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Card punching code: EBCDIC IBM 029
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Nature of physical problem

Optical and dielectric constants of insulators and semiconductors are
calculated from reflectance spectra using the Kramers-Kronig-Dispersion-—

relation!:

In(£(a ) = - ko Re(f(w)) 4, (1

Tm(f(w)), Re(f(w)) are the imaginary and the real part of the complex

function f(w), respectively (e.g. f(w) = &(w) = cl(w)+i€2(w)).

Method of solution

Since reflectance spectra are only available in a restricted frequency

range, say between w, and w , the integral of eq (1) is split into
X: u

3 parts: . N " .
S
| = + + =T + I + 1
J J J ol 2u uee
) ) By W,
I)P and 1 are evaluated by assuming physical reasonable extrapolation
Of e
functions:

I. For 0 - w < w_ Re(f(w)) = Re(f(wp)) is assumed.
2. For w»w the electrons of the material are treated as to behave
u

like a free electron gas.

For w, < & < @, Re(f(y)) is expanded within small intervalls to powers of w
p 2w
(up to some degree m). Then Ilu is evaluated by using these approximations

and by summation over all intervalls.

Restriction on the complexity of the problem

I. This program computes optical and dielectric constants only from
rcflectance spectra which are obtained with polarized light, the electrical

field vector of which is lying either perpendicular or parallel to the plane

of incidence.



2. For the integration only the linear term of the expansion of Re(f(w)) is
used. But according to the long write-up this program may easily be modified

if higher approximations are desired.

Typical running time

Typical running time is about 50 sec on the TBM 360/75 for one set of data

and an output of 6000 lines printed.

Lnusual features of the program

I. This program is especially suited to accept data in form of punched cards
from a card punching machine (IBM 024). The original curves are converted by
means of a X-Y-recorder with retransmitting slidewire potentiomelers and an
analog-digital converter connected to this punching machine’.
2. This program provides a test on the accuracy of the results and the used
extrapolation functions. Conmsistency of the results are tested by calculating
Test . .
¢ (u) by means of eq (1) from the generated ¢ (w)-curve and comparing it
Z 1

with £ ().
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LONG WRITE-UP

i, INTRODUCTION

1.1 Relation between ¥ (w) and R(w)

-0, . . . - i
As Kramers' and Kronig’ have shown, dispersion relations can be formulated
for a large number of physical systems, for which complex functions describe
the response of a system. Examples of such complex functions which are of

relevance for solid state and optical physics are:

2) complex dielectric constant £(w) = gl(w) + b:z(u)

bh) complex refraction index n(w) = n(w) + 1-k(w)

¢) complex reflection ratio 1nf(w) = ln(ﬁi;ei.?) (1)
where W is the frequency, R the reflectance, and © the

phaseshift between incident and reflected wave.

Real part 1 (w) and imaginary part f. (w) of such functions are connected
}) }, . ('.:C
Zwk | f - (m)
£ (w )= - ' : dw (2)

T, a8

fe calealate « () from r(w) we use Fresnel's equation for the reflectance of
Figat with the electrical vector perpendicular to Lhe plane of incidence

{(s=polarization, ;: angle of incidence; now we omit w):

o - (i-sin<4) ' /2—cosy o
(C"Slnlﬁ) 172 —Ccos

and a similav expression for p-polarization

Writing (;—sin‘f)l/z = at+i'b we obtain from eqs. (1) and (3) for £, and ¢ _
the tollowing expressions:
b= a’-b +sin“a
= 2ah with a = (1-R)cos¢/c
b = 2»ﬁ;sin6-cos¢/c (4)

¢ = 1-2/Rscos+R



and by straight forward calculations the equations for the other optical

constants, n, k etc.q

1.2 Extrapolation

Reflectance spectra are only given in the interval u

= w_ <w<w = g for
I——n u

&

)

not necessary equally spaced discret frequency values (wi). Therefore we
have to take physical reasonable values resulting for those parts of the

integral spanning the intervals 0 < g < w, and wo < w <,

These values here are obtained by extrapolating the reflectance spectra:

a) In the frequency region 0 < 1 < w, R(w) = R(w]) is taken.

b) For w>u1 the electrons ot the material are treated to behave like a
1

free electron gas. The high frequency dielectric constant then is

-

given by eq. (5):°

wZ
Bw) = 1 + £
QZ
with wp = plasma frequency. From this equation we obtain the asymptotic

high frequency behaviour of €,» €, and R as follows

2. INTEGRATION OF DISPERSION INTEGRAL

2.1 Integration of eq. (2) between w = O and u = w

In the interval WS W oS W (i=1,...,n) function fl(w) is expanded

to powers of w: -
£fo(w) = vl
](w) ) aji @
3=0

(6)

(7)



- 6 -

f .
‘ Jde 0, one gets by simple straightforward evaluation

Using i -
. S
fo(w) = f (w ) S . o _
! - L k = \ll -+ L S._i(u;1 2
wé—w? “TER J
k j=2
. . -5 . ‘_.’«L;,
with bji ;) dji’#j,i»k
=0

(8)

(9)

The contribution of the above interval to integral (2) then is given by

r Gl il “o s, J-1 j—l
s .1n il K + 7 L (w - w. )
11 .t / j—1 . 1
1k .o, 1+1
1=2
L= d
1,1+1
i 10.‘~+ W Wi, +i I
LY oty o |t o LK
1 S R e X S e
it ¥ £ w Al
wilth K s

Now only a linear approximation of f (w) is used, leading to

S,1 = do], Sjl = all, and sjl =0 for j - 2.
This gives
1 | Ciel K| Yiel k)
i = . . — —_ .
1,1+ 2. !(aoi+ukdl ) 1n G (ah kdli)ln( Wt )?
k | 1 'k 1k i

(10)

(1D

Fxtrapolation to w=0 is done by including the point (pO,R(mO))=(O,R(w])).

2.2 Integration of the high frequency extrapolation function

. Case

£ (w) = lnbf}i(w)

Constder R(.) = R(Wn)-(:A:‘n/-_))"’L as extrapolation function for high
frequencies with exponent : which should be set equal to 4 according

(6). Then the extrapolation term is given by the integral

to eqs.

[ 1n R(wp)+a 1n (mn/m)
i de:
- ;. 2

oY W

u k

[
M|

(13)



Evaluation of this integral results:
I = 1nR(w ) eIn <2 4 oer(py | (14)
= —_— o) . —_— Y. /
u« Zhuk i‘ n 1 P p J 4
with p = mk/mn
and
s(p) (a)
F(p) = (15)
_p _ ~p I-p
/4 Inp+1n *1:‘* S(—l—:l;) (b)
Lo 251, .
s(x) = 2+ xT37 /25—
j=1
For p-values IE;l<p<l (b) gives better convergence of series s than (a).
2. Case ([](m)—l)"w_2
In analogy to 1. consider fl(m) = 1+(f1(ﬂn)—1)-(wn/w)”. Then lua 15 given
by IW
G (0 )Y e (w Jw)”
|
Too= L_n n duw (16)
u wé—wjk
RN
u n
Evaluation of integral (16) gives:
. . g)n 3 o n +i Kk u)n
1., =5 i1+($—)¢-(fl<un)—i sln— s () (e - ) (17)
u ij L k ) 1 uuk w.k
2.3 Results
From egs. (2) and (12), (14) and (17) follows the general equatiocn:
£ () = [T = d-F)/¢2%) (18)
(n
) — * (w o)t U %
with iél(ali dl,i—l) (ui+uk) ln{h1+ k)
T =
n
+) (ali“ll,i_l)'(mk“mi)-ln AR IR
1=]
ik
-
fl(wi+l)_f1<ui)
i T T ’ 21078100 (19)
TS M1 n



il

In the special case when f?(wk) G(mk) one has to take

f (mi) = lnR(wi)
d = «
the F as def. by egs. (l5a.,b)

In case f_(mk) = a@(wk) one has to take

f](&}i) = Z'Cl(u)i)
d = 2-(£](wn)‘1)
-
2, (1- ]—)-ln +p (20a)
p I-p
p
F =
® 231
tp- T p 374571 (20b)
i=1

N

with p = uk/un

(20b) avoids rounding errors for small p-values.

3. PROGRAM DESCRIPTION

The detailed working of the program is set out on Comment cards incorpo-

rated into the program. The program is directed by means of the MAIN

scgment. The input data are read in with the subroutine EINLES

(TEND, K, NA, PHL, EXPO, A, RHO, NX, N, X, Y, TX), the phase 2 of the

complex reflectivity is then computed in the subroutine KKAREF (N, 3+*N, EXPO, X,Y).
With the resulting (w) the following optical constants as functions of w«

are computed in subroutine OPTKON(N, 10-N, PHI, POL, EXPO, A, RHO, X, Y),

using the Fresnel equations:

the complex dielectric constants €15 €,
the complex refractive index n, k
the energy loss function Im(i/£)

the absorption coefficient p = 2+k-E/1.973 (E(eV})



Eo eff

Neff = electrons/molecule

The resulting curves are then plotted together with the input data and O(w)
on the lineprinter by the Subroutine PLOTLX(K, NA, NX, NY, X, Y, ITX, TY, TY).
The results are then checked for their accuracy and extrapolation, by

Test

comput ing e, («) by means of a Kramers-Kronig analysis using the

calculated e This is done by the Subroutine KKAEPS (N, §+N, X, Y) and

a subsequent plotting of this result.

4, TEST RUN
One test example is included to illustrate the main features of the program.
For solidified Xenon the optical constants are computed from 7.8 to 14.5 eV

using near normal reflectance data.

4.1 Test run output

The output is to a wide extent self-explanatory, it contains in the first
part all input data (for the special DESY-system) including those which
are omitted for two possible reasons:

a) the energy—-value of a point is less or equal the energy of the
preceeding point
b) the reflectance value is less than 107",
Next a record is given of the computed optical constants together with the

encrgy of the incident light, the reflectance data and the phase shift.

Then the single parameters are plotted as curves on the lineprinter.
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Appendix A: Listing of the program



LEVEL 21.6

( MAY 72 ) 0S/360 FORTRAN H

COMPILER OPTIONS ~ NAME= MAIN,OPT=00,LINECNT=60,SIZE=0000K,
SOURCEEBCDIC yNOLIST,NODECK, LOADyNOMAP, NOEDIT,NOID,NOXREF

ISN 0C02 SUBROUTINE EINLES(IEND 9Ky NA¢PHI ¢POL,EXPOyAsRHOyNXyNyXsY 3TX )
C== ============== ==== == ======= =====ss======s========
c
c ORDER OF INPUTDATA FOR A SINGLE BLOCK
c (THE NUMBER OF BLOCKS IS UNLIMITED)
C
c 1. CARD:
C TX: TITLE (UP TO 80 CHARe)
c 20 CARD:
C PHI: ANGLE OF INCIDENCE IN DEGREE (F5e1)
c EXPO: EXPONENT FOR EXTRAPOLATION (FSel)
c K: SEE SUBROUTINE PLOTLX (I5)
c NA: CURVES ARE PLOTTED BETWEEN THE ENERGYVALUES
c E(NA) AND E(N) (1I5)
c A: ATOMIC OR MOLECULAR WEIGHT OF THE MATERIAL (F5.2)
C RHO: SPECIFIC MASS OF THE MATERIAL (G/CM**3) (F5.2)
(v POL: POLARISATION (P OR S) (A1)
C 30 CARD:
c SCALING VALUES (SPECIAL FOR THE DESY-F4l-SYSTEM TO PUNCH
C CURVEPOINTS ON CARDS)
(% 4e AND FOLLOWING CARDS CONTAIN THE DATAPOINTS (CURVES)
C
C
c —————
C
c N IS THE NUMBER OF POINTS STORED IN THE ARRAYS
c X (ENERGY IN ELECTRON=VOLTS) AND
c Y (ABSOLUTE REFLECTIVITIES)
C
c
C
c IEND=1 SENSES THE END OF THE INPUTDATA
c
C
C
C==============s=========z======== ========== ============== === ===
ISN G063 REAL®4 X(NX) ,Y(NX) »TX(20)
ISN OUO4 N=6
ISN OUU5 IEND=0
ISN voué READ( 55 5061, END=190) TX,PHI EXPO,K,NA,A,RHOyPOL ¢X1yYLlsX2Y29X01s
1 Y01, X02, Y02
ISN 0007 HRITE(696002) TXyPHI,EXPO,KyNA,AyRHOsPOL X1 YLl9X25Y2,X01,Y01,X02y
1 Y02 '
ISN 0008 XU2=(X02-X0%) /[ X2-X1)
ISN 0009 Y02=(Y02-Y0G1i)/(Y2-Y1)
ISN OClu 100 NN=N=5
ISN G011 READ (595002,END=193) (X(I)sY(I)sI=NN,N),Y2
ISN 0012 IF(Y2.LE.D.) GOTO 200
ISN 0014 WRITE(656002) (X(T),Y(I)yI=NNsN),Y2
ISN 00Ll5 DO 15C I=NN¢N -
ISN voi6 X(I)=X01+X02%( X(I)=X1)
ISN 0017 150 Y(I)=(YOL+YO2*(Y(I)=Y1l))*Y2
ISN vCl8 N=N+6
ISN 0019 IF(NeGToNX) N=N-6
ISN 0021 GOTO 100
ISN G022 190 IEND=1
ISN v023 200 N=N=6
ISN V024 IF(NeLE.O) STOP
c
ISN 0026 WRITE (6, 6006)
ISN 0027 1=0
ISN o028 210 IF( Y(I+1l)elTe.0031 ) GOTO 25C
ISN 0030 I=1+1
ISN Gu3l WRITE(656003) X(I )yY(I )l
ISN 0032 IF(I1eGEeN) RETURN
ISN 0034 230 IF( X(I+1)eGTeX(I) ) GOTO 210
ISN G036 250 N=N-1
ISN 0037 NN=I+1
ISN 0038 WRITE (6, 6003) X(NN),Y(NN)
ISN 0039 IF(IeGEeN) RETURN
ISN 0041 DO 260 M=NN,4N
ISN v042 X{M)=X(M+1)
ISN 0043 260 Y(M)=Y(M+1)
ISN 0044 GOTO 230
C
ISN 0045 5001 FORMAT(20A4/2F 501921512F56214X1A1/2 (F4e29F5e3) y2X¢4F 562)
ISN 0046 5002 FORMAT(6(F4e2,F53)y12X,F640) R
ISN 0047 6001 FORMAT(®1',20X,80(°=")//40X, '"KRAMERS=KRONIG=ANALYSIS OF REFLECTI®,
1 "ONDATA®//21X580(1H=)//7171/1
2 . /71X ,20A4//* PHI =9,F10.3/" EXPO=',
3 Fl0e3/° X =9,16/° NA =1',16/" MWHT="yFlDe3/' RHO ="4F10.3//
4 1Xs Al, *=POLARISATION'//
5 ' SCALING-DATA /10Xy 2(FBe 24F T03) y4F10e4////° INPUT=CARDS: °*)
ISN 0048 6002 FORMAT(6(F9¢2yFT7e3)3F20e5) B
ISN 0049 6003 FORMAT(10Xy"X= *3FBe%93Xy 'Y= "yF9% 6,17)
ISN 0050 6006 FORMAT( °*1INPUT-VALUES®/1X,12(°'=")/10X,'FOR INTEGRATION USED VALU
1ES ARE NUMBERED'//7//7)
ISN 0051 END
*0PTICNS IN EFFECT* NAME= MAIN,OPT=00,LINECNT=60,SIZE=0000K
*0PTIONS IN EFFECT#* SOURCE, EBCDIC yNOLI SToNODECK 9 LOAD yNOMAP , NOEDIT ¢ NOID,NOXREF
®STATISTICS* SOURCE STATEMENTS = 50 ,PROGRAM SIZE = 2390

#STATISTICS®* NO DIAGNOSTICS GENERATED

#%s3%d END OF CCMPILATION *#eske

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

141K BYTES OF CORE NOT USED

DATE

73.M83/N1629:51

PAGF 0712




LEVEL 2146 ( MAY 72 } 057366 FORTRAN H DATE  73.083/01,29,48

COMPILER OPTIONS = NAMED= MAIN,OPT=00,LINECNT=6G,SIZE=00CDK,
SOURCE.EBCDIC NOLISTNOCECK,. L UAD, NOHAP.NOEDIT:NOID,NU!REF

c 4
c KRAMER S=KRUNIG~ANALYSIS MAIN SEGHENT . 5
C m——————— - 6
C 7
C 8
C THE OPTICAL AND DIELECTRIC PROPERTIES OF SCLIDS ARE COMPUTED 9
C FROM THE ABSULUTE REFLECTIVITIES USING KRAMERS=KRONIG=ANALYSIS 10
C it
C (S—-REFLECTIVITY AT ANY ANGLE PHI ) 12
C {P=REFLECTIVITY AT ANGLES PHI LESS 45 DEGREE 1 13
c 14
¢ 15
L e e 16
C 17
C 18
C DIMENSIONS: 19
C X(NX),Y{10®NX} MAXIMAL NX VALUES ARE READ IN 29
C [SEE CAKD 52 AND CARD 63, IN THIS VERSION: NX=60C} 21
o CCGMPUTATION IS DONE WITH N {LESS OR EQUAL NX) VALUES 22
C 23
C STORAGE ORGANISATION 24
C 25
[« A) MAINRUN (CALCULATION OF THE OPTICAL CONSTANTS AND RELATED 26
c VALUES FRCM ABSOLUTE REFLECTIVITIES |} 27
C 28
c XL} ENERGY 29
C Y 1)yeee¥( N) 3 ABSOLUTE REFLECTIVITIES 30
C YO N+1l)reas¥{2%N) : PHASE THETA QUT (DISPERSION INTEGRAL! 31
[o Y{2¥N+1l),ea Y{3I*NI) : EPSILON 1 32
c Y(3*N+L)paas Y{4®N) * EPSILON 2 33
C YU4*¥N+L)seer YUS%NY  IMAGINARY PART {1/EPSILON) 34
4 Y{S®kN+1)seer YL O6XN} = REFRACTIONINDEX N 35
[« Y{6€N+1)y0asY{ 7T*N) : ABSORPTIONINDEX K 36
[« YOTEN®L) joas YU 3%N)} 3 ABSNRPTIONCOEFFICIENT MY=2*K¥E/1,673 37
[« Y(8*N+1)reas YI9*N) * EPSILON-O-EFFECTIV 8
[% Y{9EN+L))aar Y{LO®N): N-EFFECTIV UFLECTRONS/MOLECULE) a9
c 4n
C 8) TESTRUN (CALCJLATION OF €PSILONZ(TEST) FROM EPSILCNY) I3}
C 42
% X(1) ENERGY 43
c Y 1)seerY{ N) : ABSOLUTE REFLECTIVITIES a4
[+ YO N+1)y.arY(2®N} : PHASE THETA {0OLD VALUES) 45
c Y(2¥N+1)se0 e Y{3®N) : EPSILON 1 (OLD VALUES) 46
C Y(3%N+1),u0ey YU4%N) : EPSILON 2 (OLD VALUES) 47
C Y{4*N+1)s00n Y{5%N) * EPSILON2(TEST) 48
[ YIORN+L by our YELO*N) : EPSTLON2(TEST)-EPSILONZ 49
[+ 5N
C

u
"
v
1
i
“
i
"
"
i
I
1
It
[
0
W
it
Ii
I
i
1]
i
1]
u
i
1]
n
"
n
]
n
n
]
0
n
it
"
I
"
[
1]
n
n
"
“
H
n
n
1]
n
]
"
"
"
n
"
"
"
i
n
[}
"
H
i
n
"
n
1
n
"
I
wn
-

ISN DLv2 REAL®4 TX{2{ ), Xt 600),Y( 6000) 52
ISN ¢iu3 REAL*4 TY(B3)/"REFLY, *ECTI* s "VITY*," R ",4%? * "DHASY , VE TH', 51
L 'ETA ",5%" ', (EPSI*,'LON *, "1 Y458 VLVEPSIY,'LON Y, '2 ‘e 54
25%* (L VIMAGY p *UL/E',*PSILY, *ON) *,4% ¢ C tREFRI,PACTIV,"VE T*,'NDEX &5
30,0 N Ty3%% YL UABSOY, 'RPTI*, "ONIN' ,"DEX ', 'K Ty2% ¢ TARSOY, 56
4 *RPTI','ONCO* EFFI*,'CIENY,*T MY*®, ' Y, EPSIY,tLON-", 57
5 CU—EF' 'FECT "2 "1V " 43%' ¢, *N=EF*,"FECT s *IV [y *ELEC (' TRON?, 58
& YS/MUY,YLECU*,YLE) '/ 59
PAGE * ?
c 60
o ettt el el &Y
C 62
ISN yuus NXx=600 63
C 64
ISN ¢oCS5 L CALL EINLESUIEND K, NA&,PHI4POL,EXPOLARHG, 600 ,N,X,¥,TX} 65
ISN CGué IF{N.l Ea5) GOTO 3 66
ISNh wuu8 IF{KeEQel oURs KeEQeJ) K=N &;
c &
(e e e m e ~—————- ——- &9
C M A& INRUN m
e o e e e e ee G e e o 71
& 72
ISN 4010 CALL KKAREF(N,3®N,EXPOyX,Y) 73
C ZA
Cmm e ———em 75
ISN 0011 CALL OPTKIN(NLU*N,PHIPUL,A,RHO,X,Y) 76
ISN dul2 WRITE{6, 6001} [T, X011, i YUI+NEL=N) o0 =1 ,1C) 4122 ,N)} ;;
[: —————————————————————————————————————————
ESN €013 00 2 I=1,10 79
ISN GOl4 2 CALL PLOTLX{KsNANsN®I,X,Y,2C,TXo1%8,8,7TY) 8n
C (2]
C - 82
[+ TESTRUN €3
L — e m —— ——— LS
C a5
ISN C015 CALL KKAEPS(N, 5%N,X,¥} g6
ISN Culé CALL PLOTLX{ KeNAJN¢N®5 1 XY, 203 TX 46464+ *EPSILON2 FRs EPSILONL') g;
C
ISN 0017 00 4 I=1,4N R9
ISN 0018 4 Y{S&NeII=Y(4sN+1)=-Y(3*N+1) 9n
ISN U019 CALL PLOTLX{KsNAsNsN® Gy XsYy20, TXy 656 *EPSTLONZITEST)I=EPSILONZ"} g;
E---—--rw———————--——-—-—-—~--—--- ————— 53
C 94
ISN 0020 3 IFCIEND4EQWQ) GOTO 1 95
1SN D022 STOP 96
Isn 0023 6001 FORMATI'1 1 ENERGY REFLECY PHAS, THETA EPSILONeLl E¢, 9T
1 IPSILONG2 IM{1/EPS) RF.INDX N ABSINDX K ABSCOEF MY FEPS.G', 98
2 ' LEFF N.EFF ! 14Xy t=~— 1,11 (" V175 (18411F11.57)) 9
ISN yD24 END 1c0
*0PTICNS IN EFFECT* NAME= MAIN,0OPT=00,LINECNT=60,51 ZE=0000K,
#0PT IONS IN EFFECT® SOURCE, EBCDIC ¢NOLI STyNDDECK 4 LUAD ,NOMAP ; NOEDIT yNDID s NOXREF
*STATISTICS® SOURCE STATEMENTS = 23 yPROGRAM SIZF = 28136

*STATISTICS*®* NO DIAGNOSTICS GENERATED

sxesek END CF CCMPILATION ss&dke 145K BYTES OF CORE NOT USED



LEVEL 21.6 ( MAY 72

ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN

ISN
ISN

ISN 0039

ISN

#0PTIONS IN EFFECT*

®*0QPTIONS IN EFFECT*

0002

oooe3
0U04
0005
00vué
00G7
0008
00v9
0010
0011
uoliz
0013

0014
0615
cole
voli7
0o18
0019
6020
o021
0022
0023
0024
0025
0026

0027
cc28
0029
0031
0032
0033
G034
6035

0036

0037
0038

0040

) 0S/360 FORTRAN H

COMPILER OPTIONS - NAME= MAIN,0PT=00,LINECNT=60,SIZE=0000K,

[»XzEsXsEalsiaNsEeNa sl e e e Nal g}l

SOURCE, EBCDIC ;NOLIST,NODECK, LOAD; NOMAP, NOEDIT,NOID, NOXREF
SUBROUTINE KKAREF(NXyNY,EXPO,X,Y)

Z=z=zET==SSTSETETTS=ITES zEz===== =

DISPERSION=INTEGRAL WITH EXTRAPOLATION

COMPUTES FOR NX NON EQUIDISTANT POINTS (X,Y)
(O<X(L)<X{L+1) ) FROM REFLACTANCEVALUES THE
PHASE THETA OF THE COMPLEX REFLACTANCE

X(L) = ENERGYVALUES

Y(L) = ABSOLUTE REFLECTIVITIES

IN Y(NX#Ll)jyee,Y(2%NX) THETA
Y(2%NX+1)see 9 Y(3%NX) SCRATCH STORAGE

THE THETAVALUE OF THE FIRST POINT =060
THE THETAVALUE OF THE LAST POINT IS EXTRAPOLATED

6

REAL®4 X(NX) sY(NY)
NX2=NX+NX
Y(NX2+41)=ALDG(Y(1))
DO 1 I=24NX

K=NX2+1
YIK)=ALOGIY(I))
Y(K=1)=(Y(K)=Y(K=1))/7(X{I)=X(I-1))
Y(K)=0o

DO 2 I=2,NX

K=K-1
Y(K+41)=Y(K+1)=Y(K)

Y (NX+1)=0e

DO 9999 K=3,NX

XK=X(K=1)

XX= XK +XK

T=Y(NX2+K=1)®XX*ALOG( XX)

DO 3 I=3,K

XX=XK+X(1I=2)

XY=XK=X{I=2)

T=T+Y (NX2+I=2)®(XX®ALOG{ XX ) +XY*ALOG(XY))
DO 4 I=K,NX

XX=X(I)+XK

XY=X(I)=XK

T=T+Y(NX2+I) *(XX*¥ALOG(XX)=XY*ALOG(XY))

F=0

XK= XK /X INX)

IF(XKoLEeo4142136) GOTO 6

XX=(1e=XK) /(1o +XK)

F=20477401-ALDGI XK 1¥ALOG( XX )

XK=—XX

XX= XK#XK

F=F+XK& (20 $XX%( 022222224 XX¥ (0 0B+ XX%( o 040816+ XX (002469 +X X% (00165
1 +XX¥401211))))

9999 Y(NX#K=1)=(T+F#EXPO)*,1591549
C

#STATISTICS*

#STATISTICS*

sxwksx END GF CCMPILATION **kkix

SOURCE STATEMENTS =

YINX+1)=Y INX#2)+( YINX+3)=Y(NX+2)) *(X(1)=X(2)) /(X(3)=X(2))
YINX2)=Y(NX2=1)+( Y(NX2=1)=Y(NX2=2)) /( XENX=1 )=X(NX=2))

1 ®(XINX)=X(NX=1))
RETURN
END
NAME= MAIN,0OPT=00,LINECNT=60,SIZE=0000K,
SOURCE, EBCDIC ,NOLI ST,NODECK yLOAD s NOMAP ;NOEDIT;NOID,NOXREF

39 ,PROGRAM SIZE = 2050

NO DIAGNOSTICS GENERATED

189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

245
246
247

DATE

141K BYTES OF CORE NOT USED

73.083/01029 55

PAGE

?




LEVEL 21.6 ( MAY 72 ) 0S/360 FORTRAN H

COMPILER OPTIONS - NAME= MAIN,OPT=00,LINECNT=6Q,5IZE=U000K,
SOURCEsEBCDIC NOLI STyNODECK,LOAD,NOMAP, NOEOIT ,NOIDyNOXREF
ISN U0u2 SUBROUT INE OPTKONINXsNY»PHI s POL sA3RHO #X 4 Y1}

T T B B T LT T E T e T e et

COMPUTATION OF THE OPTICAL CONSTANTS (8Y FRESNELS FORMULA)
AND ASSOCIATED VALUES

X(L) ENERGY

Y 1)seasYl NX)
Y{ NX41l)leaesY(2%NX)
Y{2%NX41)yeesY{3I®NX)

C

9

c

C

c

c

c ABSOLUT REFLECTIVITIES
c

c

C Y{3%NX+1} 1003 YIS&NX]
C

C

c

C

C

c

c

Ca=

PHASE THETA

EPSILON 1

EPSILON 2

IMAGINARY PART [1/EPSILGN)

REFRAC TIONINDEX N

ABSORPTIAONINDEX K

A3 SORPTIONCOEFFICIENT MY=2%K*E/14973
EPSILON—Q-EFFECTIV

N-EFFECTIV (ELECTRONS/MOLECULE)

Y{4%ENX+1)raas YI S5®NX}
Y{S*NX+1}eaa Y 6ENX])
Y{6®NX41 ) s s s YLTENX)
YOTONX4L)saes YIBENX)
Y(OENX+1) 5405 YUIRNX)
Y{9ENX41)ra0es Y{1O®NX]

TR R LR

A R EE TR RS TR T IR IR EANE IR S AR TR I N R SRS A AR CCIEAT RS ATENS TR

ISN QOL3 REAL®4 X{NX),YINY),P/tP*/

ISN O0uU% LOGICAL®4 L

ISN 0005 L=POL «EQaP

ISN LOUS PHI=PHI*,01745329

ISN cuu? CNEFF=T.66686F 4%A /RHD

ISN 0CuB CB=SINIPHI 1%%2

ISN G0u? CA=1.-CB

ISN QUL0 CG=1. 5708

ISN 0011 CH=C,

ISN w012 DO 10LS I=1,KNX

ISN 0043 CC=Y{NX+]}

ISN uai4 Co=Y(1)

ISN UOL5 CE=SQRT(CD)

ISN U016 CE=CE+CE

ISN JoL7 CF= 14 +CO-CE*CISLC)

1SN U018 Co= {1e=CD}/CF

ISN J0LS CE=xCE/CF®SIN(CC)

ISN 4020 CF=CD#*CD-CE&CE

ISN C021 CO=CD+CD

ISN wo22 CE=CO%CE

ISN 0023 IFtL) GOTO &

ISh LO25 CFeCFRCA+CS *

I5N uJ26 CE=CE®CA

ISN wu27 GOTO 8

ISN uD28 & CF=CF/CA

ISN w029 CE=CE/CA

1SN wu30 CFl=CF N

ISN L0311 CEl=CE

ISN 0032 CC=CF*{CF-4,%CB)~CE*CE

ISN 0033 CO=CE* (CF+CF~42%CB)

ISN 0034 CI=SQRTICCHCC+CO*CD)

ISN U035 CJ=SQRY 14 5%{CI=-CCI)

ISN uU3% CKESQRT (o 5%(CT+CC))

ISN cu3? IF{COLT,0,) CK==CK

ISN U39 CF=, 5% { CF+(K)

ISN SU4s CE= 5% (CE+CJ)

ISN voul 8 Y{2eNXx+1) =CF

ISN W42 1F{I.EQel) GOTO 9

ISN w044 CC=CE®{X(I)} =X{I-1})

ISN CO45 CG=CGACCIXITY

1SN G066 CH=CH4CC®X( )

ISN w047 9 Y{3®NX+I) =CE

1SN U048 CC=CF*CF+CE*CE

ISN 0049 Yi4®NX+1) =CE/CC

ISN 005U CC=SQRT (o 5% ( SQRTICL V+CF )]

iISN G051 Y{S*NX+I) =CC

ISN w52 CE=CE/LCC+CC)

ISN 0053 Y(e*NX+I) =CE

ISN 0054 Y(7eNX+1) =X{1) *CE/.9865

ISN 0SS YI8ENX+1) =CG¥,63662

ISN 0056 1000 Y(9%NX+1) =CH*CNEFF

ISN 0057 RETURN

ISN 0058 END
*OPT1ONS IN EFFECT® NAME= MAIN,OPT=00,LINECNT=60,512E=0000K,
#OPTIONS IN EFFECT# SOURCE, EBCDIC yNOLI STyNODECK , LOAD 4 NOMAP ¢ NOEDIT s NOID yNOXREF
#STATISTICS® SOURCE STATEMENTS = 57 +PROGRAM SIZE = 1718

*STATISTICS* NU DIAGNOSTICS GENERATED

etokwn END OF COMPILATION shamés 145K BYTES OF CORE NOT USED

248
269
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
248
269
270
271
272
273
274
275
276
277
278
279
28¢
281
287
283
284
285
284
287
288
289
290
251
292
293
294
295
296
297
298
299
300
301
3c2
3032

304
05
3086
307
308
309
3Lc
311
312
313
314
315
316
317
318
319
320
321

DATFE

73.082/01,29.59

PAGE D™2



LEVEL 2146 { MAY 72 )

ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
1SN
ISN
ISN
ISN
1SN
ISN
iSN
ISN
ISN
ISN
ISN
ISN

1SN
ISN
ISN
ISN
ISN
1SN

ISN

ISN
iSN
ISN

*0UPTIONS IN EFFECT®

*OPTIGNS IN EFFECT*

Goo2

gae3
0004
0005
0006
auu?
0008
QUo9
oolc
0011
0Gl2
0013
a0i4
Qo015
Quis

ugl17
o018
0019
0020
0021
o022
G023
0024
ag2s
0026
ou27
Gozs
0029

003G
v03l
ag 32
w034
0033
U036

U037

0038
0039
w040

05/360 FORTRAN H

COMP ILER OPTIONS - NAME= MAIN,OPT=00,LINECNT=60,S1ZE=0000K,

CamzzsssssszsruzsasssErarss SSoXaRENEERRIIARKIRCRI X

e NaiatataksizkaiakakakakaRaknlyl

SDURCE-EBCD]C.NULIST,NUDECK,LOAD,NOHAP.NOEDIT.NOID.NOXREF

SUBROUT INE KKAEPS{NXsNYsXsY}
PROGRAM KKAEPS IS IDENTICAL WETH KKAREF EXCEPT FOR THE
EXTRAPOLATION

DISPERSION-INTEGRAL WITH EXTRAPOLATION
COMPUTES FOR NX NON EQUIDISTANT POINTS [X:Y)

{OCXILICX({L+1)) FROM THE REAL-PART THE IMAGe-PART
OF THE DIELECTRIC CONSTANT

x{Ll ENERGY

i 1l7ees¥l NX} = ABSOLUT REFLECTIVITIES

Y{ NX21)seesY{28NX) : SCRATCHBUFFER

Y{Z®NX+1)saes YUI®NX} : EPSILON 1

Y3®NX4L)rus s YI4®NX) = EPSILON 2

"

YI4RNX+1)pee s YUSHNX) EPSILON2(TEST) FROM EPSILON]

:s==-=:::::xx::s::sz:x:xxxtz::::==s==:zn=uuai-=========::=-===::===r:xt

REAL®4 X(NX) »YUNY}
NX2=NX+NX
NXX=N X
NXY=N X% 4
YN1=Y (NX2+NX}-1a
Y(NXX+L =Y (NX2+2)
00 1 1=2,NX
K=NXX+]
YK I=Y{NX2+4])
1 YIK=1)= (Y (K}=Y(K=1)}/70X(1)-X(I~1})
YK )=0a
DA 2 I=2.NX
K=K-1
2 YIK+11=Y(K¢1)-Y(K])

YiNXY+1)=0.
00 9999 K=3,NX
XKeX(K=-1)
XX= XK +XK
T=y (NXX+K-1)EXX*ALOG( XX
DO 3 I=3,K
XX= XK +X{1-2)
XY= XK=X{I~2)
3 T=T+VINXX*I—Z)*(XX#ALGG(XKI*XY'ﬂLOG(XYI)
DU 4 I=K¢NX
XX=X{I)+XK
XY=X{I)=XK
4 T=T+Y(NXX+I} #{ XX®ALOGE XX ) =XY*ALOG{XY) }

XK= XK/X{NX}
X X= XK¥XK
IF{XKeLEae4l42136) GOTO &
Fo2u/XK+(1o=1a/XXI$ALTGI(Le +XK) /(L1amXK])
GOTD 9999
o F=XK‘(1.333333*XX*(.266666T*!X*l.116290XX1(.06349#XX'(.0404
+XKE{,028+XX¥:0201)1131)

9999 Y(NXY#K—1)=(T+F*YN1}%,3183099

*STATISTICS*

*STAVISTICS®

seeesx END CF CCMPILATION ##sxes

Y(NXY+NXI=Y{NXY+NX-1}
RETURN
END
NAME= HAINqUPT=OD,LINECNT=601SXZE=OOODK:

SOURCE,EGCDIC,NOLIST.NDDECK-LOAD,NDNAP'NDED[T,NOID.NOXREF

SOURCE STATEMENTS = 39 ,PROGRAM SIZE = 1692

NO DIAGNOSTICS GENERATED

R AR TITIRCERFXCEXLE

322
323
324
325
326
azr
328
329
330
331
332
333
334
335
336
337
338
339

341

342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
367
361
362
363
364
3465
366
367
368
369
37
371
372
373
374
375
376
377

278
EX 4
3an
381

141K BYTES OF CORE NOT USED

DATE

T3.083/N1430,N2

PAGE 02



LEVEL 21.6 [ MAY 72 ) 057360 FORTRAN H

COMPILER OPTIONS = NAME= MAIN,OPT=00,LINECNT=60,SIZE=0000K,
SOURCE,EBCDIC NOLIST,NODECK,LOADy NOMAP, NOEDIT ,NQ1DyNOXREF

I[SN Q0002 SUBROUTINE PLOTLXUK NASNXsNY ;X Yo ITXp TX41TY41Y,TY)
(e ATt Sl RN NI AT IS AT AT TIITISA AR NRER -
[
[ PLOT
C PLOT TREATS | X{L),Y(L+NY-NX) } AS A PQINT
C (NA~1<LSNX+1 5 X{L)<X{L+1) NON AEQUIDESTANT )
C INTERPOLATION 1S DONE BETWEEN THE INPUTVALUES
C INPUTYALUES ARE PLOTTED WITH *¢',INTERPOLATED WITH '0O°*
C ARE THERE MORE THAN ONE INPUTPOINT AT THE PRINTERPOINT
C THE PLOTSYMBOL IS *X?
[«
C K>1: THE PLOT HAS K LINES,DX=(X{NX)=X{NA})/(K-11}
c K<O: THE PLOT HAS N={N{NX)}=X{NA}) /DX LINES,DX=ABS(K/1300)
c K=Qg K=1: PLOT PRINTS ONLY THE HEADING
c THE TEXTBUFFER TX IS5 PRINTED AHEAD THE CURVE
[« THE LAST PLACES OF TYUITY) ARE PRINTED (4&1Y CHAR)
C
(222 R RTTIEEIRARAS ST RT TS BRI AN ESE AT INANEANERA AN EERNSARES
ISN 0O0C3 REAL G¥BI26)/¢[%,5¢* ", 1 J7,5%0 1,9 I','1 Yyttt T
L e =, 1y te 51— .,
2 LT TS ST L I ] +-,? 1,18 L + 1,
3 Vo n [ 9 7o Z0B(13) 5 YMULT) o XINXY S YINY)  TXLITXY, TYL(ITY)
ISN UOUs LOGICAL*) S{10414SLUSI/" "5 *0",*%7,%0%,'X",*0"'/
ISN 0U0S INTEGER#2 SI(3)
ISN 0006 EQUIVALENCE (Z{1),YM(1),S(1)),(SI{1l),SL(L))
ISN G0GT IF(KeLEal) GOTO 100
ISN 0009 DX= (X{NX)-X{NA))/Z{K-1)
ISN 0010 GOTO 120
ISN 0011 100 DX==K*,001
1SN ui12 12U NB=NY-NX+NA
ISN 0.3 YRIN=Y(NB)
ISN vD44 YHAX=YMIN
ISN QG115 DO 140 I=NB,NY
ISN wdré TFIY{1)aLTaYMIN) YHIN=YLI}
ISN 0018 IF{Y{1)eGTaYHAX) YMAX=Y(I)
ISN G020 140 CONTINUE
ISN w021 NB=NY-=NX
ISN 0022 DY= (YMAX~YMIN) /10,
ISN 0023 DO 160 I=1,11
ISN G024 160 YM{I)1=YMIN+(I-1)%DY
ISN 0025 J=ITY=1Y+1
ISN (026 WRITE(626001) TX 0 TY(I}a1=J,1TY)
ISN w27 WRITE(6,6002} YMAX, X{UNX), YMINs XINA] «DYsDX,YH
1SN 0028 IFIDYeLEeQe «ORs DXelEeQDe)} RETURN
ISN vO3C DY=10./DY
e e e e e
ISN w031 [=NA+]
ISN 0032 J=NA
1SN vG33 L=0 )
1SN 0034 XX=X(NA)
iSN vG35 X0= XX +¢ 5®DX
ISN w036 20V LL=0
ISN 0037 IF(L/20%20.EQal) LL=13
ISN U039 D0 210 LH=1,13
ISN U040 210 ZILM)=G(LM¥L)
ISN G044 220 IFIXXALELXII}} GOTO 240
ISN 0043 IF(I.GE-NX} GOTO 260
ISN G045 I=1+1
ISN G048 GOTO 220
ISN 0047 240 LM=I+NB
ISN 0048 LU= (Y (LMY~ YH IN® (Y (LMI=Y(LM=11)# [XX=X(I) ) Z(X{I)=X{1=1)])%DY +1,5
1SN 0049 Stiii=sLie)
ISN 0C50 260 IF{X(J)«GELX0) GOTU 280
ISN 0052 LL=(Y{J4NBI~YMINI*®DY+1e5
iSN 0053 SLEY)=S(LL)
ISN Q05% IF(SIt{L1)aNEaSI{2)) GOTO 265
ISN 0056 S{LLI=SL(5)
ISN 0057 GOTO 270
ISN 0058 265 IFISTIL1aNE.STI3)) S{LL)I=SL(3)
ISN 0Qs&0 270 J=J+1
ISk 0C6l1 IF{J.LEeNX) GOTO 260
ISN v0s3 280 L=L+1
ISNh OD64 WRITE(6,6003) XX,Z
ISN U065 IF(XOGTaXINXY) RETURN
ISN 0067 XX= XX +0X
ISN 0068 X0= X0 +DX
ISN 0069 GaTOo 200
c -
ISN 0070 6U0L FORMAT(*1¢/(1X;20A%4})
ISN 0071 6002 FORMAT(/1OYNAX=" ,I1PEL13.6,9X, *XMAX=®,E£1326/7" YMIN=',E13.8,9X,
PXMIN=t,E13,6/"' DY=?3E1546,9Xy'DXm® jE15.6//8X41L[1X,0PFIa%})
ISN D072 6003 FORMAT(1X,Fl0e3,2X;13A8)
ISN 0073 END
*OPTIGNS IN EFFECT® NAME= MAIN,GPT=200,LINECNT=60,S12E=0000K,
#0PTIONS IN EFFECT® SOURCE, EBCDIC yNOUI ST oNODECK , LOAD s NOMAP s NOEDI T,NO10, NOXREF
*STATISTICS® SOURCE STATEMENTS = 72 ,PROGRAM SIZE = 2610

*STATISTICS® NO OIAGNOSTICS GENERATED

sengms END OF COMPILATION ssessn

*STATISTICS® NO DIAGNOGSTICS THIS STEP

382
3813
384
385
386
387
388
389
390
391
392
393
394
395
3%6
97
398
399
400
»01
402
403
404
405
406
407
408
409
410
41x
412
413
414
415
&16
417
418
419
420
421
422
423
424
425
426
427
428
£29
430
431
432
433
434
435
436
437

438
439
4460
46l
442
443
eyt

445
447
448
449
450
451
452
453
454
455
456
457
%58
459
4560
461
462
%63
454

DATE

141X BYTES OF CORE NOT USED

T3.083/01.30.06

PAGE Nr2



Appendix B: Testdeck output

(shortened, only the first page of each

output segment is given)






XEN

PHI
EXPO
K

NA
MWHT =
AHQ =

Honou R

§S-POLART

SCALING-

INPUT-CA
0.66
2e42
3,39
3.88
4alu
420
4e31
4045
459
4,76
489
4994
434
5662
6e52
696
Ted b
Tall
Tetl
7«15
7«25
7636
TaS4
Tab2
Tl
BeJ2
Be4l
Be b5
BeBT
90
917
Fab

loel7
1)a53
10475
li.J1
11.31
a1e86
12.19
12433

X EEEmESEToErSEE=EESSEFEFICEZCSISSSSSSSSSSSTSSSSSSS ST SSCSTSITISESSSSSSISSSSISSLESRISSSS

X FESESSESSS==ISCTEIIEX

ON (SaLlC,20 K]

15.000
44000
4Ll
5
131.300
3,780

SAT IAN

OATA

2449

RDS :
32345
3.358
S5e684
84484

124057
15.582
18.420
194311
184168
15549
122333
8e371
448014
He4%T
TaT26
11.620
lael sl
124465
Ge249
G468
5531
8276
9.083
14927
Be.744
10,331
12,955
164812
184332
164363
13,302
10,895
1U.284%
7979
5e492
64,265
34548
lueTué
8.732
6e206

oA

1.007

0.8V
2.65
3+46
3497
4.15
4e22
4.32
4a.52
467
480
4485
494
“4.99
5¢81
-3
6696
T.06
7.14
Tel4
Talb
7a27
T+40
Te54
Tab5
7.85
8elC
8a47
B8e69
8490
9.03
Fe24
Ge64
luect
IVe59
1Ua84
1lev8
l1.38
11.97
12423
12.33

. A

NEARNORMAL INCIDENCE

2642

34337
40124
640440
del55
12,572
164296
184743
19.205
17.661
14.922
11.602
7.801
Ge324
4e847
Ba4T%
12.210
144133
11,991
84651
54979
54854
Beb4b
80863
T«817
84988
10e794
13.589
17.4561
18.181
15.883
12.853
1L e 655
Ye 6T
Tatll
S5a% 36
TeuS7
104385
 RUPSEAVES
84205
5¢052

KRAMERS—KRONLG=ANALYSI S OF REFLECTINNDATA

0 194293

1.03
2+84
3454
4200
4el5S
4e 26
4. 36
4y 52
4. 67
he 84
49 89
4o I
5,06
S5e 98
6e BC
65498
7.08
7e15
Telh
Tel5
Te33
Te44
Te 54
Te7)
T 9%
8425
Be57
8. 70
Be 90
F.03
Ge 3)
9«77
1Ce 34
lue 6l
10489
1l.11
11.46
12,06
12027
12438

8. 000U

3,338
4e299
6462
9.729
134332
16,889
19,061
184999
17.232
144509
10.886
TetiB2
34918
56322
9,188
12.651
144065
11414
84123
Se547
GeaS5T76
9.016
8o 66U
Te773
F4278
11.358
LGe 429
194197
17.824
15.208
124371
1Je524
94516
Teld5
Se436
Ta645
104745
Fe995
Te744
54189

(15 DEGREE)

De 0 140000

1.51 3.383
3.30 448609
3465 64384
4a12 104399
4017 134846
4029 17,209
He 2 19224
4a 55 1 Be 766
4a 67 164821
4e 86 1134996
4o 91 10CeL 05
4e 94 Cab12
508 3a623
6e19 54853
b BS G4 T43
6e99 134182
7«09 13875
Tal5 114944
Teld TuaS4b
Teld 54238
Te 33 6a999
TedS 94,263
Ta 58 Be438
TeT2 Te8U09
Ta38 9.53%
8632 114843
Be 652 154508
8e 69 1 Ba&32
Ba96 174278
9¢25 44538
9e 32 L7.00C5
9.91 124504
10438 94060
1V. 66 64721
1032 54494
11.15 84338
11.65 10937
12.07 9.55¢
12,28 7,221
12,40 44562

1.85
3.12
374
4aCB
4417
4431
bob2
4455
4aTl
4487
4492
b G4
5.22
Galb
6o B8
6499
T.10
T«15
7.12
T-19
735
T.52
7e59
Te76
BaCl
438
Bet4
BeT4
8e 56
Fell
9,37
Jal2
17448
1letb
17397
1le2)
11.72
12.12
1262C
12440

467

Le0370

3,487
44a932
Te 563
11,374
144475
17.759
194262
184630
164439
13.461
G617
5991
3.508
6197
154195
13,640
13. 549
114291
Tel2?
HSel 82
TeS4L
9,282
84115
Rol 32
9.9C¢
12.314
l6e™ 11
18.578
164°57
14737
11,257
1 a467
8e5R9
6.213¢
5782
F4L83
164927
[,254
6a753
4be3t 5

212
3428
3,78
4ol
4ul7
4e 38
bglrty
4o 55
be T
4,89
492
GGt
Sttt
6a28
64N
be 99
Tell
Te15
Tal2
7e27
Te 36
Te5t
752
Ta77
Ba UL
Bak2
Re 65
8482
899
Felb
9438
17412
17«52
10,69
11,7°
11.26
11.82
12:14
12.33
12.43

34620
5277
Te 330
114630
15172
18,043
19,271
18562
164128
12.961
9.127
54786
3.779
64851
13,701
164047
13,085
834
e 741
S«198
Te9409
9,230
ReN21
Re 437
174148
12.717
15,536
184559
16,457
13.579
18,69
174368
84115
5.823
64299
RS-
174892
a5
be3Q3
3.BE6

A ekl
Lo O OCT N
LIS o S
4, OO
4o POOT T
¥alal ol
400NN
fo NN
b4y O OCQN
4o NONC S
Lot ore
Lo PONECN
4. OPPNN
Gy MOFEN
4, ARCE N
4y QN
4, N0
Lo PPOECN
f 00N
Go mOLET
FARE STaX AT A
4. TOCC
4y " AreN
4o i 00N
G200
Lo AOC?
Lyt Y
Gynrren
b, OO
[ SO
Le OO
Ly
Lo\ PN
Lo
bornren
PERIEPIRE
Lo nre
Lo e
[ S o
L, DT



INPUT-V ALUES

FOR INTEGRATION USED VALUES ARE NUMBERED

X= 745369 = 0,018923 1
= T.5723 = 0.018858 2
x= 7.6305 = Ue013866 3
X= Tel520 Y= D.019230 4
X= 7.8380 Y= 0. 020072 5
= 7.9064 Y= UeD21149 [
X= 7.9823 = 0.u23075 7
= 8.0405 Y= 06025228 8
X= 8401886 Y= CaD26544 9
X= 8.1291 Y= 0.029153 10
X= 841594 Y= 0.331767 i1
X= 841599 Y= Ce034560 12
= 842278 Y= Ve (37854 13
X= 32455 = 0040768 14
X= 82657 Y= Qe 44151 15
X= 842935 Y= 0.0438376 16
X= 8431563 Y= 0.0353062 17
X= 8232064 Y= 0.056032 18
X= 843517 ¥= DaC62135 19
X= 843745 Y= 04065947 20
X= 8.3821 Y= 0.07J593 21
X= A.,3872 Y= GL.076015 22
X= 8.4024 Y= 0.081478 23
X= Qe T4 ¥= 0.,285979 24
X= B.4074 Y= 0089435
x= 8.4201 Y= 0.093603 25
X= 804201 Y= 0.099754
X= 84251 ¥= 04103914 26
X= B.4251 Y= 0.,109005
X= Be4251 Y= 0.114646
X= B.4327 Y= 04117965 27
X= 844378 Y= 0el23743 28
X= B8.4479 Y= 0128543 29
X= 804555 Y= 0e 131942 30
X = 844606 Y= 0el135584 31
X= Be 4606 Y= 0.137883
X= Be 46U6 = 0140935
X= Be%5656 Y= 04143548 32
X= 8.4732 Y= G.146122 33
X= Be%884% ¥= Qe 147442 34
X= Be4B884 Y= 0s147749
X= 844935 Y 0.147822 35
X= 844960 Y= 0s1408146 36
X= 845137 Y= 00147288 37
= 4.5137 Y= 04145620
X= 8,5213 Y= 0.143735 38
X= 8.5213 Y= 0.142707
X= 865213 Y= 0.142083
= 845314 Y= 0.133895 319
X= 8.5517 Y= 0a134791 &0
X= 845517 Y= 0.131319
= 845517 Y= 0.127993
X= 8,5593 Y= 06124901 41
X= By 5618 Y= 04122384 42
X= 845744 Y= 0a117697 43
X= 845846 Y= 04112704 44
= B45947 Y= 0.109280 45
X= 8.5997 Y= 0.,10Q5128 46
X= 846023 = 0.100738 &7
X= Be 6073 Y= 0.0956751 48
X= 8.6073 Y= 0.091 668

X= 846073 Y= 0.085752

- n s AmA e A Ammne=



Su

51
52
53
54
55

56

ENERGY

T4 53690
7457233
7. 563054
T4 75200
7.83804

T.90637
7498229
B.04049
BeuB857
8e129U6

8415941
8019991
8422715
Bs 24567
8426571

8429355
8031632
8432644
8435175
8437453

8.38212
8.38718
B.4(236
Badu742
8.42008

Be 42514
8443273
8.43779
84447591
8e4555C

8446756
Be46563
8,47322
Be 43840
B8y 49346

Be49599
Be 51371
8452130
8e 53142
Be55167

8,55926
Ba56179
8457444
8458456
Be 59469

8459975
8e060228
Babuiid
e 01240
Be 61493

Be 61999
8. 03264
B8e 65036
Ba 65542
8, 49085

Be 14652

REFLECT PHASTHETA

GaU1892
vau1886
0.01887
0.01923
Vel 2LULT

vei2115
VelU23u7
0.02523
Qe026¢&4
Ve2915

VLU3177
Cel3456
Ue03785
0.04077
Geli4415

" 0.04838

UsU5306
GeG56G3
0.06213
0.06565

V.07059
da076C2
Us08148
Ua08593
Q.U9360

Gel0391
Qe 11796
0e12374
Velzd54
Vel3154

Qel3558
Uelé355
0el4612
UaldT44
J.14782

0.14615
Uel4T29
Oesl373
Jel3889
Uel3419

Ual24S0
val2238
Gaal7T3
Vell2Tu
vel( 928

0.,10513
elli 80
Vel 9675
L7364
Ve't6963

0.C5960
veu 2685
Vel 2356
Ueuzl11?
el 2024

Jeluldh

Ju 81949
Ve B1039
0+ 79559
0o T6346
Je 72851

Ue 69396
Je 66601
s 64603
Je 62555
0. 60273

0.5%387
Us 58052
Je 56853
0. 56368
Je57122

0, 58068
Ve 53268
Je 58618
J. 61059
0. 60722

0459493
0, 60462
Ve 62483
Qe 62871
Js63i35

0.63020
0667510
Ve 71754
Je 78095
Je8L713

Je 83537
0. 86866
Ve 92198
1.01681
se04421

1606379
116553
120887
Le26371
e 38697

1443338
iea%42935
Le 50599
1e 57409
1666271

172766
175792
~e 85121
1e91827
~e32474

1.37993
10 90484
1687971
ls 23001
le 36303

LelésT)

EPSILONL1

l.31250
1.31842
l.32887
le35426
1s 33634

le42160
le46l52
1.4988C
1.53C 64
1,57690

161175
1o 65349
l1.69938
1.73312
175323

1,77378
1.80554
1.81994%
1s 80919
1.83565

1.88615
l.38687
1l.85298
1.85372
1e86C17

1487466
1.70384
1.53307
1429480
1.16190

len)8488
0,93658
Ve TBLO2
Te57395
0452454

(144971C
Qe36717
0e 34751
e 33158
1e27939

Ja 31025
Je31927
Ce 31779
Je 319355
JVe31233

Ja31734
Ue 33031
0e33268
Je 41950
Ja 43576

Jea7273
LebB424
v e 78552
e 82300
Us 95471

1.€8516

EPSILON.2

0.53283
Qs 52942
0.52576
0. 52340
Ua 52752

0, 53416
M 55644
0, 58431
0.59795
Cr62708

0, 66470
e 7015¢C
DeT462T
0,78948
Ne 84966

0.92514
1.00273
1,05377
1.17070
le23098

1429925
1.39534
1.49649
1,57222
1.69871

1.86885
2. 08804
2.14614
2414054
2,12930¢

2414044
2.16064
207361
1.87992
l.82367

1.79177
1657327
1,47903
1.36787
Jel 551

1le 28174
1, 06465
Be 97864
(. 89434
Do 79942

1, 73485
T 7N%58
2. 62584
7. 55828
N 56787

O SUO02
e 43695
0449775
0, 4921C
Tig 546955

Js 61622

IM(1/EPS)

Ce26555
Ue26228
Ne25743
(e 24830
0e23976

Ce23161
0422752
0e22579
0.,22143
0621775

0.21868
Na21T44
0.21664
0a21767
Ca22385

0423116
0e235C8
De23827
0,25213
Da25202

Ce24768
Ce25338
De26379
0.26611
Ce26769

Da26671
Ca28749
Ce30852
Ce34203
0.36188

Ca3717)
Ce38962
Ce42239
DebB658
"e5C645

"e51822
Ceb282
Cabal275
Cab90 %S
(81137

CeB5418
T 86178
Ce92435
0.99156
L.M8524

1614693
1.16356
L.24%82
Jel4482
Le11793

1.085602
TebE204
“e57557
Je53519
De45288

Ce 39569

RFe INDX N

1.16812
1417029
1e17430
1,1845]
1.19784

1,21248
1.22992
1,24649
1.25975
1:27%44

1.29522
1,31322
1.33331
1434862
1.36042

1.37374
1.39119
1440053
1.,40786
1.42229

1.44507
l.45493
1,45513
le46362
la47374

1. 50362
1.48304
le444alS
137777
1.33933

1431995
1.28286
1422399
1.12684
le10049

108548
fa99564
(96613
Te93245
J.85962

laB4723
J.84580
CeB2059
CaT73664
76505

£.74759
Je T4t
LeT218E%
CeT4T60
{15359

Je76185
aB649T
J.97614
294397
1.71357

1408076

ABS INOX K ABSCOEF MY

022807
),22619
1.22386
Pe22194
Ja220020

D.22028
J.22621
Je23438
J.23733
De24506

J,25660
e 26707
0,27986
de29270
0.31228

0.33672
3e36039
De3762D
J.41578
Ne42275

044954
Ne%T7952
Ja51421
0.53710
3457399

Je62145
J.70397
Je76431C
0477681
7.,79493

J.81080
JJRH212
D«847NT
la.83416
J.82857

Ne82533
2.,79¢D3
0.76544
473345
Ja57792

Pab3840
1.62937
459630
256132
352247

3.49148
Jet732)
De43364
Ce37338
e 36351

Te32816
"a25260
".26872
V26068
8,270949

Ja28527

1. 74247
1.73624
1,73155
1.73613
1.74953

1. 76541
1. 8339
1,91034
1,94593
2.M1939

2s12234
2421993
2433412
2444645
2061652

2. R3084
3,389
3417531
3451997
367363

3,819569
4407687
4¢37972
4e57741
4,89916

530747
6N1T764
6435593
6,565226
£e81252

€. 98372
Te22659
7,275463
T 7156
7413277

To11 7196
6.81R79
6a 61180
6034703
5.87665

5,53899
5.46230
5.718294
4eBB464
4455187

4a?2 8442
4012629
3. 78358
1,2596%
2al7446

2o BETAT
2021046
7. 18637
228773
738734

EPSe0.FFF

[ LLLY
1,MN1S8
1.0M413
1.00925
1.0)3r4

1.01598
1,N19135
1,02204
1472430
1.02629

1.02786
1,130 7
1,03168
1.03276
1403408

1.036N6
1,N378"0
1403862
1.04NRA
140431

1. N4376
1eN4429
TaN46nM
1,04662
1,04324

1.N4896
1o NSNS
1405097
165260
1.05382

1.05464
1.058545
1aP5664
1.05378
1.N5947

1eN59AY
1o 06 91
1016277
Yo" 6377
Yo ORESD

1at'66113
Y.r6633
VaNeT725
1,08797
t o NARKD

1,068
141468073
1.0591¢6
1oNEGIT
1.06947

1oNK96E
Yo7 7
LIS % 3
1.07rer
1,07232

1 NT4R2

fL 07378
1,910N0N%
na2313
P, 03260

e 4”28
faN4926
75, V5655
N, 16274
"o 68254

Ne N T2 62
Y7882
N, 083134
a2 0B64S
e 3623

Na 29592
n,1 10798
Ne10334
N, 17993
N11619

"> 11839
Ne 11987
3,12505
N,12683
a1 3165

£.12377
n,13723
"y 13977
Nl 4465
e 14825

N1 5773
0515327
e 15675
el 6324
Ha.16529

Tl 6631
17263
Mgt 7518
a1 7833
N1 8377

“ol B557
N, 18619
©ol1BQrY
S,131MR
Ne 13293

1,19379
ra19419
N,190492
“a 18557
r, 19589

f". 19647
19774
. 19877
N 2034
N5 2 MBS

N, 21284

PERAEN



XENON (SOLIDy20 K)
REFLECTIVITY R

YMAX= 1,481456E-01
YMIN= 24,654T707E~03
oY= 1e454308£8-02

Det027 Uelil72

7.838 -

NEARNORMAL INCIDENCE

IMAX= 1.444032E8 01
XMIN= 7.838042F 00
DX= le 554T05€E~02

0.0318

7+855
T.871
T. 888
Te 904
Te921
T.937
7954
1970
T.987
84004
8.020
8037
Be053
8.070
84086
8,103
84119
Be 136
84152
84169

0. 0463

(15 DEGREE)

0e 0609

0.0754

467

D.08%99

001045

0.1190
+

84186
Be 202
Be 219
84235
Be 252
B, 248
8a 285
84301
8. 318
84 334
84351
B84 368
8.384
84401
84417
Be 434
B84 450
Ba 467
84483
8+ 500

Om——r————

P.1336

0.1481

—————fmme————-- ]

0
*

0
*Q
*0

8a516
8. 533
84 550
Be 566
Be 583
8.599
8e 616
84632
84 649
8. 665
8o 682
8. 698
8. 715
8e732
84748
8.765
84781
8798

LI )
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XENON (SDOLID,20 K} NEARNORMAL INCIDENCE (15 DEGREE)
PHASE THETA

YMAX= 2,911342E GO XMAX= 1le444032E 01
YMIN= 5463684CE-01 XMIN= T,838042E 00
DY= 2034765TE-01 DX= 1.654705E-02

0a5637 0a7984 1.0332 1.2680 1. 5027

——— ———pe e —a—— + ————

17375

467

1.9723 2. 2070 246418 2. 6T66

T.838
T« 855
T« 8T1
7. 888
Te 904
7921
Ta937
Ta 954
74970
Te987
84004
8.020
8.037
8,053
8.G70
8.086
8.103
B.119
8.136
84152

0
0
n
*

oQuo

#OO R

g bt Bt g Bt P bt ek Bk P g Pt et b Sl b bt gt ot Pl
*O0

Ll §
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84202
8,219 O
8e235 *
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84334 I%
84351 I *
84368 I *x
8o 384 I*x
8.401 I
Be417 I
B8a434 1 L

I

1

1

—
®OOw

B4 450
8s 467
Se 483
Be 50U
84 516
8s 533
8e 550
8s 566
8e 583
8a 599
8. 616
8,632
By 649
8o 665
8. 682
84698
84715
Be 732
Be 748
8e 765
84 78¢
Be 798

jal 3

s
*
0%
X0
* 0%

0%

P e e e ]
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XENON (SOLI10,20 K) NEARNORMAL INCIDENCE (15 DEGREE) “67
EPSILON 1

YMAX= 1.B868T1E U0 XMAX= le444Q32E Ol
YMIN= 14893201E-01 XM IN= 7,838042E 00
ny= 1.697550E-01 DX= Le6547TN5E-02

Ge1893 C43591 0.5283 046986 Oe 8683 1,C381 142078 1.3776 15474 1717 1. 8869
T«838 1 —_—— rmm—————— bm———————— -1 — - ——— b———————— PO,
7. 855 1 0
7.871
7. 888
7«904
Ta521
7937
Te 954
1970
Te987
8eul4
8.020
84037
8,053
8.070
8.086
8,103
8,119
Bel36
86152
Be 169
8.186
Be 202
84219
8,235
84252
84 268
8,285
84301
84318
86334
84351
8. 368
8a 384
84 401
B8.417
8¢ 434
84 450
8o 467
8,483
84500
Be 516
84533
8e 550
8 566
86583
Be 599
84816
84632
84 649
Be 6565
8,682
86 698
8,715
8s 732
8e 748
80765
8761
80798
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XENON (SOLIDs20 K) NEARNORMAL INCIDENCE (15 DEGREE) 467
EPSILON 2

YMAX= 2.160636F 4O XMAX= 1,444032E 01
YMIN= 54211153E=02 XM IN= 7,338042E 0N
Dy= 2.108524E-01 DX= le6547I5E-02

J.0521 Ve 2630 Qe 4738 Ne 84T 0. 8955 1.1064 le3172 1.5281 1,7389 149498 2.16N6
7838 I--—==v—e=m- ——————— - Fmmm——————— $mmme ] ———— e S R, pm—m—————— $rmr e PO — 1
TeB55
7.871
T.888
T4 304
T«921
Tea 937
74954
T«971)
1987
8aL04
8.02u
B4 037
8.053
8,070
8.086
8.103
Bell9
8e136
8,152
84169
84186
B.202
8.219
Be 235
Be 252
8e 268
8,285
8,301
8. 318
8e324
8. 351
8e 368
Be 384
8e401
8a417
Be 434
B8e 450
8e 467

I
i
H
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1
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1
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8a483 1
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XENON (SOLIDy20 K} NEARNMORMAL INCIDENCE (15 DEGREE) 467
IMAG{1/EPSILON)

YMAX= 1.,380826E U@ XMAX= 1,444032E Q1
YMIN= 7,653117€E-02 XMIN= 7.838042E CO
pY= 1e31i4294E-0L DbX= 1a6547N5E-02

GaD765 C.2070 0.3374 0,46478 045982 Ne T28B7 fa8591 De9895 1.1200 142504 1.38n8
Te838 J==r—wme—— e - ——————— $mmm—————— + — Pommm——————— e ——— R
72855
Ta872
7. 888
Te9id4
Te921
Te 337
7954
1.97¢
71987
84004
B.020
8,037
84053
8.070
84086
84103
8,119
8,136
84152
84169
8.18¢6
8,202
8. 219
B8s235
8.252
8,268
84 285
84301
84318
Be 334
8s 351
B8e 368
8+ 384
84401
8e 417
Be 434
84450
8a 467
8e 483
B+ 500
Bs 516
84533
B8.550
Be 566
84583
8¢ 599
84616
B8e 632
Be 649
82665
8. 682
84698
8.715
8,732
Ba 748
8. 765
8.781
8,798

~ e
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