
«634
627
<605
570
0512
%53
o4ll
371

o472
o479
«486
«506
539
598
«673
-738
824

631



TEMP1=1000.Ry
TEMPs DISTR.

PARAMETER=
REFRACTIVE INDEX=1,25~1.251

TEMP2=4000.R

OPTICAL SPACING=1.0 -
REFLECTIVITY AT SURFACE 1lp2= .5

7
vV X 101'
.01

18

- 36

090

1.80
3,60

7.20 -
14,40 -

57.00

01
-18
36
«90
1.80
3,60
1,20

14,40

57,00

hr

a = o0 -

0222
«222
0221
214
194
155
<116
-089
- 062

0223
0223

0224
230

248
288
343
396

042

.6 1.0 2.0

THE RATIO OF Q.(0)/Q
.227 .239 ¥ .27¢PP
.227 .238 2274
.225 237 272
.218 -230 .263
199 211 243
161 174 .206
121 136 167
.095 .109 .138
-068

.082

THE RATIO OF

0225
«225
«226
«232
250
<289
343
2393
465

<231

0232
0233
-239
2256
<294
L] 365

«391.

<454

109

‘Qv(To’,QV,bb
236
-238
240
249
0268
-305
0353
-395
451

308
«304
«300
-288
<265
0227
-185
- 155
124

0221
224
228
240
0261
301
«350
392
0446

4.0

0327
322
o317
302
278
0237
o194
«163
130

2209
<214
219
0233
256
0297
«348
391
o446

oTT



TEMP1=1000.R

TEMP: DISTR.

TEMP2=4000.R

PARAMETER= 0.
REFRACTIVE INDEX=1,25-1.251

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 142= .1

AV ¢ 1017

01
18
36

90
1.80 -

3.60
1,20
14,40
57,00

«01
=36
«90
1.80
3,60

71.20

57.00

hp~t

a=00'

«703 .

- 703

-T02
«698 -
684

0656
625

0« 601

o577

=703
o T04
0704
« 709
«722

750 -

+ 785
-815

-850 -

o6

1.0 -

2.0

THE RATIO OF Q,(0)/Qy 1}

<590 -

THE RATIO OF

<104
- 704
-705
- 709
-721
746
o778
-805
837

- 708
«709
- 709

-T13
. 723 .
«T44 .

- 771
«793
-819

- 705 -T12 o740~

- 705 712 - 739

o104 « 711 «738

« 700 «T07 0134 .

o687 « 697 o125

662 «6T6 - 707

" 0633 « 652 687
'0612 534 . 0612

-616 2656

Qu(T.17Q
Vi o 323:PP

o724 .
e 125
- T29
738
« 756
- 778
- 7196
-817

3.0 -

758
756
755
750
740
«723
- 704
689
<674

.723
-T24
.726
.731

« 740 -

758
o778
- 795
815

4.0

- 769
o767
- 765
o759
e 749
731
oT12

) 0697

<682

722
724
o126
«7132
742
- 760
«781
798
817

1Tt



TEMP1=1000:R,

TEMP: DISTR.
REFRACTIVE INDEX=1.25-1.251

TEMP2=4000.R

PARAHETER=

OPTICAL SPACING= .2
REFLECTIVITY AT :SURFACE 1l,2= .5

vV x 1017

01 .

.18
36
90
1.80

30,60 -

7.20

14.40 -

57.00

.01
-1l8
«36
90
1.80
3,60

7.20 -

14.40
57.00

hr~t

A = o0:

309
«309
«308
<305

0294 .

0272
0246
0226
- 205

-309
«309
310
-314
0324
" 0346
374
<396
o422

0.

o6

1.0

200 -

THE RATIO~0FJQv(0)/Qv bb

«310 «313 323
-310 «313 ©323
0310 0312 0322
2306 »309 -318
0296 «300 -310
275 «283 0295
252 0262 0277
0233 0246 ’0263
214 229 0248
THE RATIO OF Qu(T5)/Qy, pb
«309 «310 - -309
«309 «310 309
2310 0311 310
«313 0314 o314
0323 322 0322
0344 . «340 0337
0369 0362 356
«390 - «380 0371
o4l4 «400 -388

3.0

«333
332
331
«326
318
303
2285
2272
258

302
304
305

2310 -

©318

333

<351
366
=382

<340
338
336
331
0322
306
-289
«275
0261

0298
300
302
2307
316
0331
350
0364
381

cIt



TEMP1=1000.R, TEMP2=4000.R
TEMP. DISTR.: PARAMETER= 0,
REFRACTIVE INDEX=2.,00~0.601
OPTYICAL ‘SPACING=1.0 :
REFLECTIVITY AT :SURFACE 1,2= .1

Qv(0)

2.0 -

/Qv
°534b.b
o531
528
o514
485
432
«377
0340‘
«305

Qv T6)/Qy by
476

a = ,0- o6’ 1.0 -
vV x 1017 hr-l THE RATIO OF
-0l . 0435 444 . -4T8
«1l8 «435 0443 o &TT
36 o433 o442 475
«90 - o421 . -430 « 464
1.80 -388 «398 <435
3,60 325 «338 «380
1.20 - 0262 279 «324 .
14.40 - 0222 240 « 287 .
57,00 - 186 .205 <253
, THE RATIO OF
«01 . 436 -439 « 462
«1l8 436 <440 - « 463
036 438 44l «465
90 - 447 <451 o415
1.80 - 476 . o479 «501 .
3.60 0542 541 558
7620 - «635 629 «635
14.40 - o125 -T2 - 707
« 806

57,00 - 857 831

0478'
-481 .
<494
.520;
«575
- 648
o713
801

3.,0:

528
0525
0522
507
<478
o424
<370
333
298

459
0462
466
<479

506
561

<633
« 699
- 788

4.0 .

542
o537
532
514
<481
0426
«370
<333
299

420
«425

- o430

o b4l
<477
534

0608'

675
- T66

E£IT



TEMP1=1000.R,

TEMP: DISTR: PARAMETER=
REFRACTIVE - INDEX=2,00-0,601

TEMP2=4000.R

OPTICAL SPACING=1.0 -
REFLECTIVITY AT SURFACE 1,2= .5

vV X 1017.hr

01
18
36
290 -
1.80
3.60 -
7.20
14.40
57.00 -

.01
18
036
«90 -
1.80
30,80
1.20
14.40 -
57,00

0.=o0

<222
222
«221
o214
194
o155
-1l16
-089
062

«223
«223
0224
230

0248
' 0288

343
2396
o472

o6

1.0

2.0

THE RATIO OF Q,(0)/Q, pp,

0228 245 0272
.228 244 <270
2227 0243 0268
«220 «236 0259
0200 0217 0240 .
0162 .181 2203
0123 0142 0164
«096 o116 0136
.070 .088 .108
THE RATIO OF Qi T.}/Q
.225 .23 ° ©,2337PP
0226 0235 234
0227 «236 0237
0233 0243 0245
0250 «260 0263
«290 «297 «301
0343 ©346 .348
0392 -391 -390
0463 <451 0445

0273
- 271
268
258
238
202
0163
0135
107

225
=227
230
239
<258
<295
343
385

ch4l

287
284

«280 °

<268
<245
«207
- 167
138
109

203
206
0210
<221
242
0282
0331
375
433

144



TEMP1=1000.R¢
TEMP. DISTR. PARAMETER= 0.
REFRACTIVE INDEX=2.00-0.601

TENP2=4000.R

OPTICAL SPACING= .2
REFLECVIVITY AT SURFACE 1,2= o1

vV Xx lO17
.01
«18
«36

«90 .
1.80
3,60 -
120

14.40

57,00 -

-0l

-18

" 36
«90

1.80
3.60

7.20

14,40 -

57.00

hr

-1

a = .0

- 703 -

«703
-T02
- 698

- 684

656
625

- 601

«STT

- 703
704
- 104
- 709
o T22
0750
- 785
o815

-850 .

o6

1.0

200 :

THE RATIO -OF :Qy{0)/Qy pp

.705 «T17 . o735
.705 -T16 <734
0705 .716 0'733
«700 - .T12 . 0729
<683 0702 0720 -
0664 0682 -T03
0636 « 660 0683 -
0615 <643 <669
2594 - 626 <653
THE RATIO OF ‘Qu(T5)/Qv, pp
<704 e712 .718
- 704 e712 .T19
.705 o713 0720 -
-709 oTL6 0T24 .
0720 «T26 .733
o T45 o T46 - T50
-776 <771 oTT72.
-802 «791 «790 -
.833 815 .810 -

3.0 -

e 734 .

733
e 131
« 727
-T18

« 700 -
681 .

<666

651 .

<713
eT14
o T1lS
«T19
« 728
< T46
o 767
- 785
806

400'

o735
-733
«732
o727
o117
0699
«679

664

<649

-700
702
<703
-708
-7T18
o736
758
« 776
- 197

STT



TEMP1=1000.R,

TEMRs DISTR. PARAMETER= 0.
REFRACTIVE - INDEX=2.00~0,601

- TEMP2=6000-R

OPTICAL SPACING= .2
REFLECYIVITY AT SURFACE 142= .5

v x 1017 np-l
.01
.18
.36
<90 .
1080'
3.60
1.20
14.40
57.00 .

-0l .
.18
«36
«90
1.80 -
3,60
7.20
14.40
57.00

a = o0

309
309

0308‘

305
294
272
0246
226
205

<309
309

03!0:

o314
2324
0346
374
<396
0422

o6

1.0

2.0 -

THE RATIO OF:Q\(01/Qv pb

311
310

2310

306
0297
0276
253
235
216

315 .

«314
-314

.31"

302
- 285

" 0266
«251
«235 .

THE RATIO OF

309
309
<310
313

-323

343
«368
388
e4ll

310
<311
s 311
<314
«322
<339

<360 -

<377
«396

.323
322
«321
o318
«310 :
299
277 .
0264
- 249

Qu( T5)/Qy by
: " 0308

«309
«309
o313
«321 .
336
«354
369
0386

300?

0324

«323
«322
318

0310‘
0295 '

« 277

026‘2

0249

306
«306
307

o 3FL .

319

0334

<353
«367
-384

4.0'

329
0327
2326
0321

313

«297
0279

0266 .

«251

298
299
2301
-305
o314
330
0348
<363
380

91T



TEMP1=1000:R,
- TEMP. .DISTR« PARAMETER= 0,
REFRAGTIVE INDEX=1.25-1.251
OPTICAL (SPACING=1.0 :

TEMP2=6000.R

REFLECTIVITY AT ‘SURFACE 142= .1

vV x 1017
01
o1l8
36

90 -
1.80 -

3460

T.20 -
14.40:
57.00 -

.01
-18
236
«90

1.80 -
3060 -

720
14.40

57,00 -

hr

0 -

435
o435

0433 .
0423
<395 .
o341 .
.281 .

«235
192

- 436

436

o437
0445
- 468
520

- 601 .
691 .
-834

-6

1.0 E

2.0 :

THE RAT!O 'OF Q,(0)/Q,, bb

Y. 464 | 543
b4l 463 - 541
0440 - 462 . 539
0430 : 0’052 0528
<403 428 504
0351 . 380 - 0458
2293 «325 . « 405 -
248 -282 362
2206

241 .

318

THE RATIO OF QT 1/Q
o439  .456 ¥ ©,49Q PP
439 <454 te9s
040 : 0456 ' 0&98
o448 <463 . .507
o470 - 484 . 528
.521 .531 .573
598 601 637 .
683 - 677 706
816 .792 .803 -

3.0:

2596
593
589
«576

0550 :
503 -

o449
<404
359

490 -
c 494 .

<497
509
2533
.578
<643

o710 :

-804

627
0623
618
«603
2575
527
4Tl
o425
377

«486

«490 -

<494
508
09533
581
2647
e TL5
-809

LIT



TEMP1=1000.Ry
TEMP: DISTR.

PARAMETER=
REFRACTIVE INDEX=1.25-1.251

TEMP2=6000,R

OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .5

~

vV x 101‘
«01
18
036
090
1-.80
3,60
T.20
14.40
57.00

201
18
036
«90
1-.80
30,60
7020
14040

57.00

hr

a

=

-0

222
0222
0221
215
198
165
o127
<098
- 066

0223

0223 -

0224
-229
0243
275
<323
0376
0458

0.

6

1.0

THE RATIO OF

2227
0226
219
2203
«171
«133
-103
-072

238

Qvio)

«238 -

237
<231
215
-184
0148
-118
-086

THE RATIO OF

0225
0225
226
© 23 1
0245
277
323
2374
0452

0232
«232
«233
2238
~252
282
«326
2374
<443

- QyiT,

2.0

/Qv

0273
0272
0270 -
0263
o247 .
o216
«179
o148
olléa

V7Q,
.zt.o’bb

241
0242
249
0263
<294
336
-380 -
44l

3.0

301
299
2296
- 287
269
0237
198
165
2129

0228
<230
0232
o241
257
289
2333
377
437

317
0314
311
<301
282
0248
208
o173
e135

219
0221
0225
<234
0252
285
330
375
0436

8IT



TEMP1=1000.R,
TEMP. DISTR. PARAMETER= O.
REFRACTIVE INDEX=1.25~1.251

TEMP2=6000.R

OPTICAL SPACING= .2
REFLECTIVITY AT :SURFACE 1l,2= .1

1
\)xlO7

01
o1l8
36

290 -

. 1.80
\ 3060
7.20
14040
57.00

-01
.18
«36
«90
1.80

3,60 -
7.20 -

14.40
57.00

hr

G=.0

- 703
o703
o703
«699
- 687
- 664
«635
609
581

- 703
- 7104
« 704
o708
o718
o T4l

eT73 -

-804
<844

b

594

1.0

-T05 <712
705 o712
oT04 o T1L
.700 .708
<690 - <699
<669 .682
0642 660 -
619 <640

619

THE RAT1O OF

o704
- 704
- 705
- 708

718

«739
o T67
796
-831

- 709

<709 .

- 709
«T712
«720
-738
«762
- 785
o815

2.0

THE RATIO OF QV(OD/debb
3

o

o738
137
o734
o127
e712
«693
o677 .
658

Qul To)7Qy, bb
-724

o725
- 125
«728
«736
750
- 770
- 789
-813

- 755
« 154
o753
0o 749
« 742
o728
«710
694
<677

- 725
« 726
o127
o131
- 738
- 753
PR ARY
- 789
-812

4.0

«T65
- 164
o763
- 759
- 751
- 136
-T718
- 702
685

726
o727
«728
o732
o740
754
- 173
o792
-8l4

611



TEMP1=1000-R,
TEMP. DISTR. PARAMETER= 0.
REFRACTVIVE INDEX=1,25-1.251

OPTICAL SPACING=

REFLECTIVITY AT SURFACE 1l,2=

vV X 1017
.01
.18
036

hr~

90 -

1.80 -

3,60
1.20
14.40
57.00

.01
-18
36
290
1.80
3.60
7.20
14.40
57,00

(4

—
-

TEMP2=6000.R

2

o0

«309

) 9309

«309
305
<297
278

0254 .

«233
«209

309
309
310
313
321
340
«365
-388
418

5

)

l1.0

2.0

THE RATIO OF Q,{0)/Qy 1y,

.310 - .313 0322
«310 0313 0322
2310 0312 0321
«307 .310 - 0319
<298 «303 0312
0281 .288 0299
0259 «269 «283
«240 252 0268

0251

0217

«232

THE RATIO OF

«309
2309

310 .

0313
321
<338
«361
383
410

310
«310
2311
-313
320
335
«355
<373
«397

QuiTo3/Qu by

«310
<310
311
«314
0320
0333
350
<366
385

3.0

331
<330
329
2326
<319
307
291
« 277

260

305
2306
307
«310
«316
<329
«345
0361
«379

0337
335
<334
«331
<324
o311
«295
<280
«263

2302
303
304
«307
«314
327
344
359
378

02T



TEMP1=1000.R,

TEMP. -DISTR.

REFRACTIVE INDEX=2.00-0.601

TEMP2=6000.R

PARAMETER=

OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .1

vV X lO17
01
o1l8
«36
«90
1.80
3460

7.20 -
14,40 -

57.00

-0l
o1l8

036,

90
1.80
30,60
7.20

14,40
57.00

hr~

a=oo

2435
o435
o433
o423
395
0341
«281
235
o192

o436
o436
o437
o 445
468
~520
2601}
0691
o834

0.

o6

1.0:

2.0

THE RATID OF Q\,CO)/Q\, bb

YN oeT7 0529
0443 476 0528
42 o475 0525
%32 o465 -515
0405 okl 0491
0354 «394 WYY
0296 «341 0394
0252 0299 0352
0210 «258 «310

THE RATIO OF

<440
0440
o441
449
o471l
521
0597
«681
-810

<464
o 464
466
<473
494
539
« 607
- 680
- 789

Qul TS)/7Q
v 00483’bb
482
484
-493
558
0622
-689
785

3.0

«523
0521
518
«507
-483
-438
386
0345
304

<465
0467
<469
0419
<500
o544
<607
0675
o772

0532
«529
0526
512
«486
o440
387
345
<304

430
<433
<436
0448
04Tl
516
0581
o651
o751

121



TEMP1=1000.R, TEMP2=6000.R
TEMP. DISTR. PARAMETER= 0.
REFRACTIVE INDEX=2,00-0.601
OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .5

U-=.0 .

v x 1087 hp

o0l 0222 2228
18 - 0222 228
036 0221 . 0227
090 - 0215 0221

1.80 .198 <204
3.60 0165 0172
7.20 0127 0135

14040 ~098 0105

57.00 <066 -074

1.0 :

THE RATIO OF

244
o244
«243
«237

. 221 .

191

«154 .
«124

.093

THE RATIO OF

201 2223 226
18 223 226
36 0224 <227
«90 229 0232
1.80 o243 0246
3,60 275 o 2T7
7,20 323 =323
14.40 376 374
57.00 o458 450

«235
236

237 .

«242
255
285
«329
«375
o441

2.0 -

Q,(0)/Q

’ v ozgébb
268
266
<259
243
«213
-176
146
«112

Qul T51/Qv,bb
-236
.237
2238
0245
0259
289
.331
<375
<436

269
268
266
258
242
-212
o175
el44

0229
«230
«232
239
253
- 284
326

370 :
o431 .

4.0

280

278
<276
<267
«249
217
<179
148
-114

<209
0212
o214
«222
2238

270 -

o314
=359
o423

[44 ¢



TEMP1=1000.R,
TEMP. DISTR. PARAMETER=
REFRAGTIVE  INDEX=2.00~0.601

TEMP2=6000.R

OPTICAL SPACING= .2
REFLECTIVITY AT .SURFACE 1,2= .1

vV x 1017

-0l .

.18
°36
«90

1.80

3.60
7.20
14.40
57.00

<01~

~18
36
290
1.80
3,60
1.20

14,40 .

57.00

hp™

Q= «0:

o703

- 703
2703
«699
- 687
- 664
635

«609

581

«703

o704

- 704
- 708
«718
o T4l
o173
-804
844

b

1.0

2.0

THE RATIO 'OF Q,(0}/Qy 1}

- 705 «.T16 T34
705 eT16 o733
.705 «TL6 .T733 .
oTO1 o713 -T30 .
<691 704 722
0671 - 688 - 708
0645 .667 0690 B
0622 «649 6T4 .
597 -629 «656
THE RATIO OF Qu(Tg)/Qv pp
-T04& .712 « 720"
704 712 «T20 -
- 705 «713 oT21 .
-708 .T16 o T24
«T17 -723 . 731 .
-738 740 - o T4S5 .
<766 o762 - T65
793 <784 .783 -
-828 o811 . -807

3.0

0732
0731
o731
o727

2720 -

- 705
«687
0671
«653

o714
o715
«716
o719
o726

« 740 -
07603

o779
- 802

400'

.732
2731
.730
726
o718
- 704
0685
0669
0652

- 703
<704
- 705
709
- T16
o131

o750 -

« 769
«793

A |



TEMP1=1000.R

TEMP. DISTR. PARAMETER= 0.
REFRACTIVE. INDEX=2,00-0,601

TEMP2=6000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .5

17

vV x 10
001
«18
036
~90
1-.80
3460
7-20
14.40
57.00

«01
18
" 036

«90

1.80

3460

1220
14.40
57,00

hr

a=00'

309
2309
=309
305
297
0278
0254
0233
209

~309
309

310

0313
2321
340
0365
-388
-418

)

1.0

2.0

THE RATIO OF Q,(0)/Qy 1y,

0311 o314 .321
0310 <314 .321
«310 - 314 0320
2307 o311 ~318
0299 ©304 0311
0282 «290 ©299
0261 0272 -283
0241 «256 0268
0219 «237 2251

THE RATIO OF QuiT51/Qv pp
«309 0311 -309
0310 «311 <309
0310 0311 0310
0313 .314 0313
~320 «320 ©319
0337 <334 0331 .
2360 2353 «348
0381 «371 0364
0407 ©393 «383

3.0

0322
<322
0321
-318
«312
«299
283
«268
252

«307
307
308
311
o317
330
346
362
381

0326
0325
0324
«321
«314
2301
2285
«270
«253

«301
<301
302
«306
o312
325
0342
2358
«378

pet



TEMP1=3000.R¢

TEMP: DISTR. PARAMETER=
REFRACTIVE INDEX=1,25-1.251

TEMP2=8000.R

OPTICAL SPACING=1.0

REFLECTIVITY AT SURFACE 1,2=

v x 101‘
201

«18

«36

«90

1.80
3,60
7-.20
14.40
57.00

01
-18
236
O 90
1.80

hr

3060 ’

10,20
14.40
57.00

a = .0

o435
435
o435
o433
428
409
359
285
206

o436
<436
o436
437
o442
459
508
0601
778

0.

ol

6

l.0

0443 o467
<443 <467
0442 <466
o441 <464
<435 <459
<417 0441
<368 395
0297 329
220 +255
THE RATIO OF Quf T,
<438 <451
+438 0451
0438 <451
2440 <453
v <458
<461 0415
509 0520
597 <600
o764 -T48

\

2.0

THE RATIO OF Q,,(0)/Q,,
v 557bb

556
<554
549
0540
519
o473
«408
0333

1/Qy,pp
480
481
o487
496
0516
«561
«636
766

627
<624
620
0611
597
<570
519
0452
374

0460
<463
« 466
c475
- 489
o515
565
0642
- 768

4.0

667
663
<659
648
<630
598
o544
<475
0393

445
- 449
453
<465
482
513
567
0645
o773

sct



TEMP1=3000.R,
TEMP. -DISTR,

PARAMETER=
REFRACTIVE INDEX=1,25~1.251

TEMP2=8000.R

OPTICAL SPACING=1.0

REFLECTIVITY AT SURFACE 1.2=

17

v x 10
«01
o1l8
036
L4 90
1.80
3,60
7020
14,40
57.00

-01
-18

036
90

1.80
3,60
1.20
14.40
57,00

hr

a = o0

0222
«222
0222
0221
-218
207
o176
130
<077

0223
0223
0223
0224
0226
0237
0267
323

0426

0.

o5

b

THE RATIO OF

0227
0227
2227
0226
<223
0211
o181
136
-083

1.0

0240
240
240
-239
-235
.224
-194
0150
097

THE RATIO OF

0224
0224
225
226
0228
239
269
0323
0422

«230
«230
«230
231
0235
«245
275
<416

2,0 -

Qvﬂﬂilﬂvébb
0281
«280
277
271
0257
0226
0181
0125

Qut T, /7Qy b
«230
o231
0232
235
0241
255
285
335
418

3.0

«322
320
.318
<311
302
-283
0248
200
o141

- 207
209
o211
217
227
245
2280
2332
c4l4

4.0

345
343
340
0332
319
297
0259
210
o148

-190
<193
«196
204
216
2238
275
329
o413

9¢1



TEMP1=3000.R
TEMP. DISTR.

PARAMETER=
REFRACTIVE  INDEX=1.25-1.251

TEMP2=8000,R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 142= o1

201
18
36
«90
1.80
3,60
7.20
14.40
57.00

hr

0.=c.0

« 703
o703
o703
o703
- 700
«693
0671
o336
0591

«703
«703
703
o 7104
- 706
oTl4
- 135
o172
829

0.

b

2105 o713
705 «T13
- 104 o712
- 702 «710
«695 - 704
0675 . 687
644 -661
«602 «626

1.0

THE RATIO OF

-703

-704

- 104
- 704
-« 706
o713
o733
«T66
818

- 708
. 708
«708
- 709
o711
- T17
o733
« 761
-804

2.0

THE RATIO OF Qv(01/ov2bb
| 4

[+]

nT42
cT42
o 740
o T37
o731
<T1l6
-665

Qul T53/Qy by
720"’

o720
o721
0722
o125
131
o T46
- 169
-805

3.0

o T64
<763
o162
7159
- 755
o T47
o732
oTll
683

o T17
o718
o719
o121
- 125
o733
748
o771
-804

0T
«T75
o774
o771
o766
o157
o T4l
o719
0691

.T1l4
oT1l6
oT17
o720
o725
o734
o750
- T73
806

IXA



TEMP1=3000.-R,

TEMP. DISTR:s PARAMETER=
REFRACTIVE . INDEX=1.25-1.251

TEMP2=8000.R

OPTICAL SPACING= .2 '
REFLECTIVITY AT SURFACE 1,2= .5

.V x 10
' .01
-18
036
090
1-80
3.60
7020
14.40
57.00

01
.18
036
«90
1.80
3,60
7020
14.40
57.00

hr

a=,0

0309
309
309
<309
307
« 301
<283
<256
217

«309

-309
309

«310

o311
318
335
2364
0407

0o

b

1.0

311 314
~310 0314
2310 o314
310 «313
«308 o311
302 «306
286 0292
«260 270
0225

239

THE RATIO OF

309
-309
309
310
o311
o317
«333
360
«400

2309
«309
310
«310
312
<317
«331
«354
-388

QV(TO

2.0

THE RATIOD OF och)lovébb

L]

0325
325
324
0322
316
303
284
0257

}/Qv by
oaos’bb
«307
«307
-308
0311
«316
0329
0349
-378

339
2338
0337
335
331
324
o3Lk1
292
0266

297
298
299
2301
305
312
325
0345
373

<347
<346
345
342
337

329

315
295
2269

291
0292
294

0296

301
309
323
0343
371

8¢1



TENPL1=3000.R,

TEMP. DISTR. PARAMETER=
REFRACTIVE INDEX=2.00~0.601

TEMP2=8000.R

OPTICAL SPACING=1.0-
REFLECTIVITY ATV SURFACE 1o2= .1

vV X 1017

<01
18
«36
«90
1.80
3.60
70,20
14-40
57.00

290
1.80
3,60
71.20

14.40 -

57.00

hr

-1

a = o0

435
o435
435
o433
428
409
«359
285
<206

436
0436
o436
o437
o442
° 459
508
0601
o778

0o

b

1.0 -

2-0

THE RATIO OF Q0)/Qy v

0445 0481 0543
0445 480 542
o445 «480 0540
o443 o478 535
0437 o412 527
o419 - 454 2506
0371 410 o461
301 - 345 0397
0224

271

THE RATIO OF

438
439
439
0440
445
o462
509
596
759

460
« 460
c4b1
463
«468
0484
528
«606
e 747

324

Q.,(7.1/Q
V' 0 48 PP

468
469
474
482
«502
0546
0621
o T49

3.0

540
0538
2536
0531
0521
499
o453
-390
337

0448
«450

. o451

0457
0466
487
0532
0606
T35

0562
<559
<556
o547
533
«506
<456
391
317

<400
-403
«406
415
429
o454
0504
580
oT1l2

6cl



TEMP1=3000.Ry

TEMP., DISTR.

PARAMETER=
REFRACTIVE INDEX=2,00-0,601

TEMP2=8000-R

OPTICAL SPACING=1.0 -

REFLECTIVITY AT SURFACE 1ly2=

vV X 1017
01

036

290

1.80
3,60
7,20
14,40
57,00

<01
.18
36
«90
1.80
3,60
7,20
14,40
57.00

hr

-1

a =

o0

0222
0222
0222
0221
218
207
«176
0130
<077

223
0223
0223
224
0226
237
0267
2323
0426

0.

05

)

l.0

2.0

THE RATIO OF Qu(0)/Qy by

0229 <247 0279
0229 0246 -278
0229 246 0277
0228 0245 0273
0224 0241 0267
0213 229 «253
0182 .200 0223
.138 -157 o179
.085 - 104 124
THE RATIO OF QulT5)/Qu py
0225 0233 0226
0225 0233 0227
0225 .233 ©228
0226 0235 «231
0229 «238 0237
0239 «249 0251
0269 .278 0281
0323 ©328 2330
0420 <415 o413

3.0

2280
0279
.278
274
«268
2253
222
<177
«123

218
219
0220
224
2230
244
0275
325
<408

~301
299
0297
2290
281
0262
~228
182
~126

-189
0191
0193
.199
-209
0226
0261
0313
«399

0tT



TEMP1=3000.R»

TEMP. DISTR. PARAMETER=
REFRACTIVE- INDEX=2,00-0.601

TEMP2=8000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 142= .1

vV X 1017
«01

18

036

090

1.80
3,60
7,20
14.40
57.00

w01
.18
036
90
1.80
3060
7.20
14040
57,00

hr~

1

a = o0

-« 703
« 703
«703
703
o« 700
693
<671
«636
0591

-703
-~ 703
703
704
- 706
«714
« 135
o172
0829

0.

o6

1.0

2.0

THE RATIO OF Q,(0)/Qy 1y

o706 - .718 <738
- 706 «T17 -738
-706 o717 o737
- T05 «T16 - 136
.703 - 715 -T33
0696 . 709 727
0677 693 aT12
0646 668 0691
©606 «636 0662

THE RATIO OF

<703
<704
- 104
- 704
<706
o713
o732
o765
-815

o711
o711
«711
o712
- 714
720
<735
<761
<801

Qul T63/Qv, b
oT1l6
«T16
<716
~T18
«T720
- 127
o741
- 164
- 798

3.0

o137
-136
«736
o134
- 131
124
-T10
- 688
- 659

710
«T10
o711l
o712
- 715
0722
736
- 159
« 7194

o740
740
2739
o736
0oT32
o124
-708
658

2695
-696
<696
«699
703
o711
- T26
- 750
- 785

TIET



TEMP1=3000:R¢
TEMPR: DISTR.

PARAMETER=
REFRACTIVE INDEX=2.00~0.601

TEMP2=8000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1¢2= .5

vV X 101'
001

.18

036

©90

1.80
3.60
7020
14.40
57.00

01
18
036
290
1.80
3.60
7-.20
14.40
57-.00

hr

a

-0

0309
»309
309
309
307
«301
283
0256
0217

309
309
309
0310
o311
-318
335
364
407

0o

o6

1.0

2.0

THE RATIO OF Q,(01/Qy 1

311 «315 32%
0311 0315 0325
«311 -315 0324
~310 o314 0323
<309 »313 0321
©303 .308 0315
0287 «294% 2303
0262 273 .283
0227 0244

THE RATIO OF

309
309
309
310
0311
«317
333
359
2398

<310
310
310
o311
«312
«317
«330
«352
385

0257

Qv T52/Qv,pp
~305
306
«306
-308
o310
<315
0328

347
2376

3.0

0326
<326
«326
324
322
316
«303
284
« 257

303
-303
304
305
308
2313
326
346
«375

333
333
332
330
326
0319
305
286
259

2293
0294
2295
0297
301
<308
321
o341

o371

(498



TENPL= 500.R,

TEMR. DISTR.- PARANETER= -0,
REFRACTIVE. INDEX=1.25~1.251

TENP2=4000.R

OPTICAL :SPACING=1,0:
REFLECTIVITY AT :SURFACE 1,2= .1

vV x 1017 hr 1
o0l .
018"
036
«90 -
1.80 -
3.60
1620
14.40
57.00 .

-01
18
236
90 -
1.80
3,60
T.20 -
14.40 -
57,00 -

Q= o0

<435

o‘a‘L

-428
«401
2353

0296
0268

o215
- 184

0436
437 .

ok4l
o462

506

o575

«663

o 145
- 868

b

1.0

2.0

THE RAT!0’05~Qv(0)IQvib

0442 464 . ° .
%40 - o462 0538
435 « 457 <532
«408 «433 - 509
363 «391 <469
<308 «339 419
260 « 294 . 374
229 «263 - 342

198

0234 .

THE RATIO -OF

<439
540 :
bbb .
0465
507
573 -
<656
o134 .
-848

454

« 456

459
479
-518
579
654
o722
-819

310

Qv ToH/Qv by
. 0496
499
503
523
0561
o618
<685
o Th4
<825

3.0 -

0592
-587
580
0554
0514
0464
c4lT
384
«350

2495
0500 :

506

«528

© 566

«623

-689
-T47
825

4.0 -

0621
0615
0607
-580
539
<486
0438
<403
.368

0492
<498
505
529
«568
2627
«694
2752

830 -

15859 §



TEMP1= 500.Ry

TEMP. DISTR:; PARAMETER= 0,
REFRACTIVE INDEX=1,25-1.251

- TEMP2=4000.R

OPTICAL - SPACING=1.0
REFLECTIVITY AT SURFACE .192= .5

vV x 10
-0l

-18

«36

290
‘1080
3.60
7.20
14.40
57.00

0l
-18
<36
90
1.80
3,60
1.20
14.40
57.00

17

hr

Q= oo

222
0221
-218
«202
o173
137
106
« 084
- 060

0223

0223 -

0226
239
266
308
<359
407
o478

<6

THE RATIO OF Q,,(0)/Q

1.0

2.0

227 .238 .272°P
0226 .237 269
.223 .234 .266
206 .218 250
.178 192 0224
.143 .158 .189
112 .126 157
090 .104 .133
.080 -107

066

THE RATIO OF

0225
0226
228
0242
«268
309
358
<404
4Tl

«232
<233
«235
248
« 274

3313‘
«359 .

<401
« 459

Qul T6#/7Qv, b
241

«243
«246
260
285
323
367
0404
455

3.0

2298
0294
2290
0272
0245
«209
175
o149
0 121

«231
234
238

« 254 .

281
<320
0363
401

450

313
«309
2303
285
256
219
183
0156
2127

0223
0227
0232
<249
o277
317
362
<400
<450

129



TEMPl= 500.Ry
TEMP. DISTRs PARAMETER= 0.
REFRACTIVE INDEX=10,25-1.251

TEMP2=4000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE ly2= .1

v X lO17

«01
18
036
=90
1.80
3,60
7020
14.40
57.00

«0l
18
036
«9C
1.80
3,60
7.20
14.40
57.00

hr~

a

-0

«703
2703
o101
690
- 670
0643
o617
597
o575

-703
o 7104
- 706
o716
135
0164
o795
821
853

o6

1.0

2.0

THE RATIO OF Q\(0)/Q,, bk

- 705 «T12 .T738
- 704 eT1l1 o137
«T702 - 710 2735
0692 - 701 728
o674 - 686 o715
«650 - 666 «698
0626 <646 0681
-608 «631 - 669
588 <614 <655

THE RATIO OF

- 704
<704
«706
<715

-733 -

0759
- 787
.810
<839

- 709
- 709
l’7-11
o719
«733
o 155
o178
< T97
821

Qv(ToD/QV,bb
-T125
- T26
o T27
T34
o T46
- 764
- 784
- 799
818

3.0

o154
o152
- 750
o743
o131
715
- 699
«686
«673

o127
728
«730
o137
o149
o766
o784
799
-817

o T64
o762
760
o752
<740
723
<707
0695

« 127
«729
- 731
e 739
o751
- 768
- 786
-801
-819

SET



TEMP1l= 500.R,

TEMR. DISTR: PARAMETER= 0.
REFRACYTIVE - INDEX=1.25-1.251

TEMP2=4000.R

OPTICAL SPACING= .2
REFLECYIVITY AT :SURFACE 1,2= .5

vV x 1017

«01 .

~18
36

«90 -

1.80

3.60 -

T7.20
14.40

57,00 -

«01 .

-18
36
«90
1.80
3,60
7.20
14-.40

57,00 -

hr"l

G=o0

0309
-309

<307

0299
283
<261
239

0223
0204

309

.310 -

o311
<319
«335

0357 .

381

0401 .

0424

Y

1.0

2.0

THE RATIO OF Q\(0)/Qy 1,
322 b

2310 «313 °
«310 0312 321
-308 311 320
300 304 313
286 =292 <303
<266 274 288
245 « 257 0272
230 243 0261
« 247

-212

«228

THE RATIO OF

«309

310 -

311
319
«333
<354
376
<394
o416

-310
«311
«312
«319
331
- 349
-368
-383

<401 .

Qv T5)/Qv pp
<310
311
313
319
<329
345
361
374
-389

3.0

330
329
327
321
<310
295
<281
0269
257

<306
307
309
315
326
341
<356
«369
383

4.0

«335
333
0332
«325
0314
299
0284
<273
«260

303
305
«306
313
324
339
355
367
382

9¢1



TEMP1= 500.Ry
TEMP. DISTR.

PARAMETER=
REFRACTIVE INDEX=2,.00-0.601

TEMP2=4000.R

OPTICAL SPACING=1.0
REFLECTIVITY AY .SURFACE 1le2= .1

v x 10%
001
.18
036
«90
1.80

3,60 -

7,20
14.40
57.00

.01
-1l8
36
90
1.80
3,60
T.20
14.40
57.00

hr

a,=u0

%435
0434
«428
0401
0353
296
0248
'0215
<184

0436
o437
ob4l
0462
506
o575
0663
o745
868

0.

o6

1.0

bbb <476
0442 4T4
o437 «470
o4ll e 446
2366 406
311 355
0264 310
233 - 280
203

250

THE RATIO OF

0440
044l
445
466
507
573
0654
«730
-841

« 464
0466
469
o489
526
«586
<657
o722
-814

2.0

THE RATIO OF Q.(0)/Q
Vi sy PP

<524
519
495
0457
408
364
333
2302

Quf T, 5/Qy
© 482°PP

485
490
0510
546
602
«668
o127
-808

3.0

520
o517
o511
-488
0449
«400
356
326
296

0467
«470
o475

©495

0532
-588
- 654
-713
« 795

4.0

528
09523
516
491
451
0401
0357
326
296

434
<439
<445
0467
504
561
629
<690
TT4

LET



TEMP1= 500.R,

TEMP. -DISTR. PARAMETER=
REFRACTIVE INDEX=2.00-0.601

TEMP2=4000.R

OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1l,2= .5

vV x 1017

01
-18
36
«90
1.80
3.60
7.20
14.40
57.00

01
-18
36
90
1.80
3() 60
1.20
14.40
57.00

hr"l

0.=oO

0222

0221 .

218
0202
o173
«137
106
084
060

<223
0223
0226
239
0266
«308
359
0407
o478

0.

-6

1.0

2.0

THE RATIO OF Q(0)/Qy

.228 244 268
0227 0242 0266
224 <239 262
.208 224 0246
»180 .198 0220
0145 164 -186
ollé 133 o154
091 .110 .131
.068 -106

-086

THE RATIO OF

<226
<227
229
0242
268
«309
358
<403
468

«236
«237
<239
0252
277
«316
<360
«401
- 456

QV(TO)/QV,bb
0237

2239
0242
256
.281
<319
<362
<399
449

0267
0265
2261
0245
~185
«153
130
«105

231
«233
2236
«250
0275
313
356

2394

o445

0277
274
269
0252
«225
190
o157
o133
-107

«212
0216
2220
0235
261
300
0345
384
<437

SET



TEMP1= 500.R,

TEMP. DISTR

REFRACTIVE INDEX=2.00-0.,601

TEMP2=4000.R

PARAMETER=

OPTICAL SPACING= .2
REFLECTIVITY AT :SURFACE l,2= ol

vV x 1017
«01
-1l8
c36

90 -
1.80

3,60

7,20 -

14.40

57.00 -

<01
.18
36
90
1.80

3,60 -

71.20
l4.40

57.00 -

hr

a’-‘-oO'

703
o703
« 701 .
690
- 670
0643
«617
597
o575

- 703
- 704
- 706
o716
735
o164
795
821
-853

Oc

.

1.0 -

- 705 =716
- 705 «716
«703 «714
693 « 706
676 « 692
<652 -673
«629 «654
«611 « 640
592 0625

THE RATIO OF

- 704

705
706
.T15
732
o157
.785
807
.835

«712

«713 .

-714
« 722
«735
« 756
~ 777
« 795
817

2.0

THE RATIO OF Q,(01/Qy oy,
73

o732
o731
o724
«T11 .
695
678
666
2652

QV(TO)/Qv bb
720
«721
o723
o729
oT41
759
o778
«793
812

o731
o730
-T728
.721
.709
0692
-676
<663
<650

«T15
«716
«T18
o725
o 137
o 154
o T73
« 789

«807 .

«731
- 729
o727
0720
o707
0691
o674
662
648

- 704
706
-708
715
o727
o T45
«T64
o779
798

6£T



TEMP1l= 500.Ry

TEMP. DISTRS
REFRACTIVE INDEX=2.00-0.601

TEMP2=4000.R

PARAMETER=

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .5

7
vV X 101'

«01
18
«36

290 -

1.80
3,60
7,20
14-40
57,00

01
-18
036
090
1.80
3,60
7.20
14,40
57.00

hp~1

G.=oO

0309
2309
0307
0299
0283
0261
0239
0223
0204

309
310
2311
319
335

357

381
-401
0424

0.

06

THE RATIO DF‘ Q\)‘O)/Q\) bb

1.0

2.0

2310 o314 321
0310 314 0320
«309 o312 0319
2301} «306 2313
-287 0294 ©302
0267 0277 0287
0247 0261 0272
0232 0248 026'1

215

«234

THE RATIO OF

309
<310
0311
0319
0333
353
375
2392
o4l3

311
311
<313
319
348
366

-380 -

«397

248

Q7oA

31

310
0312
.318
328
343
<359
2372
387

3.0

«322
321
2319
313
2302
288
<273
« 261
- 248

308
2308
310
«316
«326
342
«358
370
<386

4.0

325
324
0322
316
305
290
o275
2263
2250

302
303
<305
o311
0322

2337

«353
<366
382

or1



TEMP1=2000.R,
VEMP. DISTR. PARAMETER=
REFRACYIVE INDEX=1.25-1.251

TEMP2=4000.R

OPVICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= ,1

vV X 1017
01

o18

236

«90

1.80
3.60
7.20
14.40

«01
18
36
90
1.80
3,60
7020
140,40

hr~

a = oo

656
o656
- 656
654
648
0628
591
o577

215
215
215
o215
o214
0212
«196
oll4

2.

o6

-656 <666
«656 - 665
0655 664
2653 -661 .
«646 0654
0627 «637
«593 «607

581

1.0

«599

THE RATYIO OF

«225
225
225
2226
226
0225
210

2135

«252
«253
<253
255
257

‘0258

« 247
-182

2.0

THE RATIO OF 0v(0)[°v6bb
5

o152
« 749
- 740
o127
706

- o679

QulT,

678

1/Qv pp
-281

284

288
296
305
<314
310
257

3.0

<843
835
-828
-810
- 787
- 758
« 729

«730

« 244
251
258
<276
- 295
313
o316
266

4.0

-898
-888
879
855
0826
o791
« 760
o762

214
224
<234
256
282
«306
<312
2263

j84¢



TEMP1=2000.R¢ TEMP2=4000.R
TEMR. .DISTR. PARAMETER= 2,
REFRACYIVE . INDEX=1.25-1.251
OPTICAL SPACING=1.0 :
REFLECTIVITY AT :SURFACE 1,2= .5

a = .0 - 06 loo Zoo .
17 -1 :
vx 10 hr THE RATIO OF Qyu(01/Qy
.0l . 0357 ©360 369 411
.18 0357 «360 - «369 obléb
°36 0357 2360 : -368 0412
290 . ©356 .358 366 0406
1.80 0353 .355 362 <398
3.60 0342 0344 «352 «385
7.20 - 322 0325 «335 2369
14,40 2318 0322 <335 0373
THE RATIO OF Qy(T51/Qy py,

.01 , -088 -091 .101 096
018 .088 .092 .101 -098
36 2088 092 «102 -100
«90 - .088 092 .103 . 2106
1.80 .088 2093 .10S o112
3.60 .088 .093 107 o119
7.20 - -080 087 «102 0120
14.40 -035 0044 «065 089

o472
<466
o461
449
<434
o415
«397
«403

<057
<062
«067
079
092
106
- Il1
082

«507
«500
493
o4T7
<457
o434

ohléh

0421

2029
<036
0043
059
077
-095
«102
073

(44



TEMP1=2000.R,

TEMP. DISTR. PARAMETER= 2,
REFRACTIVE. . INDEX=1,25-1.251

TEMP2=4000.R

OPTICAL SPACING= .2
REFLECTIVITY AT-SURFACE 1¢2= .1

1
v x 10 T

-01.
018

<36

«90 :

1.80

3,60
720 -
14,40

01

-1l8

c36
090 :

1.80

3,60
7.20 -

14040

hr

-1

Q= oo

799
o798
- 798
o798
- 196

o192 .
o784

o791

- 608
- 608
- 608

«608

- 609

- 611 .

0612
2593

.6 1.0 2.0
THE RATIO OF Q.(0}/Q
.792 o786 ° .801°°
792 .786 806
2792 . 785 .805
791 .784 .802
790 . 783 .799
785 .779 794
.778 .713 .788
.785 -779 .793 .
THE RATIO OF QviT53/Qv
617 .635 656
617 .635 657
617 .635 658
617 .636 660 -
618 637 663
620 .639 66T
621 640 <669
604 .626 658

300:

- 829
827
825
- 820
-814
807
- 800
805

<652

<654 .

656
« 661
« 666
«672

675
<665

4.0

845
843

0840 -

-833
826
-817
810
«815

<646
<649
651
658
2665
673
<677
<667

1% 4"



TENP1=2000.R¢

TENP. DISTRs PARAMETER= 2,
REFRACTIVE . INDEX=1.25—~1.251

TEMP2=4000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1l,2= .5

1
Vx107

01
18
<36

90

1.80

3o60‘

7.20
14,40

01 .

-18
036
90
1.80

3.60 -

71.20
14.40

hr

-1

a = oo

385
- 385
385
385
2383

380 :

<376
383

0233
0234
234
234
235
0237

0238'

225

06

1.0 -

2.0

THE RATIO OF Q\(0)/Qy 1

<381 . 2378 .381
.381 .375 0381
«381 -375 «380
«380 - .374 .378
<379 «372 -375
0376 «369 0371 .
«372 0366 «367
-379 «372 0372
THE RATIO OF Qyul7.)/Q
239 <248 ©.251°°°
.239 «248 «252
«239 <248 «252
0239 0249 0255
0240 .250 . 0257
0242 <252 0261
0244 .254 0263
0232 244 0255

3.0

2396
394
«393
-388
383
377
372
378

240
«242
243
248
2253
258
262
«254

4.0

<407
<405
403
397

2390 -

382
0377
383

0231
0233
235
0241
0248
<255
0259
251

144"



TEMP1=2000.Ry
TEMP. DISTR. :
REFRACTIVE. INDEX=2.00-0.601

TEMP2=4000.R

PARAMETER=

OPTICAL SPACING=1.0 -
REFLECTIVITY .AT -SURFACE 1,2= .1

17

v x 10

-0l .

-18
<36

<90 -
1.80
3,60
7.20 -
14,40 -

.01
18
36

<90 -

1.80
3,60
7020

14.40 -

G=.03‘

« 656
2656

656

06564

« 648
- 628

591 .

oST7

215

o215

0215
0215
214
212
2196
o114

o6

1.0 -

2.0

THE RATIO OF Q(0)/Qy 1
' 3

<656 675 - 738
<655 Y YL « 7135
655 «673 o732
652 669 - T22
646 «662 0110 :
« 627 «64% 689
0594 . «617 <662

582

611 .

THE RATIO .OF

228
228
0228

0229

230
0229
215

N .1141

266
267
267

270 -

<272
« 274
265
« 204

«660

Qv( T ,,Q\) b
° 270 °PP

o274 .
0278
286
<295
2303
300
247

3.0

« 737
«733
729
«719
- 704
682
654

«&51 .

A
0250

0254 .

258
«268
- 278
- 288
- 285
231

4.0

o176

oT68
B 7}
e Th4
o721
«691
<660
«656

187
<194
0201
0217
.235
252
«252
-197

ShT



TEMP1s2000.R,
TEMR. DISTR.:
REFRACTIVE: INDEX=2,00~0,601

TEMP2=4000,.R

PARAMETER=

OPTICAL - SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .5

1
vx107

.01
18
36

290 -

1.80

3060

7.20

14,40

01
.18
036
90

1.80

30,60 -

1.20

14,40 -

hr~

a=,0

<357
0357 .
0357
356
0353
0342
0322
-318

.088
.088
-088
088
-088
-088
-080
035

2.

-6

324

«093 - 105
093 106
-093 107
094 -108
«094 «110
<095 «113 .
<089 109
047 «074

1.0

<361 374
«361 373 -
<360 «373
«359 - «370
’ 0355 0366
345 . 356
326 «340

<341

2.0

THE RATIO :0F Qv(O)/Qvibb

- %09
<407
401
0392
<379
364

<367 .

THE RATIO OF Qul T51/7Qyv pp
094’

096
-098
«104
«110
o117

o117 .

086

3.0

o%l5

o412

«410 .

«403

«393

« 379
«363
366

-083
086
-088
«095
«102

o110 -

111
079

4.0

o449
&44
439
o427
o4l2
0392
373
376

<041
«046
051
2062
- 075
-088
«091
-058

9vT



TENP1=2000.Ry -

TENP. DISTR.

TEMP2=4000.R

PARAMETER=
REFRACTIVE. INDEX=2.00-0.601

OPTICAL SPACING= .2
REFLECVIVITY AT SURFACE 1,2= .1

vV X 1017

o0l

-18
36

90 -

1.80

3,60
7«20 -

hr

14,40

.01

018'

36
«90

- 180
3.60
7.20

14.40 .

0

o 199
798
<7198
798
- 796
s 192

o784 .
- T91 .

- 608
- 608
- 608
- 608

- 609.

611
612
593

o6

1.0

2.0 -

THE RATIO 'OF Qw(0)/Qv pp

«790 - . 786 .801
- 790 : .786 .800 -
«790 . - 786 -799
. 789 . 785 =796
.788 .783 «793
-783 779 -788
o177 T4 . .T782
-783

THE RATIO OF

«619
-619
«619
620

621 .

623
624
«607

- T79

642
643
643

« 644 .

645
« 647
- 648
«635

- 187

Q\)( T ,/Q\)
°,653°°°

«654
«655
657
2660 :
664
«666
<655

3.0

800
799
- 798
o795
- 791
- 786
- 780
- 785

- 646
« 647
« 648
651
«655
659

<661
650 -

4.0

.808
-806
-804
=799
-793
785
oTT9
783

0627
629
0631
«636
0642
<648
651

640 -

LbT



TEMP1=2000.R,

-TEMP<s DISTRs -PARAMETER=
REFRACTIVE INDEX=2.00-0.601

TEMP2=4000.R

OPTICAL .SPACING= .2.
REFLECTIVITY AT SURFACE 1,2= .5

1
\:xlO7

«01 .

-18
«36

90 .
1.80 -

3.60
1.20
14.40

01
-18
36

290 .

1.80
3.60
71.20

140 40

hr

-1

a=,0

385

385
0385

385

383

<380 -

376

0383\

2233
234

0234
0234

-~ o235
237
238
225

20

6

1.0

2.0 -

THE RATIO OF Qv(0)/Qy 1,

380 373 380"
<380 «373 . 379
<380 «373 -378
379 372 «376
«378 «371 373
<375 368 0369
0370 ’ .364 0365
-378 2370 370
THE RATIO OF QW T5)/Qv py
02640 = .251 0251
0240 252 0252
0240 0252 253
0241 " «253 0255
242 0254 0257
244 0256 .261 .
0245 258 0263
0234 0248 «255

3.0

382
381
- 380
377
«374
2369
365
371

o 247
248
249
«252
255
259
<261
2253

4.0

0392
391
389
385

«380 -

«373
+368
<374

0234
236
238
0242
02647
253
256
248

b1



TEMP1=2000.R,
.TEMR. DISTRs PARAMETER= 2,
REFRACTIVE INDEX=1.25+1.251

TEMP2=6000.R

OPTICAL SPACING=1.0
REFLECYIVITY AY SURFACE l,2= .1

1
vV x 10 7

-01
-18
036

290 -
1.80 -

3.60

1020 -

14-.40

01
.18
236
90
1.80

'3060'

7.20
14.40

hr—

0

656
<656

«656
654

<647

0626

588
<568

o215
215
<215
215
215
214
204
0142

b

1.0

2.0

THE RAtxofoslov(O)tovébb

«655 «662 °

655 662 736
654 <661 o734 .
0652 659 -729
2645 . «652 9720'
«625 634 702
«590 - <604 676

572

0590 -

THE RATIO OF

<226
2226
0226
<226
0227
227
-218
-161

« 256
«256
256
257
259

«260 -

254
« 206

<669

Qi TA)/7Q
V70 5947PP

300 -
302
306
<312
-318
316
278

3.0

805
-801
- 197
- 187

«T%3 -

151
o725
- 120

282
<286
289
298
309

320 -

«322
286

4.0

-848
-843
838
825
-808
-783
«156
-T51

0265

«270

2715
287
+301
<315
319
283

6bT



TEMP1=2000.R,
TEMP. DISTR. PARAMETER= 2.
REFRACTIVE . INDEX=1025-1.251

TEMP2=6000.R

OPTICAL SPACING=1.0.
REFLECTIVITY AT SURFACE 142= .5

vV X 1017

-01 .

18
<36

090 :
1.80 -

3,60
7020
14,40

.01
-18
36

290 -
1.80 -
3.60"

T.20
14.40

hr

a

00

0357

357 -

0357
«356
352
340
320
0311

-088

«088

-088
-088
088
-089

085 .

<052

.6 1.0 2.0
THE RATIO OF Q. (0)/Q
.360 2367 ° o408°P
359 366 0404
.359 366 0402
.358 364 399
354 .361 .393
0343 .350 - 382
.323 -333 .367
.366

2316

THE RATIO OF

«092
«092
092
093
093
<095
-091
060

<103
104
104
«105
«106
-108
«106
079

Qul T51/7Qy pp
-.108
-109
110
113
o117
122
<124
-102

o445
o443
440
-433

0 h24
o410

<394
395

083

<086

.088
094
.102
o111
115
<094

4.0

o4l
<468
0465
456
h4 4
o428
o4ll
412

064
<068
«Q7T1
-080

«090 -

-101
-106
086

0ST



TEMP1=2000.Ry
TEMP. DISTR. PARAMETER=
REFRACTIVE INDEX=1.25~L.251

TEMP2=6000.R

OPTICAL SPACING= .2

REFLECTIVITY AT SURFACE 1,2= .l

1
\)xlO7

.01
-18
<36
«90

1.80

3,60

7.20 -

14.40

.01
.18
36

90 -

1.80
3,60
1.20
14.40

hr-

Q= .0 .

2799
- 798
798
798
o796
- T91
782
785

- 608
608
608
<609
609
0612
0614
« 601

2.

)

1.0

2.0

THE RATIO OF Qy,(0)/Qy

792 - 785 . .801
. 792 .785 .801 .
0191 .784 -800 -
0791 784 .799
.789 .782 o197
o784 .778 0792
o177 <172 .787
o779 T74 -789
THE RATID OF Q(T.)/Q
o617 .636 ° ©.661°°"
<617 <636 0662
0617 0636 0662
.618 <637 <663
.618 .638 0665
0621 <660 - <668
0623 « 642 <671 .
0612 0633 <663

3.0

817
816
-8l4

«810 -

805
« 799
- 801

« 662
«663
- 664
- 667

- 670 -

674
<677
<670

4.0

.831
830
828
825
820

814 -

«809
-811

660
2661
0663
<666
<670
«67S
<679
<672

161



TEMP1=2000.R,
TENP. DISTRs PARAMETER= 2,
REFRACYIVE INDEX=1.25-1.251

- TENP2=6000.R

OPVICAL SPACING= .2
REFLECYIVLITY AT -SURFACE 1¢2= .5

17

.01
<18

v x 10

hr-

«36
290 :
1.80:
3.60:
7020'

14,40

. «0L.

-18
236
«90

1.80 -

3.60

' 7020‘
14.40

e = oo

385
385
385
385

0383'
380 -

374

378

«233

o234
0234 .
0234 .

<235
- 237

240 -

0232

-6

1.0

200 :

'“E RA'!O DF Qv‘O',Qv bb

.381 374 - 37
«381 374 o377
-381 «374 " 376
0380' 0373' 0375
«379 0372 «373 -
375 369 370
«370 - 364 : 366
374 «368 369
THE RATIO OF Q,(7.)/Q
. 2239 249 ° ©,25%:PP
239 0249 0256
239 249 «256
0239 .250‘ .257-
0240 «251 «259
243 0253 «262
246 0256 265
238 - © 249 «259

3.0 -

«387

«386

385

2383 .
<380 -
«375 .
-371.
0374 |

249

« 250 :
0251

0253

256
0260 -

<263
<258

4.0 -

395
0394
392
389
+385
-380
376

" «379

0243
c2&%

0246
249
252
«257

«261 .

«256

cst



TEMP1=2000.Ry

TEMP. DISTR.

TEMP2=6000.R

PARAMETER= 2.
REFRACTIVE -INDEX=2.00-0.601

OPTICAL SPACING=1.0
REFLECTIVLYY AT .SURFACE 1,2= .1

v X 1017
.01
-18
036

<90 -

1.80

3,60
7.20 -
14.40 -

<01 .

18
36
90
1.80
30,60
1,20
14.40

hr"l

QA = 0.

0656
0656

0656
0654
0647
<626
588
568

215
215
215
215
215
o214
204
142

6

THE RATIO OF

<654
654
0654

<651
0645

0625

<591 .
573

1.0

«670
670
669
« 666
«660
<643

614 .

«602

-

THE RATIO OF

229
229
230
230
«231
0231
222
167

270
0271
.271
273
« 274
« 277
0271
«226

2.0

9v101/9y by,

-7T19
- T17
oT12
703
685
«659
<651 .

Qul(T,)7Q

. v oozsg,bb
0290 ’
«292
296
302
«307

«306
0267

3.0

- T17
-T1l4
o712
- 706
<696
o677
«651
642

271
273
275
« 280
- 286
2293
291
251

4.0

739
«735
o732
o722
-708
«685
<656
<647

«223
227
230
239
0249
259
258
-218

€ST



TEMP1=2000.R
TEMP. DISTR. PARAMETER= 2.
REFRACTIVE. INDEX=2.00~0.601

TEMP2=6000.R

OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1l,2= .5

vV X 1017

-0l .

-l8
36

hr~

090 -

l-BOf
3.60 -

7.20

140‘0”

01
°1l8
36

290 -

1.80
3.60
7.20
14.40

o= .0

«357 .

2357
« 357

«356
352
9360‘
2320 -

311

088
-088
-088
-088
-088
- 089

085 .

«052

6

360 <371
<360 - <370 -
«360 «370 -
358 368
354 : <364
343 <354
324 338

0317

1.0

«334

THE RATIO :OF

094

<094
. 094
« 094 .

095
«096
«093
«063

-109
109
-109

«110 .

-112

o114 .

113
.088

2.0

THE RATIO .OF Q(0)/Q,
394bb

398
397
393
-388
377
362
2360

Qyl T4)7Qy
© 105°°P

«107 .
«108 -
<111 .
o115 .
olZO;
<121 .
<099

3.0 -

«401
400

«398

394
368

«376
¢ 360

«359

<097
-098

olOO'
«103 -

108
o113
115
«092

4.0

423

421 .

418
okll
<402
«387

370 -

«368

o067
<069
071
-078
.085
0093
095
072

143 ¢



TEMP1=2000.Ry
TEMP. .DISTR,

PARAMETER= 2.
REFRACTIVE. INDEX=2.00-0,601

TEMP2=6000.R

OPTICAL SPACING= .2
REFLECTIVITY AV:SURFACE 1,2= .1

17

v x 10

-0l .

-18
36

090 -
10801
3.60 -

T.20

14.40 :

.01

018'

«36

«90 -

1.80

30,60 -
7.20 -

14.40

hr

-1

Q= -0

799

7198 -

- 798
2798
e 796
o191
o782
- 785

«608
608
«608
-609
«609
<612
614
«601

6

1.0

2.0 :

THE RA'IO OF Qv(o’IQv bb

«790 - -« 185 796
« 790 : « 784 . « 7195
- 789 « 784 . 194
- 789 « 184 0793
- 787 -782 791
«783 - 778 - 786
175 e 172 o781
<177 774 -783
THE RATIO OF Q,(T.)/7Q
-620 - <644 ° °,e58°PP
.620' 644 «659
<620 <644 <659
«620 <645 660
0621 «646 0662
<624 <648 «665
626 <650 667
615 <660 :

<641

3.0

o 194
« 794
«793

«T91 . .

-« 789
- 784
«T79
781

«652
<653
2653
«655
657

« 660 -

663
655

4.0 -

-T97
-T96
795
-793
789
783
778
o779

638
<639
<640
0642
<646

06507

0652
645

SST



TEMP1=2000.R

TEMP. DISTR.

TEMP2=6000.R

PARAMETER=
REFRACTIVE INDEX=2,00-0.601

OPTICAL SPACING= .2

REFLECTIVITY ATV SURFACE l¢2= .5

vV X 1017

-01
-18
236

090 :

1.80

hr

3.60 -

1.20
14,40

.01

18

236
90
1.80
3,60
1.20
14.40

-1

G.:oo

385
385
385
385
383
380
0374
<378

2233
0234

0234 .

0234
<235
0237
240

2232

o6

<379 «372
379 «372
379 <372
379 371
<378 «370 -
374 0367
369 «363
2373

1.0

«366

THE RATIO OF

o241
0241
o241
0241
0242

"o 244

0247
240

«253
«253
253
«253
« 255
257
«259
253

20,0

THE RATIO DF'Qv(O)/Qvgbb

o375
0374 :
0373 -
371
-368
364
367

Qyf 7,170
Vi 0 2s0PP

<256
256
o257
259
0262
0265
260

3.0

377
«376
<375
374
«372
-368
364
<367

<253
253
254
- 255
- 257
260
«263
258

4.0

383
382
382
<379
376
0372
367
<370

0243
244
245
« 247
250
0254%

«257.

0252

9ST



TEMP1=1000-R, . TEMP2=4000.R
TEMP. DISTR. PARAMETER= 2,
REFRACTIVE - INDEX=1.25-1.251
OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .1

G = no 06 1.0 200 3.0 ‘000

vV X Z!.Ol7 hr~1 THE RATIO OF Q\(0)/Qy pp '
.01 0656 0654 . 661 °732 0792 -831
.18 0656 0654 0660 - o730 .787. 0824
.36 "« 655 0653 - <659 o727 0782 .818
290 - 0648 0646 <652 -T18 <769 .802

1.80 0627 0627 .636 -702 o T51 .782
3.60 0592 0593 . «607 -678 o727 oT57
7.20 0566 0569 .587 <664 .T15 0 T46
14040 0600 -605 <624 .708 0763 .797
.01 0215 0226 0257 -304° ©295 0282
.18 0215 0226 <257 «307 0299  ,288
036 0215 0227 «258 2309 «304 0294
090 0215 0227 <259 0314 .313 .306
1.80 0216 0228 0261 .319 «322 317
3,60 0210 0223 0259 -320 ©325 0322
7.20 -168 -185 0227 <296 .303 «300

14,40 001 028 -089 o177 -188 <184

LST -



TEMP1=1000.R,
TEMP. DISTR- PARAMETER=
REFRACTIVE INDEX=1.25-1.251

TEMP2=4000.R

OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 192= .5

1
v x 10 7

.01
-1l8
<36
«90

1.80

3.60

7.20

14.40

01
-18
036
90

1.80 -
3,60

7.20
14.40

hr-

Q= L0

357
2357
357
2352
0341
- 0321
<309
336

088
-088
-088
-088

090 -

- 088
- 066
'0028

2.

o6 1.0 2.0 -
THE RATIO OF :Q,{0)/Q
«359 2366 v 0431bb
2359 «365 0399
2358 « 365 0397
0354 0361 0392
0343 0351 382
325 334 368
«313 2325 0362
342 -356 398
THE RATIO OF Qv(To)IQv,bb
2092 - 104 o112
093 105 o113
2093 . 105 115
094 106 o118
-095 109 2123
2094 109 126
0074 2092 0113
-0016 0009 ) .039

3,0

o437
n433
«430
o421
409
395
-390
<430

2092
<095
-098
«105
«112
117
105
032

4.0

<460
0455
0451
440
o427
o412
o407
-450

076
-081
-085
<094
-102
‘o 108
096
2022

861



TEMP1=1000.Ry TEMP2=4000.R

TEMP. DISTR. PARAMETER= 2,

REFRACTIVE . INDEX=1,25-1.251 ‘ \
OPTICAL SPACING= o2

REFLECTIVITY AT -SURFACE 1,2= .1

a = o0 «6 1.0 2,0 3.0 4.0
17 . 1
v x 10°" hr THE RATIO OF Q,(0)/Qy 1y,
.01 - 799 - 791 - 784 -800" o815 826
18 - 798 « 791 - 784 199 813 825
36 ' - 798 - 191 - 784 o798 812 823
90 - 0796 - 789 «782 796 - 809 819
1.80 - 791 785 - 778 o792 -804 o8l4
30,60 o783 o177 o172 - 787 - 799 -808
1.20 - o781 -T75 o171 - 786 7199 ~808
14,40 o813 -805 « 796 -808 819 829
01 «608 617 636 0663’ 666 0665
.18 «608 0617 «637 663 0667 0666
036 <608 o617 «637 664 . -668 0668
90 «609 «619 «638 «666 671 0672
1.80 c612 0621 . 640 «669 «675 o676
3,60 615 «624 643 o671 678 0679
120 : <609 -618 638 668 <674 676

14.40 559 <573 «601 -638 - 646 «648

6StT



TEMP1=1000:R,
TEMR. DISTR. PARAMETYER=
REFRACVIVE. INDEX=1,25-1.251

TEMP2=4000.R

OPTICAL SPACING= .2
REFLECTIVITY AT 'SURFACE 1,2= .5

vV X lO17

.01
18
36

«90

1.80

3.60 -
7.20 -

14.40

«01
18
036
-90
1.80
3,60
7.20
14.40

hr-

@ = .0

385
2385
- 385
383
«380

0374

374
403

0233
234
0234
235
0237
o4l
237
«200

2.

Py

THE RATIO OF Q,,(0)/Q

1.0

2.0 :

.381 .374 .3¥¢PP
.380 .373 375
380 - 373 .374
379 .372 373
376 2369 2369
370 <364 365
.370 365 366
397 386

-388

THE RATIO OF QulT5)/Qy by

«239 « 249 2257
239 «250 - 0257
<239 «250 : <258
2240 251 . «260
0243 253 0262
246 256 265
0243 «253 0263
«209 225 238

3.0

-384
383
381
378
375
371
371
391

«252
2253
255
257
0260

0264 .

262
-238

4.0

0391
389
388
384
«380
<376
376
2396

0247
0249
250
0254
2258
0261
«259
0235

091



TEMP1=1000.R,
TEMRP. DISTR. PARAMETER= 2,
REFRACTIVE INDEX=2.00-0.601.

TEMP2=4000.R

OPVICAL SPACING=1.0:
REFLECVIVITY AT -SURFACE 1,2= o1l

vV X lO17
«01
-18
036
«90
1.80

30,60 -

7.20
14,40

01
-l8
«36
290
1.80
3.60
70,20

14.40 -

hr~

@ =50

<656
0656
655
648
0627

2592

566
600

<215
«215
215
215
216
210
168
2001

6

1.0

2.0

THE RATIO OF Q(0)/Qy

0654 668 o718
©653 668 o713
.652 .666 0710 '
0645 0 660 <TOL .
0626 644 «685
0594 616 0661 .
-ST0 0599 0647
0606 2689

0637

THE RATIO OF

0230

«230 -

230
«231
0232
228

0190 -
<037

«272
«273
<273
275

«278

« 276
« 246
115

Qul T} /Qy by
0294’

«297
299
<304
309
2309
285
o167

3.0

-710 -

- T07
o 704
694
«6T7
653
c638
0679

278
281
2283
- 289
«29%
0295
0269

«150 -

o127
o722
aT17
o704
684
2658
0642
683

«236
0240
o264
0253
0261
262
0236
114

19T



TEMP1=1000.R,
TEMR. DISTR. -
REFRACTIVE INDEX=2.00-0.601

TEMP2=4000.R

PARAMETER=

OPTVICAL SPACING=1.0

REFLECTIVITY AT SURFACE l¢2=

1
vx107

01
-18
36

90 -

1.80
3,60

. 1020 -
14,40

-0l
-18
36

90 -
1.80

3.60
7.20
14.40

hr

-0

0357
0357
357
0352
341
0321
2309
<336

088 -

- 088
088

~088 -
- 090 -

088
066

"0028

5

)

1.0

360 0370 -
359 369
«359 368
«355 364
0344 - 355
326 «339
«3l4 2331

0343

«363

THE RATIO OF

094
094
094
<095
097
«096
076

—0013

«110:
110

«111.

o112
-115
«116

.100

020

2.0

THE RATIO OF Q,, QODIQX bb

0394 .
392
0386
377
0362
<356
2391

Qyt7,1/Q

V' 0 1037PP
o111
e112
o116
120
123
110
2036

<396
-394
392
386
376
2361
2354
<389

102
104
-10S
109
oll4
o117
-103
«028

4.0

o415
o4ll
-408
399
2387
0371
<364
0400

<075
078
081
088
0094
2097
083
<006

91



TEMP1=1000.R,
TEMR. DISTR. PARAMETER=
REFRACTIVE INDEX=2,00-0.601

TEMP2=4000.R

OPTICAL SPACING= -2
REFLECTIVITY AT SURFACE 1,2= .1

17 hp™

v x 10
01
.18
36
90
1.80

30,60

1.20

14,40 -

01
18
36
90
1.80

3,60 -

1.20
14,40

0.=c0

o199
- 198
«798
- 7196

«T91 |

-783
781

-813

608
~608
-608
-609
0612
o615
- 609
559

o6

THE RATIO OF Q,,(03/Q

1.0

2.0

.789 . 784 .794°P
.789 . 784 793
.789 .784 2792
787 .782 790 .
783 778 786
175 J172 781
174 ST71 .781
.803 .802

795

THE RATIO OF

2620
<620

620 -

621
624
0627
621
o 5T7

<644
<645
- 646
0648
0651
- 646
.612

Q (1.)7Q
\Y 0.663’bb
-660
- 661
663
-665
- 668
664
0635

3.0

o192
- 191

« 790

- 788
- 784
c 179

0778 '

o799

0654
655
656
658

-661 .

0663

«660

630

4.0

o194 -

o793
-T91
-788
-783
778
o777
o798

o641
0643
<644
<647
650
«653
649
619

€91



TEMP1=1000.R
TENP. DISTR.

PARAMETER=
REFRACTIVE INDEX=2.00-0.601

VEMP2=4000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 152= o5

v x 10
-01
.18
36

90 .

1.80
3,60
7.20
14,40

-0l

<18
36
«90
‘180
3,60

7,20

14,40

hr

o 8

=

o0

-385
385
385

«383

2380
374

0374 .

<403

0233
234
0234
235
237
0241
0237
200

20

b

1.0

2.0 -

THE RATIO OF Q,(0)/Q,,

0379 «372 0374
«379 372 0373
0379 0371 ~372
-378 .370 0371
0374 367 368
«369 6363 0364
«369 ©363 0364
0395 0384

- 385

THE RATIO OF

0241
201}

024l

0242
0244
2248
0244
.211

253
0253
c 254
0255
257

«260

257
230

QV(TO,,QV,bb
0257
0257
«258
260
262
265
263
«239

. 0375

0374
.373
.371
368
364
0364
385

254
255
«256
0258
260
0263
2261
237

380
379
378
375
2371
0367
0367
~388

2246
0248
0249
0251
255
258
«255
0231

12°¢



TEMP1=1000.Ry

TEMP. DISTR. :
REFRACTIVE INDEX=1.25-1.251

OPTICAL SPACING=1.0:
REFLECTIVITY AT SURFACE 192= .1

vV X 1017
«01
18
»36

290 -

1.80
3:60
7.20
14.40

01
18
«36
290
1.80
3,60
1,20
14.40

hr

PARAMETER=

a

=

TEMP2=6000.R

i

c657
<656
655
649
<631
599

570 -

- 568

-214 .

215
o215
215
216
o215
195
-103

20

N

1.0

THE RATIO OF

654
<654
«653
<647
<630
<600
573
573

«660
«659
-658
<653
«639
<613
<589
«592

THE RATIO OF

0226
0227
227
«228
229
228
210
124

«258
<258
«259
«260
0262
«263
« 248
<174

Q,(0)

QulTy

200

/Q,,
erszb
o726
724
o718
-T04
«683
0664
0673

1/Qy pp
«309’

310
312
315
319
323
313
0251

3.0

- 782
<779
o176
o167
o752
o731
- T14
o726

«305
307
310
«316
323
328
320
«261

4.0

-818
814
-810
799
783
cT61
o144
-758

0295
«299
303
o311
319

0324

<317
257

S9T



TEMP1=1000.-R

‘.E“Po DISTR -

PARAMETER=
REFRACTIVE . INDEX=1.25-1.251

TEMP2=6000,R

OPTICAL SPACING=1.0
REFLECTVIVITY AT SURFACE 1,2= .5

vV X 1017

001
18
036
1.80

3,60 .

7020
14.40

201
18
36
<90
1.80

3,60 -

7.20
14.40

hr

a

-—
=

0

357
357
357
353
0343
325
310

2313

-088
-088
-088
-088
090
«091
081
029

2.

'06

THE RATIO OF Q,40)/Q

1.0

2.0

359 365 .398°P
359 365 397
358 364 395
.355 .36l 391
345 .353 383
.328 .337 370 -
.314 325 360
318 371

«332

THE RATIO OF

-093
«093
.093
«094
095
«097
-088
«039

«105
105
-105
-107
«109
o111
«104
«061

Qv T51/Qy, by
o115

«116
«117
119
=123
127
o123
-086

3.0

430
428
o425
419
«410
397
388
<401

099
o101
-103
-107
o113
-118
115
079

<450
447

0445

o437

T o427
«4l4

405
-419

-085
-088
091
097
-103
«109
106

070 -

991



TEMP1=1000.R,
TEKP. DISTR.

PARAMETER=
REFRACTIVE INDEX=1.25-1.251

TEMP2=6000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .1

vV X 1017
01
.18
36

90 -
1.80 -

3,60
7.20

14.40 -

01
-18
36

90 -

1.80
3,60

7.20

14.40

hr

-1

a=o°

- 799

0798 '

- 798
o197
7192

« 784 .

<179

o790 -

- 608 -

- 608
«608
- 609
2612
«616
o615

0591 .

20

b

1.0

2.0 -

THE RATIO OF Q\,(O’/Q\, bb

191 - 784 - 798
<791 T84 - 798
o791 - T84 <797
«790 - T82 796
0786 .779 0193 ’
-178 773 -788
o773 « 769 - 785
- 784 -T78 .793
THE RATIO OF Q. (7,)/Q,
0617 637 ©_ 664°°"
o617 0637 665
618 <637 2665
-618 «638 0666
0621 . - 640 668
0624 0643 0671
0624 643 06T .
0602 625 0657

3.0

812
811
810
808
805

2800

- 197
<805

669
«669
-670
0672
o675
«678

0678 ’

<665

-823
822
821
-818

-814 -

-809
«806
<814

<668
«670
671
o673
«676
<679
679
666

L91



TEMP1=1000.R,

TEMR. DISTR.

TEMP2=6000.R

PARAMETER=.
REFRACTIVE. INDFEX=1.25-1.251

OPTICAL - SPACING= .2
REFLECTIVITY AT SURFACE 1¢2= .5

v x 1017

-01.

-18
036

90 -

1.80
3.60

7.20 -
14.40 .

01 .

ol8
36

290 -
1,80 :

3.60
7.20

14,40 -

hrf

0.-—-00-

- 385
«385
385
2384 .
380 :
375
371
383

«233
0234 .
«234 !
235 .
237
o241
-241
224

20

<6

THE RATIO OF QV(O)/Q

1.0

2.0

.380 .373 . 3¥4P°P
0380-: Q373 : 0374 .
2380 . .373 . 2374
0379 .372 2372
<376 369 370
.371 365 366
368 363 .364
378

«372

THE RATIO OF

0239
0239
0239
<240
0242
0246
<246

.231.

« 250 -
250

«250 -
«251 .

«253

«256
<257

« 244

0372

Qul 76)/7Qy by
258
<258
«259
260
0262
265
265
0255

381

-381 .

380
378
375
2371
369
377

255
255
« 256
258

260 -

2263

0264

254

4.0

387
0386
385
383
«380
0376
374
382

0251
252

«253 -

255
258
0261
0261

0251 .

891



TEMP1=1000.Ry TEMP2=6000.8
TEMR. DISTR. PARAMETER= 2.
REFRACTIVE INDEX=2.00-0.601
OPTICAL SPACING=1.0: '
REFLECTIVITY AT .SURFACE 1,2= .1

a = oo - o6 ’ loo Zoo 300 : lfoo
17 . 1 '
v x 10 hr THE RATIO OF Q,(0)/Qy 1y,
o01 . «657 0653 667 o710 o704 . .T17
o18 0656 0653 66T . 709 « 702 oTlé
-36 655 0652 666 707 «700 I AR!
090 - ©649 0646 - 660 «701 . 0693 $702
1.80 - 631 «630 - ©647 0687 2680 686
3,60 - 599 601 . 0622 666 «657 663
7.20 - oST0 574 « 600 0647 2638 643
140 40 0568 ) o574 0605 0655 06‘6 0650 .
4 THE RATIO -OF .Qu( T5)/Qy pp
.01 . 214 2230 - 273 0299 .284 245
o18 215 0230 : 274 0300 : «285 0248
36 0215 0231 274 302 - 287 251
90 0215 0231 <276 «305 0290 : 0256
1080 0216 0233 . .278 : 0309 0295 .262
3,60 - 0215 0232 <279 0312 297 265
7,20 - 2195 0215 «266 2302 287 254 .

1440 - -103 -131 . «196 - 240 <224 190

691



TEMP1=1000.R¢

TEMP. DISTR.

. REFRACTIVE - INDEX=2,00-0.601

TEMP2=6000.R

PARAMETER=

OPTICAL SPACING=1.0 :
REFLECYIVITY AT SURFACE 1,2= .5

vV x 1017
«01
«18
036

290 -

1.80
3,60
7.20

14.40

.01
18
36
290
1.80
3060

7.20
14.40 -

hr

a = ,0-

2357
357
357
2353
0343
0325
-310
313

-088
-088
-088
-088
<090
<091
081
029

2.

06

1.0

359 «369
359 «369
359 368
355 365
0346 <357
329 3642
315 <330
<320

<338

THE RATIO OF

«094
094
<095
095
097
098

2090 -

<042

«111
olll

«111

2112
«115
o117
«111
-070

2.0

THE RATIO OF Qut01/Qy pp
9

391
-390
386
3738
365
0355
<365

Qyl To1/Q,
© 113°°P

o113
cll4
<117
-121
o124 .
120
-083

300 ’

2393
2391
390
- 385
<377
<364
<353
<363

- 105
107
-108
olll
oll4
118
o113
«075

4.0

<408
406
<404
398
-388
0374
«363
373

082
084
086
090
0095
«099
094
-055

0LT



TEMR1=1000.R,

TEMR. DISTRs

PARANETER= 2,
REFRACTIVE - INDEX=2,.00-0.601

TEMP2=6000.R

OPVICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .1

Vv X 1017

«01 .

18
36

90 -

1.80

3060’
T.20

14.40

-01
-18
036

090 -
1.80
3,60

71.20
14,40

hr

a

0 :

799
798
- 798
797
0792

o184 :

« 179

o790 -

<608
608
<608
- 609
o612
<616
615

591 .

)

1.0

- 789 - 784
- 789 - 184
- 789 783
o787 «782 .
- 784 o779
oTT7? «773
o772 « 770 -
- 182 «778
THE RATIO OF Qul T,
0620 - « 645
<620 - 645
<620 645
«621 . « 646
0623 « 648
0627 «651 .
«626 «&51 .
«606 «634 .

2.0 -

THE RATIO OF Q,(0)/Q,
792bb

0192
0192
«790 -
o787
782
o179
187

17Q,,
oaolfbb

-661 .
0662
663
665
-668
<668
<654

3.0 -

- 791
- 790
- 789
- 788
+ 785

0780‘

o177

o784 .

<656
«656
657
«658

660 :

- 663
<663
- 649

4.0

791

o790 -

789
<787
o184
o778
o775
783

644
<645
<646
648
<650
653
<653
0639

TLT



TEMP1=1000.R,
TEMP. DISTRs PARAMETER=
REFRACYIVE -INDEX=2.00~0-601

TEMP2=6000.R

OPTICAL SPACING= .2
REFLECTIVITY AT ‘SURFACE 152= .S

vV X 1017

-0l .
«18"

«36

' 90 -
1.80
3060 :

N

7.20
14.40

01 .

-18
36
- 90

1.80 -
3,60

70,20

1‘00 40 -

hr~

a=o°‘

<385
-385
<385

384 .
<380 -

375
o371

-383

<233

0234 .

234
0235
<237
0241
cZ4l
0224

b

THE RATIO .OF Q,,(0)/Q

1.0

200 :

379 .371 .372°F
.379 371 .372
.379 .371 <372
.378 .370 370
375 .368 - .368
.370 -364 364
367 .361 362
377 .370 - 370 -
THE RATIO OF Qy(T,)/Q
o241 0253 ©_ 258°PP
241 . .254 258
2241 .254 | .259
0242 .255 2260 .
o244 <257 0262
0248 .260 . 2265
248 2260 - .265
.233 .248 255

373
373
«372
03A71
368
<365
~363
«371

256
256
257
0258
« 260

0263

264
0253

4.0 :

2378
0377
0376
0374
<372
«368
<366
374

249
<250
250
0252
255
258
2258
«247

CLT



TEMP1=3000.R¢
TEMP. DISTR.

PARAMETER=
REFRACTVIVE INDEX=1,25~1,251

TEMP2=8000.R

OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .l

>

v x 10
«01
«18
36
290
1.80
3.60
1.20
14,40

01
o1l8
36
<90

hr

1080' .

3.60

71.20 :

l4.40

a = .0

656
656
«656
655
«652
0641
611
575

215
215
<215
«215
«215
215
211

«184 .

20

.6

«655 «663
<655 «663
0655 0662
<654 o661 .
<650 «657
«639 o 647
0612 «623
578

1.0

«594

THE RATIO OF

226
«226
226
226
0226

0227

225
2199

«255
255
<255
«256
«259
«259
2239

2.0

THE RATIO OF Qv‘o’lqubb
4

- 740
o739
o134
- 728
o715
0692
- 669

1/Qy b
<295
0296
0298
+302
-307
313
-318
305

-812
809
- 806
- 798
- 786
o167
o T4l
«719

<274
277
«280
- 288
298
312
«322
311

4.0

.858
854
-850
839
.824
.801
o172
-750

«255
0259
263
<273
287
<304
«318
<308

€LT



TEMP153000.R,

TENR. -DISTR. - PARAMETER= 2..
REFRACTIVE - INDEX=1.25-1.251.

TEMR2=8000.R

OPTICAL SPACING=1.0- :
REFLECTIVITY AT :SURFACE 1l,2= .5

v xhlo17

<01 .

-18
«36

<90 -

1.80

3.60 -
7.20

14.40

«01 "

-18

«36
«90 :
1.80 -
3.60:

7.20

14,40 -

hr

-1

a = o0

357 .

«357

2357 :
«35T .
<385 .

349
«332
313

-088
-088

088

-088

088
o
088 -
]

« 074 .

-6

l.-o :

2.0

THE RATIO OF-Qu(0}/Qy pp
407 .

«360 : « 367
360 «367 . - 406
359 «367 - %05
«359 «366 <402
-357. 0364 . 398
-351 . «358 390 -
«335 «343 . «376
317 «328 «364 .
. THE RATIO OF Qyl(To1/Qy,bb
' 0092 ) .103 * olOS .
0092 L] 103 * 0106
092 «103 - «107
-092 «104& -1X0:
<093 - «105 «113 -
«094% . «107 . -118 "
094 - 108 ’ 0123 '
- «081 . -098 -.118

3.0 -

- 451
« 449
o546
441
«433

0‘20 :

-403
«392

.078

<080 -

«082
087
«095
- 105

-113.

-109

4.0 :

o419
<476
<473
465
455
439
521
409

057

«060 -

063
+070

.080 -

<093
«104
<101

bLT



TEMP1=3000-R,
TEMP. DISTR,.
REFRACTIVE - INDEX=1.25-1.251

TEMP2=8000.R

PARAMETER=

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 192- ol

1l
v x 10 7

.01
.18
36

290 -

1.80
3.60

1.20 -
14.40:

.01
-18
36
90
1.80

3.60 -

- To20
l4.40

hr

0-==oO

- 798
- 799
798
- 798
- 197
795
- 787 .
- 181

0608 ‘
«608
<608
«608
<609
«610
«613
c&ll .

20

6

« 7192 - 785
792 - 785
792 « 785
- 191 - 784
o790 - -783
-788 « 781
- 781 . <175
o176 - 171

THE RATIO OF
617 «636
«617 «636
o617 <636
617 «636
<618 "0 637
«619 -638
0622 « 641 .
2620 «640 :

1.0 -

Qui T,

2.0 -

THE RATIO_OF 0u(01/0y pp,
80

802
-802
<800 -
799
- 795
<790
o787

)/Qy
«660" ,bb

<660
661
662
<664
«666
-669
669

3.0:

- 821
820
-819
817
<813
-808
-802
799

«660 -
661 .

662
<664
« 667

- 671 .

<676
- 676

‘0.0;

«834
833
832
829
-825
819
-8l2
-808

«657
«658
659
«662
666
0672
677
677

SLT



TEMP1=3000.R,

TENP. DISTR. PARANETER= 2.

REFRACTIVE INDEX=1.25-1.251

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE l,2= .5

AV ¢ 1017

.01
18
36

«90 -
1.80
3.60 -
7.20 -

14.40

.01
.18
36
«90

1.80
3,60 -
7.20 -
14.40:

0.::.0

hr
«385
«385
385
<385 .
384
«382
«377
0374

«233
0234 .
0234 .
«234
0234 .
235
239
0238

TEMP2=8000.R

o6

1.0

2.0

THE RATID OF 9y101/9y by

=381 «374 37

«381 «376 . 378
=381 374 . 377
2380 - 374 «376
380 : «373 «375
«378 o371 0372
«373 « 367 «368
0370 : 0364 0366

THE RATIO OF*Qv‘To”Qv,bb

«239 «249 254
239 «249 255
0239 249 «255
«239 0249 e256
0240 - 250 «257
o241 «251 . 2260 -
o244 « 254 «263
o244 254 . <264

3.0 ‘

- 389
-388
«387
«385
«382

378

«373
« 371

247
<248
<249
251
253
<257
262
0262

4.0

«397
0396
2395
2393
«389
384
«378
376

0241
0242
243
«245
<249
«254
<259
<260

9L1



TEIWR1=3000.Ry

TENR. DISTR. PARAMETER= 2,
REHRACTIVE INDEX=2.00-0.601

- TEMRP2=8000.R

OPVICAL SPACING=1.0-
REFLECTIVITY .AT -SURFACE 1,2= .1

vV X 1017‘

-01 .

-18
36

«90 -
1.80:
3.60:
T20 -

14,40

«01

-18
<36

. «90 -
1.80 -

3.60

7,20 -
1l4.40 -

hr

-1

o0 -

<656

«656
0656

0655

652
<641 .
<611 .

575

«215
215
«215

215

«215

«215 .
o211,

184

)

THE RATIO :OF
0654 .
<654 .
0654 :

<653

650 -

«639
«612
«579

1.0 -

-671

<671 .

«670
«668
«665
«655
631
- 605

THE RATIO OF

«22%
«229
0229
«230

«230 -

«231
«229
<204

269

« 270 :
« 270 :
«271 .

-273
275
275
<257

2.0 -

.Q,10)/Q
DA 7L
.723
.722
o117
JT11 .
.698
675
652

Q,(7,17Q
©_285°°P

«286 °
-288
<291
«296
«303
308
0294

3.0 -

o 121
«T19

« 717 .

«T712
.705
<691
«667
«643

267

2268 -
«270 -
«275
« 280 :

. 288
293
279

4.0 .

o T46
o743
o T41
o732

720 -

<701
673
0648

'0216

219
«222
«229
«239
252
<260

0246

LLT



TENP1=3000.R,

T

EMP. DISIR.

PARAMETER= 2.
REFRACTIVE INDEX=2.00-0.601

TEMP2=8000.R

OPTICAL SPACING=1.0
REFLECTIVITY AV SURFACE 1,2= .5

L]

vV Xx 1017 hr

«01.
-18
36
290 .
1.80 -
3.60 -
7.20 -
14.40 -

.01
.18
036
90
1.80
3.60
7,20 -
14.40

-1

a = o,0-

«357

«357 .
357 .

«357
«355
<349

<332

«313

-088

-088
-088
-088
-088
-088
- 088

«074

b

THE

«360
360
«360
359
357

«351

336
319

1.0

RATIO OF

«371 .

«371

371 .
«370 -~

«368

<361

«348

«334 .

THE RATIO OF

-093
«094
094
094

<094

«095
«096
-084

108
108.746
109
109
110
112
114
<106

2.0

Q,(0)/7Q
Vi 4020P

«401
<400
0397
0393
«384
0310 :
0358

Qy( 7,070y,
©.103°°°

<104 .
.105
107
111
o116
.121
115

3.0

404
« %403
%02

2398

«393
2384
«370
«357

0094 '

<095
096
099
-104
<109
o114
-108

428
<426
o424
o419
o4ll
398
380
<367

-061
-063
065

071

078
087
095
-088

8LI



TEMP1=3000:R,
TENR. -DISTR.-
REFRACTIVE  INDEX=2.00-0.601

- TEMP2=8000.R

PARANETVER= 2.

OPVICAL - SPACING= .2
REFLECYIVITY AY ‘SURFACE 1,2= .1.

vV x 1017
«01 :
-18
«36

«90 -
1.80:
3:60:

T.20

14.40 -

-0} .

18

36
«90 -
1.80 -

hr~

3060‘

T7.20 -
14.40

a = .0-

«798
« 799
«798
798
« 797
<795
- 787 .
'.181

«608
« 608
«608 *
- 608
<609
<610
«613 -
«&11 .

-

6

1.0

2.0

TNE RATIO OF':Q,(0)7Q,, 1},

«790-- -785 . 791
-« 190 - <785 o796
« 790 : .785 0796'
« 789 « T84 « 795 .
«788 «783 - o193 -
- 786 <781 . - 789
<179 <776 « 784 .
174 . o772 . <781 .
_THE RATIO OF -Qy(T51/Qy by
«620 T < 64% «657"
'0620' .6“. 0657
«620 : o664 «658 -
«620 - « 644 . «659
«620 : « 645 «661 .
«622 «646 «663
«625 « 649 «666
0623' .6‘8' .666

3.0 -

« 795
<795
« 195

«793
« 791

o 187
- 782

o778 -

651 .
651 |

«652
«653
«655
<558
<661

«661 .

4.0

- 799
«799
798
<795
792
- 787
.781
17

«636
«637
<637

«640 -

«643
« 647
«651
-651

6LT



. TEMP1=3000.R,

TEMP. DISTR+ PARAMETER=
REFRACTIVE - INDEX=2.00~0.,601

TEMP2=8000.R

OPTIGAL :SPACING= .2 :
REFLECTIVITY AT.SURFACE l1l,2= .5

vV x 1017

«01

.18
«36

«90
1.80:
3.60:

7.20

hr

166‘0'

.01 .
.18

«36

90 -
1080:
3060;

T.20
14.40

-1

a = -0

385 .
385

-385

«385 .
<384 .

382
<377

«374 !

<233

0234
023‘5
.234;
023%& .

. o235
239

238"

2.

b

«379 <372 . <376
«379 «372 «376
<379 «372 «375
<379 «372 374 .
«378 - «371 «373 -
«376 « 369 «370:
372 «365 «366
«369 «363 <364
THE RATIO 'OF Qy(T,1/Q, ,bb
«240 «252 254"
<241 «253 «255
02“1‘ 0253‘ -255
oZ‘l' 0253' 0256v
o241 254 «258
2643 « 255 «260 :
« 246 «258 «263
- 246 «258 «264

1.0

2.0 :

THE RAT‘O DF QV‘O,’Qv bb

378
«377
<377

2376

<374
«371
«366
364

«251 .

«252
«252

<254

« 255
258

<261

262

4.0 -

«385
«384
<384
382
«379
«375

«370 :

«367

«262
242

«243

245
«248
251
«256
256

08T



TEMP1= 500.Ry
TEMR. DISTR« PARAMETER= 2.

TEMP2=4000.R

REFRACTIVE INDEX=1.25-1.251
OPTICAL SPACING=1.0
REFLECTIVITY AT -SURFACE 1,2= .1

vV x 1017
.01
-18
«36
«90

1.00

3.60

7.20 -
14.40 -

" .01 .

.18
«36

«90 -

1.80

3,60
7.20 -

14.40

hr~

a = 00'

« 657
<655

«652

«635
« 606
«576
«561

«623

«214
215
«215
<217
<217
206

.150'
-0066'

)

THE

<654
«653

«650 -
«634 .

«607
«579
«565
<628

RATI

1.0

0 .OF
<660
-658
«655
<641
-618

«594 .
«584
«647 .

THE RATIO OF

«227
«227
«227
229
230
«220
«168
'-0035

«258
«259
«259
«262

« 264 .
« 257 .

«212
-031

2.0

'Q\)(O)/Qv

. .1zsbb
«723
«T720

« 706
«687
+668
«662
«733

"QuiT51/Qy by
311

<313
<315
. «319
323
.320;
«284 .
127

-778
o173
- 769
« 154
«735
«T17
«714
- 789

«309
«313
«316

«323 .

<328
«326
«293
-139

4.0 .

«812
«806
«800
«785
<765
o767
« 745
-824

«301

«306°

«311
«319
«324
«322

«290 -

135

18T



TEMPl= 500:Ry¢

TEMP. DISTR. PARAMETER= 2.

TEMP2=4000.R

REFRACTIVE INDEX=1.25-1.251
OPTVICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .5

v x 1017 pp-l
.01
.18
.36
- 90
1.80
3.60
7.20
14.40 -

01
.18
<36
90

1.80
3.60 -
7.20 -

14,40

a

4

= o0

«357
«357
355
345
329
313
«307
353

-088
-088
<088

«090

«092
- 087
<056
"0_068

6

l1.0

2.0

THE RATVIO OF .Q,/(0)/Q,
396bb

«359 <365 °
<358 «364& . 395
<357 . 362 <392
«347 «354 . . e384
«332 . <340 373 -
<317 «327 «362
«312 324 . «362
358 <373 o4l7
THE RATIO -OF -Qu(T5)/Qy,pp
<093 «105 «116
«093 -106 118
<093 <106 119
<095 <109 -123
<097 111 127
<093 «109 o126
<065 .084 -106
"0054 -.025 0008

3.0

o 427
424

«420

- 411
<399
389
-390
451

102

<105 .
<107 .

o122
o117
-118
- 099
000

4.0

c446
o842
-438
«428
o416
«406
<408
4Tl

«093
.096
103
-108
109

<090 -

-0009

[4:] 1



TENPLl= 500.R

TEMP. DISTRs PARAMETER= 2,
REFRACTIVE INDEX=1.25-1.251

TEMP2=4000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1l,2= .1

vV X 1017,hr
o0l
«18
036
«90
loBO B
3.60
T.20 -
14.40

«01
«18
«36
90 -
1.80
3.60
7.20
14.40

-1

0.=.0-

« 799

«798
o797 .

793
- 786

- 179

.781
<829

«608
«608
«609

o811} .

<615

.617 ¢

«605
537

-6

1.0

2.0

THE RAT!0~OE”Qv(O)IQvébb

<791 <784 . °
<791 . 783 <797 .
«790 - «783 <796
<786 <779 «793
780 - 174 . - 789
o174 <769 - 785
"« ¥16 <171 . «787 .
820 : .808 -819
THE RATIO OF :Qu(T5)/Qv,bb
<617 «637 «665
-618 «637 . «665
-618 «637 <666
«624 «643 -&71
.625 o, ' .6“ - .672
<615 «635 665
<553 <585 624

3.0

-8l1
-.810
-808

<805 .

-.801

<797 .

« 799
-829

«670 :

«671

<612 .

«67S
<617

. <679
" o672

«633

4.0

.821
.820
.818
.814
.810
.806
.809
.839

<670
«672
<673
<676
«679
«680
<674
«635

£8T



TEMPL= -500.R,

TEMP. DISTR.

REFRACTIVE INDEX=1.25-1.251

TEMP2=4000.R

PARAMETYER= 2.

OPTICAL ‘SPACING= .2
REFLECTIVITY AT 3JURFACE 1,2= .5

vV x 1017
«01
.18
036
«90

1.80 -
3.60

7,20
14.40

-01
18
«36

«90 .

1.80
3,60

T.20 -
14040 -

hr~

= .0

<385
385
o384 .
381
376
371
0375
0417

233
0234
«234
«236
0240
0242
- 234
<184

b

1.0 .

2.0

THE RATIO OF Qu(0)/Qy pp

«380 - «373 o374
.380 : 373 -373
.380 «372 0373
0377 «370 -370 -
0372 366 «367
0368 «362 0364
0371 <366 0367

o410

«399

THE RATIO OF

«239
239
240
242
« 245
o247

0240 -

194

«250

«250 -

250
252
«255
«257
0251
«212

396

Qv(ToiIQv,bb
. «258

259
0260 -
0262
264
266
0261
«227

3.0

380
379
-378
375
0372
369
«372
<401

« 256
0257
«258
260
<263
<265
260

‘© 228

4.0

386
=385
<383
«380
377
374
377
«406

252

«253

255
«257
«260
262
«257
0225

81



TEMP1l= 500.R,
TEMP. DISTR.

TENP2=4000.R

PARAMETER= 2.
REFRACTIVE - INDEX=2.00~0.601

OPTICAL .SPACING=1.0 -
REFLECTIVITY AT SURFACE 1,2= .1.

vV x 1017
«01
-18

36
90
1.80 -
3.60:
120 -

14.40

o0l .

-18
«36

090:
1.80 :
3.60:

1:20

14.40 -

hr

a = .0

« 657
- 655
«652
«635

<606
o576

<561

0623‘

o214 .
«215 .

215

217 .
«217.

<206
150

-0066

-6

1.0

<653 «667
«652 <665
«649 «663
«633 - 649
- 607 « 627
«580 : « 605
566 596
<629

«660

0230 274
0231 0274 .
.231 <275
.233 . .278
0234 . -280 -
.225 274
174 . 2233

-o026 060

2.0

THE RATIO OF Q101 /8y by,
70

- T06
-703

«690 -

«670
651
«645
713

THE RATIO OF QulTo)/Qy b
301’

303
305
309
<313
-309
273

o117 .

3.0 -

«702 .

-699
« 695

«682

<662
« 642
«636

«702

«286

«288

«290 -

295
2298

294 .

«258

100 -

4.0 -

«713
- 708
«703
«688
«668
«647

«640 -

«707

«250
«253
256
«262
266
«261

0224

«062

S81



TEMP1= 500cRy TEMP2=4000.R
TEMP. DISTR. PARAMETER= 2.
REFRACTIVE INDEX=2,.00-0.601
OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 142= .5

a = .0 b 1.0 2.0 3.0 4.0 :
17 . -1
vx 10 hr THE RATIO OF QV‘O)/Q\, bb

<01 357 <359 «369 -39 «391 «405
.18 o357 359 368 389 - 389 «402
«36 «355 357 «366 <387 «387 " 399
«90 345 348 «358 379 -378 «389

- 1«80 - 0329 «333 345 0367 =366 <376
3.60 - 313 «318 «333 - «356 «355 «365
7,20 «307 313 © «330 2356 354 . «364
14,40 <253 «360 - «380 <410 - <408 <419
THE RATIO OF Qu{ To)/Qy by -

01 - 088 <094 . o111 o114 -107 -085
-18 -088 <095 «111 115 -109 -087
36 - 088 -095 <112 o117 -110 090 -
290 - <090 : <097 -115 120 oll4 «095
1080 0092 0099 .117 ol.24 . © 118 0099
3.60 - 087 - 095 «115 o124 o117 -098
7.20 <056 067 -092 -103 <096 <076

14.40 - 068 -«050 - ~.012 005 -.002 -.026

981



TEMP1= 500.Ry
TEMP. DISTR.
REFRACTIVE INDEX=2.00-0.601

TEMP2=4000.R

PARAMETER=

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .1

vV x 1017

01
18
36

«90 -

1.80
3.60

7.20:

14.40

.01
.18
36
90

1.80 -
3,60 -
7.20 -
14.40 :

Q= .0

7199
« 798
- 197
<793

‘786

- 179

-781 .

829

«608
608
<609

«&1l1 .

<615
o611
«605
537

b

THE RATIO OF :Qy(7, )/ov ,bb

«620

«621 .

«623
<626

0628

-618

558

1.0

.789 784
<789 .783
.788 .783
-784 <779
.778 T4
772 .770
<7174 <772
<817 807

«645
- 645
«646
« 648

«650 -

2652

644 .

597

2.0 -

THE RATIO .OF . Q\,(owo3 bb

e 791
«790 -
« 787 .
«783
-T179
.781
-812

.662
«663
665
<668
<669
<662
0622 .

3.0’

- 790
- 789
- 788
- 785
- 781
<177
<179
-809

« 657
<657
<658
«660
0663
- 664
« 657
0611

4.0

«790
- 789
- 787
- 784
o779
- T75
oT77
-808

0645
<646
<647

0650'

653
<654
o647
<606

L8T



TEMR1= 500.Ry
TEMP. DISTR. PARAMETER= 2,
REFRACTIVE INDEX=2.00-0.601

TENP2=4000.R

OPTICAL :SPACING= .2
REFLECTYIVITY AT :SURFACE 1,2= .5

vV x 1017

01 .

18
«36

«90
1.80 -

3.60
7.20

14,40 -

«01.

-18

«36
«90 -
1.80 -

3,60
7.20
14:.40

hr

Q= 00'

.385

385 -
038‘1
«381 .
«376 .
« 3Tl .
«375
417 .

0233 -
02364 :
«234 .

236

<240 -

«242

«234 .

- 184

-6 1.0' 2.0'

THE RATIO OF Q,(0)/Q
.379 371 .3¥8°P
«379 «371 . 371
«378 «371 «371
«375 <368 «368
«371 . 364 . 365
«367 «36}1 . «362
«370 - «364& . «365
«408 «396 «394

THE RATIO OF Qy(T5)/Qy, b
o241 . « 254 .. 2959
o241 e 254 259
Oz‘l «25% 260 :
o244 «256 «262
0247 « 259 «264 .
« 249 «261 . « 266
242 « 255 «261 .
2197 «218

228

3.0’

<373
372
<371
«369
«365

«363

«365
394

2256
257
<258
260
«263
« 264
<259
« 226

4.0

377
«376
«375
«372

<368

«365
368

«397.

«250

251
252
254

0257

«259
«254
0220

88T



TENR1=2000.R, TEMP2=24000.R -
TEMP. -DISTR. - PARAMETER= 4.
REFRACTIVE INDEX=1.25~-1.251
OPTICAL .SPACING=1.0 - ’
REFLECVIVIFY AT :SURFACE 1,2= .l

a = ,0- . 1.0: 20 3.0: 4.0 -
7 . -1
v x 10 hr THE RATIO :OF Qv(OiIQv bb

' «01 . -878 «868 «862 «940" 1.028 1.089
-18 «878 «868 «861 . =937 1.021 1.079
«36 -878 -868 «861 . 0934 1.015 1.070 -
«90 - . <880 : «870 - -« 861 . «928 1.000 1.050
1.80 - - 887 «876 «867 . «928 «990 - 1.034
3.60 - «920 «909 «897 . <954 1.009 1.049

- 1«20 - 1.083 1.068 1.051. 1.108 1l.164 1.208
14.40 : 1.887 1.853 - 1.800: 1.856 1.935 2.005
THE RATIO :OF ‘Qy( To)lnv bb -
«01 . -«006 «012 . «056 -09 «058 <024 .
-18 -<006 «012 <057 .100 <065 «033
«36 -<006 «012 <057 «102 «072 «042
«90 . -oUll . -008 « 054 106 «085 . 0061
1.80 - -.029 -.008 <041 <10} «090 - «072
120 - -<389 -0350 - -<267 . -o170: -<166 -.180

14.40 -1.672 -1.576 -1.383 -1.190 . -1.180: -1.214 .

68T



- TEMP1=2000.R 4 TEMP2=4000.R
TEMP: -DISTRs PARAMETER= 4.
REFRACTIVE INDEX=1.25-1.251
ORTICAL SPACING=1.0
REFLECTIVITY AT :SURFACE 1,2= .5.

Q= ,0: b . 1.0 - 200
17 -1
vx10 ' hr THE RATIO OF Qy(0)/Qy pp
.01 -492 492 <496 541"
«18 0492 . «492 . «495 . «539
«36 493 «492 . « %95 <537
090 : c 594 . «%93 <496 534 .
1.80 « 499 « 498 «500 534 .
3460 : o521 . 520 - 522 . 553
7.20 - 0626 <626 «628 <664
14.40 : lal4l . 1.139 1.137 1.194 .
THE RATIO ‘OF QulT}/Qy, by

«01 . -+046 -<040 : -+025 . -0028"
18 ~s 046 --040 - - 024 -s026
«36 -o 047 -c040 - -«024 -.024&
«90 : -<050 - -o042 -026 -.021 .
1.80 ~+060 - -s052 -o034 —024 .
3060 - ~e102 . - 0092 -.a71 . -o054 .
7,20 : -e272 . -.257 . -0226 --199
14.40 -1.031 —e996 -e923 . -.864%

3.0 - .

600 -

595

«591 .
581 .

<574
«589
- 704
1.263

-<O71
-0 066
-.(Ibl
-:052
-.048
=073
-.218
-.895

4.0

2640 -

.633
0627
613
<602
.615
.732

1.314 .

-.103
-+096

-0090 -
-s007

-0069

"'0099 -

"'e231
‘0933

06T



TENP1=2000.R¢ TEMP2=4000.R
- TEMR. DISTR. PARARETER= 4.
REFRACYIVE INDEX=1.25-1.251
OPTICAL SPACING= .2
REFLECTVIVITY AT :SURFACE 1,2= .1.

QA = .0 : '.6 l.o 2.0 3.0 - ‘.0
v x 1017 npl THE RATIO OF-Qy(0)/Qy p,
.01 . 894 879 .858 86t 886 «903
.18 894 . «879 .858 866 884 «900
36 . «894 o879 0858 ’ 885 «882 898
a90 - 0895 0880 . 0858 0863 : 0878 0892
1.80 - <900 884 . .861 . 864 . «876 -888
3.60 - '+ 922 <903 . 877 °876 «888 «895
7.20 1,014 988 <948 934 . <939 «950

14.40 l.444 . 1.379 1.275 1.210 - l.202 1.215

VHE RATIO OF:Qyu(T5)/Qy, by

-01 . 513 «530 - «563 <596’ <595 588
-18 513 «530 563 - «597 . 597 591
036 513 530 - 563 -598 «598 «594
«90 . «311 «529 «562 . «599 «602 599
1.80 «504 . © 523 - «558 «597 . <604 602
3,60 : o478 : «500 - «539 «584 «593 <593
1.20 - «370 : <401 . . «458 <517 . «331. 0532

14.40 - 121 - 0045 -087 «211 . 0242 <240

T6T



TEMP1=2000.R, TEMP2=4000.R
TEMP. DISTR. PARAMETER= 4.
REFRACTIVE INDEX=1.25~1.251
OPTICAL SPACING= .2 ‘
REFLECYIVITY AT SURFACE 1,2= .5

a= ,0 . 1.0 - 2.0 - 3.0 - 4.0 -
17 -1
v x 107 hr THE RATIO OF Qu10)/Qy 1,
<01 - &61 . 451 <435 o434 446 458
18 - 461 0451 «435 433 0 445 <456
«36 0461 «451 - 435 <432 c 443 454
090 : 0462 0452 «436 o431 . « 440 - <449
1.80 « 466 <456 . «439 o432 <438 446
3.60 484 472 «453 %42 0446 0452
1.20 «561 544 <514 495 - 496 «502

14.40 - 914 «871 . « 797 ~T41 - T34 «T43

THE RATIO OF Q,(7,)/Qy
©_.199°°P

201 -158 -168 -188 189 180
-18 158 168 -188 <199 . o191 182
«36 157 <168 -188 «200 193 . <184
«90 156 <167 187 -201 . <196 -189
1.80 o151 <163 184 200 198 192
3,60 - 131 o145 <169 -189 189 -184
1.20 «048 067 -102 2133 -136 132

14,40 ~e332 -.284 -.199 -.126 -o113 -.120

c6T



TEMP1=2000.Ry TEMP2=4000.R
TEMP. DISTR. PARAMETER= 5,
REFRACTIVE INDEX=2.00-0.601
OPVICAL SPACING=1.0
REFLECTIVITY AV-SURFACE 1,2= .l

a = -0 ’ 06 loo - 200 ' 300 ‘0.0

17 -1

v x 100 hr THE RATIO OF Q,(0)/Qy; 1y,

«01 . . o878 2865 - «865 o9¥d -918 0960
18 878 865 <864 0916 . 914 953
36 -878 865 864 913 911 094 T
«90 «880 - 866 864 908 904 0932
1.80 887 873 869 <907 901 0922
3,60 920 905 <899 932 0925 939
7.20 1.083 1.063 1.051 1.082 1.072 1.085
14.40 1.887 1.841 1.789 1.812 1.797 1.821
THE RATIO OF Qul 75)/Qy py - :
01 006 .018 075 090" «069 002
18 -.006 -018 .076 2093 0073 009
.36 -0006 0018 0076 0096 0016 0015
«90 -.011 <014 074 100 .082 2028
1.80 -.029 ~+001 «062 095 -078 0032
3.60 -2101 -.067 .005 048 032 -0,007
7.20 - -<389 -.338 -o234 -.173 -.188 -o231

14.40 ~-1.672 -1.545 -1.310 -1.179 -1.198 -1.262

£6T



TEMP1=2000.R¢ TEMP2=4000.R
TEMP. DISTR. PARAMETER= 4,
REFRACTIVE INDEX=2,00-0.601
OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .§

a = .0 b 1.0 200 300' 6.0
17 . -1
v x 10" hr THE RATIO OF Q,(01/Qy 11,

) <492 <492 «499 -538% -539 0576
o1l8 492 492 <498 532 <536 o571
36 <493 492 - 498 «530 0534 . 0567
<90 . « 494 <493 498 0527 529 557

1.80 - %99 -498 «502 527 528 0551

3.60 «521 0520 0524 «e546 546 0564

7.20 - 0626 0625 .630 : 065‘ . 0653 : 0673

14,40 lo14l . 1137 1.139 1.175 1.174 1.208
THE RATIO OF - ov(fo)/ov bb

«01. -0046 -.038 -.018 -«040 -.085

<18 -0046 --038 -.018 .027 -«037 -.081

«36 -0 0647 ~--038 -.018 -.025 . --035 -.076

«90 - -0 050 -.040 -.019 -.022 =031 -.067

1-.80 "'0060 -oOSO -.026 -o025 -0033 -.064

3060 - o 102 -0089 -0062 -ooss . _0062 -0090

720 - -o2T2 -0253 -.213 --199 -«207 —-e237

14040 -1-031 . -0985 -0894 -0858 ;0871. -0923

b61



TEMP1=2000.Ry
TEMP. DISTR.
REFRACTIVE INDEX=2.00~05601
OPTICAL SPACING= .2 -
REFLECVIVITY AY SURFACE 142= .1

vV x lO17
«01

.18

36

- 090

1,80 -
3.60 -
1020 -
14060‘

.01
«18
<36
«90
1.80

3,60
7.20 -

14.40

hr

PARAMETER= &,

-1

a

TEMP2=4000.R

= o0:

<894

T 894
<894

-895

2900 -

922
1.014

lo444

o513
513
513
0511
504

0478

370
-.121

6

'1.0

2.0

THE RATIO OF Qv(O)IQngb
5

-874 «854 °
874 . «853 -858
087‘ 0853‘ 0857
-875 «854 «856
«879 -857 857
-898 «871 . -868
<980 - «937 925
1.360

1l.244

THE RATIO OF

«535
535
535
<534
528
«506

410 -

‘0022

575
«575
o575
«575
«571
«553
o477
«131

1.194

' Q\)(T ,IQ\)
©_ 594°°P

595
<596
<597
596
<582
517
218

3.0

- 859
- 858
.857
-85S
- 855
- 866
<923
1.191

587
«588
589
591

05901

«577
513

.213

4.0

867
«865
863
«859
857
<866
«922
1.191

568
570
572
576
877
<566
501
198

S61



TEMP1=2000.Ry TEMP2=4000.R
TEMR. DISTR< PARAMETER= 4.
REFRACTIVE INDEX=2.00-0.601
OPTICAL SPACING= .2
REFLECTIVITY AT -SURFACE 152= .5

a = .0 .6 1.0 2.0 - 300 4.0
17 -1 ,

v x 10 hr THE RATIO OF QV(O)IQ bb
.01 &6l . 448 <431 431° 433 chbd
18 « 461 . 448 - 431 . -430 - %32 o443
«36 o &61 . o448 «430 : <429 o431 o841
090 0462 0449 ' 04\31 . 0‘28 0‘30 0438
1.80 - 466 453 <433 - 429 430 436
3.60: o484 469 o 4T . «&39 « 440 - o545
7.20 0961 . <538 «505 <490 - - &91 -496
14.40 - 914 -858 <173 - «T31 «732 <739

THE RATIO OF Qyl75)/Qy by
-0} 158 o172 «194 «200 «196 -183 -
-18 158 o172 «194 -201 197 <184
036 <157 «172 <195 «20%1 . «198 «186
090 - «156 o L71 <194 «203 - «199 -189
1.80 - o151 . -166 <191 - 201 . «199 190 -
3,60 - o131 149 177 190 - <188 - -181
7.20 <048 «073 <114 <135 133 «126

14.40 -0332 =270 : -.171 -o118 -ol21 . -.131

96T



TEMP152000.R, TEMP2=6000.R
TEMR. DISTR« PARAMNETER= 4.
REFRACTIVE INDEX=1,25-1.251
OPTICAL SPACING=1.0 - -
REFLECTIVITY AT SURFACE 1,2= .1

a = o0: b’ 1.0 2.0 : 3.0: 4.0 :
17 . -1 »
v x 10 hr THE RATIO OF .Q,(0)/Q,, 1},
-01 -878 867 «858 .923" 2991 1.038 -
-18 878 - 86T . «858 «921 . 2987 . 1l.034
«36 «878 - <867 - 858 «920 - 2984 . 1.029
«90 - - 879 «868 -858 0911 ' 0971 100‘9
1.80 - B84 . «873 . «862 <918 «973 1.013
3,60 - «906 «894 - 884 . <939 2991 . 1.028
720 : 1.017 1,004 . «991 . 1.048 1.102 l.143
14.40 - 1.548 1.522 . 1.485 1l.541 . 1.610 - 1.668
THE RATIO OF .Qy(T4)/Qy,bp :
«01 -0006 «013 . «060 ell‘ « 096 . « 074
018 _0006 0013 0060 . olls . 0099 0079
«36 -<006 <013 . «060 <117 <103 «083
090 : -.010 «009 « 057 118 «108 «092
1.80 . -.025 . -.003 « 046 01:11 0101 . 00'9‘3
3,60 - -.081 ~.056 -+000 - «072 . . 073 «062
1,20 -2291 . -o257 -.182 -.091 -.087 --100 .

14.40 -1.134 . -1.061 =914 —o 760 : -« 752 -o778

L6T



TEMP1=2000.R,

TEMP. DISTR.
REFRACTIVE INDEX=1.25~1.251
OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .5

vV X 1017

-0l .

-18
«36

«9C -

1.80
3.60

hr

7.20

14.40’

-0l

.18
36

.90;
1.80 .

3.60

1020;
14.40

TEMP2=6000.R

PARAMETER=

a=,0

492
- 492
0493
« 494
o497
<S5k2 .
585
«924 .

-00‘6'
-0 046
-0047
-0049
-»057-
-0090'
‘oZl‘-
-0712

4.

b

l.0=

2.0 3.0 -

THE RATIO DF"Q\J(O”QV bb

<492 <493 «530 ST
492 <493 528 «572
492 <493 . -528 <569
<493 494 526 «565
c496 <497 527 0563
o511 «513 . 543 . oSTT .
-58% 587 621 « 659
.923

THE RATIO OF
-9022
—0022:'
-.022.
-.02‘.
-.03"
-0060
’.172
-s630 -

_.039
-<039
—0039
-.041
-<049

-0081-

—-e201
-0686

«922

- Qul T5)7Qy
3.016’bb

970 - 1.027

-o045.
-<015 -+042
-001‘ -.040
-.013 -.036
-+017 -.036
-o042 ~-+058
-ol48 -« 165
-584 -+ 609

4.0

«604
<601
<598
591
«587
«600
-685
1.068

-0068

~«064 .

-0061
~«055
-.054
-<074

-s182

‘0639

861



TENP1=2000.R, - TEMP2=6000.R
TEMR. ‘DISTR. PARAMETER= 4,
REFRACTIVE INDEX=1.25-1.251
OPTICAL SPACING= .2
REFLECTIVITY AT :SURFACE 1,2= .1

Q= .0 .6 1.0 2.0 3.0 : 4.0 -
v x 1047 npt THE RATIO OF 'Q,(0)/Q
.01 ; <894 : .878 .857 8017 .875 .889
o 18 .894 .818 ’ 0857 .86[ .874 0887
<36 <894 .878 <857 <861 .873 .886
<90 - 895 .879 .857 . «860 - .872 .883 .
1.80 - <899 .883 - <860 - .861 .871 .882
3.60 - .915 .897 .872 .871 .879 .889
14.40 1.263 - 1.216 1.137 1.094 1.091 1.103
THE RATIO OF Qy(T0)/Qy,bp
.01 .  .513 .531 <564 . .601° .605 .603
.18 513 .531 <564 <602 <606 <604
36 .513 530 .564 <602 . <607 .605
290 - oS1I . .529 <563 - .602 <609 e607
1.80 . 506 525 <560 600 : .608 .608
3.60 - <486 .507 <545 . .589 <599 <600
70 20 - 0408 0436 0486 0541 055‘ 0555

14.40 085 «143 «243 <340 <364 «363

66T



TEMP1=2000.R TEMP2=6000.R
TEMP. DISTR. PARAMETER= 4,
REFRACTIVE INDEX=1.25-1.251
OPTICAL SPACING= .2
REFLECTYIVITY AT :SURFACE 1,2= .5

a = .0 : +6 1.0 2.0 3.0 . 4.0 -
17 -1
v x 10 hr THE RATIO DF~QV(0'/Q bb

.01 46l .4S1. <434 439 -437 <446
«18 0461 <451 434 . «429 0436 o445
36 V.Y 451 434 528 « %35 444
«90 : 0462 0452 0435 428 434 . .4‘1 .
1.80 - 465 «455 «&37 . «429 &34 . «440 -
3.60 419 467 <448 -438 c&4] o447

- Te20- 533 - «518 492 «4T6 <477 <483
14.40 - « 765 «733 «678 «637 «633 . «642

THE RATIO OF Q,(7.)/Q '

.01 .158 -169 189 ° °.203°°° 199 .192
18 0158 169 -189 «203 «200 - «193
036 cl58 0169 0189 020‘ . 0200 - 019" ’
290 - 0156 «168 <188 «204 «202 «197
1.80 153 <164 <185 «203 - . 202 <197
3.60 «137 <150 «173 . 193 <194 . -190
1,20 - <077 095 <126 153 <158 151

14.40 —el71 -.135 --071 -<016 - 007 --013

aoe



TENP1=2000.Ry TEMP2=6000.R
TENR. DISTR: PARANETER= 4,
REFRACTIVE INDEX=2.00-0.601
OPTICAL SPACING=1.0 -
REFLECTIVITY AT SURFACE 1,2= .1.

a = oo .6 1.0 200 300 4.0
17 . -1
v x 10 hr - THE RATIO OF Q\(0)/Q,, 1}
.01 . .878 -864 -860 : -903 -898 <924
18 «878 «864 - «860 - <901 «896 «920
«36 «878 " «864 «860 : +899 «894 <917
«90 - «879 «865 «860 «897 . «891 <910
1.80 - «884 . «869 <864 . «898 « 891 <906
3.60 «906 «891 «886 <917 «909 <921
7120 - 1.017 1.000 «992 1.023 1.014 . 1.026
14.40 1.548 1.513 1.478 1.504 . 1.492 1.510
, THE RATIO OF QulT5)/Qy b
«01 -.006 «020 - «080 - <107 «090 : «0: 9
18 . -2006 «020 - «080 : «109 «092 <042
«36 --006 «019 «080 : o110 : «093 « 045
«90 - -o010 - <016 «078 - <111 «095 «050 -
1.80 - - 025 : «003 - «068 «105 «089 «048
3.60 -.Q081 . ~-+048 .022 <066 «051 «0}3
120 -0291 ~c246 -«151 —-«095 -o110 - -o151 .

14.40 -1.134 -1.038 -+858 =-oT755 . --773 —o827

10c



TEMP1=2000.Ry

TEMP. DISTR.
REFRACTIVE

INDEX=2.00-0. 601

TEMP2=6000.R

PARAMETER=

OPTICAL SPACING=1.0:
REFLECTIVITY AT SURFACE 1,2= .5

vV x 1017 hr
- 01
‘ol8
36
«90 .
1.80 -
3.60
7,20
14.40

01
18

« 36
90
1.80
3,60

" T.20
" 14,40

& = .0

-1

c492
«492
493
0494 .
497
512
«585
«924 .

-0046
‘0046
-0047
-0049
-2 057
-0090'
‘0214.
-0112

4.

Y.}

THE RATIO OF Q,,(0)/Q

491
<491
o491
<492
<495
511
584
0922

THE RATIO OF
-.015
-0015
-0015
‘0016
-0023
-.051
-0160
—0608

-o037
-s037
-e037
-.039
—0047
-0078
--196
‘.677

1.0

496
«4£95
495
« 496

« 499

<514
«589

«924

200 -

X bb

o522
521
519
«520 -
535
612
955

Qv( T5)/Qy,bb
e 17
-.016
-o0[5
-00l4
-00[8
-0043
-.148
-0581

3.0

0525
523
«522
2520
521

2535

«612
«954

-0026
-0024
-0023
-0022
~-.025
-«050 -
‘.155
-o59l

4.0

551
«548
«546
0542
539
552
2630
2982

-0060
‘0058
‘0056
-0052
-0053
=075
‘0184
-.634

cae



TEMP1=2000.R, TEMP2=6000.R
TEMP. DISTR: PARAMETER= 4,
REFRACVIVE INDEX=2.00-0.601
OPTICAL SPACING=-.2 -
REFLECTIVITY AT SURFACE 1,2= .1

a = .0 06 1.0 : 200 3.0 4.0
17 -1

v x 107 hr THE RATIO OF Q,(0)7Q,
.01 . .89 874 .852 854 .853 .856
-18 : «894 o874 «852 <854 «852 855
36 <894 . 874 «852 -853 . o352 «854
<90 - «895 0874 «852 «853 <851 853
1.80 <899 -878 «855 «854 -852 853
3.60 ) 2915 «892 «866 863 -861 «860
T.20 - 981 950 - <913 <904 902 «901
14.40 1.263 1.200 1.115 1.080: -1.078 1.078

THE RATIO OF Qy(T4)/Qy pp
.01 «513 <536 «576 <599 594 «579
-18 513 «536 «576 <600 «594 . «580
36 «513 <536 576 <600 - «595 581
90 : «511 053‘0 «576 o&Ol 0595 0582
1.80 «506 «530 «573 599 594 582
3.60 - <486 «513 «559 «588 583 0572
T.20 «408 o444 «504 0541 0536 0525

14.40 -085 «160 277 344 «339 «326

£0e



TEMP1=2000.Ry TEMP2=6000.R
VTEMP. DISTR. PARAMETER= 4.
REFRACTIVE INDEX=2.00-0.601
OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .S

a = .0 06 1.0 200 300 N "oo .

v 17 -1 , ‘

x 107" hp THE RATIO OF -Q,(0)/Qy, 1y

o0l . 461 448 429 - o42b «428 435
.18 0461 448 429 o426 427 o434
36 o461 kB <429 425 427 o434 .
90 - 0462 o449 0430 - 0425 0426 0432
1.80 0465 o452 0432 426 0427 o432
3,60 - 0479 o464 442 0434 . 435 439
7.20 533 - 513 484 . 472 o4T2 477
1‘0040 . 0765 0723 0660 - 0630 . 06;31 . 0636

THE RATIO OF Qu(75)/Qy pp
o0l 158 o172 .195 0204 0201 0192
-18 -158 172 196 -205 0202 0192
36 -158 172 196 2205 0202 -193
«90 - -156 «L71 -195 =205 203 <195
1.80 o153 -168 .193 0204 «202 0194
3.60 - 137 o154 -181 -195 193 186
7.20 077 -100 <136 «155 153 o146

1‘0040 -ol:-'l —clzs -.050 . -0011 -0013 -oOZZ

1444



TEMP1=1000.Ry TEMP2=4000.R
TEMR. DISTRs PARAMETER= 4.
REFRACTIVE INDEX=1.25-1.251
OPTICAL -SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .1

a = oo . 06 1.0 200 3-0 4.0
17 . -1 '

vV x 10" hr THE RATIO OF Qy(0)/Qy
01 -878 -867 o857 ol ? 2978 1.021
-18 -878 -867 - 857 0915 0974 1.015
36 -878 867 . «857 913 <970 - 1.011
<90 - -882 -870 «860 - 0914 : «967 1.005
1.80 896 -885 «875 2929 980 - 1.017
3,60 - 970 : <958 «947 = 1.003 1.057 1.096
7,20 - 1.313 1.293 - 1.267 1.324 . 1.387 1.437
14,40 - 3,118 - 3.053 2.945 . 3,000 - 3.113 3.224

THE RATIO OF Qv(To)/Qv bb
oOl -0006 0014 0061 olZO .109 00.91
-l8 ~--006 <013 «061 -122 <113 <097
36 “'0008 «012 « 060 - 0122 0116 0101
90 - -o021 . -000 «050 -116 oll4 102
lo 80 "'006" —0040 0013 : vo085 0087 0077
3.60 -s216 -.185 ~-117 -.031 . -.027 -«039
To20 --768 "071'11 ~a595 -.469 - 462 -.482

14.40 -3.,618 -3.436 - =3.078 -2.742 -2.T24 -2.788

€ae



TEMP1=1000.R, TENP2=4000.R
TENP. -DISTRs -PARAMETER= 4.
REFRACTIVE INDEX=1.25-1.251
OPTICAL SPACING=1.0 :
REFLECTIVITY AT :SURFACE 1,2= .5

a = o0 b 1.0 2.0 3.0 - 4.0 -
17 | -1°
v x 10 hr THE RATIO OF Q(01/Q,, 11
001 0‘92 0‘92 ' 0‘93 ' 0526 0565 -593
-18 «493 0492 «492 524 . «562 .588
036 0‘93 0492 0‘93 . 0523 0560 0585
90 - 495 494 « 495 524 0558 582
1.80 0506 505 <506 536 569 «591
3.60 0556 . 0554 «557 . 0590 : 0626 «651
7.20 « 775 <174 . <775 817 «B65 900 -
14.40 - 1.928 1.923 - 1.915 2.004 2.117 2.204
- THE RATIO OF Qyl TO)IQV,bb
«01 -0046 -2039 -.021 ~o0%2 -0036 -.056
.18 - 047 -0039 "0022 --011 -0033 -0052
36 ~0048 -.040 : -<022° -.010 - ~e(031 . -.049
90 -0055 -0 047 -+ 028 ~-o014 ~«032 o047
1,80 : -0080 - ~.021 --051 -«.033 ~0049 -.064%
3060 - -0169 -e157 . -<131 -+109 ~e125 -ol42
7020 : -o496 -0415 "0‘30 : -039‘ "0‘15 -0460

14.40 - -2.184 -2.119 ~1.983 -1.877 . -1.927 -1.993

90¢



TEMP1=1000:R¢ TEMP2=4000.R
TEMP. -DISTR- PARAMETER= 4,
REFRACTIVE INDEX=1,25-1.251
OPTICAL ‘SPACING= .2
REFLECTIVITY AT :SURFAGCE 1,2= .1.

Q@ = o0: o6 1.0 2.0 - 3.0 4.0 -
17 . -1

vV x 107" hr : THE RATIO OF :Qy(0)/Qy 1
.01 . 894 .878 .856 -860 872 884
o18 0894 .878 «856 «859 - 871 .882
036 0894 .878 «856 -859 «870 -881
<90 - -898 .881 «859 «860 -870 «880
1.80 : «909 «892 <868 -867 . «875 +885
3,60 : 0956 0934 «903 - -897 2903 914
7.20: 1139 - 1.102 1.043 1.014 . 1.016 1.027
14.40 2.098 1.975 1.773 - 1.630 1.602 1.620

THE RATIO OF Qy(75)/Qy, bp
.01 . 0513 «531 564 603" <609 <607
.18 0513 0531 . 564 «603 0610 «609
036 0512 0530 : <564 -603 611 o610 -
«90 - «508 526 . .561 0602 -610 0611
1.80 0492 0512 .550 - 0593 «603 +604
3,60 - 0437 . 0462 -508 0559 o571 0572
7.20 : 0226 0271 . «349 0428 N 44T

14540 ;- -.871 -.725 - o477 -0255.  -.200-  -.203

L0c



TEMP1=1000.R,
TEMP. DISTR.
REFRACTIVE INDEX=1.25~1.251

PARAMETER=

VEMP2=4000.R

OPTICAL SPACING= .2
REFLECTIVITY AY SURFACE 1,2= .5

vV X 1017
.01
«18
«36
«90

hr~

1.80 -

3.60
1.20
14.40

o0l
.18
.36
<90

1.80

3.60

7.20

14.40

a

= .0

o461
o461

0461
o bbb .
b4 .

«513

«664

1.451

«158

«157 .
«154

«142
«100

-«062

4.

6

THE RATIO OF-:

«169
«169
-168
-165
155
115

-0034 .

1.0 -

«451 L x L
0451 <434
«45) 434 .
«454 <436
<463 chb4
«499 o475
<639 «596
1.371

1.229

«189
189
«189
«186
177
«l143

014 .
-.660

2.0

THE RATIO OF . Qv(O)Iﬂg bb

427
427
<428
434 .
<461 .
«566
1.116

Qu(T5)/Qy pp
©.205’

«205
«205
- 204
<197
«168
<057 .

0434

<433
«432
<432
«438

«463

565
1.096

«202
«203
« 204
« 204
«197
170
<063

-0493

4.0

&42
440
<436
«438

443

469
572
1.111

«196
-198
«199
<199
<194
<166
.058

~«505

80¢



TEMP1=1000.Ry " TEMP2=4000.R
TEMP: DISTRs PARAMETER= 4,
REFRACTIVE - INDEX=2.00~0.601
OPTICAL SPACING=1.0 ’
REFLECTIVITY AT SURFACE 1,2= .1

a = .0 6 1.0 2.0 3.0 4.0
v « 10%7 nn-l

x 10 hr THE RATIO OF - Qv(O)IQV bb
«01 . -878 2863 - -859 896 «891 2911
18 <878 «863 - 858 .894 -.888 «907
36 -878 863 -858 -893 - 887 <904
«90: -882 . «867 - «861 «894 -886 -900
1.80 <896 .881 «876 2908 «900 o911
3,60 - <970 954 . «948 «980 - °971 . «982
7,20 - 1.313 1.287 1.264 1.293 1.282 1.297
1440 - 3.118 3,030 2.917 2.927 2.905 20.945

THE RATIO OF Qy(75)/Qy by
001 . -0006 ) .020 .082 0113 0097 0051
.18 -.006 020 -082 o115 099 «055
36 ~«008 -018 -081 2115 2100 - «058
«90 : ~-.021 007 071 «109 2095 «056
1.80 -.064 ~.033 «036 «079 « 065 «027
3.60 -.216 =-ol15 -0.088 =036 =-0051 -0090 -
7.20 " ~-o 768 -.694 ~«550 - -o468 ~e484 --533

14.40 -3.618 -3.378 -2.947 -2.T10 - -2.735 -2.832

60¢



TEMP1=1000.R, TEMP2=4000.R
TENP. DISTR. PARAMETER= 4,
REFRACTIVE INDEX=2.00~0.601
OPTICAL SPACING=1.0 -
REFUECTIVITY AV :SURFACE 1l42= .5

a=,0 6 1.0 200 3.0 4.0 -
17 -1

v x 10 hr “ VHE RATIO OF Qyl0)/Qy py
.01 0492 . <491 . - 495 519 «520 0542
-18 493 «491 0494 . 517 518 539
36 «493 491 494 : 517 o517 537
90 - « 495 0494 - 497 oS17 -518 535
1.80 506 504 . «508 529 528 544
3,60 556 ! 554 559 «582 581 <598
1.20 o175 o773 o 177 805 . o804 827
14,40 1.928 1.919 1.916 1.971 1.968 2.026

| THE RATIO -OF- Qy(75)/Qy
001- "‘00‘6 n036 .01‘0 oOl3 -00:21 -0052
<18 -0 047 -«037 o014 -0012 --019 -.049
36 -o048 - ~-+037 -.015 -.011 -«019 o047 .
«90 - -0 055 . —o044 . ~.020 =015 -o022 -.048
1,80 -.080 - 068 -+042 -o034 . -0 041 —-.066
3,60 - --169 -.153 -«120 - -.109 -o1l17 -c143
7.20 -o496 -o468 —=413 * -0392 "01.01 - =638

14,40 - -20.184 . -2.098 -1.931 -1.863 - -1.882 -1.968

V) ¥



TEMP1=1000.Ry TEMP2=4000.R
TEMP.-DISTR: PARAMETER= 4,
REFRACYIVE INDEX=2.00-0.601
OPTICAL .SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .1

a = ,0- b 1.0 - 2.0 -
v 17 -1
x 102" np THE RATIO OF Qy(0)/Qy 1}
-0l . <894 .873 2852 852
18 894 «873 - 2852 o852
«36 894 . «8T4 «852 852
090 0898 0877 0854 0853'
1.80: «909 -887 «862 «859
3,60 : 956 <928 «895 -888
7,20 - 1139 1,090 - 1.027 . 1.003
14,40 - 2-.098 1.938 1.713 1.603
. THE RATIO OF Qy(70)/Qy pp
o01 . o513 0536 «577 . -601}
-18 o513 " 0536 «STT <602
036 0512 0535 «577 0602
090 : o508 ° «531 574 . «600 .
1.80 492 . 518 «563 «592
3,60 ~ 437 469 «524 0558 -
- T.20 - 0226 284 376 430 -
14040 -.871 -.683 ~«396 —-.238

3.0

851

«850 -
-850 -
- 851 .
«857 .

886
1.001

1.601 .

0596
596
2597
2595
«587
553
425

-0244.

853
«852
851
851
<857
-885
1.000
1.602

«582
583
«584%
584
«576
542
o413
‘0262

19 ¢4



TEMP1=1000.R, TENP2=4000.R
TENPR. DISTR: PARAMETER= 4.
REFRACTIVE INDEX=2.00-0.601
OPTICAL SPACING= .2
REFLECTIVITY AT ‘SURFACE 142= .5

Q= 003 06- 1.0 : 200' 3;0' 4.0
v x 1017 np-?! THE RATIO OF :Qy(0)/Q
> Qy Qy_ bb ,
.01 . - %61 . 0448 429 425 <426 «432
.18 ' 461 448 429 ch24 . 425 o431
©36 o461 : o448 - 429 L o424 425 430
©90 - o464 0451 431 0425 426 «430
loBO .‘7’0 ' 0460‘ -439 0631 0432 0‘36
30,60 «513 0495 o458 0457 458 0462
7020 - 664 . <631 .583 2560 0561 0566

14,40 - 1,451 - 1.346 1.183 1.098 1.100 l.111.

THE RATIO OF Quw(T5)/Qv,bb
- 0

01 <158 o172 - 196 206 <203 195
o1l8 ‘ «158 o172 0196 - 206 0204 . 0196
36 <157 172 «196 206 « 204 <196
090 - o154 . «169 «193 . «205 2203 «186
1.80 0!42 ; «158 «185 -198 196 o190 -
3060 : +100 120 «153 - o170 : 168 161
7.20 -062 -0026 - «031 - 061 . 059 «051

14.40 - -6912 -«793 -.607 . --505 -¢509 -0525

[4%4



TEMP1=1000.R, TEMP2=6000.R
TEMP. DISTR.- PARAMETER= 4,
REFRACTIVE INDEX=1.25~1.251
OPTICAL SPACING=1.0 -
REFLECVIVITY AT SURFACE 1,2= .1

a = o0 o6 1.0 200 - 3.0 4.0
v 17 . -1 o :
201 -878 -866 856 912 968 1.008
-18 -878 «866 «856 911 965 1.004
«36 878 - 867 «856 0910 : 0963 l.OOZ
290 -880 : <868 «857 «911 . 0961 9983
1.80 -887 876 865 919 969 1,005
3,60 923 - «913 «903 959 1.0L1 1.049
7.20 1.098 1.084 1.067 . 1.125 1.182 1,226
14040 - l1.876 1.841 . 1.788 1.843 1.920 1.989
THE RATIO OF'QV(TQ,,QV,bb v
«01 . -0006 «0l4 «062 0124 . 0119 0105
-1l8 -~«006 <014 « 062 -125 <121 -108
036 ’0007 . 0013 0061 0126 .123 olto
«90 - -.016 «004 . -054 -121 -121 . 110
1.80 - =045 - -.022 «030 -101 <103 .093
3,60 : --138 ~o110 - -0049 <030 «033 «022
7.20 -e433 -e392 -<305 -0.203 -0198 -<213

14.40 -1.642 ~1.547 -1.356 -1.165 -1.155 -1.188

g£lc



TEMP1=1000.R TEMP2=6000.R
TEMP. DISTRs PARAMETER= 4.
REFRACTIVE INDEX=10,25-1.251
OPTICAL :SPACING=1.0"
REFLECTIVITY AT SURFACE .142= .5

a = .0 b 1.0 2.0 3.0 4.0 -
17 . -1

v x 10 hr THE RATIO OF Q,(0)/Q,, bb
.01 0492 0491 . <492 0522 2558 0583
18 493 <491 «492 0522 0557 581
036 -493 492 «492 521 «555 579
90 494 493 «493 0522 554 o577
1.80 499 499 «500 - «529 «561 «583
3,60 - 525 525 527 <559 593 <616
7.20 - «637 «637 «639 677 o117 «T46
14,40 - 1.133 1.131 1.128 1184 1,251 1.302

. THE RATIO OF Qy(75)/Qy,pp
-0l . -0.046 -039 -.021 -.009’ -2029 -0047
-18 -a047 -0039 -.021 . --008 -.027 -o044
036 - -0 047 -+039 -.021 -,008 -.026 -o042
90 - -0.053 ~ o044 - 026 -.011 -.027 -0042
1080 - -.069 "'.060 -.040 -0023 -0038 —0053
3.60 ‘0123 "0112 ‘-0089 -0.069 "0084 -.099
7.20 -0297 -0282 -o248 -220 - -238 "0258

14.40 -1.014 -<.979 -<906 -o848 —<879 -<916

14 %4



TEMP1=1000.R, TEMP2=6000.R
TEMP: DISTRs PARAMETER= 4.
REFRACTIVE INDEX=1,25-1.251
OPTICAL SPACING= .2

- REFLECYIVITY AT SURFACE 1,2= .1

a= ,0 b 1.0 200 3.0 4.0
' 7 . -1 . '
v x 107 np THE RATIO OF Qy(0)/Qy 1}
' »01 -894 . -878 «856 -858 <869 880
-18 - 894 -878 «856 -858 -868 <879
 «36 - 894 -878 «856 <858 2868 «878
-90 896 -880 «858 «859 868 .878
1.80 - 904 887 «863 2863 -8T1 . -881
3,60 <930 °911 . -883 -880 - -888 -898
7,20 - 1.026 «999 | .957 «942 947 «957
14.40 1.434 . 1,370 - 1.268 1.204 1196 1,209
THE RATIO Oﬁ“Qv(To)le,bb
«0l . 513 o531 «565 0604 0612 o611
18 «513 «531 . «565 604 . «612 0612
«36 «512 530 - «564 «605 «613 «613
90 - 509" «528 «562 «603 «612 «613
1.80 499 519 «555 598 «608 . <600
3.60: « 466 -489 530 - 577 -588 «589
7.20 - «355 387 446 508 «523 . «523

14-.40 " =109 - =.034 -096 -218 249 0247

Sste



TEMP1=1000.Ry TEMP2=6000.R
TENP. DISTR. - PARAMETER= 4,
REFRACTIVE INDEX=1.25-1.251
OPTICAL SPACING= .2
REFLECTVIVITY AT SURFACE 192= .5

a = oo .6 l.D 200 ‘ 300 ‘an .
v x 1017 o1
x 107" hr THE RATIO OF Q,(0)/Qy 1
.01 0461 . 0451 <434 . 0426 0432 <438
-18 o461 . 451 o434 . 426 «431 o437
36 . 0461 o451 o434 . 0426 430 o437
090 N 0463 0453 0435 0427 o*lal 0436
1.80 469 «459 « 440 o431 434 440 -
3.60 - 0492 c479 - 458 <447 - o 449 <455
70 20 0571 . 0553 0522 0502 ' ] 503 0509
14.40 «906 -864 - 191 « T35 728 «738
THE RATIO OF QulTo)/Qy pp
«01 «158 -169 -189 «206 « 204 200
«18 -158 «169 «189 206 « 205 «201
«36 - 157 169 -189 206 - 205 2201
90 - 155 o167 - 187 «205 «205 «201
1.80 <148 «160 -182 «200 - <201 198
3.60 - 0122 «136 -162 «183 188 <181
7.20 - 036 <057 «093 125 «129 o124

140"0 -0323 "'0275 "'.192 “0119 -0107 -olllQ

91¢



TEMP1=1000.Ry TEMP2=6000.R
TEMP. DISTR. PARAMETER= 4,
REFRACTIVE INDEX=2.00-0.601
OPTICAL SPACING=1.0 "
REFLECTIVITY AT SURFACE 1,2= .1

a = o0 ob 1.0 2.0 3.0 4.0
17 . -1

v x 107 hr - _THE RATIO OF Q\,CO)IQ\, bb
.01 .878" «863 . .857 892 - 885 0902
-1l8 -878 «863 «857 9891. - 884 «899
036 0878 ' 0863 b 0857 9890 ) 0883 089-_’
90 0880 - 036 0859 0890 - 0883 0895
1.80 - 887 -872 «867 -898 890 0901
3.60 923 0909 -9G5 2937 <929 «939
7.20 - 1.098 1.079 1.067 1.099 1.089 1.102
14,40 1.876 1.829 1.777 1,799 1.785 1.808

THE RATIO OF QV‘TO,,Q\’,bb
-01 -.006 «021 -083 -118 102 -061
-l8 - 006 <020 : -083 -119 «104 -063
«36 -0007 : 001'9 0082 ollg ol°~ . 064
90 - --0L6 «011 076 -115 100 - 0062
1.80 -0 045 -.015 -052 -094 - 080 : «043
3,60 --138 -+101 -.023 0024 . <009 -.028
7.20 -o433 = -.379 ~«270 : - 205 -.221 . -0264%

14.40 -1.642 -1.516 -1.284 ~1.154 --.000" -1.236

L12



TEMP1=1000.Ry TEMP2=6000.R
TEMP. DISTR.- PARAMETER= 4.
REFRACTIVE INDEX=2,00-0.601
OPTICAL SPACING=1.0 -
REFLECYIVITY AT :SURFACE 1,2= .5

a = oo . 1.0 200 300 400
v x 1017 npl THE RATIO OF Q,(01/Qy 1y
-0l 0492 0491 494 516 o516 0536
018 0493 .491 . °494 o515 o515 0534 .
036 0493 04.91 049* ’ oSl" 0515 0532
«90 494 «492 <495 o515 «515 «531
1.80 499 0498 .502 .521 . oS21 . 0537
3,60 | 0525 524 529 «551 «550 - 566
7,20 637 0637 0642 0667 666 «685

14.40 1.133 1.129 1.130 1.165 1.164 1.198

THE RATIO OF Qul 75)/Qy pp
-.010

01 -0046 ~0036 -.013 -e017 -0045
ol8 -0047 -.036 -0013 ~-0.009 -0016 -«043
36 -o047 -0037 -.014 -.009 -016 -0042
<90 -o053 -.042 --018 -.012 -.018 -.043
1.80 -0069 -«.057 -«032 -0024 -o031 -.055
3.60 --123 -0109 -.079 -<069 -.076 -.102 .

. 7020 -0297 -a277 -0235 °o220 . -0228 -0258

14.40 =-1.014 . -.968 -.878 -0843 - -«855 =907

81c



TEMP1=1000:R¢ TEMP2=6000.R
TEMP. DISTRo PARAMETER= 4,
REFRACTIVE ' INDEX=2,00-0.601
OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= .1

Q= oo 06 100 g 200‘ 300 ‘0.0
17 -1

vV x 100 hr THE RATIO OF Q,,(0)/Q,
01 894 873 . 2851 oagl. 849 -850
- .18 894 873 . -851 .851 849 2849
036 894 «874 -851 -851 © 849 849
290 896 -875 853 «851 849 849
1.80 904 882 -858 -856 853 -853
3,60 930 2905 877 872 870 -869
7.20 1.026 2991 0946 933 2930 «930
14.40 1.434 1.351 1.238 1.188 1.185 1.186

THE RATIO OF Qy(75)/Qy,bp
001 o513 0536 oST7 0602 0597 -585
o18 o513 0536 577 «603 598 586
36 o512 0536 o577 603 598 586
«90 509 533 515 0602 597 586
1.80 0499 0524 . 568 596 «591 581
3,60 466 495 © 545 576 0571 2561
7.20 ©355 0397 46T 508 2503 0492

14.40 - -0109 --011 <139 0225 220 «206

61c



TEMP1=1000.Ry TEMP2=6000.R
TEMP. DISTR. PARAMETER= 4.
REFRACVYIVE INDEX=2,00-0.601
OPTICAL SPACING= .2 :
REFLECTIVITY AT SURFACE 1,2= .5

a = aO 06 loo Zoo 300 4.0
17 -1 ,
v x 107" hr : THE RATIO OF Qu(0)/Qy by
.01 0461 0448  «429 o424 424 0430
018 o461 448 <429 0423 0424 0429
036 0461 0448 <429 0423 424 0429
«90 0463 0450 <430 - o424 c 425 0429
1.80 0469 455 <435 428 0428 0432
3.60 492 475 452 o443 bl 0448
7.20° “65T1 547 0512 497 ©498 0502
14.40 0906 «851 o767 0726 o727 o734
THE RATIO OF Q,(7,)7Qy, pp
01 .158 .172 196 0207’ © 205 0197
o18 0158 0172 «196 2207 «205 -198
036 0157 0172 <196 0207 «205 -198
«90 o155 -170 .195 0206 <204 -198
1.80 0148 0163 .189 . <202 «200 .194
3.60 0122 ol41 .170 -185 -183 o177
7.20 «036 063 106 -128 0126 -118

14.40 -0323 -e261 -.164 -oll2 -e1l15 -.125

gce



TEMP1=3000.R¢ TEMP2=8000.R
TEMP. DISTR: PARAMETER= 4.
REFRACTIVE ' INDEX=1,25-1.251
OPTICAL SPACING=1.0
REFLECTIVITY AT - SURFACE 1,2= .1

Q= ,0- o6 1.0 2.0 - 3.0 4.0 -
17 -1 .

v x 100" hr THE RATIO OF -Q(03/Q,, 1y,
«01 -878 867 -859 928 0998 1.049
o18 " «878 «867 859 2925 0995 1,045
36 -878 -867 «858 « 924 2993 1.041
290 -878 -868 -858 <921 986 1,031
1.80 . 881 870 - «860 - 2919 979 1.021
3,60 - 891 -880 -869 <925 979 1,019
T.20 940 929 .918 <973 1,026 1.064%
14.40 - 1.188 1,171 . 1.151 1.207 1,267 1-.313

THE RATID OF Qy(T5)/Qy pp
01 -0006 o013 - 059 110" -088 «064
-18 -0006 <013 « 059 o112 - 091 «068
«36 -0006 <013 « 059 o113 « 094 . -072
90 --008 -011 - 058 o115 2100 «081
1.80 -s015 -005 «053 o114 - 105 .088
3060 "'0042 -0.020 00.31 0098 0096 0083
7020 e 150 o 122 -«060 0018 : 0021 0009

14.40 -.,568" -0520 - - 422 -.310 - -¢305 -0322

I¢ce



TEMP1=3000.R,
TEMP. -DISTR«s PARAMETER= 4,

TEMP2=8000.R

REFRACVIVE INDEX=1.25-1.251
OPTICAL :SPACING=1.0
REFLECTIVITY AT SURFACE 1,2= .5

v x 1087
.01
.18
-36

«90 -

1.80
3.60
7.20
1l4-.40

-01
-1l8
<36
«90
1.80
3,60

7.20

14.40

0-=o0

hr-l
492
492
493
493
%95
«502
«53%
- 694

-0046
-046
-2 047
-.048
o 052
-0068
o 131
=377

«6

1.0

2.0

THE anrlo'nﬁqu(O)/ovzbb
3

492 «494 °
<492 494 531 .
0492 0494 . 530
492 « 494 528
494 « 495 527
501 502 532
534 536 0568
T35

«694

2696

THE RATIO OF

-.039
‘0039
-0039
-0040
- o044
'0059
-0120

—e360

e 023
-<023 -
bt} 023 '
-0023
-.026
_0096

Qv T5)/Qy b

-.018’°
"0018
-0017
-0015
-0016
-.025
-o077
-0291

3.0

579
oST7
«575
o571
=566
«568
«603
- 778

-.050

- =0048

-00‘6
-s042
-0038

-2044 .

-2093

4.0 .

«612
609
2606
600
2593
«592

«627 .

-.810

"0075
-.072
-0069
"0063
-o057
~.061
o 109
-0332

cee



TEMP1=3000.R,

TEMPs DISTR. - PARAMETER= 4.
REFRACTIVE INDEX=1,25-1.251

TEMP2=8000.R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1¢2= .1

vV X lO17
-0}
18
036

'hr—

090’
1.80

3.60
) 7.20
- 14040

01
-18
36
90

1.80
3.60:

7.20
14.40

1

a = .0

-894

- 894

- 894
-894
2896

«904

«936
1.073

o513
513
o513
o512
510
500

o461 .

2303

b

1.0

-878 <857
«878 %857
-878 «B857
«879 857
«880 0858,
-887 «864
916 - 888
1.041 .

«992

530 «564
530 «564
530 «564
530 - <564
528 =562
519 555
-483 «526
340 <407

2.0

THE RATIO OF OvGO)Iszbb

<862
0862
861
861
- 864
-884
0972

THE RATIO OF :Qul 75)/Qy pp
600

0600‘
2601 .
<601
0601 .
597
o573
475

3.0

- 877
877
876
- 874
-872
-874
- 892
975

-603
<604
605
«606
608
- 605

2585 .

492

4.0

891
890
889
887
-884
-885
«902
2986

600
2601
602
<604
<607
605
585
492

gee



TEMP1=3000.R,

TEMP. DISTR.-
REFRACYIVE INDEX=1.25-1.251

TEMP2=8000.R

PARAMETER=

OPTICAL SPACING= .2 :
REFLECTIVITY .AT .SURFACE 1,2= .5

vV X 1017

.01
-18
36

290 -

1.80
3.60
1.20

14040 -

01
-18
36
90
1.80
3.60
7.20
14.40

hr

a=00’

461
o461
<461
o461
c463
- 469

0496

-609

-158
-158
o158
o157
155
148
-118

-.003

4.

o6

1.0 -

2.0

THE RATIO OF Q,(01/Q, 1.

<451 <435 -430
0451 0435 <430
0451 0434 | 0429
0451 <435 0429
«453 -436 0429
<459 o b4l «432
<484 o462 0450
~588

0552

THE RATIO OF

«169
-169
«169
168
<167
<160
132
-019

-.188
-189
- 189
.188
- 187
-182
-158
«061

528

Qi T63/Qv,bb
202
.203
203
.203
-203
+200

180 -
097

3.0

0439
438
-438
o436
435
436
0453
528

- 197
-198
198
«200
201
199
-182
«102

4.0

0448
o447
- h4 b
bbb
0442
o443
«457
535

190
2191
0192
<194
196
195
o178
<097

1444



TEMP1=3000.Ry TEMP2=8000.R
TEMP. DISTR. -PARAMETER= 4.
REFRACTIVE INDEX=2.00-0.601
OPTICAL SPACING=1.0
REFLECTIVITY AT SURFACE 142= .1

a = oO 06 loo 200 300 . 4-0
17 -1 .

v x 10" hr THE RATIO OF Qu(0)/Qy 1y
«01 .878 864 . 861 2906 2902 2931
18 -878 -864 ' 861 904 «900 - 2928
036 878 864 «861 «903 -899 925
090 -878 -864 «860 «900 - 895 -919
1-.80 - 881 866 «862 -898 892 e912
3.60 891 <876 «871 <904 897 911
7.20 «940 925 <919 951 «942 954
14,40 ‘ 1.188 1.166 1:.149 1.179 1169 1.183

THE RATIO OF QulT,)/Qv pp
.01 ~2006 2020 079 «104 «086 0031
QILB ’0606 0020 0080 olOS 0087 003"
036 -.006 .019 -080 - -106 .089 .037
<90 -.008 <018 «079 <108 091 «043
1.80 -o015 012 <075 .108 «092 0047
3060 . -00‘02 "0013 0053 0092 0077 0037
7-.20 -2150 -oll3 -.034.  ,013 - =a001 -.040

14.40 -0568 -2506 -.383 -2311 -0327 -o372

see



TEMP1=3000qR,
TEMP. DISTR.

TEMP2=8000.R

PARAMETER=

4o

REFRACTIVE INDEX=2.00-0.601
OPTICAL 'SPACING=1.0
REFLECTIVITY AT ‘SURFACE 152= .5

vV X lO17

~01
-1l8
36
90
1.80
3.60
7020
14.40

01
18
036
' 090
1-.80
3.60
7.20
14.40

hr

Q= oo

e 492
492
«493
493
0495
502
535
0694

'n046
-0046
-047
-0048
-.052
“0068
-o131
-0377

o6

1.0

2.0

THE RATIO OF Q,(0)/Q, p,

0492 496 0529%
0491 496 524
0491 <496 0523
«492 496 0521
0493 <497 0520
«500 «504 525
0534 538 0560

«698 o724

2693

'

THE RATIO OF

-0037
-0037
_0037
—-.038
~-:041
’0056
-0111
-0354

-0016
~-a016
- —e015
-o016
—0018
-0032
-0087
-0307

Qv T5)/Qv pp
-.019
“0018
-0018
“0016
'-0016
—0026
-0077
-0289

3.0

«528
0527
525
<523
«521
2526
«560
-T723

-0029
~«028
-0027
-+025
-0024
-.033

“0084,

-.298

4.0

«556
c554
0552
0547
-543
o544
0576
o T44

-.065
—0063
-0061
-0057
‘0054
‘0060
-olll
-0331

9ce



TEMP1=3000.R,

TEMP. DISTR. PARAMETER= 4,
REFRACTIVE INDEX=2,00-0.601

TEMP2=8000-R

OPTICAL SPACING= .2
REFLECTIVITY AT SURFACE 1,2= -1

v X 1017 hr 1

.01

18

036

090 -
1.80
3.60
7020 -
14.40

.01
18
36
290

1.80
3,60
7.20

14040

G_= 00'

- 894

- 894

- 894
894
-896
« 904
0936
1,073

o513
«513
o513
o512
«510
500
461
«3C3

-6

1.0

2.0

THE RATIO CF Q,(01/Qy 1y

THE RATIO OF

0536
536
536
535
533
525
490
2351

576
576
2576
o576
«575
<568
541
<430

o874 0852 -855
o874 .852 -855
874 .852 0854
-8T4 .852 -8B854
«876 +853 «854
.882 .858 0857

T .911 .881 -876
1.031 - 979 «961

Qyl T,)/7Qy
©. 598°0P

.599

599

600

<600

595

573

o417

- 854
«854%

-853

852
852
- 855
874
<959

592
593
593
594
0594
590

568

o472

4.0

858
-858
o887
855
854
855
-873
2959

o577
-578
-578
580
.581
0578
0557
<460

Lee



TEMP1=3000.R, TEMP2=8000.R
TEMR. -DISTR. PARAMETER= 4,
REFRACTIVE INDEX=2.00-0.601
OPTICAL SPACING= .2
REFLECTIVITY AT .SURFACE 1l,2= .5

QA = .0 06 1.0 200. 300 4.0
v 17 -1
x 10 hr THE RATIO OF Q\(01/Qy py
.01 0461 <448 <430 . 0421 429 0437
«18 <461 <448 « %430 « 427 «428 «436
«36 o461 o448 «430 «426 « %28 o436
° 90 9461 .4‘08 0430 : 0426 a‘tZ? 043~
1.80 : 463 450 <431 426 oHh27 2433
3.60 469 o455 o435 429 «&30 «435
720 496 o480 - « 456 « 446 Yy § 2451
14.40 «609 582 «541 «523 0524 529
THE RATXO OF Qv(TO)IQv ,bb :
201 «158 o172 «195 2200 2190
-18 «158 «172 «195 .204 «201 «190
«36 «158 172 «195 «204 « 201 «191
«90 «157 -172 «195 «205 «202 «193
1-.80 «155 o170 «194 205 « 202 «194
3,60 0148 «163 -189 2201 «199 «192
7.20 -118 <136 «167 «182 «280 : <173

14.40 =003 <026 «075 101 -098 2091

8¢ce



APPENDIX VIII

THE COMPUTER PROGRAMS

C The Program of the Scattering Functions and the Elgenvalues

b7

DIMENSION U(6), W(6), P(18,6), PL(18,3,6), PLE(3,6),
s(6,6), B(18), x(6), Y(6), XNO(6), T(6), EI(6),
SMo(6,6), Sc(6,6)

READ 47, (W(J),J=1,6)

FORMAT (6E12.6)

READ 47, (u(J3),J=1,6)

READ 47, (x(J),J=1,6)

READ 47, ((P(J3,I),I=1,6),J3=1,18)

READ 1, NN, 'ADBl, ADB2, SUML, SUM2

1 FORMAT(I2, 4E12.6)

33

11

PRINT 1, NN, ADB1, ADB2, SUM1l, SUMZ2
IF (NN-1)2,2,3
READ 47, (B(I), I=1,18)
PRINT 47, (B(I),I=1,18)
THE SCATTERING FUNCTIONS AND THE MATRIX
N=0
N=N+1 _
IF(2*(N/2)-N)11,25,11
DO 19 I=1,3
| 229



19

20

21

22

23

2l

25

26

7

28

29

230

PL(N,1,I)=P(N,I)
DO 20 I=4,6
PL(N,1,1I)=-2(N,I-3)
PL(N,2,1)=P(N,2)

DO 21 I=2,3
PL(N,2,I)=P(N,I+2)
PL(N,2,4)=-P(N,2)
DO 22 I=5,6
PL(N,2,I)=-P(N,I-1)
PL(N,3,1)=P(N,3)

DO 23 I=2,3

-Pﬁ(N,3,1)=?(N,I+3)

PL(N,3,4)=-P(N,3)
DO 24 1=5,6
PL(N,3,I)=-P(N,I)
@G0 TO 33

DO 26 I=1,3
PL(N,1,I)=P(N,I)
DO 27 I=4,6
PL(N,1,I)=P(N,I-3)
PL(N,2,1)=P(N,2)
DO 28 I=2,3
PL(N,2,I)=P(N,I+2)
PL(N,2,4)=P(N,2)
DO 29 1=5,6
PL(N,2,I)=P(N,I-1)
PL(N,3,1)=P(N,3)



231
DO 31 I=2,3
31 PL(N,3,I)=P(N,I+3)
PL(N,3,4)=-P(N,3)
DO 32 I=5,6
32 PL(N,3,I)=P(N,I)
IF(N-18)33,34,34
34 DO 37 M=1,3
Do 37 J=1,6
PLE(M,J)=0.0
DO 37 N=1,18
37 PLE(M,J)=PLE(M,J)+B(N)*PL(N,M,J)
DO 38 M=1,3
DO 38 J=1,6
38 S (M,J)=0.5%ADB1*H (3 )/U(M)* (1.+PLE(M,T))
45 DO 39 M=1,3 |
39 S(M,M)=S (M,M)-1./U(M)
DO 40 M=4,6
DO 40 J=1,3
40 s(M,J)=-S(M-3,3+3)
DO 41 M=4,6
DO 41 J=4,6
41 S(M,J)=-S(M-3,J-3)
PRINT 42, ((s(M,J), J=1,6), M=1,6)
42 FORMAT (///(6E16.8))
PUNCH 47, ((S(M,J), J=1,6), M=1,6)
@o TO 8
3 DO 44 Mm=1,3



232
DO 44 J=1,6 ,
4y 3(M,JT)=0.5%ADB2*W (J)/U(M)
GO TO 45
8 KM=0
49 DO 50 M=1,6
DO 50 J=1,6
SC(M,J)=0.0
DO 50 K=1,6
50 SC(M,J)=SC(M,J)+S (M,K)*S(K,J)
EIGEN VALUES OF THE MATRIX
KK=0
68 KK=KK+1
IK=0
57 DO 51 N=KK,6
Y(N)=0.0
DO 51 J=KK,6
51 Y(N)=Y(N)+SC(N,J)*X(J)
DO 52 J=KK,6
52 XNO(J)=Y(J)/Y (KK)
DO 54 J=KK,6
T (J )=ABSF (XNO (J)-X(J))
IF(T(J)-SUM1)54,54,55
55 IK=iK+1
IF(IK-25)4,4,5
5 KM=KM+1
IF(KM-2)6,7,7
4 DO 56 M=KK,6



233
56 X (M)=XNO(M)
@0 TO 57
54 CONTINUE
PRINT 48, (XNO(J), J=KK,6)
48 FORMAT (E13.6)
EI(KK):0.0
DO 58 J=KK,6
58 EI(KK)=EI (KK)+SC (KK,J)*XNO(J)
IF(KK-1)59,60,59
59 IF(KK-3)61,60,61
61 IF(KK-5)64,60,64
60 EI(KK)=-SQRTF(EI(KK))
PRINT 62, EI(KK)
62 FORMAT (2X, 11HEIGENVALUE=, E13.6)
G0 TO 63
64 EI(KK)=SQRTF(EI(KK))
PRINT 62, EI(KK)
63 DO 65 J=KK,6
‘DO 65 M=KK,6
65 SMO(J,M)=SC(J,M)-SC(KK,M)*XNO(J)
PRINT 48, ((sMO(J,M), M=KK,6), J=KK,6)
DO 66 M=KK,b6 '
DO 66 J=KK,6
66 SC(M,J)=SMO(M,J)
DO 67 J=KK,6
67 X(J)=1.
IF(KK-5)68,§8,7 A



6 SUM1-SUM2
DO 100 J=KK,6
100 X(J)=1.
ao TO 49
STOP
END

234

C The Program of the Idempotents, the Particular Solution,

and the Net Monochromatic Heat ¥lux at Bounding Walls

DIMENSION U(6), W(6), S(6,6), E(6), Y1(6), A1(6,6,6),
ER(6,6,6), Q(6,6,6), EMT(6,6), B1(6,6,6), C1(6,6),
ch4(6,6), T1(12), T2(12), TZ(2), TE(6), T3(12),
EMT1(6,6), EMT2(10,6,6), TS1(8), TS2(8), v(9),
G(20,20), Y2(6,6), ¥3(6,6), TEM(4), TOU(4), wi4(4),
D(4), ¥21(6,6), YZ2,(6,6), PI1(6), PI2(6), BC(3),
FL1(2), FI2(2), 2(2,6,6, QIP1(6), QIP2(6), QIP(6),
PIC(6), PJ1(6), PJ2(6), R1(9,2,6), R2(9,2,6),
FLUX1(9,2), FLUX2(9,2) ‘

READ INPUT TAPE 2,47 , (W(J), J=1,6)

READ INPUT TAPE
READ INPUT TAPE
47 FORMAT (6E12.6)
READ INPUT TAPE
READ INPUT TAPE
READ INPUT TAPE

READ INPUT TAPE

READ INPUT TAPE
1 FORMAT (4E12.6)

2,
2,

-

-

-

(A A A B NS I
-

4, (u(J), J=1,6)
47, H, C, FK, (BC(J), J=1,3)

1, (T2(J3), J=1,2), (TE(I), I=1,6)
1, (TSi(J), J=1,8)

1, (Ts2(J), J=1,8)

1, (W4(J), J=1,4)

1, (FL1(J), FI2(J), J=1,2)



235
READ INPUT TAPE 2, 3, (V(J), J=1,9)
3 FORMAT (3E12.6)
183 READ INPUT TAPE 2, 4, NN, ADB1, ADB2
4 FORMAT(I2, 2E12.6)
READ INPUT TAPE 2,47, (E(I), I=1,6)
READ INPUT TAPE 2,47, ((S(M,J), J=1,6), M=1,6)
THE IDEMPOTENTS OF THE MATRIX
DO 70 I=1,6
DO 70 J=1,6
DO 70 K=1,6
IF(K-J)71,72,7T1
71 ER(I,J7,K)=0.0
G0 TO 70
72 ER(I,J,K)=E(I)
70 CONTINUE
DO 74 M=1,6
DO T4 1;1,6
DO T4 K=1,6
74 A1(M,I,K)=S(I,K)-ER(M,I,K)
DO 78 N=1,6
Y1(N)=1.
K=0
75 K=K+l
IF(K-N)76,75,76
76 IF(K-6)TT,77,78
77 Y1(N)=Y1(N)*(E(N)-E(K))
go T0 75



78

81

79
84

80
82
86

83
85
87
88
89

90

91

236
CONTINUE
M=0
M=M+1
IF(M-6)79,79,91
L=0 ..
L=L+1
IF(M-L)80,84,80
1F(L-6)82,82,81
N=0
N=N+1
IF(1L-N)83,86,83
IF(N-M)85,86,85
IF(N-6)87,87,84
IF (L+N+M-6)88,89,88
IF(L+N+M-15)86,89,86
DO 90 J=1,6
DO 90 K=1,6
B1(M,J,K)=0.0
DO. 90 I=1,6
B1(M,J,K)=B1(M,J,K)+AL(L,J,I)*AL(N,I,K)
GO TO 81 -
DO 92 J=1,6
DO 92 K=1,6
Cc1(J3,K)=0.0
DO 92 I=1,6
Cl(J,K)=Cl(J,K)+A1(l,J,I)*Bl(l,I,K)
DO 93 J=1,6



237

DO 93 K=1,6
c4(J,K)=0.0
DO 93 I=1,6

93 C4(J,K)=CU(J,K)+A1(4,T,1)*B1(4,1,K)
DO 94 N=1,3 |
DO 94 1=1,6
DO 94 J=1,6
Q(N,J,I)=0.0
DO 94 K=1,6

94 Q(N,J,I)=Q(N,J,I)+B1(N,J,K)*C4(K,I)
DO 95 N=4,6
DO 95 I=1,6
DO 95 J=1,6
Q(N,J,1)=0.0
DO 95 K=1,6

95 Q(N,J,I)=Q(N,J,I)+B1(N,J,K)*C1(K,I)
DO 98 N=1,6 '
DO 98 J=1,6 .
DO 98 1I=1,6

98 Q(N,J,1)=Q(N,J,I)/Y1(N)
DO 99 J=1,2
II=6%J -6
DO 99 I=1,6
K=I+II

99 T3 (k)=T2(J)*TE(I)
LL=0

125 LL=LI+1



| 238
IF(LL-2)100,100,183
100 J1=6*LL-5
J2=6*LL
DO 101 J=J1,J2
101 T1(J)=T3(J)
DO 102 J=J1,J2
102 T2(J)=T3(J)-TZ(LL)
IF(LL-1)103,103,104
103 DO 105 K=1,6
DO 105 M=1,6
EMT (K,M)=0.0
DO 105 I=1,6
105 Emm(x,m)=EMT(K,M)+Q(I,K,M)
DO 106 K=1,6
DO 106 M=1,6
106 EMT1(K,M)=EMT(K,M)
104 DO 107 L=J1,J2
DO 108 K=1,6
DO 108 M=1,6
EMT (K,M)=0.0
DO 108 I=1,3
108 EMT (K,M)=EMT (K,M)+EXPF(E(I)*T1(L))*Q(I,K,M)
IF{L-J1-1)109,109,110 ’ |

[ 4

110 J3=2% (L-6% (LL-1))-3
DO 111 K=1,6
DO 111 M=1,6

111 EMT2(J3,K,M)=EMT (K,M)
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109 DO 112 K=1,6
DO 112 M=1,6
IF(L-J1-1)113,113,114
114 EMT(K,M)=0.0
113 DO 112 I-4,6
112 EMT (K,M)=EMT (K,M)-EXPF (E (I)#*T2 (L) )*Q(I,K,M)
IF(L-J1-1)115,115,116
115 J5=L-J1+1
DO 117 K=1,6
DO 117 M=1,6
117 EMT2(J5,K,M)=EMT (K,M)
GO TO 107
116 J4=2%(L-6%(LL-1))-2
DO 118 K=1,6
DO 118 M=1,6
118 EMT2 (J4,K,M)=EMT(K,M)
107 CONTINUE
THE PARTICULAR SOLUTION OF THE PROBLEM
194 DO 119 J=1,2
DO 120 K=1,6
DO 120 I=1,6
120 G(K,L)=EMT2(J,K,L)
CALL INV20(@,6)
DO 119 K=1,6
DO 119 L=1,6
119 EMT2(J,K,L)=G(K,L)
DO 121 K=1,6
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DO 121 L=1,6
121 a(K,L)=EMT1(K,L)
CALL INV20(@,6)
DO 122 K=1,6
DO 122 L=1,6
122 EMT1(K,L)=G(K,L)
DO 123 J=1,4
123 TOU(J)=TZ(LL)*TE (J+2)
MM=0
127 MM=MM+1
IF(MM—3)124;124,125
124 MN=0
133 MN=MN+1 o
| IF(MN-8)126,126,127
126 WRITE OUTPUT TAPE 3, 163, NN, LL, MM, MN, ADB1, ADB2
163 FORMAT (2X, 3HNN=, I4, 3HLL=, I4, 3HMM=, I4, 3HMN=, I4,
2E12.6) |
DO 128 J=1,4
128 TEM(J)z(TSQ(MN)-TSI(MN))*(TOU(J)/TZ(LL)+BC(MM)*TOU(J)/
2 (LL)* (1. -TOU(J) /T2 (LL) ) )4TS1 (MN)
KL=0
170 KL=KL+1
IF (KL-2)146,146,133
146 IF(MN-1)150,150,149
150 IF(MM-1)500,500,149
500 DO 151 K=1,6
DO 151 I=1,3
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151 Z(KL,K,L)=EMT2(2,K,L)+2.*FL2 (KL)*W (L) *U(L)* (EMT2(2,K,4)
+EMT2 (2,K,5)+EMI2(2,K,6))
DO 152 K=1,6
DO 152 I=4,6
152 Z(KL,K,L)=-1.*(EMT2(1,K,L)+2.#FL1 (KL)*W (L- 3)*U(L 3)*
(EMT2(1,K, 1)+EMT2(1 K 2)+EMT2(1 K 3)))
DO 153 K=1,6
DO 153 L=1,6
153 @(K,L)=Z(KL,K,L)
~ CALL INV20(a,6)
DO 154 K=1,6
DO 1%i L=1,6
154 Z(KL,K,L)=G(K,L)
149 IM=0
147 LM=LM+1
IF(IM-9)132,132,133
132 DO 134 J=1,4
134 D(J)=H/FK*V(LM)/TEM(J)
DO 303 J=1,4
303 D(J)=0.1E-02*D(J)
DO 135 K=1,6
DO 135 L=1,6
135 Y2(K,L)=W4(1)*T2(LL)*1./(EXPF(D(1))-1. )*EMT2(9,K,L)
il (2)#7Z (LL)*1./ (EXPF (D(2) ) -1. ) *EMI2 (7, K, L)Wl (3)*
TZ(LL)*1./(EXPF(D(3))-1. )*EMT2 (5,K,L)+Wl (4 ) #TZ (LL) *
1./(EXPF(D(4))-1. )*EMI2 (3,K, L)
DO 136 K=1,6 |
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DO 136 L=1,6
136 Y3(K,L)=W4(1)*TZ(LL)*1./(EXPF(D(1))-1.)*EMT2(10,K,L)
+Wl (2)#TZ (LL)*1./(EXPF(D(2) ) -1. ) *EMT2 (8,K, L) +W4 (3)*
TZ(LL)*1./(EXPF(D(3))-1. )*EMT2 (6,K,L)+Wl (4 )*TZ (LL)*
1./ (EXPF(D(4))-1.)#EMI2 (4,K, L) ' |
IF (NN-1)137,137,138
137 DO 139 K=1,6
DO 139 L=1,6
YZ2(K,L)=0.0
DO 139 J=1,6
139 Yza(K,L)eYze(K,L)+(1.—ADBl)*EMTi(K,J)*Y2(J,L)
DO 140 K=1,6 | -
DO 140 L=1,6
¥21(K,L)=0.0
DO 140 J=1,6
140 YZ1(K,L)=Y21(K,L)+(1.-ADB1)*EMT1 (K,J)*Y3(J,L)
@0 TO 143 |
138 DO 141 K=1,6
DO 141 I~1,6
YZ2(K,L)=0.0
DO 141 J=1,6 . .
141 Y22 (K,L)=Y22 (K,L)+(1.-ADB2)*EMT1 (K,J)*Y2(J,L)
DO 142 K=1,6 |
DO 142 L=1,6
¥21(K,L)=0.0
DO 142 J=1,6
142 Y21 (K,L)=YZ1(K,L)+(1.-ADB2)#EMT1(K,J)*Y3(J,L)
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143 Do 144 K=1,6

PI2(K)=0.0

DO 144 1=1,6 ]
144 PI2(K)=PI2(K)+2.#*H*V (LM)*V(LM)*V(LM)/ (C*#2)#YZ2 (K,L)*

1./0(L) |

DO 304 K=1,6
304 PI2(K)=0.1E-02#%PI2 (K)

DO 145 K=1,6

PI1(K)=0.0

DO 145 I-=1,6
145 PI1(K)=PI1(K)+2.%#H*V (LM)*V(LM)*V(LM)/(C**2)#Y21 (K,L)*

1./U(L) o | - |

DO 305 K=1,6
305 PI1(K)=0.lE-02#PI1(K)

' THE BOUNDARY CONDITIONS AND HEAT FLUX
186 D1=H/FK*V(LM)/TS1(MN)
" D1=0.1E-02#D1

BI1=2.*H*V (LM)*V (LM)*V (LM)/ (C**2)#*1./(EXPF(D1)-1.)

BI1=0.1E-02#BI1 | - |

D2=H/FK*V (LM) /TS2 (MN)

D2=0.1E-02%D2

BI2=2.*H*V (LM)*V (LM)*V (LM)/ (C**2)%1 ./ (EXPF(D2)-1. )

BI2=0.1E-02*BI2 _ -

DO 155 L=k,6
155 PJ2(L)=(FI2 (KL)-1.)*BI2+PI2 (L)

DO 156 I-=1,3 '
156 PJ2(L)=PI2(L)
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DO 157 L=1,3
157 PJ1(L)=(FL1(KL)-1.)#*BI1+PI1(L)
DO 158 I=4,6
158 PJ1(L)=PI1(L)
DO 159 L=1,6
QIP2(L)=0.0
DO 159 K=1,6
159 QIP2(L)=QIP2(L)+EMT2(2,L,K)*PJ2 (K)
DO 160 E=1,6 |
QIP1(L)=0.0
DO 160 K=1,6
160 QIP1(L)=QIP1(L)+EMI2(1,L,K)*PJ1(K)
DO 161 1=1,6 |
161 QIP(L)=QIP2(L)-QIP1(L)
DO 162 L=1,6
.PIC(L)=0.0 -
DO 162 K=1,6 .
162 PIC(L)=PIC(L)+Z(KL,L,K)*QIP(K)
DO 166 I=1,3 '
166 R2(IM,KL,L)=PIC(L)
DO 167 1=4,6 .
167 R2 (IM,KL,L)=(1.-FL2 (KL))*BI2+2.*FL2 (KL)* (W (1)*U(1)*
PIC(1)+W (2)*U(2)*PIC(2)+W (3)*U(3)*PIC(3)) |
DO 168 L=1,3 |
168 Rl(LM,KL,L)i(l.-FLl(KL))*BIl+2.*FLl(KL)*(W(l)*U(l)*
PIC (4)+W (2)%U(2)*PIC(5)+ (3)*U(3)*PIC(6))
DO 169 I=4,6 |
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187
171

172

201

173

202

245
R1(LM,KL,L)=PIC(L)
IF(LM-9)147,187,147
IF(KL-2)170,171,170
DO 172 LM=1,9
DO 172 KL=1,2
FLUX1(LM,KL)=0.0
DO 172 L=1,6
FLUX1 (LM,KL)=FLUX1(LM,KL)+2.%3,1416%W (L) *U (L) *R1
(LM,KL, L)
WRITE OUTPUT TAPE 3,201, ((FLUX1(IM,KL), IM=1,9), KL=1,2)
FORMAT (2X, 36 HMONOCHROMATIC HEATFLUX AT SURFACE 1=,
3E15.8/38X, 3E15.8/38X, 3E15.8)
DO 173 LM=1,9
DO 173 KL=1,2
FLUX2 (LM,KL)=0.0
DO 173 I=1,6
FLUX2 (LM,XL)=FLUX2 (LM,KL)+2.%3. 1416%W (L) %U (L) *R2 (LM,KL, L)
WRITE OUTFUT TAPE 3,202, ((Ftuxz(LM,KL), IM=1,9), KI=1,2)
FORMAT (2X, 36HMONOCHROMATIC HEATFLUX AT SURFACE 2=,
3E15.8/ 38X, 3E15.8/38X, 3E15.8)
GO TO 133
STOP
END



APPENDIX IX

TABLE OF THE GAUSSIAN DIVISIONS AND GAUSSIAN
WEIGHT FOR THE THIRD AND FOURTH APPROXIMATIONS
REFERRED TO LOWAN, DAVIDS, AND LEVENSON (14)

My = +0.2386192 a,; = 0.4679139
;:g Myp = +0.6612094 ' 840 = 0.3607616
My3 = +0.9324695 8,5 = 0.1713245
yy = ¢9.1834346 8, = 0.3626838
_ Hyp = +0.5255324 8,5 = 0.3137066
m=8 My3 = +0.7966665 8,3 = 0.2223810
M4l = 10.9602899 8y = 0.1012285
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TABLE OF INTEGRATED LEGENDRE POLYNOMIAILS,

P, (41 ,40,)
.083170
.177624
.123265
.045990
.124093
.017844
.090047
.035460
.048076
.055190
.019626
.057995
.013412
.058879
.042383
.032371
.040719
017877

~Ly ¢

THIRD ORDER APPROXIMATION

P (40,41)

177115
-.054783
.087905
-.069298
-.102421
 -.007148
-.073157
-.049135
.025144
-.010973
.021881
.056623
.009060
.025865
.029331
-.020633
- .006057
-.008308

Py, (g, 43)
.233393
.326990
.212980
.064960
.072519
. 002877
.049056
.0l41250
.071122
.084438
.022974
. 067804
.012817
.009703
.004731
.023095
. Ol4o8T
.008275

P (+1,,4Hp)
. 452862
045114
. 084691
.194083
. 104347
.017180
.068439
.110693
. 044922
.019821
.071360
. 075864
.026853
.028458
.06L4570
.050039
.017846
.035083
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P, (+up,4u3)
.624263
.140093

-.155543

-.154715

.064966
-.007536
-.050322
-.100782
-.069635

.023301

.087184

.073327

.022357

.001598

.022085

.035849

.005750
-.045706
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Pn(+u3,+u3)
873727
.657685
411817
.198545
.062078
015778

.041814
.102207
.156276
.176058
.155291
.107697
.057354
.026166
.024054
.045962
.077834
.094963

P (+19,-14)
.030783
.168326
.083645
.021110

.099g42
.017126

.0T9606
.003313
.028929
.014998
.011194
.035936
.021579
.025373
.007841
.004359
.009762
.009696

Pn ('H-ll: "u2)

.136235
.078664
. 086542
.083130
. 096450
.006416

.071050

.031162
.039743
.015203
.025020
.054676
.004190
.019543
.018125
.030504
.000685
.006802
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O 00 ~N1 O 1 &= W N =~ 3

P (417, -u3)
.213026
.339656
.194897
.084897
.066480
.009180
.063837
.041969

-—

.072634
.078353
.034253
.060162
.003920
.009071
.017496
.020430
.048193
.010019

Pp(+1p, -1p)
.420927
.002891
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.061276
175422
070954
.016692
.053967
. 088265
.012198
.009969
. 047623
.o45446
.007818
.003457
.032851
020828

».014344

.011100

Pp (412, -u3)

.607880
.110154
.179839
.180096
.052868
.005184
.045083
.095385
.058923

.038435

.094882
.066544
.007141
.010363
.017685
.033527
.000146

.051415

Pn ('H-13: 'U3)

.866778
.639543
382485
.161996
.024347
017704
.015185
.081439
.137416
. 154535
.127955
.0T4234
. 020305
.010443

.008545

.018895
.053591
.076979
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TABLE OF INTEGRATED LEGENDRE POLYNOMIALS

P (+17,-14)
.060346
.204bhT
.091523
.07T1589
.101788
. 024757
.095832
. 015045
.07T0910
.029122
.048347
.038203
.032148
.051489
.020543
.050996
.015357
. 044806
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FOURTH ORDER APPROXIMATION

Py (+11,+up)
.118601
044337
. 117545

-.072916
.007691
-.027607
-.079485
-.007411
-.059530
-.032584
-.002388
-.034687
.021955
.013408
.012458
.0l41560
.006153
.027032

Pn(+u1,+u3)
.161768
-.196369
~-.022210
-.059499
-.120900
. 032087
.063185
.002980
. 052640
.033506
-.051665
-.023221
-.001827
-.038030
.003840
. 041556
.003881
.007522

Pn

(415 40y)
.183722
.392131
211749
. 152844
. 143648
. 027429
. 043008
. 004713
.038418
. 022655
.068382
061777
.050468
.075155
.014553
.053533
. 006944
.014572



W 0© N O U1 &= W N = -

o T = T e T Y I o R O By PR
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P (+p,+Hp)
.297287
.025509
. 189742
.116792
.016154
. 100947
. 089726
. 019044
. 069709
.073611
.017208
.048634
.063011
.019880
.038452
.055848
.023262
.036524

Pn(+u2:+U3)

251

. 432832
. 020681
.022319
.080104
. 008075
.112889
. 066657

. 005705 -

.051285
.076116
f011055
. 026741

.007940
.012064

.036121

.044193
.008808
.012178

Pn(+u2,+u4)
.511819
-.065280
-.326040
-.218411
. 004498
.093804
. 045902
.004g02
.032514
.058164
.009501
-.071953
-.089149
-.021763
.051493
.058630
.016729
-.010167

P, (+13,+4u3)
645738
.224459
.022567
. 068461
170157
.163786

-. 026506
.017682
.051325
. 102054
.093426
. 042008
.019211
.O47604
.078281
.064924
. 026967
.015339
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P, (+ug,+uy)
.769846
410413
.068167

-.141682
-.188013
-.124094
-.040891
-.006980
0.033268
-.080496
-.097886
-.062584
.006810
.0681T74
.088380
.065435
. 025637
.000781
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Py, (+hy, +uy)
. 924308
.786026
.608558
420673
.250581
.120385
.ol2147
.016389
,033223
.075692
.lollh
. 162266
.178105
.168603
.137978
-095877
.054103
.023154

Pn(+u1,-u1)
.006160

.198812
046710
. 056400
. 067598
.003685
.067202
.019952
. 054134
.010782
.030199
.002805
.011399
.021386
.010286
.027565
.017810
.026126

Pn

(+75-1y)
.072026
.093966
.102402
.094906
.013170
.035153
.OTL68YL
.007032
. 060409
.014452
. 006372
.029999
.034392
.008864
013792
.038964
.006338
.025003
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Pp (417, -13)
.127871
.212236
.009067
. 056458
.114259
.050333
.062636
.006181
.051758
.023272

.061760
.200314
.003263
.035607
. 015018
.043759
.004l69
.005228

P, (+ay,-uy)
.167725
391792
.190778
.167688
.132567
.042780
.039807
.00k4429
.037788
.022967
.069858
.055977
.057362
. 068765
.025414

253

. 050672
.003189
.015253

P, (410, -15)
.255609
.009739
173121
.090286

.015074
.082439
.055685
.018764
.045135
.0l42039
.016690
.024999
.030381
.018760
.010823
.025028
.012698
.009026

Pn (+u2 ) "|-13 )

.Lokous
.057276
.036383
.078539
.017612
. 120564
-055325
.007296
. 045764
.067700
.005969
.037651
.009552
.012796
. 040776
.041962
.002531
.003280
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-

10
11
12
13
14
15
16

17

18

P

n (45, -1y )
.498002

.085125
.333607
.203161
.025579
.103244
.039961
.006787
.027216
.058141
.008234
.OTU4198
. 085793
.011597
.059674
. 054046
.005830
,018649

Pn (+|J~3 3 "“3 )
.625254
. 185236

254

.015892
.043843
.152741
.139339
.037391
. 015904
. 025795
,079708
. 065473
.0088i1
.010641
.025147
.056241
.035502
.007985
.016145

P, (+ug,-uy)

.760630
.389189
. 0bo622
.164996
. 198365
.119730
.027321
.007388
.023764
075871
. 094047
.055710
.016609
. 076652
.C90368
.058827
.013084
.012126

Pn ('H-l)_'_: -ul})

.919974
.T73995
.587167
.390264
.213297
079577
.001485
.021044
.000823
.0l48541
.101244
. 140854
. 158763
.129921
.109601 -
. 064267



