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The t-ransmissivity of the light metals Mg and A13 the noble

metals Cu, Ag and Au3 the semimetal Bi} evapovated Carbon

and of Aliwinimoxid has been deternrined i-n the photon enevgy

ränge frorn 13 eV to 150 eV. The exper-iments were performed

us-ing the DESY eleotvon synehpotron äs a light souroe and a

speoial monoGhromator -in aomb-inat-Lon with a two-beam opti-eal

dens-itometer. The data cover the avit-ioal region around

40 eV where Q-pdinary monoahromatops show weak pepformance.

The results uere oornbi-ned with exoist-Lng data in the adjacent

energy region. A oonsistent set of optical oonstants between

10~3 eV and 20^ eV was obtained by K.?>amers-Kronig-analysis.

different sutn Tules were applied to eaoh set of data.
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This is a cotnpilation of optical data on a few Standard substances. It was

directly stimulated by three technical achievements at the DESY Synchrotron

radiation58 laboratory. We have developed (1) a two beam optical densitome-

ter59 which in combination with a fixed-exit-slit grazing incidence mono-

chromator60 allowed for an accurate measurement of the transmissivity of

thin films between 13 and 150 eV photon energy with one instrument. This

energy ränge covers the critical region from 30 to 50 eV where normal inci-

dence monochromators are low in intensity and ordinary grazing incidence

monochroraators suffer from the superposition of higher order radiation. We

have developed (2) a method to prepare very thin films down to below 100 A.

This was necessary because of the high absorption coefficients in this energy

ränge. And (3) an on-line data processing System61 with a digitizer and a

curve-plotter enabled us to handle measured spectra and spectra taken from

the licerature in an easy way. Especially the rapid Kramers-Kronig transfor-

mation routine62*63 was very important for this project.

With our measurements we were able to close a gap in the spectrum of optical

constants (o.e.) in a region where a large number of electrons contribute

to the optical behaviour. Interpolations in this region of the spectrum can

be misleading. This becomes especially clear from the pioneering paper of

Philipp and Ehrenreich&t* who calculated the optical constants of AI over

an extended energy ränge for the first time using experimental results to-

gether with interpolations. Their sura rule check revealed a serious lack

of oscillator strength. This was corrected for by a subsequent measurement

in the region of the AI 2p transitions1»30*



In L he wavelength regi on f rom the inirared down to the ultraviolet accu-

rate measurements of the normal incidence rcflectance can be performed

while at even shorter wavelengths due to the rapid decrease of the reflec-

tivity and due to the increasing importance of surface roughness only trans-

mission measurements are feasible.

In order to join optical constants obtained from reflectivity measurements

to those obtained from transmission measurements a repeated Kramers-Kronig-

analysis has to be applied. It was frequently necessary to join the two re-

gions by a smooth Interpolation. We have stated in all cases in the text

which manipulations were made. We have attempted to consider all the rele-

vant data found in the literature. Although we have tried to make a careful

selection of the data used for our final curve we are aware of the arbitrari-

ness of our choice in several instances.

We are especially worried about the very large peak values of the absorption

coefficient of several substances which we obtain from our measurements. The

values are higher than those found in the literature in the overlapping re-

gions. We were unable to find any systematic errors in our measurements which

could explain this behaviour, especially since most errors äs from stray light

and from higher order radiation tend to diminish the apparent absorption coef-

ficients. We therefore fitted the final curve to our data in this region and

only by doing so we obtained the correct number of electrons from the sum

rules.

In the case of gold, however, this set of optical data leads to a normal in-

cidence reflectivity of 26 % at 22.5 eV while it is 16 % according to appa-

rently reliable measurements10. This is the most serious discrepancy which



shows up in our data and which we cannot explain sät isf ac torily . Behause

of ehe large technical importance of gold äs a reflerting coaling we have

constructed an alternative set of optical constants which fits bette r to

the reflectivity results, Clearly such discrepancies have to be clarified

by further experiments.

Even with these remarks of precaution we feel that a set of Kramers-Kronig

consistent optical constants could be very useful in several respects. There

are the technical applications äs for exaraple optical coatings for reflectors

in the normal and grazing incidence regions, reflecting polarizers, the use äs

filter materials and Substrates for thin samples. It is generally interesting

to see the interpendence of various optical quantities like R, JJ , e , c , n, k,

for real materials. Further we have evaluated several sum rules with

the help of these optical functions because they are a good test of the quali-

ty of the data and also because soroe of them like the sum rules on n- l and on

p(n-l) have not yet been tested on realistic optical functions over such a

wide energy ränge. Final ly, since the complex dielectric cons t an t contains In-

formation on the electronic structure of the materials, the data can serve for

a qualitative and quantitative comparison with theories. As for an example note-

worthy structures which are not yet explained show up in the spectra of the

three noble metals Cu, Ag and Au in the energy ränge 10 - 40 eV. In this paper

we limit ourselves to presenting the optical data.

In the following Section 2 we describe details of the film preparation and

the measuring technique, Section 3 gives a general description of the Kramers-

Kronig transformation used and finally Section 4 containes in a standarized

Präsentation the origin and the way of compoäing the data äs they were used
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in the Kramers-Kronig-analysis. This is followed by the list of references

which because of technical reasons is not ananged in the usual order. Then

we give a section of tables of the optical functions which will be useful

if precise data are needed for secondary calculations. The last table gives

a survey on the tests of the sum rules. Finally all optical functions are

presented äs graphs together with results of measurements. Three figures

at the beginning of the figure section deal with the experimental procedure

while the last nine figures show the evaluation of the sum rules. In all

sections of this paper the order of presentation of the different materials

is according to the order given in the title.
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2._ E xp e rime n t aIme thod

2. l Film preparati-cm

Because of ehe generally large absorption coefficients in the spectral region

investigated the film thickness ranged from below 100 A to 600 X. The films

were prepared by vacuum evaporation front resistance heated boats (Mg. Cu, Ag,

Au, Bi) or from an e-gun (AI, C, AI 0 ). The vacuum during evaporation was

around 5*10~7 Torr. The evaporation rate (10 - 50 ÄVsec) and the thickness

of the sample were controlled by an oscillating quartz ntonitor and recorded

automatically äs a function of time. The shutter protecting the sample was

opened only after an equilibrium rate was attained.

The quartz oscillator was calibrated wich a Tolanski interferometer by eva-

porating films of thicknesses in the order of ̂ 2800 Ä. This gives an nominal

error of the thickness measurement of ^1.5 %. Because of the discrepancies

with the results on Au, mentioned already in the introduction, we applied in

this case also the weighing method and transmittance measurements in the

visible. Within the errors of each method all results were in agreement.

The films were supported by a copper scrcen with a Separation of the holes

of 34p and 75 % transraissivity. The mesh was smeared with a solution of

2.5 % collodium in amylacetate. After drying, the collodion forms a thin

continuous Substrate. The evaporant was Condensed onto this Substrate.

Afterwards the collodion was dissolved thoroughly. When preparing very

thin films or when using materials which tend to oxidize we have protected

and supported the films by evaporating a three layered Sandwich without

breaking the vacuum: the material investigated was covered by 50 X thick

carbon layers on both sides. The ef f iciency of this protection was proved'"1'

with Pr, which is an easily oxidizing material. The measuring method allowed



for a cancellation of Lhe effect of the copper screen and the carbon layers

by using a carbon sample of äquivalent thickness in the second beam of the

Lwo-beam optiieal densitorneter (see below). Furthe r details of the film pre-

paration can be found in Ref. 45.

In the case of AI it was necessary to perform an additional measurement with

AI evaporated onto carbon Substrates in situ in an ultra-high vacuum System.

The pressure was about 10~^ Torr during evaporation. In this case the film

thickness could not be reliably measured and the absorption coefficient had

to be fitted to a general curve at one photon energy.

2.2 Measuring procedure

The monochromator used is a complicated instrument which is described in

great detail elsewhere^. Here we only mention those of its features which

are important for the present experiments. The monochromator gives off a

light beam in a fixed direction which has a point focus at the fixed exit

slit. Higher order radiation is efficiently suppressed over the whole energy

ränge of Operation. A thin surface layer of carbon develops on the optical

components because of the action of Synchrotron light. This proved to be favor-

able for the suppression of higher order radiation when the instrument was

used in the so called "non-parallel mode". A deviation from parallelity of

premirror and grating50 of 1° was used for photon energies in the ränge

21 eV - 150 eV and a deviation of 2.7° was used in the ränge 13 eV - 2l eV.

The calibration was good to 0.3 eV over the whole ränge of energies the reso-

lution was in the order of 1:500.

Figure l shows the arrangement of the two beam optical densitometer behind

the exit slit of the raonochromator. After passing a filter (see below and



Fig. 2a) the beam hits a rotating mirror Ml at a grazing angle of 4°. The

reflected beam passes through sample l and hits the cathode of an open

photomultiplier at a grazing angle of 15°. The cathode is coated with a

thin layer of KC1 which has a high yield in the low energy region of the

spectrum. Whcn the mirror is rotated to the open segment the beam is re-

flected by a fixed mirror M2 and transmits a reference sample 2 (in our

application an empty mesh or a mesh covered with a carbon film). The signals

of the two detectors D. and D_ are electronically divided. The instrument is

described in detail elsewhere.59

Figure 2b shows in its bottom part the spectrum with empty sample positions.

The central part shows äs an example an original spectrum of a VA1 alloy

film compared with a vanadium film of equivalent vanadium density. The upper

part gives the Veciprocal transmlttance1 of this VA1 film (actually the

'reciprocal transmlttance of AI in the VA1 ') äs it was corrected for the

apparative characteristlcs (bottom curve). The upper curve has a calibrated

linear energy scale. The example is taken from an application of this method

to the measurement of alloys.45

Figure 2a shows the result of inserting different filters into the primary

beam (Fig, 1). The AI filter reduces stray light and higher orders between

36 and 72 eV which results in a reduced apparent transmissivity. Fr is a

quite good filter material between 60 eV and 10O eV. Due to its very strong

absorption peak setting in above 120 eV, the primary intensity is decreased

with this filter by several Orders of magnitude. This explains the deviation

around 130 eV of the curve measured with filter from that measured without

fLiter. Sb has a high transmissivity at low photon energies. The agreement

of the curves with and without the Sb filter is a good indication of low

stray-light and low higher-order contributions in this energy region.
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3̂  K_ramers-Krpni g-analys is

The Kramers-Kronig-relations connect the real and imaginary part of certain

complex functions describing the optical behaviour of solids64'66. The re-

lation most useful for evaluating reflectance measurements in the low energy

region connects the phase angle 0 (tu ) with an integral over the reflectance

Ü)
r

Ö(w ) = - — P
O TT

In

2 2LÜ -Lü
• 0

(O

where P denotes the Cauchy principal value of the integral and w the angular

frequency of the radiation. If the polarization and the incident angle of the

radiation are known the dielectric functions can be calculated elementarily63 »

While reflection measurements are used in the infrared visible and near vacuum

ultraviolet regions absorption is usually measured from the far vacuum ultra-

violet down to the x-ray region. As long äs the reflectivity of the samples

used is small (more accurately68: R « l, k2«n2) the absorption coefficient y

can simply be calculated from the transmittance T and the thickness d of the

sample by applying:

2u
y(wo) = - ̂ In T(uo) = ~ k(uo). (2)

The real part n of the complex refractive index n = n+ik is obtained by the

Kramer s-Kronig-relation

n(U ) = l + ̂  P dW - t - (3)

If the transmittance of a thin foil is measured in a region where reflectance

is still important, the relation

w,
""° j f i \ d (4)
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holds63'69 (the sign convention used here is different from that in Ref. 69.

n is determined from T and 0 by the iterative solution of an implicit System

of equations63»7.

T -T(n,k) = 0
C,A

0 -0(n,k) = 0

with71 T(n,k) = 16 '
C2+D2

(5)
^t i \ ,kC+nd,0(n,k) = arc tan (J—̂ )

C = eM{((n+l)2+k2) cos N + 2k(n+l) sin Nf

-e"̂ ((n-l)2-k2) cos N - 2k<n-l) sin N}

D =-eMf"((n+J)2-k2) sin N - 2k(n+I) cos NJ

+e~il{((n-l)2-k2) sin N + 2k(n-l) cos N}

*« w i . j VT w jM = — -k'd N = — 'n'd
c c

T is the experimentally determined transmittance and c the speed of light.

The Kramers-Kronig-relations (1), (3) and (4) are valie for insulators äs

well äs for metals55.

In order to obtain a complete set of optical constants for the entire energy

ränge the following procedures were applied:

If the directly measured absorption coefficient could be matched to y-values

which were available from other experiments in the low energy region, Kramers-

Kronig-analysis was performed with the total absorption spectrum (Eq. 3).

If the infrared, the visible- and near UV-region only measured reflectivi-

ties were available, first the Kramers-Kronig-relation Eq. (1) was used with

these data, ext rapolated to higher energies- logethe r wi th the measured ab-



Sorption in the high energy region a total absorption spectrum was constructed

wi th some interpolat iuns.

If the reflectance is high - äs for Au and Ag in the intermediate ränge

between 13 eV and 50 eV - a tota] transmlttance spectrum was constructed

and the Kramers-Kronig-relation Eq. 4 was applied. In this case an alter-

native method was tested which did not make use of Eq. 4. In the first Step

u and k is calculated from the measured transmlttance T (Eq. 2)nefflectinE
o o EX H & 6

the reflectance72. Then n was calculated from Eq. 3 and the transmlttance

T(n ,k ) of a thin absorbing and reflecting layer71»75 was determined

according to Eq. 5. A better approximation of the absorption coefficient

is then given by

U = 2y + l In T(n ,k )
l ö d o* o'

This procedure was repeated until T and the calculated T(n,k) coincided.
Jl A

In all cases this was achieved with sufficient accuracy by the first correct-

ed p and the n was determined from it by Eq. 3.

The analysis of the data was carried through by using the interactive on-

line data processing system at DESY61"63 consisting of a FDP 8e äs an intelli-

gent terminal with several convenient input-output and storing features

connected to an IBM-computer 360/75-
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4. Results^

In this section the results of our measurements and calculations of the opti-

cal constants (o.e.) are given. Figures 3-34 show graphs of the absolute values

of the o.e. on a logarithmic energy scale. The o.e. are tabulated in the Tables

1-9. The abbreviations used in the description of the way in which we have com-

posed the data from different sources are äs follows:

a (B) "a" type of data given in publication, "B" method (in most cases

measuring technique) used to obtain "a"

Especially :

Type of data "a"

R reflectance in percent or absolute values

k imaginary part of the refractive index

y absorption coefficient, p= — k

absorption coefficient divided by the density of the material

o photon attenuation cross section in barn/atom

e=e +ie complex dielectric constant

Method "B"

DrP Drude parameters of the material in the free electron approxi-

mation obtained from reflectivity measurements; we have calculated

y from the elementary Drude formulas

R reflectivity measurements at near normal incidence

T transmissivity measureraents at normal incidence

KrKr published results of Kramers-Kronig-analysis (calculated from

reflectance spectra)

R[ct.J reflectivity measurements at various angles a.

cp compilation of total attenuation cross sections by J.H. Hubbell4.

The contributions from compton effect and pair production have been

subtracted by a linear extrapolation of the logarithmic plots

at the highest energies
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Eil ellipsometry

EL characteristic energy-loss of electrons

T (ct.,P) transmissivity at various angles with polarized light

During the evaluation of the spectra it turned out that for some substances the

p-values calculated from our transmission raeasurements were somewhat higher (be-

tween 5 % and 20 %) corapared with previous reliable results in the high energy

tail of our present measurements around 130 eV. The source of this error was

located äs a long-time energy independcnt shift of the relative detector effi-

ciencies due to frequent floating of the vacuum chamber and short pumping times.

This resulted in a constant factor by which the transmittance was measured too

low, i.e. an additive constant error for y. The absolute value X»I05 cm"1 of this

correction could be determined from former absorption values considered to be

reliable in the overlapping energy ränge between 120 eV and 150 eV. If a correc-

tion of this type was applied it is designated in the description of the absorp-

tion curves äs "p(T)-X".

Magnesium (Figs. 2-6, Table 1)

a) Construction of p-spectrum

E (eV) Origin of the data, reference no.

10~3-0.2 p(DrP) 15

-12 R 39, 40, 15; we applied Kramers-Kronig-analysis

with extrapolation obtained from transmittance

data

-45 p(T) 14

-154 u(T)-I,0 present work, absolute value fitted at 45 eV

-530 - no experimental data, interpolated Segment

>530 p/p(T) 41, 42, 43



b) Remarks

The dip in the reflectivity at 7.1 eV is assigned to a nonradiative surface

plasmon15, which can be excited by electromagnetic radiation only at a rough

surface. Referring to the method of sample preparation14 it has to be admitted

that the shape and the absolute value of p between 12 eV and the onset of the

L„ „-absorption at 49.5 eV could be influenced by MgO-impurities. If the Situ-

ation is similar to that with AI in the respective energy ränge \i could be

considerably increased by oxigen impurities. A UHV measurement would be neces-

sary to clarify this point. The absolute value of p between 50 eV and 160 eV

given by Townsend is low by at least a factor of 3 compared to our results.

The expected value of the number of electrons n ff = '2 however is obtained

only with the high y-values measured by us. The few experimental values above

160 eV do not allow Statements on possible structure of the spectra in this

ränge.

Aluminum (Figs. 7-10, Table 2)

a) Construction of p-spectrum

E (eVJ Origin of the data, reference no.

10-3-0.155 u(DrP) 44

-0.8 - interpolated according to 44

-2.0 £(E11) 20 (UHV)

-13.5 "-u(DrP) estimated according to 44

-36 k(R(a.],T) 19

_-., ,_, present work (UHV, see b and section 2.1),
absolute values fitted at 74 eV

-150 M(T) 45, experimental procedure similar to

present work

-30O j(T) shape t'mm 29 and 30, absolute values

: i L t fd l-.-: .'-3 u-"- '- -'-il *«-' Ket". l )

300 (CD i
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b) Remarks

The reflectivity äs calculated by Kramers-Kronig-analysis is in good agree-

ment with the measured normal-incidence reflectivity^1. The maximum position

of -Im— at 15.0 eV coincides within l % with the measured position of the
e

plasmon energy loss at 14.9 eV äs determined from the characteristic energy

loss of fast electrons32. In the region of low absorption between the plasma

frequency at 15 eV and the onset of the L„ „-absorption at 72.6 eV the trans-
z , J

mittance of the AI samples varied with preparation conditions like base-

pressure and evaporation rate. This was recognized earlier, compare e.g. Ref. 54.

We have attributed this Variation to Aluminumoxid implanted in the foils during

evaporation and therefore remeasured the absorption coefficient in this energy

ränge with AI-fi1ms prepared in situ under UHV conditions. The extremely low

li-values obtained this way are consistent with those from Runter46 in the region

of overlap. The experimental results of different authors1»2Ö~30 are deviating

between 73 eV and 150 eV by 8 % at most. The u-spectrum chosen here45 shows the

largest differencesbetween peaks and minima. From 200 eV to 500 eV the values

may be less accurate which could be responsible for the overestimation of n „
et r

by 0.5 electrons äs compared to the theoretical limit of 13.

Copper (Figs. 11-14, Table 3)

a) Construction

E (eV)

10~3-0.5

-6.5

-13

-150

-450

>450

of the p-spectrum

Origin of the data,

u(DrP)

k(R,T)

k(R,Kr)

k(R(a;.)>

p(T)-0.8

P<T)

a(cp)

ref erence no .

5

5

12 )
) interpolated curve, absolute values

1 1 ^ fitted to Ref. 1 1

present work

47, compare also Ref. 9
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b) Remarks

A reasonable Interpolation between existing results (e.g. Ref. 11, 12) from

6.5 eV to 13 eV could be found without running into discrepancies, which in a

quite natural way joins the results from reflectance measurements at long wave-

lengths to those of our absorption measurements at shorter wavelengths. The o.e.

for Cu calculated here are no longer in contradiction to electron-loss spectra^»55.

The remaining deviations might be due to the difficulties with separating multiple

losses in electron energy-loss experiments. There are large deviations from the

results of Haensel et al.9 in the vicinity of the onset of the M9 „-absorption
t-»J

(73.6 eV) which could be attributed to errors in those measurements induced

by the use of Al-filters.

Silver (Figs. 15-18, Table 4)

a) Construction of the p-spectrum

E (eV)

10~3-0.5

-3.5

-11

-16

-110

-300

>300

Origin of the data, reference no.

p(DrP)

k(R,T)

k(R,Kr)

U(T)-0.7

p (T)

5

5

18 (UHV)

interpolated segment, Interpolation facilitated

by results from Ref. 11, 12 and from present

wo r k

present work (calculated from Eq. 4,5, compare b):

9

b) Remarks

Up to an energy of 3.5 eV the k-values from Ref. 5 have been taken for the con-

struction of the absorption spectrum. On the basis of the total absorption curve

chosen the n-data given in Ref. 5 are not Kramers-Kronig-consistent (see Fig. 17).
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The peaks of the calculated -Im̂  at 19 eV, 27.5 eV, and 35 eV come to lie

at higher energies than the corresponding peaks in the energy-loss-spectra

äs determined in Ref. 6 and 38, whereas the structures in -Infr- from optical

data above 40 eV have not been found in energy loss experiments6. Because of

the high reflectance in the soft x-ray ränge (16.5 % at 23.5 eV) it is not

permissible to detertnine u from the simplified Eq. 2, instead the Kramers-

Kronig-relation Eq. 4 and the procedures described in the section following

Eq. 3 have been applied in this energy ränge.

Gold (Figs. 19-22, Tables 5, 6)

a) Construction of the y-spectrum

E [eVJ Origin of the data, reference no.

10"3-0.6 M(DrP) 5

-2.4 k(R,T) 5

-10.5 k(R,Kr) 18 (UHV)

-20 - fitted segment, shape from Ref. 10 (reflecti

measurements)

-117 p(T)-1.4 present work (calculated fromEq. 4,5,

compare Ag (b))

-300 p(T) 48

>300 y(T) shape up to 500 eV interpolated from Ref. 9,

cr(cp) absolute values fitted in such a way that a

smooth connection at 300 eV and 5OO eV is

achieved

b) Remarks

The remarks on n of silver äs given in Ref. 5 apply here äs well. For Au the

joining of the results from ref lection measurements1(^ t o the transmission resul

(present work) was not possible without appreciable arbitrariness between 12 eV



and 40 eV. Au is the elernent exhibiting ehe highest reflectance in this energy

ränge in comparison to all other materials investigated here- At 22.5 eV it

is 16 % from the direct reflection measurements and 26 % on the basis of a

Kramers-Kronig-analysis of the transmission spectrum. Such discrepancies have

been found by several experimentalists for a number of substances: Lukirskii

et al.17 obtained the absorption coefficient of AI, Ag and Au from reflection

and penetration between 113 A and 23 A, the reflectivity results give only

50 - 60 % of the penetration results. Similar deviations have been measured

by Parratt55 for copper with radiation with a few Angström wavelength, and

by Römer57 for rhenium and plantinum between 30 eV und 130 eV photon energy.

The authors assume that this is caused in part by the lower surface density

of evaporated films compared to the density of bulk material. Furthermore due

to surface roughness part of the light may not be specularly reflected from

the sample. Another possibility is the reduction of the measured reflectance

in the vacuum-ultraviolet by impurity atoms adherent to the surface» an effect

that was observed by Platzöder and Steinmann3 for gold.

Therefore we give two alternative versions of the o.e. of gold: the first one

(Table 5) follows from fitting the adjacent values to our transmission results,

the second one (Table 6) from extrapolating the measured reflectance data. The

first alternative is leading to the correct value of 79 effectiv electrons, the

second one reproduces the energy-loss-spectra^» more closely.

Corresponding discrepancies did not show up so severely with other substances.

Also in several cases measured reflectances extending up to 40 eV - 50 eV were

not available.



Bismuth (Figs. 23-26. Table 7)

a) Constructiün of the p-spectrum

E feVJ Origin of the data, reference no.

0.2-0.6

-15

-150

-500

-1000

>1000

F.(R n c . J )
^ ij

y ( T ( a . , P ) /

e (EL,Kr )

P (T) j

U ( T )

M < T )

-

a(cp)

22, 75

49, 22, present work:

interpolated between the

different results

present work

synthesized curve from Refs. 9, 25

interpolated segment

b) Remarks

The reflectivity äs measured by Cardona and Greenaway27 exhibits additional

structure when compared to the result of the Kramers-Kronig-analysis, probably

because the measurements were made with Bi-single-crystals (Bi is a non-cubic

crystal). The absolute value and the slope of the absorption curve äs determined

from our work joins in a natural way with the low energy data by Hunter gtal.2 **

in the vicinity of the onset of the 0 -absorption at 24 eV and with the

data by Haensel e_t al.9 near the 57 eV-peak. The Splitting of the dominant peak

between 50 eV and 80 eV in our measurements is not äs pronounced äs in Ref. 29,

no Splitting was observed, however, in Ref* 26. We feel that our measurements

are more accurate than the others in this respect since the two-beam technique

is especially accurate in the measurement of relative intensities.



- 20 -

Glassy carbon (Figs. 27-30, Table 8)

a) Construction of the y-spectrum

E (eVJ Origin of ehe data, reference no.

10~2-0.5 R 21, 50; we applied Kramers-Kronlg-analysis

with extrapolation obtained from transmittance

data

-80 k(R(ai)) 51

~700 p(T) 52, the absolute values have been reduced

by a factor of 0.75 (density correction) to

obtain the correct value of 2 effective

K-electrons

>700

b) Remarks

In this case our values have not been uaed for constructing the universal

curve. The results by Carter et al*37 for n and k have been obtained frora

multiangle reflectance measurements with graphite. When comparing values by

Klucker53 (not shown here) on graphite (to be averaged over the crystal

orientations for this purpose), the results on glassy carbon51 and our results

from amorphous evaporated carbon we come to the conclusion that oscillator

strength from the 5 eV (TT-HT transitions) to the 15 eV (a->a transitions) peak

in e must be transferred along with the changes of structure. Great care has

to be applied in assessing absolute n~values since the density of carbon

samples depends crucially on the conditions of preparation. The values re-

ported here are given on the basis of p * 1.5 g cm~3.
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A1203 (Figs. 31-34, Table 9)

a) Construction of the p-spectrum

E (eVj Origin of the data, reference no.

5.5-10

-20

-150

-500

500

k < R ( a . J )

k(R(a . ) )

u(T)-0.6

y(T)

o(cp)

36, interpolated between 2 experimental points

46; shape interpolated by means of our

transmission measurements

present work

33 (12 measured points)

calculated by superposition of Aluminum-

and oxygen-data

b) Remarks

Here the o.e. of evaporated amorphous AI 0 are reported, which are im-
£. J

portant in estimating errors due to Oxydation of AI and Al-alloys. The only

results obtained with a continuum light source are those between 15 eV and

180 eV (our measurements and Ref. 1) and more structure of the apect_raL_may

behidden between the few measured points. The overall absolute values

however seem to be reasonable since no serious discrepancies between different

experimental result have been detected and n ff is exceeding the number of

50 electrons theoretically expected only little. The absorption coefficient

in the vicinity of the oxygen k-edge obtained by superposition of Hubbell's

data4 is probably overestimating the oscillator strength (tested by sum-rules)

in this region. This is not the case with the values measured by Fomichev

and Parobets33, but with these values the continuation of y to higher photon

energies is problematic.
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5 . Sum rul e s

The optical constants of materials in the region of linear response fulfil

various sum rules2. Alterelli et a l . G 5 have given a systematic derivation

of these sum rules, We have applied several of them to check on the accuracy

(
and consistency of the o.e. given here :

(6)

c-B | p(u)du = nef£(ü)o)

o

fül

-B I w

o

Im(£"1(üj))düJ = neff(ü)o) (8)

lim CB = 0

lim
OJ -X

= 0

m A

p-L

m

e

L

A

p

vacuura speed of light

effective number of electrons per atom (molecule) contributing

t o the optical transitions in the frequency ränge up t o w

electron rest mass

electron charge

Avogadro's nuinber

atomic weight of the substance

density of the substance



The resuJts for n _,. äs a function of E = tiw äs given in Tables 1-9 have
e 11 o

been calculated from Eq. 6. Figures 35-42 are showing the values of the

Integrals äs a function of E according to Eqs. 6-8. An evaluation of the

results of the numerical integrations (Eqs. 6-8) and a comparison with

the theoretically expected number of electrons for the substances investi-

gated is listed in Table 10. Quite generally, the agreement is very good.

An exatnple of the behaviour of the integrals Eqs. 9 and 10 is given in Fig. 43

for Ag. The integration of y (n-1) (Eq. 9) is approaching zero within the

liraits of accuracy of the computation proving the correct distribution of

n around l in the energy region below 10^ eV. A quantitative test of Eq. 10

could not be achieved because the integration routine used on the Computer

was not suitable for integrating values very close to zero over a large

energy ränge. This results in the rapid oscillations at the high energy

end of Fig. 43. However, the general trend is clearly recognized in Fig. 43.

The large deviations from zero of the value of the integral between 103 and

105 eV are clearly associated with the oscillators in the K-shell. In testing

the o.e. of the other materials with Eqs. 9 and 10 we obtained similar re-

sults which are not shown.

It can be extracted from Figs. 35-42 that for most of the substances an

analysis of partial sum rules with the aim of obtaining the number of the

effective electrons from a single atomic inner shell (or subshell) does not

make much sense. For most inner electrons, oscillator strength is shifted

away from the onset of a particular transition to higher energiest and fre-

quently the contribution of a shell is by far not exhausted at the onset

of transitions from the next shell.
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The x-ray absorption coefficient from the onset of K-transitions should con-

tribute 2 electrons per atom corresponding to the number of electrons, the

contribution to the sum rules in this region, however, appears to be low

by 30 % on the average (cf. Table 10, for C compare Section 4, "glassy

carbon", a). Such a deficiency was noted previously for a number of materials73

This transfer of oscillator strength from more tightly bound to less tightly

bound Shells can be understood on a qualitative basis.7L+
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F\Lgure Captions

Fig. 1: Grazing incidence beam Splitter. A puls (duration 30 msec) of

monochroraatized radiation is reflected either by the rotating

mirror Ml and continues on the path marked "l", or it passes

the open segment of the mirror holder, is reflected by the

static mirror M2, and continues äs beam "2". The beams hit the

KCl-coated cathodes of the open photontultiplier Dl and D2 at

a grazing angle of 15°. Path "2" serves äs the reference channel

The signals of the 2 detectors are electronically divided.

a) Transmissivity of Ag: example of inserting different filters

into the primary beam (see Fig. 1). The agreement of the curves

at low photon energies with and without Sb-filter indicates low

stray-light and low higher-order contributions in tbis region.

The Al-filter reduces second order radiation between 36 eV and

72 eV, which simultates higher Ag-transmissivity when measured

without filter. Possessing a transmittance window between 60 eV

and 120 eV, Fr is an efficient filter material in this region.

Above 320 eV, however, it is totally inadäquate äs a filter due

to a giant absorption peak around 130 eV which reduces the primary

intensity by several Orders of magnitude. The different segments

of the curves can be joined smoothly to give the correct Ag-

transmissivity.

b) Bottom part: unprocessed spectrum ("apparative characteristics")

without samples in positions l and 2 (cf. Fig. 1), central part:

raw data of a VA1 alloy film (position 2) when compared with a

V-film (position 3) of equivalent V optical density. Upper part:

This spectrum after correction for the apparative characteristics,

p l o L t t'd wi t. h a cal ibrated l inear energy scale .



Figs. 3 - 34: Symbols of the optjicj.1 functions :

R % = normal incidence reflectivity

= ab sorption coef f icient in 10 cm~

real part )
) of the dielectric constant

imaginary part)

n = real part )
) of the refractive index

k = imaginary part)

_,
-Ime = - , energy loss function

e ? + r. 2

5 c a l ing f ac t or s :

e. g. "x3" : values taken f rom the graphs for this section

have to be multiplied by a factor of three.

If there is a break in the curves without a factor the left

respective right scale applies to the adjacent individual

sections .

Draf t Ing of the curves :

Füll lines : final absorption spectra äs they were composed f rom

the different measurements and results from the Kramers-Kronig-

analysis. For measurements which have been used for the füll line

curves see text. For Mg there is an important spectral ränge where

no measurements were available, the solid line is interrupted heret

(Fig. 3). Repräsentative additional experimental results are drawn

into those graphs which show the optical functions that were

measured.

The materials are given in the following order: Mg, AI, Cu , Ag,

Au, Bi, C, AI 0 .
' 3



i if-j. 3 ~> - 4j: lebt of the sum rules according to the integrals given in

the figures (see also Eqs, 6-10). The lower boundary is

0 while the upper boundary of the integrale corresponds to

the photon energy given. N ,.,. is the effective number ofetr

electrons/atom or molecule contributing to the respective

optical function between these boundaries. The left scale

in Fig. 43 is given in units of l O5 cm while the right

scale is given in units of eV.

scaling factors:

e.g. "10 x": This curve section has been enhanced in the

graph by a factor of ten.



Table Captions

Tables l - 9: Numerical values of the optical funntions from Lhe

Kramers-Kronig-analysis of absorption data, N-EFF

according to Eq. 6. Table 6 gives in addition the

results of the Kramers-Kronig-analysis of the

measured refj-Sctiyity of Au which has been extra-

polated to higher energies.

Tables 10: Summary of the numerical evaluation of the sum rules

according to Eqs. 6-8.
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9.
8.
7.

7-

6,
6.
6.
6.
6.

63E-02
17F-02
92E-02
7CE-02

22E-"2
98^-02
740-02
45IT-02
37E-C2

2CE-02
C2E-02
C2E-02
C2E-"2
C2E-02

23E-02
rqr_n2

68^-02
feCE-02
75^-02

31E-02
6C£-O2
67^-02
^lE-^2
^rr_n2

2t£-02
14F-n2

C9E-02
22E-02
34F-C2

4tF-02
26F.-02
24E-02
27E-02
25F-^2

35E-02
71E-02
23F-02
Cl^-^1
C7C--I1

C4E-01
37E-02
1TF.-02
36E-02
ICF-02

c= E _02
b2f-02
C «r- - 1 2
6CP-C2
59^-02

N

0,924
f. 939
C.95C
C.959

0.967
0.975
^.982
0.989
C.997

1.004
1.018
1.C2?
1.03?

1.04C

1,053
1.05C
1.04"
1.030
1.023

1.021
1.02C
1.019
1.013
1,017

1,015
1.014
i.cn
1.C13
1.012

1.C11

i.ric
1.00«
1.CC8
1.C08

L .CCP
i .cce
l .CCfi
l.f 05
i.ccr

C.992
0.986
0.984
C.986
^.987

7 .98P
".. 98 e
?. 987

C- . 9 3 7

C .987

K

2.525-02
1.96E-02
1.69E-02
1.54F.-02
U41E-C2

1.14E-02
1.P2E-02
8.84E-03
7.36E-03
6,865-03

5.97E-03
5.02E-03
4.96E-03
4.92E-03

4.92-E-03

I.C6F-02
3.3RE-02
4.18E-02
4. 17E-P12
3.79E-02

3.53E-02
3.72E-D2
3.76E-02
3. 89E-02
3.93E-02

4.07F.-Q2
4. C 1^-02
3.9HE-02
4.06E-02

4.12=-"2

4.1BE-02
4.09E-02
4.085-02
4.10F-02
4.r9E-^2

4.14E-C2
4. 32E-i"2
4.5d£-0 2
S .03E-02
5 . 3 3 E - 0 2

5.26E-02
4. 7 5 E- 02
4.145-02
3.74E-02
3.60F-02

1.5?.E-^2
3.45E-02
3.36E-02
3.34E-02
3.34E-02

ABSCOEFF

6.63E 04
S.57E 04
5.12E 04
4.9BE 04
4.85E 04

4.18E 04
3.91E 04
3.58E 04
3. HE 04
3.06E 04

2.78E 04
2.44E 04
2.44E 04
5.45E 04
2.4.6E 04

5.29E 04
1.70 E 05
2. HE 05
2. HE "i5
1.94E 05

1.85E 05
1.94E 05
1.99E 05
2.07E 05
3. HE 05

2.21E f>5
5, 2" iE 05
2. 20 E ^
? . 2 & E 05
2 . 3 2 E ^5

2.37F 05
2.35E 05
?.40E 05
2.45E 05
2. 49E ^ 5

2.60E 05
?.80E 05
"S.06E 05
3.47E 05
3.7?E 05

3.34E 05
3.57E 05
3.19E 05
2.96E 05
2.93E 05

2.936 05
2.94? 05
2.93E 05
Z . ^ S E 05
2 . 9 3 E 05

0.261
0.167
0.106

- 0.07l
0.04T

0.031
0.018
0.010
0.005
0.001

0.001
Q.<"03
0.013
0.027
0.03"

0.072
0.087
0.080
0.065
0. 043

0.042
0.044
0.044
0.04^
0.045

0.046
n^ 0^^

0.044
0.045
Q."*6

0.046
0.044
0.043
0.04*

^,043

0.044
0.04R
0.054
0.064
0,^71

0.071
P. 062
0.050
0. 040
0.037

0.035
0.034
0.031
0.032
0. 03?

ENEPGVLOSS

6.76E-02
4,
4.

3.
3.

2.
2.
1.
1.
1.

1.
9.
9.

«.
8.

1.
5.
7.
7.

7.

fr.
7.
7.
7.
7.

7.
7,
7.
7.
7,

8.
7,
7.
7.
7.

8.
8.
8.
O,

i .

1.
9.
8.
7.
7.

7.
7.
6.
6.
6.

985-02
07F-02
53^-^2
19F.-02

5 3 C - C 2
19E-02
97E-02
5 2 E - Q 2
38E-02

18E-02
53E-011

29E-^*
94E-0"1

76E-03

80 E- 02
84F-n2
41E-02
60C-0?

06E-02

70F-T2
OOE-0?
inc-o?
33F-"?
46F-02

75E-02
63F-0?
63E-02
77E-02
91E-0?

C6F-02
92E-02
92F-02
97F-02
96E-02

C5E-"2
40E-^?
Qqc- 02

86E-C2
06F-01

07F-01
«8C-02
6C=-02
79F-02
45^-«?

?qc— Q5

j f.c_ r\

93F.-02
93E-C2

•92E-02

N-FFF

2 . 0 \
2. 0*f?
2,05l
2 . T T C

y n Q ̂

2.117

2,134
2.149
2. 1,6^

2.175

2.198
2.19Q
' . ? n !
2. 2 n4
? . ? ^ 5

2.?r.7
2.214

? . ? ? 3
'. 2 "

2.254

2.274
7. 2^5
?.?16
?. 33R
2.361

2. 394
2.4"«
2,4?!
2 .455
?. 40p

?. 505
2.555
2.606
2.659
2.711

2 . 8 2 ^
2 .936
*, 05?
*. '04

3.3i^

3.5?2
3. 675
?, 91 4
•>. 940
4.062

A, 1 14
4, ^ ? 7
4, 430
4. 4Q1

4 » C 5 *

T ab 1t; l , pagR 2



O O T I C A L CONSTAMS OF MG

ENERGY

9. SOE 01
9.TOE 01
9.50E 31
1.03E 02
1.C5E 02

l.nE 32
1.15E 02
1.20E "2
1.25F 32
1.30E 02

1.35E 02
1.43E 02
1.45E 12
U50F 02
i,60E 02

1.80E 02
?,OE 02
2.53E 02
3.00F 02
3. 50E 0?

V, OOF $2
4. 53E 02
5.00E 02
ä.CDE 02
3.00F 0?

l. COE 03
1.20E 03
1.25E 03
1.26E 03
1.30E 03

1.50E T3
l.rOE 03
4.rOF 03
6.03E 03
8. COE 03

1.C3E 34
2.COE 04
3. COE 04
4.OOE 04
5.03E 04

=E1=5i== = £ S 5 5

1.-EPSL1

2.76E-02
2.89E-C2
3.31E-02
3.75E-02
3.72E-C2

3.42E-02
3.19E-02
3.C8E-02
3.06E-02
3.C8E-02

3.00E-02
2.80E-02
2. 58E-02
2.37F-02
7..17E-02

1.78E-02
1.54E-02
1.C4E-02
7.34E-':2
5. 19E-03

4.58E-C3
3.24E-03
2.61E-03
2.03E-03
R.07E-04

2.25E-C«
7.C6E-05
1.10E-04
3.83E-0^
5.15F-05

7.C2E-04
2.71E-04
4.11E-04
2.C8E-04
4.57E-05

1.70E-04
I.C9E-03
•7, 18F-04
3.24E-05
1.26E-OA

:s==*ss======

EPSILQN2

6. 65F-02
6. 51E-02
6.C?E-02
5. 25E-02
4. 41 E- 02

3. 1SE-32
3.49E-02
3.26F-02
3. CCE-02
2. 66E-02

2. 2 W- 02
1.S8E-02
1. 756-02
1.6lc-02
1.41E-02

UT5E-Q2
9. C8F-03
4. 27E-03
7.48E-03
1.63F-03

1. C8E-H3
f. 49E-04
5.32^-04
2.78F.-04
3. 83E-05

3. 72E-05
1. 7SE-05
1,42C-05
1.^3E-05
3.C1C-05

9. 52F-05
3 .4SP-?5
2. 37E-C6
5. 5CF-C7
1.65F-07

6* 67E-08
4.C6E-C9
9. 6JE-1C
2.7CE-10
1. C8E-10

l.-K

1.31E-02
1.40E-02
1.62E-02
1.85E-02
1.35E-02

1.71E-02
1.59E-02
1.54E-02
1.53E-02
1.54E-02

U51E-02
1.40E-Q2
1.29E-02
1.196-02
1. C9E-02

8. S2E-03
7. 73E-0?
5.21E-03
3.67E-03
2. 60E-03

2.2SE-03
1.62E-03
1.31E-03
1.02E-03
4. 04E-04

1. 13E-04

3. 53E-05
5. 50E-05
4. 42E-C5

-2.57E-0'5

-3.51E-04
1.36E-04
2.C6E-04
1.04E-04
2.2.8E-05

-9.49E-05
-5.47E-04
-3. 59E-0«
-1.62E-05
-6.29E-05

3.375-02
3.3f!£-r2
3, i n p _ p 2
2. 68E- 02
2. 25^-0?

1.93E-02
1.77E-P2
1.66E-C2
1.52E-02
1.35E-C2

U16E-02
UOOP-02
B.85E-03
8. I6E-C?
7. !1=-C3

5.30F-03
4.07":-03
2.15E-C3
1.25E-03
8.115-C4

2.66E-04
\, •tqc-0't
4. 41F-05

1.86E-05
fl.94E-?6

7.09E-06
8.15E-06

1.75E-05
1.1« E-."1 6
2.75E-07
9.27E-08

3.33F-CB
2.04E-19
4.80E-10
1.35E-10
5.3RE-11

3.04E 05
3, OK 05
? .9^F 05
2.71": 05

2 .15E 05
3.06E O1!
2.01? O r j
1.93E 05
1.78E 05

1.59E 05
l.t-21 05
1.30E 05
1.24E 05
1.15E 05

9.66E (14
8.25E 04
5.43E 04
3.78E 0«

? .?OE 0^
1.71E 04
1.35F 04
8.45E 03
3.56E 03

1.86E 03
1.06E 03
8.95*: 02
1.07E 03
2.14E 03

7.22E 03
3.46E 33
4.70E 02
1.54P 0?
6.36-= 01

3.22E 01
4. DIE 00
1.34E 00
5.?6E-01
2.67E-01

0.033
r, 033
0.031
f. 02'
0.02?

n. ni7
0,01 L-
o.on
0.01?
0.011

0.019
r*, no«
0.006

O.C03
0.002
0.001
0,000

0.0

0.0

0.0
0.0

R.O
0.0
0.0
0.0
0.0

0.0
o.c*
o.o
0.0
0.0

4. 75F-

3. l a f - n r ?
2. R 3 F - 0 ?

1. C9E-02
•fl. 34^-0 3

l.,C9E~0"3

?. 79E-04

3. 72E-C5
1. 79E-05
1.42E-05
1. 63^-^5
3.00E-05

9.51E-05
3. 5ne- 05
2.37?-06
5. 5<iF-r:7

4.07F-09
9. 59P-1"
2.70E-10
1.C3E-10

4.

-i.

. 770

's.

6* 777

6.93?

7.

3. 91 5
9.365

10.13'.
" ' C . 2 H 2
l C. 495
1 0 * 7 0 1

IC. 797
!<". 94"

10.

11. 632
12.0^1
12.118
l?.! 46

12.159
!2.17<-
',2.179
12.180
'2 .191

l , p . i '^c 'J



QPTICAL CONSTANTS OF AL

ENERGY EPS1UN1 EPSILCN2 ABSCOEFF REFLECT« E N E R G Y L Q S S N-F. FF
1. OOE- 03
5.C3E-03
l.COE-02
5.COE-02
l.COE-01

2.COE-01
3. OOE- 01
4. OOE- 01
5.COE-01
7.COE-01

9.COE-01
1.C3E CO
1.1 OE 00
1.20E GO
1.33E CO

1.40E 00
1.50E 00
1.6QE 00
1.70E 00
1.80E CO

2.COE CQ
2.50E 00
3, COE CO
4.COE CO
5.01E CO

7.C3E 00
9.006 CO
1.1 JE 01

1.20E 01
1.33E 01

1.40E 01
1.45E 01
1.50E 01
1.55E 01
1.60E 01

1.80E 01
2, OOE 01
3.CDE 01
4, OOE 01
5.COE 01

6. COE Cl
6.50E 01
6.73E 01
6.S9E 01
7.C3E 01

7. 10E 01
7.20E 01
7.25E 01
7.27E 01
7.29E 01

-7.27E 04
-4.496 04
-3.61E 04
-2.516 04
-1.31E 04

-3. 7BE 03
-1.736 03
-9, 74E 02
-6.256 02
-3.17E 02

-1.87E 02
-1.48E 02
-1.18E 12
-9. 37E 01
-7. 38E öl

-5 .64E 01
-5.20E 01
-6.64E 01
-6. 536 01
-6.P3E 01

-5.13E 01
-3.45E 01
-2. SIE 01
-1.38E Cl
-8.323

-3.709
-1.8 3ö
-0.894
-0,586
-0.347

-0.157
-0.079
-0.012

0.054
0.117

0.317
0,453
0.778
0.891
0,948

0,984
1.001
1.0C9
1.017
1.023

1.029
1,042
1.053
1.063
1.073

2. tCE 06
5. 11E 05
2.55E 05
3. 54E 04
7.78E 03

l.CSE 03
3.63E 02
1.68E 02
9, 76E 01
4.556 01

2.78E 01
2.32E 01
2.C2E 01
1.53E 01
2.17E 01

2,'57E 01
4, 38E 01
4, 43E 01
3.47E 01
2.76E 01

l. säe 01
9.21E CO
5. 68E 00
2.27E 00
1.C7E 00

3.7SE-01
LSBE-^l
1.156-01
9.29E-02
7, 71E-32

6. 75E-02
6.4CE-02
5.666-02
5.C1E-02
4. 43E-C2

4.01E-02
3.59E-02
2.2CE-02
1.63E-02
1.14E-02

3. S5E-G3
8. 55E-03
8. 7CF-03
8, 88E-03
9,GCE-^3

9. 14E-03
9.41E-03
S. S3E-03
1.256-02
3.61E-02

1.12E 03
4. B4E 02
3.32E 02
9. 57E 01
3.24E 01

8.732
4.311
2.684
1.946
1.274

1.015
0.949
0.926
0.994
1.250

1.916
2.829
2.588
2.C82
1.731

1.292
0,771
0,548
0.298
0.183

0.098
0.073
0.061
0.061
C.065

C.r84
0.107
C.152
0.252
0,346

0.564
0.673
0.882
0,944

0.974

0.992
1.001
1.005
l .OQo
1.012

1.015
1.021
1.026
1.031
1.036

1.16E 03
5.28E 02
3.83E 02
1.85E 02
1.19E 02

6.20E 01
4.18E 01
3.136 01
2. SIE 01
1.78E 01

1.37E 01
1.226 01
1.09E 01
9.73E 00
1.68E 00

7.75E 00
7.75E 00
8 .55E 00
8.34E 00
7.96E 00

7.28E 00
5.91E 00
5. OOE 00
3.70E 00
2 .86E 00

1.93E 00
1.356 00
9.46E-C1
7.67E-0!
5.935-01

4.04E-01
3.016-01
1.876-01
9.976-02
6.48E-02

3.55E-02
2.67E-02
1.256-02
Ö.64E-03
5.34E-03

4.51E-03
4.27E-03
4.33F-C3
4.40E-03
4.45E-03

4,506-03
4.61E-C3
4. 79Ü-03
6.06^-03
l.74?-02

1.17E
2.68E
3.88E
9.376
1.20E

1.25E
1.27E
1.27E
1. 27E
1.26E

1.25E
1.24E
1.22E
l.lßE
1.146

1.10E
1.18E
1.39E
1.44E
1.45E

1.48E
1.49E
1.49E
1.48E
1.45E

1.36E
1.23t
1.05E
9.32E
7.816

5.73E
4.42E
2.84E
1.57E
1.05E

6.48E
5.41E
1.80E
3.50E
2.96E

2.74E
2. SIE
2.94E
3.03E
3.16E

3.24E
3.37E
3.52E
4.47E

1.46E

05
05
05
05
06

06
06
06
06
06

06
06
06
06
06

06
06
06
06
06

06
06
06
06
Ob

06
06
06
C 5
05

05
05
05
05
05

04
04
04
04
04

04
04
04
04
04

04
04
04
04
05

99.

99,
99,
09.
99.

99.
99.
98.
98.
98.

97.
97,
96.
95,
93.

88.
84.
87.
89.
90.

91.
91.

92.
92.
92.

92.
90,
-37.
85.
92.

74,
67.
55.
36.
24.

7.
3,

£>.
0.
0.

0.
0.
0.
0.
0.

0.
rit
T.
0.
0.

827
624
434
121
156

115
12 <*
921
778
423

834
517
930
968
779

822
856
959
470
261

13-5

972
165
349

524

04T

209
960

8 3 2
4^6

93?
549
376
105
056

an
834
393

006
019

012
000
001
002
004

0,16
Oll
017
024
n39

3»
1,
3,
1,
3.

7.
1.
1.
2.
4.

f.

1,
1.
7,

3.

7,
9.
6.
6*
6.

6.
7.
B.
1.

1.

2.

5.
1,

2.
6.

2,
6.
1.
9.
i.

34

1.
3.
?,

1.

S»
&.
P.

8.
R.

8.

R.
8.
1,

3

85E-C7
946-06
85E-06
88F-05
34F-05

06F-05
lftF-04
72E-04

44F-04
45E-0'

B1E-04
^F.-ns
4ie-i3
i?E-fn
fE-O1

3!F-o->
47F-T1

95F-03
3hF_-03
?3F-.-'3

29F-C?
17F.-05
56F-03
16E-0?
51f-r?

isr-c?
91^-02
45:-^'l
72 F- H
1 3t -01

43F O?
27F r-.
t6F 01
32r n~
14F r?

92 P- r-.\'

t4E-C?
C5F-C?
27f-r?

3 5 F - C 3
53F.-^"*
54F-<"^
58E-C 1

•^gE-^^

f»F-r^
<i7F-^1
67^-C" 1

HF -O,1?
.50E-01'

0. 0
0. ^77
0. 175
0. 821
1.2M

1, 527
1.6H
1.6*)"

1. 731
1.7R7

1. fl'«
1, H4 7
1. q^'i

1. «P'
l.q'~i

1.957
1. 97T

•>, n~>f>
2. T 7 i
2. 1 ^*

2. 16«J
2. ?0l
2.^\

2. 31^
?. OS

?.i""=
?.r."6
n. S ? 7

2, 536
•'.'S44

•'. ̂ ^1
•)f c,t c

'. S1-1*
', ̂ -M
?. ^6^

?. 5 ''«i
T. 5^1^

2.6"*^
7, * ,BH

?. 7^>S

?, 778
2. 7^
?. 407
2. <M 7
?. q?1

2. 8Z* .

?. al?
2. ̂ 't
' . " "* 1.

?. > ^ 'Ö
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O P T I C A L CONSTANTS OF ÄL

ENERGY 1.-EPSL1 EPSILON2 l.-K ABSCOEFF REFLECT» ENERGYLOSS N-EFF

L.22E
1.24E
1.26E
1.236
1.30E

1.32E
1.34E
1.36E
1.33E
l.AOE

1.45E
1.53E
1.40E
1.70E
i.eoE

1.90E
2.COE
2. 20E
2.43E
2. tOE

2.90E
3.COE
3. 50E
4.COE
•i.COE

6.COE
8.COE
i.coe
1.53E
1.55E

'. 6}F.
1.65E
1.7DE
2.C3E
3.COE

5.03F!
7.COE
9,"OE
1.1T:
l.-HE

2.T.1F
3. OJE
4.C3E
5 .C3E
6 .C^e

8.COE
l.COE
1.2 DE

02
02
02
02
02

02
02
•!2
02
02

03
02
02
02
02

02
02
02
02
02

02
02
02
02
02

02
02
03
33
C3

03
03
03
03
03

03
03
03

04

14

^4
C4
04
04
04

04

15
05

0.019
0.023
0.025
0.027
0.023

0.028
0.027
0.026
n. 025
0.024

0.023
0.323
n. 02 3
0.025
0.023

0.022
0.013
0.014
0.013
0.015

O.CC9
O.GGfl
C.C07
0.004
O.C02

O.CC2
O.OCO

-O.CC1
-0.001
-o.ori

-0.001
-0.000
-0.000

o.oo:
-0.002

-O.OC3
-O.C05
-0.000
-0,004
- O . O O T

-o.rci
-O.f 03
-o,ro3
-o.cci
-O.C03

o.rci
-C .OC3

O.OP2

5.
5.
5.
5.
4.

4.
4.
4.
3.

3.

3.
3.
3.
2.
2.

1.
1.
1.
1.
3.

ö.
5.
3.
2.
9.

4.
1.
6.

1.
1.

4.
9.
1.
6,
1.

2.
5.
2,

1.
2.

9.
2.
7.
2.
1.

4.
1.

1.

79E-02
7CE-02
47E-02
15E-02
82E-02

46E-02
20E-02
C3E-02
09E-12
78F-02

57E-Q2
43E-02
16E-02
71E-02
2CE-02

95E-02
74E-02
3BE-02
C6E-02
46E-03

58E-03
12E-03
C7E-03
C2P-03
325-04

S4E-04
5rE-04
21E--?5
43E-C5
2<5E-r>5

64E-05
23E-05
23E-04
47^-05
5CE-OS

1CE-06
96E-07
25E-C7
C3?-07
93E-C8

38E-09
13FT-09
54^-lC
99E-1C
62E-10

SSE-ll
98E-U
65E-I1

0.009
0.011
0.012
0.013
0.014

0.014
C.013
0.013
0.012
0.012

0.012
0.011
0.012
0.012
C.MI

0.011
O.OC9
O.C07
O.CC7
o.rcp

O.OC^i
C.004
0.004
O.OC2
0.001

0.001
O.COO

-0.000
-0,00?
-o.ooc

-o.coc
-0.000
-0.000

o.oco
-0.001

-0.002
-0.003
-O.OOP
-0,002
-0.000

-n.ooi
-C.CC2
-0.002
-O.C01
-0.001

0.000

-0.001
r.coi

2.92E-02
2.88E-02
2.77E-02
2.61E-02
2.44E-02

2.26E-02
2.13E-02
2.04E-02
1.97E-02
1.91E-02

UfllE-02
1.73E-02
1.6QE-02
1.37E-02
1.11E-02

q.87E-03

8.76E-03
6.96V03
5.46E-Q3
4.26E-03

3.31E-03
2.57E-03
1.54E-03
i.nie-03
4.66E-04

2.27E-04
7.52E-05
3.10E-05
7.14E-06
6.43E-0&

2.32E-05
4.62E-05
6.13E-05
3.24E-05
7.51E-^6

1.056-06
2.97E-07
1.1ZE-07
5.14E-08
1.46E-08

4.6^E-09
1.06E-09
3.77E-10
1.50E-10
3.095-11

2.47E-H
9.86E-12
3.24E-12

3.
3.
3.
3.
3.

3.
2.
2.
2.
2.

2.
2.
2.
2.
2.

1.
1.
1.
1.
1.

9.
7.
5.
4.
2.

1.
6.
3.
1.
1.

3,
7.
1.
6.

2.

5.
2.
1.
5.
2.

9.
3.

1.
7.
4.

2.
1.
1,

62E 05
62E 05
53P 05
39E 05
22E 05

03E 05
89E 05
82E 05
76E 05
72? 05

65E 05
64E 05
6QE 05
37E 05
03E 05

90E 05
78E 05
55E 05
33E 05
12E 05

39E 04
SIE 04
46E 04
10E 04
16E 04

38E 04
ese 03
15E 03
08E 03
01E 03

91E 03
87E 03
06E 04
55E 03
27E 13

30C 02
11E 02
02E 02
72E 01
20E 01

«ftP 00
21E 00
52E 00
51E-01
85E-01

OOF.-01
OOE-01
OOE-01

0.024
0.024
0.023
".022
0.020

0.01«)
0.016
0.015
0.014
0.013

0.012
0.011
o.on
0.009
0.006

0.005
0.004
n. 003
0.002
0.002

0. 001
0.001
0.000
0.000
0.000

0.000
0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0
n. ooo

n. ooo
0.000
0.000
0.000
C. 0

0,0

0.000
0.000
0.000
0,000

0.030

0.000
o.ooo

6. OOF-02
5. 95E-02
5. 73E-02
5.4?c_o?
5. C9E-02

4.71F-02
4. 43F-02
4.25P-02
4. C9E-02
3. 96E-0?

3. 74F-0?
3. 59E-C2
3.31E-0?
2. 85E-C2
2.31E-OZ

2.04E-0?
1.80?- 02
T.42E-02
i.UE-n?
8. 73F-0*

6.70E-01
5.70F-01
3.HP-03
2.C4E-Ü3
9, ?6?-04

4. 56E-C4
U50E-?4
ft.2f>c-05
1.43E-05
1* ?9E-05

4.fi3f-n-j
9.23E-05
1. 23p-04
ft.47P-H5

1, 50C-05

2.0RF-06
5, 90E-07
2. 24E-07
1.02E-07
2.92F-06

S. 35F-T9
2.11F-09
7,50E-lf
?, 99F-10
1,61 E- 10

4. S6F-M

1.97F-1 !
1.65^-11

5.173
5.281
5,388
5.491
5.58*)

5.681
5. "»69

5.B5«
5,936
6.^18

6.2' 7
6. 4?. 5
6. 306
7.1«0
7.4°9

7.7QO
8.P6?
8, 554
8. t)"'7
9. 3^-=;

9, 614
•5.879

in. 3*1
10.694
11.136

1 1.382
n. 636
11.75«
l1.. 986
!. '. fm

11.956
12.037

!2.M6
12.4ST

! ?, 98?

13.298
13.391
1 3,432
13.45?

13. 4^1

13.481
13.4pq
13.40?
?. ̂ . 49 3
1.3.4Q4

13,494
3 3.495
1 3.405

Table 2,



Q P T I C A L CGNSTAMS CF CL

ENERGY

2. OOE-03
5. OOE-03
1. COE- 02
5. COE- 02
1.

5.
1.
i

1.

!•

1.
1.
1.
2.
2,

2.
2.
2.
2.
->t

3.
3.
"*.
3.
3.

4.
4,
4.
4.

*

^»

5.
5.
5.

'•

6.
6.
7.
7.

8.

3.
9.
T»

1.
1.

1.
1.
1.
U
1.

006-01

OOF-

COE
^OE
70F

75E

BCE
856
906
COE
10E

2DF
30E
40E
6CE
SSE

'COE
206
406
60E
806

CDF
2C6
40E
60E
806

CQE
20E
40E
6C?
BOE

C3E
50E
COF
50E
COE

50E
OOE
53E
OOE
10E

2QE
30€
«OF
45E
50E

01
0-0
00
oo
00

00

00
00
00
00

00
00
00
00
00

00
00
00
00
00

oo
00
00
00
00

00 "
oc-
co
00

00

00
00
00
30
00

co
00
00
01
01

01
01
01
01
01

EPSILJfJj

-1.37E 04
-1.C6E 04
-6.74E 03
-4

-3
-7
-2
-1
-1

-l
-1
-1
-1
-

_

-
-
-
-

.
-
-
-
-

-
-
-
-
-

_

-
-
-
-
_

-
-
-
-

•

,

•

,

*

f

t

t

*

*

7

6
5
5
4
4

3
2
2
1
1

1
0
0
0
0

1
1
1
1
L

1
0
0
0
0

0
0
rj
0
0

0
0
0
0
0

24E C3

08E 02
18E 01
76E 01
96F 01
80E Cl

636 01
46E 01
34? 01
C4E 01
.673

. C S 6

.643

.519

.938

.216

. 475

. 7 5 7

.204

.789
,475

.146

.671

.467

.474

.566

.010

.334

.550
.611

.581

.464

.958

.497
• 1 fi8
.OC7

.100

. 2P5

.306

. 4C7

.587

.656

.651

.589

.555

.518

= = === =^ = =;sci

EP5ILCN2

6. 13E 05
L.5SE 05
7. <32E 04
1.3CE 04
4

6
7
2
1
1

1
1
1
1
2

4
5
5
5
5

5
5
4
4
4

4
4
4

5
5

5
4
4
4

3

3
2
2
2
2

2
1
1
1
l

1
t
iii

•
.
•
4

•

•

•

*

*

*

-

*

»

*

•

•

•

•

•

•

*

•

*

•

•

•

*

*

«

*

•

*

*

.

•

*

*

•

*

*

*

•

*

•

*

*

25E

C46
39E
73E
SfiE
826

72 F
fcfiP
57E
766
£3E

3CE
38E
83t
77E
52E

236
CSE
?6E
SCE
82E

62E
66E
676
C7?
266

23E
S5E
55E
11E
6«

3CE
62E
34E
2C6
12E

02E
896
786
7CE
626

6CE
57E
53E
4fiE

436

03

01
00
00
oc
00

fO
00
co
00
00

00
00
co
00
00

00
co
00
co
n°
00
00
00
co
00

00
00
co
OC
00

f O
co
no
co
00

00
00
co
00
co

00
00
00
00
00

2.706 02
1.86E 02
6.?8£ 01
2.916 "l

1.692
0.433
0 .26C
0.22?
0.214

0.213
0.215
0.214
0 .272
0.468

0.826
1.037
1.121
1.152
1.169

1.184
1.232
1.27C
1.3K
1.336

1.344
1.419
1.487
1.52C
1,533

1.47C
1,378
U 2 7 f c
1.18?
1.102

1.036
0.958
C.972
1.005
1.029

1,029
1,027
1.029
1.038
1.074

1.091
1.084
1.055
1.034
l .CO<J

K

5.11E 02
2.94E 02
2.13E 02
1.03= 02
7.11* 01

1.76E 11
8.46E 00
5.26E 00
4.43E 00
4. 24E 0?

4.055 00
3.865 nn
3.67E 00
3.24= 0^
2.81? 00

2.60E 00
2.596 00
2.50E 00
2.50? 00
2.36E 00

2 . 2 1 E OC
2 .07E 00
1.95E 00
1.87E 00
1.815 00

1.72E OC
1.64= CO
1..64? 00
1.575 0?
1.71? 00

1.786 OC
1.80E 00
1.78E 00
1.74E 00
1.67E 00

1.59E 00
1.37E 00
1.20E OC
1.09= 00
1.03E 00

9.79E-01
9.21E-01
3.67E-01
8*185-01
7.54E-01

7.31E-P1
7.24-E-Ol
7.24?-01
7.17E-01
7.07E-01

4BSCDEFF

1.49F 05
2.16E 05
0 . 2 4 E ^ ^
T .P2 C 05

S.S3E 05
8.55E 05
7.99E 05
7.64E 05
7.53E 05

7.38E OS
7. 23? 05
7.C6E 05
6.56E 05
5.98E 05

5.80E 05
6,0<iE 05
6.33E 05
6.60E 05
6.70? 05

6.71E 05
6.71E 05
6.73E 05
6 .83E 05
6.95E 05

6.97E 05
&.98E 05
7.33E 05
7.78F 05
8.34E 05

9.C2F 05
9.48E 05
9.76E 05
9.85E 05
9 . 8 3 E 05

9.69E 05
9.02E 05
8.52E 05
8.32E 05
8.37E 05

8.44E 05
8.43E 05
8.35E 05
8.29E 05
8.40E 05

8.90E 05
9.54E 05
1.03E 06
1.05E 06
1.07? 06

99.532
99.325
99.07?
9S. 299

97. H78
97.650
96.439
95.778
95.601

95.212
94. 72 T
94.251
91.006
83 .350

67.307
61.838
50.232
57,703
54.535

50,910
46.759
43.365
40. 730
13.700

36.359
"53.569
32. 897
33. Ml
34.437

36.533
37.991
38,951
39.156

37.984
32.883
27.063
22.955
20.576

18.905
17.143
15.460
13.909
11.772

11.068
10.907
11.095
11.084
11.016

F . N C R G V L Q S S

2. <«0C;-C6
6 .?5F_ -O f t
1. 24P-0'5
fc.T7C.OS

6. 11E-04
1. 43F-03
3. ̂ -^
5. l ie-0*
5. «i^c-n^

6. 43F-O a

7. 48E-0?
8. 66E-^^
1. 58E-02
4, 01?-02

7. 74F-02
8.8SE-02
9.05E-02
l. OOE-n]

1. 14^-C1

l. 33F-r;i

1. 90F-01

2. C4E-01
2.10F-01
2. 04E-01
l .S5P-"t
l. aae-o?

1. 84F-C!
1. 88F.-0)
1, «57P-01
2. I IP- 01

2.53E-01
3. 16F-01
4. 10E-01
4.51E-"!
4.71P-01

4. "J5E-01
5.22^-"!
5. 44E-01
5.57E-01
5.46E-0]

5.36E-01
5,446-01
5. 70E-01
5.91E-01
6. 20P-01

0. l 91
r. l! i

0.5^2
0, 15[>6

0. 559
0. 5*1
C. 563

0. 5*i 7
n. 57^
n , c R i
T . 5 9 T
r'.61 ̂

r. 631
C, 6^a

C. *>(,<,

0.148
0 7*

n. 95'

1.033
'.06«
um
1.1*59

1.251
U 2 0 R
1.344

1.539
1.648



ENER5Y EPSIL3N1 EPS1LCN2 ABSCOEFF «EFLECTS ENFRGYLOSS

I.;SE
1*60E
1.70E
i.eoE
1.90C

2.COE
2.10E
2.20E
2.33E
2.40E

2.50E
2. 60E
2.70E
2.63E
2.90E

3.COE
3.10E
3. 20E
3. 30E
3. «E

3. 5QE
3.63E
3.70E
3.80E
3.90E

4. C:E
4.13E
4.20E
4. 30E
4.40E

4. 50E
*.60E
4.73E
4. 80E
4. 90E

5.00E
5. 10E
5. 20E
5.?OE
5. «0£

5. 50E
5. 60E
5. 70E
5. 83E
5. 90E

6.COE
6.10E
6. 20E
6. 30F.
6.40E

01
01
01
01
01

01
01
01

01
01

01
01
01
01
01

11
01
01
01
01

01
01
01
01
01

01
01
01
01
01

01
01
01

01
01

01
01
01
01
01

01
01
01
01
01

31
11
01
11
01

0.479
0.458
0.4*9
0.477
0.523

0.571
0.635
0.69 i
0.756
0.785

0.765
0.665
0.634
0.624
0.630

0.664
0.711
0.743
Q.76T
0.786

o.aci
0.812
C.820
0.827
0.835

0.845
0.854
0.862
5, 369
0.876

0.879
0.862
0.885
0.886
0.88S

0.890
0.892
0.895
0.893
0.9C1

C.9C5
0.909
0.913
0.917
0.921

O.S22
0.922
0,920
0.920
0.921

l.
1.
1.
9.

9.

8.
7.
6.
6.
7.

7.
7.
6.
5.
5.

4.
4.
3.
3.
3.

3.
3.
3.
3.
3.

3.
3.
2.
2.
2.

2.
2.
2.
2.
2.

2.
2.
2.
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7.15E
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7.121
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4.764
3.978
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1.707

1.513
1.359
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1.006
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7.79E-01
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3. 13P-"i

3.31E-01
3. 24E-"1
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3.566
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4. 5?1;
4.5^c

4. 66R
*. 7"*^

4. ?f 4
4. 37?
4. <nq

5. nr&
**. r'F3
s. n«i
5, •>!**
c. 2?3

5.34?
5. 4l 1
5.4«0
5. 54^
5.6l1?



O O m O »A
0 O O O O
m m m m m

t* f- j> '» u

i i i i
o o o o o

.j o o a o
o oo o o

rn m m rn rn
1 1 1 1 1
o o n ii o

i l i 1
o o o o o

o o o oo
o <^ o o o

*• O O O> un
Ul >O » yi CT.
ro rn rn m m1 1 1 I 1
O O O 0 O
•O CO -J -o, -g

ro <D o ijj ui

ro ui H* w ro

m m ro rn m

o o oo o
i— •— rv ro r\

0 0 O 0 0

o o oo o

00 .-• t— PJ f-

m m m m m
1 l l i l

O a O >O O

•M ro -o PO IM

O O O in IM
O (_i O O O
•n rn tn m m

•j o o o o

i
o o o o o

o o o o o

m m rn m rn
1 i I l i
o o o o o

l
O o O O O

o o o o o
o o o o o

CO ro i Ul 4-
m <n m m rn
1 1 i 1 1
O O O O O
-J o* Ul -F» ̂

sj* 0* ,0 *-* ui

rn 11l m m rn

O O O O O

o o o o o
O o O o o

o

O uJ JJ f* IM

m rn rn m m
l i 1 I i
o o a o o

PO !M IM fo FM

*- 0 0 0 0
O O O O CJ
m m m m m

O ,.1 ̂  C) O
l>) uJ IM PO IM

o o o o o
o o o o o

m m m rn m
l l i l l
O 0 0 0 0

1
o o o r» o

o o o o o
O O O O O

uJ P— *• \fl Ul
m in rn m m
i 1 I l i
O o O O o

I-* O Ul l— • CD

rn m m m ,n

O 0 O O 0

O O O O O

O O 0 O O
o o o o

» 1, V M i
rn m -~n fo ~r>
i l i i l
O rt O .3 O

ro i— i-- M* f-w

m rn m rn m

o o o o cJ
fM PO IM fM [M

O O O O ̂

O -3 O •"> O

m .n m m m
1 1 1 1 1
o o o a .T

o o o o o
O O <"i O O
o o r> •- PO

1-* ^ Ul OJ sO

m m in m m
l l 1 i 1
o o o o o

« ̂  *JJ « W

m m m m m

o o o o o

O O O O O

O O OO o

UJ PO C3 O *•

m -n m m m
i i i i l
O ^ 0 O O

, ^

m m m m m nmin imm mmr i 'nT i

^j l_3 J ^3 t"3 O U O O l_J O .J t^ ^J J
ro PO M KI PO >•• i— —•'—•-• >••.-•----•-•

O o O ̂  O '13 D O O O o O O O o

O o 1 1 f) O n o o O O i i O O 3 2

mm'n'm'n , n r t > m i n m m m i n i n m
l l l l i l t i r i 1 1 1 1 1

O 0 O O 0 r» o 0 '3 0 J O ..3 T ^>

o o n o O o o 3 o o o o •> "3 o

*"» o T o o o o t-i o o o .-> rs o o
L^uJOJ^OJ UJ'JJVJJIJJUJ v>JrMpOTMIM

i ncnminm rn in in m rn m m m m m
1 1 1 l 1 1 1 1 1 1 1 1 1 l l

'3 O O 0 O O O O O O 0 O O O O
PO KJ ro ro IM 10 10 IM ro IM IM IM ro IM ro

^J Ul O tj* O* O" *Q •"• -/* CT1 -^ -J -^J -^ 0^

m m m m m in m in m m m m m m rn

o u o o O o o o o o o. iooo

O O O O O O O O O O O O ^ i O O

O*-'»--'"1'-' *-• >— *-* ro r-o roioiMrMfs>

ff l^OUJ^* ,n(*^,*J1 J l^^O*

"n m m .t! m in n m m .n .n in n rn m
1 1 1 1 1 1 i i i 1 1 1 1 1 1
o o o .3 o o o o o o o •} o o o

-

D ^ö -^ t^ *sTl

m TI n m m

J ,_? -J O ^J

O o O O O

O . j O O O

m i rn r~n m
1 1 1 1 1

'3 t3 ' ' ') O

o o o f j o
O O O O O
IM ro f ^ t-»

O O -0 -O OJ

J- yj PO •— -J

t"n m m rn rn
l 1 1 1 1
0 0 0 0 0
ro ro rM ro PO

•Ji f- f- O t>

m m m m rn

o o o o o
k/l Ul IJl <O1 Ul

o o o o o
IM ro ro IM ro

J3 j, A« a>

'O m ITI .m rn
1 i 1 < 1
O O i3 .3 O

f- iji ro r- o
0 •-* O O O
m ;n m m -r

,j> o ..j o o

o o o o o
o o -s o 'j

m • n ai m m
1 1 1 1 l
O O O 0 (1

.T o o a o

0 0 0 3 Ü
IM ro ro IM M

CD OJ UJ CO CO

Ul ai o- co j)

rn m rn m m
1 ( 1 1 1
O O O O O
IM -M ro IM ro

lw W^lw

m in m m fn

O O OO 0

0 O 0 0 0

"- IM IM IM PO
•a o o >— IM

»«J JO CO 3J J3

m ift in m m
1 1 1 1 1
O O O O ,3

m .-i m (-1 m

_J O ^1 .J o

O O J O o

> •> o o o
O- --J -J -4 -J

ITI t» .'n in -n
l 1 r t i
O -J o 3 5

O T O O O

)̂ >O ^> ~Q &

in m m rn rn
1 l l < 1
O O O o o
( l̂ rM "M PO IM

1 u.^ *tr,

m m in m m

o o o o o

o o o o o
IM IM ro ro ro
uJ 4- m O1 ui

J3 O '•» 3 i-*

m .n .n -m .n
1 i 1 i 1
0 J J 0 J

* S a o S



O P T I C A L CCNSIAMS CF AG

ENERGY EPSILGN1 EPSILCN2 ABSCOEFF REFLECT? ENERGYLQSS N-EFF
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0.8? 5
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0.9^4
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3.143
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Cl
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Cl
Cl
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n
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0.
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212
229
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535
575

5 6 3
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1.C2E CO
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6,S2t-01
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4.SCE-C1
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3.65E-31
3.116-01

3.11E-C1
3.73E-01
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3.3EE-C1
3.teE-01
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2.35E-01
l.fc8E-01
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1,175
1.1C4
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O.S13
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C . 5 2 2
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3.C9E-01

3.00E-01
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2.37E-01
2.2U-01
Z.1U-01

2. 106-01
2.116-01
2.08E-01
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16.539

1A.444

! 5,995

15. 363
1*-, Bb"'

H. 232
12.111
10»9t8

9,977
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- 0 . " C 3

K

3.24E-02
5.65c-02
3 . 8 2 E - Q 2
2.tlE-02
1.72E-02

6 .22E-03
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5.C3C-03
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1.C3E-Q1

5.COE-QI
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4 .75E CO
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6 .CCE 00
6.50E 00
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8.5ÜE CC
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1.-50E 01
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4.3CE
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00
00
CC
CC
OC

00
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C.418
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1.96C

1.56C
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1.702
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1.727
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1.572
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1.583
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1.513
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1.499
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1.81E 01
3.36E 00
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1.17E 00
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1.C7E 00
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5.15E
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05

05
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99.449
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94.086
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36.428
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35.720
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21,397
22,560

21,309
20,572
18,976
18,576
17.126

16,188
15.712
15.523
15.401
15,850

15» 899
14.938
14,316
14,572
lö,527

18,911
22,309
24,009
25,375
26,142

8.
4.
8,
4.
8.

4.
1.
6.
2.
6.

1.
1.
1.
1.
1.

1.
1.
1.
1.
1.

1.
1.
1.
1.
2.

2.
2.
2.
2.
2.

2.
2.
?.
2.
2.

2.
2.
2.
2.
2.

2.
2.
2.
2.
2.

2.
2.
2.
2.
3.

57E-C7
32E-06
61E-06
306-05
706-C5

2C6-C4
306-03
146-03
f n E - 0 2
22E-02

S3E-C1
SSE-1:!
5 1 E - C I
37F-01
35F-01

36F-C1
386-01
356-01
316-01
33F-C1

37E-G1
45E-01
66E-G1
65F-C1
136-C1

27E-C1
26C-01
156-01
C26-C1
11E-01

27E-G1
41E-01
54E-Q1
SS^-Cl
69E-01

68E-C1
64E-01
59E-C1
56E-C1
576-01

736-01
866-C1
84E-01
656-01
506-01

546-C1
636-01
776-01
S9E-01
286-C1

0.0
0, ^35
C. C30
0.364
0, 530

G. 742
0.774
C. qr-o
0. 9 2 5
r-.??*,

".. 848
0. 366
C. 893
0.925
*" 95 7

C.S81
1.010
1. 040
1.CB4
1.13)

1.179
1.226

'••3 r* T a h l e 5
1,360
1.462

1.560
U 6*;0
1.765
1.381
2.010

2. 140
2 . 2 6 9
2, 3<I6
2. 5?4
2.651

2.777
2.906
3.039
3.3??
3.631

3.965
4. 3C2
4,646
5.011
%433

5.933
6. 504
6. 8C5
7.097
7. 34<3



OPTICAL CGNS1AM* OF U L

ENERÜY EPSILÜN1 EPSILCf.2 ABSCOEFF REFLECTt ENERGVLOSS K-EFF

2.30E
2.35E
2.40E
2. E 06
2.60E

2.70E
2.30E
2.90E
2. SSE
3.COE

3.C5E
3.10E
3.20E
3.30E
3.40E

3.50E
3.60E
3.70E
3. E JE
3.90E

4.CCE
4.10E
4.20E
4.30E
4.«OE

4.50E
4.60E
4.70E
4.80E
4.90E

5.COE
5.2HE
5.40E
5.60E
5.80E

ö.COE
&.20E
6,<i3E
6.60E
6.8CE

7.COE
7.20E
7.40E
7.6CE
7.60E

8.CJE
3.20E
8.30E
3.35E
3.40E

01
01
01
01
01

01
01
01
01
01

01
01
01
01
01

01
01
01
01
01

01
01
Cl
Cl
01

Cl
01
Cl
Cl
01

Cl
01
01
01
01

01
01
01
01
01

01
01
01
01
Cl

01
Cl
01
01
01

-0.384
-0.386
-0.345
-0.191
-0.05t»

0.052
0.133
0.159
0.142
0.1C8

0.075
0.047
0,015
O.C80
0.153

0.214
0.258
0.294
0.326
0.352

0,377
0.404
0.423
0.446
0.455

0.463
0.476
0.495
0.516
0.538

0.557
C.589
0.614
0.635
0 .649

C.65«
0.649
0.643
0.651
0,654

0.662
0.677
0.692
0.7C2
0. 7C9

C.71b
0,724
0,730
0.723
0.739

2.CSE OC
2.38E 00
2.13E 00
1.82E 00
1.63E CC

I.SIE CC
1.45E CO
1.44E CO
1.43E CC
1.4CE 00

1.35E CC
1.2SE 00
1.13E 00
9. 61E-01
9.C1E-01

8.45E-01
8.C1E-01
7.416-01
7.25E-01
6.93E-01

6.6CE-01
6.31E-01
6.C9E-01
5.S1E-C1
5.72E-01

5.4CE-01
5.13E-01
4.66E-C1
4. C4E-01
4.46E-01

4.33E-C1
4.12E-01
3.S56-01
3.81E-C1
3.T3E-01

3.6(E-C1
3.52E-01
3.3CE-01
3.CEE-C1
2.62E-01

2.57E-C1
2.34P-01
2.21C-01
2.1CE-01
1.99E-01

1.E6E-C1
1.12E-C1
1.66E-01
1.62E-C1
1.C2E-Q1

l.CBC
1.005
0.953
0.9C5
o.eee

0.665
0.892
0.896
0.867
C.868

C.644
0.818
0.757
0.73C
0.730

0.737
0.741
0.745
0.749
C.751

0.754
C.76C
0.766
C.77C
C.770

C.767
0.767
0,771
C.77B
0.787

0,795
C.8C8
C.820
C.83C
0.836

C.83B
0.823
0.830
0.32S
0.827

0.828
0.635
0.842
0.847
0.850

0.653
G. 857
C.86C
c.eti
0.665

1.24E 00
1*18E 00
1.12E 00
l.OOE 00
9.17E-01

6.55E-01
8.14E-01
8.02E-01
8.03E-01
8.04E-01

7.99E-01
7.88E-01
7.47E-01
6.72E-01
6.17E-01

5.73E-01
5.40E-01
5.11E-01
4.84E-01
4.61E-01

4.38E-01
4,156-01
3.98E-01
3.84E-01
3.71E-01

3.55E-01
3.35E-01
3.15E-01
2.S8E-01
2.84E-01

2.72E-01
2.55E-01
2.41E-01
2.30E-01
2.23E-01

2.19E-01
2.11E-01
1.99E-01
1.86E-01
1.71E-01

1.55E-01
1.40E-01
1.31E-01
1.24E-01
1.17E-01

1.09E-01
1.01E-01
9.63E-02
5.43E-02
9.38E-02

2.90E
2. SIE
2.72E
2. SSE
2,42E

2.34E
2.31E
2.36E
2.40E
2.44E

2.47E
2.48E
2.42E
2.25E
2.12E

2.03E
1.97E
1.92E
1.87E
1.82E

1.77E
1.73E
1.69E
1.67E
1.66E

1.62E
1.56E
1.50E
1.45E
1.41E

1.38E
1.34E
1.32E
1.30E
1.31 E

1.33E
1.33E
1.29E
1.24E
1.18E

1.10E
1.02E
9.84E
9.546
9.24E

8.86E
8.37E
8.10E
7.S8E
7.990

06
06
06
06
06

06
06
06
06
06

06
06
06
06
06

06
06
06
06
06

06
06
06
06
06

06
06
06
06
06

06
06
06
06
06

06
06
06
06
06

06
06
05
05
05

05
05
05
05
05

26.485
25.775
24,769
21.963
19.425

17.363
15.888
15.439
15.639
16.041

16.391
16.682
16.939
15.249
13.420

11,907
10.795

9.870
9.046
8.367

7.715
7.052
6.503
6.104
5.836

5.553
5.151
4.639
4.251
3.851

3.531
3.045
2.633
2.408
2.245

2.165
2.128
2.027
1.896
1.760

1.592
1.388
1.235
1.129
1.051

0.971
0.834
0.836
0.308
0.775

3.
4.
4.
5.
6.

6.
6.
6.
k.
7.

7.
7.
6.
1.
1.

1.
1.
1.
1.
1.

1.
1.
1.
1.
1.

1.
1.
1.
9,
9.

8.
7.
7.
6.
6.

6.
6.
t.
5,
5.

5.
4.
4.
3.
3.

3,
3.
2.
2.
2,

65E-C1
10E-C1
57E-01
44 £-01

14E-01

61E-01
83E-01
88E-01
94£-Cl
12E-01

39E-01
75E-C1
84E-C1
01E 00
C8E CO

HE OC
13E OC
14E 00
15E OC
15E 00

14E CO
12F 00
10E CO
C8E CO
C7P CO

C7E OC
C5E CC
01E 00
t3E-01
13E-01

69E-01
99E-01
415-01
55E-01
66E-01

52E-01
45€-Ol
23E-CI
•33E-01
56P-C1

10E-C1
56E-C1
19F-01
91E-C1
66E-01

WE-C1
11E-0!
9&P-01
e8E-01

B3E-C1

7.621
7. 84 f)
8.054
8.434
3.763

9.0B5
9.403
9.725
% 389

10,053

10.215
10.372
10.668
10.933
11.177

11.409
11.636
11.957
12.073
12.285

12.492
12,695
12.895
13.094
13.291

13.465
13,671
13.851
14,026
14.193

14.367
14.703
15.036
15.37C
15.706

16.C48
16.391
16.725
17.046
17.353

17,642
17.911
18,169
18,420
19.664

18.900
19.126
19.234
19.287
19.340

Table 5, page 2



aPUCAL C C N S 1 A M S CF

ENERGY l.-EPSLl E P S I L C N 2 l.-N ABSCOEFF REFLECU E N E R G Y L O S S

S.45E
3.506
8.60E
8.70E
8.75E

a. eae
3. SOE
•J .IOE
9.30E
9.50E

l .COE
1.C5E
1.106
1.15E
1.20E

1.256
1.33E
U 3 5 E
1.40E
1.506

l . tOE
1.706
1.83E
l.SOE
2.CCE

2.20E
2.406
2.60E
2.80E
3 .CQE

3.53E
5.0 36
a.COE
3.COE
l .COE

2.COE
2. 50E
2.656
2.SOE
5.00E

l . C O E
1.33E
U40E
1.506
2.00E

3.C06
5.COE
3.COE
9.306
1.5QE

01
01
01
Cl
01

C l
01
01
01
Cl

02
02
02
02
G2

02
C2
02
02
02

02
02
02
02
02

02
02
02
02
C2

02
02
C2
02
03

C3
03
03
03
03

04
04
C4
04
04

04
04
04
04
05

0.260
0.262
0.265
0.262
0.260

0.257
0.258
0.252
0.243
0.234

0.211
0.191
0.171
0.155
0.137

0.123
0.110
0.0^9
O . C 6 3
O.C72

O.C59
0.050
0,043
0.037
0.034

Q.CZ9
0.026
0.024
0.021
0.013

C.015
O.CG9
O.OC7
O.CC5
a. 003

O.OC1
0.000
O.OC1
C.CC1

-0.002

-O.CC1
-O.CC2
-O.CC2
-O.OC1
-0.001

0.000
-O.OCl
-0.000
-O.CC5
-O.QCQ

1.
1.
1.
1.
1.

1.
1.
1.
1.
9.
6.
6.
5.
4.
3.

2.
2.
2.
2.
1.

1.
2.
2.
2.
2.

2.
2.
2.
1.
1.

1.
9.
6.
3.
1.

2.
4.
2.
3.
5.

5.
5.
3.
4.
1.

3.
6.
1*
3.
5.

6CE-01
65E-01
5fa£-01
5CE-C1
4£E-01

45E-01
4CE-C1
25E-C1
HE-01
SSE-Q2

C7E-02
36E-C2
15E-02
12E-C2
31E-C2

eee-02
51E-02
25E-C2
CSE-02
S5E-02

^5E-C2
C1E-C2
1CE-C2
1EE-02
2tE-02

22E-C2
23E-02
CSE-02
S3E-02
77E-C2

45E-02
36E-03
786-03
25E-03
S2E-03

4CE-04
22E-04
SCE-04
26E-Q4
14E-C5

[76-C6
12E-G6
86E-C6
5tE-C6
77E-06

6SE-C7
1CE-08
04E-C8
52E-C8
12E-C9

C.135
0.13t
0.138
0.137
0.135

0.134
0.135
0.132
C.128
0.123

0.111
0.100
O.C89
o.aec
0.571

0.063
C.056
0.051
0.045
C.C37

C.03C
0.025
0.021
O.G1S
0.017

O.C14
0.013
0.012
0.011
o.co^

c.cce
O.C05
C.OC4
0.003
O.OC2

o.ccc
o.ooc
0.001
0.001

-O.OCl

-o.ooc
-O.OCl
-O.OCl
-o.ccc
-o.occ

0.000
-o.oco
-0.000
-O.OC2
-c.occ

9.62E-02
9.56E-02
9. 18E-02
8.70E-02
8.44E-02

8.38E-02
8.07E-02
7.18E-02
6.36E-02
5.7CE-02

4.54E-02
3.536-02
2.83E-02
2.246-02
1.78E-02

1.52E-02
1.336-02
1.1BE-02
UQ9?-02
1.01E-02

1.01E-02
1.03E-02
U07E-02
1.11E-02
1.15E-02

1.186-02
1.13E-02
1.06E-02
S.76E-03
8.95E-03

7.31E-03
4.71E-03
3.406-03
1.63E-03
9.60E-04

U20E-04
2.11E-04
1.456-04
1.64E-04
2.876-05

2. 536-06
2.56E-06
1.94E-06
2.286-06
8.83E-07

1.85E-07
3.05E-QB
5.226-09
1.95E-08
2.566-09

8.24E
B.23E
8.00E
7.67E
7.496

7,486
7. 28E
6.62E
5.99E
5.4SE

4.60E
3.7öE
3.15E
2.61E
2.17E

1.93E
1.75E
1.62E
1.55E
1.54E

1.63E
1.78E
l .?6E
2.14E
2.33E

2.63E
2.75E
2.7SE
2.77E
2.72E

2.59E
2.38E
2.06E
1.30E
9.72E

2.43E
5.35E
4.18E
4.83E
U446

2.56E
3.37E
2.75E
3.46E
1.78E

5.6CE
1.546
4.226
1.64E
3.88E

05
05
05
05
05

05
05
05
05
05

05
05
05
05
05

05
05
05
05
05

05
05
05
05
05

05
05
05
05
05

05
05
05
05
04

04
04
04
04
04

03
03
03
03
03

02
02
01
02
Cl

0.7*4
0.792
0.739
0.755
0.731

0.717
0.708
0.649
0.531
0.520

0.402
0.312
0.239
0,199
0.144

0.113
O.C8<i
0.071
0.056
0.037

0.026
0.019
0.015
0.012
0.011

a.o'y;
0.007
0.006
0.005
0.004

0.003
0.001
0.001
o.ooo
0.000

0.0
0.0
0.0
0.0
0.000

0.0
o.ooo
0.000
0.0
0.0

0.0
0.0
0.0
0.000
0.0

2.90E-01
2.89E-C1
2.80E-C1
2.65E-C1
2.e6E-01

2.54E-01
2. 456-01
2. 1TE-C1
1.90?-0l
Ut7E-Cl

1.296-01
9.CT5-02
7.476-02
E. 75E-C2
4,4^-^2

3. 71E-C2
3.17F-C2
2. 77E-C2
Z.5^-C2
2 . 2 6 E - C 2

2 .20^-C?
2.22F-0?
2.29E-C2
2.35E-C2
2.42E-C2

2.46E-02
2.356-C2
2.19E-02
2.02E-02
1.846-02

1.50E-C2
9.56F-03
6.E7E-C3
3.28E-C3
U93E-03

2.416-04
4.226-04
2. 506-C4
3.29E-04
5.72E-05

5.06E-C6
5. 116-06
3.87F-06
4. 55E-C6
1.76F-C6

3.696-C7
6.C9E-08
1.046-08
3.88E-C8
5.12E-C9

19.394
19.449
19.557
IS .6^9
1S.7G9

IS. 759
19, ftSfi
2C.040
?0.204
30.356

?C.69C
20.96-;
21 ,202
51.400
21.564

21 .7C6
21 .833
21.95?
?2 .C67
2 2 . 2 9 3

??.533
?2 .79?
?3 .C81
P 3. 3 9 T
?3 .7<*3

24.513
25.343
26.193
77.04C
27.375

29.895
35.581
38.744
43.359
46,528

53.22t
55.575
58.113
59.4B1
66.716

71.107
72.200
72.616
73.133
74. 961

76.446
77.297
77,637
77.682
78.465



O P T I C A L CCNSTAMS CF Ali FRCf- P E f L E C T l V I T Y - C Ä T A f I T T E O TO CANFIELD ET AL (10)

ENERiY EPSILQN1 ABSCOEFF REFLECT? ENERGYLCSS V-EFF

l.fQE CO
2.COE CO
2.2GE CO
2.4CE CC
2.tOE 00

2.80E CC
3.COE CC
3.15E OC
3.30E CC
3.45E OC

3.tCE OC
s.acE oo
4.CCE CC
4.2CE CC
4.40E CC

4.T5E CC
5.COE CC
5.5CS CC
6.CCE rc
6.SCE CO

7.CCE CC
7.5QE CC
3.CCE CC
8.5CE CC
9.CCE oc

9.SCE CC
l.COE Cl
1.C5E Cl
1.1CE Cl
1.15E 01

1.2CE Cl
1.20E Cl
1.40E Cl
1.53E Cl
l.fiCE Cl

1.1GE Cl
L.80E Cl
1.90E Cl
2.COE Cl
2.1CE 01

2.15E Cl
2.236 Cl
2 .25E Cl
2 .30E Cl
2.35E ÖL

2.40E Cl
2.50E Cl
Z . « O E 01
2.70E 01
2.60E Cl

-2.
-1.
-6
-3
-1

-0
-0
-0
-0
-0

80E Cl
10E 01
. 8 C 3
.137
.073

.637

.565

.535

.450

.217

0.046
-0
-0
-0
-0

-0
-0
-0

0
r.

1
1
c
c
0

0
g
0
0
0

C
0
0
0
5

1
1
1
l
0

c
c
0
0
0

0
0
0
c
0

.092

.309

.542

.771

.689

.622

.147

.211

.613

.014

.176

.783

.693

.569

.599

.5*9

.515

.536

.675

.813

.924

.929

.927

. 9 6 3

.014

.115

.175

.134

.974

.653

.443

.340

.215

.244

.238

.266

.343

.397
.443

2.25E
1.63E
l.SCE
2,ttE
4.75E

6.C4E
6.54E
6.64E
4. SEE
6.4BE

6.67E
6. tEE
6.77E
6. SIE
6.24E

5.2SE
4 . 6 C E
4.22E
3.71E
3.42E

3.43E
3.64E
3.77E
3.44E
3.26E

2.S7E
2.EEE
2.t4E
2.41E
2.17E

2.14E
2.C8E
2.C1E
1.92E
1.82E

l. (4E
l.UE
1.626
2.CC6
2.2CE

2 .2CE
2 . C 9 E
1.S3E
1.7«
l.tSE

1.53E
1.34F
1.22E
1.14E
l.C^E

CC
00
00
00
CC

CC
00
00
OC
00

CC
CC
OC
00
OC

OC
CC
CC
CC
OC

CC
CC
CC
CC
CC

00
00
CC
CC
00

CO
00
00
CC
CO

CQ
CC
00
C C
OC

CC
00
CO
CC
CC

CC
CO
CC
CC
00

C.212
0.245
C.361
C.7CO
1.378

1.649
1.729
1.75C
1.753
1.77C

1.832
1.838
1.798
1.73S
1.66C

1,49t
1.452
1.427
1.412
1.433

U5U
1.582
1*522
1,449
1.392

1.346
1.319
1.267
1.225
1.215

1.245
1.265
1.254
1.23t
1.229

1.231
1.257
1.2S2
1.3 IC
1,274

1.214
1.137
1.C73
1.C21
0.978

C.944
0.91C
C . 8 S 6
0.895
C.9C1

5.28E 00
3.33E 00
2.63E 00
1.90E 00
1.72E 00

1.S3E 00
1.89E 00
1.50E 00
1.88E 00
1.83E 00

U82E 00
1.S6E 00
l.BBE 00
1.8SE 00
1.885 00

1.77E 00
1.65E OC
1.48E 00
1.33E 00
1.20E 00

l.UE 00
1.15E 00
1.24E 00
U19E 00
1.17E 00

1.10E 00
1.09E 00
1.04E 00
9.82E-01
9.S5E-01

8.59E-01
8.23E-01
9.C2E-01
7.75E-01
7.39E-01

7.C7E-Q1
6.82E-01
7.03E-01
7,fc3E-Ql
8.65E-01

q.cfcE-oi
9.19E-01
9.01E-01
6.77E-01
8,^4E-01

3.C8E-01
7.36E-01
6.79E-01
6.35E-01
6.C7E-01

8.00E
6.75E
5.86E
4.C3E
4.55E

5.20E
5.75E
6.06E
6.28E
6.40E

6.64E
7.18E
7,63E
8.04E
8 » 3 8 E

8.51E
8.37E
8.24E
B.12E
7.89E

8.04E
8.76E
l.OOE
1.02E
1.07E

1.06E
L.11E
1.11E
1.10E
1.04E

1.04E
1.G8E
1.14E
1.18E
1.20E

1.22E
1.24E
1.35E
1.55E
1.84E

1.97E
2.05E
3.06E
2.04E
2.01E

1.97E
1.87E
1.79E
1.74E
1.T2E

05
05
05
C5
05

05
05
05
05
05

05
05
05
05
05

05
05
05
05
05

05
05
06
06
06

06
06
06
Oft
06

06
06
06
06
06

06
06
Ofc
06
C6

06
06
06
06
06

06
06
06
06
C6

97.101
92.221
83.423
57.C87
36.166

36.419
37.259
37.280
36.831
35,770

35.321
36.206
36.760
37.167
37.384

36.C44
33.557
29.295
25.683
22.056

20,359
20.836
22.884
21.720
21.476

19.841
19.690
18.636
17.166
14.841

13.813
12.877
12.375
11.717
10.866

10.100
9.552

10.C91
11.450
13.919

15.159
L5.972
15.995
15.841
15.417

14.814
13.136
11.619
10.385

9.502

2.91E-Q3
1.32E-Q2
3.89E-C2
1.57C-CI
2.00E-01

l.*4E-<31
1.52E-C1
1.5QE-01
1*S1E-<1
1.54E-C1

1.50E-C1
1.46E-C1
1.47E-C1
i.ue-ci
1.5SE-C1

1.6*E-C1
2.05E-C1
2.37E-01
2. 64E-C1
2.82P-C1

2.68E-CI
2.49E-C1
2. 54F-C1
2.SOE-C1
2.9BE-C1

3.24E-C1
3. 35E-C1
3.t4E-Cl
3.96E-C1
4. 19E-C1

4.C8E-C1
4.01E-C1
4.10E-01
4.23E-01
4.29E-C1

4.29E-C1
4.1DE-C1
3.88E-C!
3.7HE-C1
3.92P-C1

4.18E-C1
4. •57E-C1.
5.C2E-01
5.46E-C1
5.93E~r:i

£.40E~C1
7.14E-C1
7.*2E-01
7. e^E-Cl
7.ß6E-C\6

0.018
C.024
0.033
0.04^

0.072
0.102
0.126
C.15?
0.179

C . 2 C 5
C.245
0.2^7
C.311
C . 3 7 3

-\445
0.49?
C. 5?4
0.67^

C.76C

0.652
C.9^3
1.069
1.184
1.2QO

1.4H

1.523
1.633
1.738

1.8^

1.939
2.1^7
2.366
2 . S 8 9
2. 917

3.047

3.295
3.547
3.94*.
4,191

4.375
4.557
4.728
4. 092
5.047

5.193
5.463

5.716
S9SS
6. 197

Tablc



OPTICAL CONSIAMS CF AL FRCC B E F L E C T I V [T1T-CAT A FITTED TQ CANFIELD ET AL (10)

ENERGY U-EPSL1 EPSILON2 A6SCOEFF REFLECT* E N E R G Y L C S S

9. IGE
9.30E
9.50E
l.CCE
1.C5E

1.10E
1.15E
1.23E
1.25E
1.30E

U25E
1.40E
1.50E
1.6QE
1.70E

1.60E
UWE
2.CQE
2.2QE
2.40E

2.60E
2.B3E
3.COE
3.5QE

01
01
Cl
02
C2

02
02
02
02
02

02
02
02
02
02

02
02
02
C2
02

02
02
02
02

0.2C3
0.200
0.192
0.173
0.15b

0.139
0.125
0.110
0.093
o.oaa

O.C79
0.070
0,058
0.048
0.041

0.035
0.021
0,029
0.025
0.023

0.022
0.020
0.020
0.017

a.
7.
6.
4.
3.

1CE-02
06E-02
15E-02
65E-02
33E-C2

2.47E-Q2
1.
1.
6.
7.

5.
5.
5.
6.
7.

9.
1.
1.
1.
1.

1.
7.
6.
3.

7CE-02
15E-02
14E-03
23E-03

S3E-03
23E-03
95E-03
12E-C3
15E-03

45E-03
C8E-02
13E-02
15E-02
C4E-02

C9E-02
S3E-03
41E-03
32E-03

Q.1CS
0.104
c.ico
0.090
O.CB1

O.C72
0.064
0.057
0.05C
0,0-45

0.040
C.036
G. 025
0.024
0.021

C.C17
0.016
0.015
0.013
0.011

0.011
0,010
o.oic
c . c c s

4 .55E-C2
3.94E-02
3.42E-02
2.56E-92
1.816-02

1.33E-02
9.C8E-03
6.C8E-03
4.60E-03
3.79E-03

3.C9E-03
2.71E-03
3.06E-03
3.14E-03
3.65E-03

4.Ö1E-03
5.4SE-03
5.72E-03
5.8U-03
5.28E-03

5.53E-Q3
4.01E-03
3.24E-03
1.67E-03

4. m
3.71E
3.29E
2.59E
U93E

1.49E
1.06E
7,39€
5.82E
4.9BE

4.22E
3.85E
4.66E
5.C9E
Ö.29E

8.79E
1.05E
1.16E
1.30E
1.28E

U46E
1.14E
9.84E
5.89E

05
05
05
05
05

05
05
04
04
04

04
04
04
04
04

04
05
05
05
05

05
05
04
04

0.388
0.347
0.311
0.240
0.187

0.143
0,113
0.086
0,067
0.053

0,043
0.033
0.022
0.015
0.011

0.00?
0.007
0.006
0.005
0.004

O.CC4
0.003
O.OT3
0.002

1.28E-CI
1.09E-C1
S.36E-C2
6. 78F-02
4. 67E-1??

3.32E-C2
2.22E-02
1.45E-02
1.C7E-C2
8.70E-03

6 . S 9 E - C 3
6 .C5F-C3
6. 70F-01
t . 7 6 e - C 3
7.78f i -03

1 .C1E-C2
1.156-02
1.20E-02
1.21E-02
UCSF-02

1. 14E-C2
8 .26E-03
6 .6SE-C3
3.44P-03

14.344
14.449
14.543
14. 741
14,893

15.007
15,094
15, 154
1 5. 199
1 5 . 2 3 5

15.266
1 5 . 2 9 5
15.36C
15.4^6
15.527

15.647
is .en j
15. ^7S
16 .371
16.781

17.22^
17.596
17 .929
18 .5B4



Q P T I C A L C G N S T A M S CF At, F P C f - F E F L E t T I V I T Y - C A T A F I T T E C T'J) CANFIELD ET AI. (10)

ENERGY EPSILCM E P S I L C N 2 flESCOEFF R E F L F C T 3

2 . S C E
2.S5E
3 . C C E
3 . C 5 E
3.106

3 . 2 Q E
3.3CE
3.40E
3.50E
3.6C6

3.70E
3 . B O E
3.9QE
4.CSE
4.1QE

4.236
4.30E
4.406
4.50E
4.6CE

4 . 7 C E
4.60E
4.90E
5.C3E
5.20E

5.40E
5.60E
5.6GE
6.COE
6.20E

6.4CE
6.CQE
6.SOE
r.coe
7.20E

7.40E
7.60E
7.80E
8.COE
8.20E

8.3QE
8.35E
B.40E
S.45E
8.506

8.tOE
8.70E
8.75E
8.80E
8.SOE

Cl
Cl
Cl
01
Cl

Cl
01
01
Cl
Cl

Cl
Cl
Cl
Cl
Cl

Cl
Cl
Cl
Cl
Cl

Cl
Cl
Cl
01
Cl

C l
Cl
Cl
Cl
01

01
01
Cl
Cl
01

01
01
Cl
Cl
Cl

Cl
01
01
01
Cl

Cl
Cl
01
01
01

C.463
0.449
0 . 4 2 3
0.396
0.370

0.323
0.345
0.384
0.420
0.447

0.469
0.489
0.5C5
0.320
0.538

0.555
0.567
0.572
0.576
C. 584

C.5S7
0.612
0.629
0.643
0.667

0.667
C . 7 C 3
0.714
0.713
0.714

0.712
0.714
0.716
0.722
0.734

C.746
0.754
C.760
0.7t5
0.772

0.777
0.780
0.784
0.785
0.783

0.781
0.783
0.786
0.788
0.787

1.
1.
1.
1.
1.

S.
S.
7.
6.
6.

6.
5.
5,
5.
5.

4.
4.
4.
4.
4.

3.
3.
3.
3.
3.

3.
2.
2.
2.
2.

2.
2.
2.
1.
1.

U
1.
1.
1.
l.

L.
1*
1.
l.
1.

1.
1.
9.
S.
9.

m cc
cae oo
HE oc
C5E 00
C1E CO

17E-01
C5E-01
37E-01
EEE-01
516-01

17E-01
eee-ci
595-01
31E-01
C6E-C1

E7E-01
72E-01
56E-C1
35E-01
C6E-01

E5E-C1
66E-01
5CE-01
38E-Q1
19E-01

C5E-01
S3E-01
66E-01
8CE-01
£SE-01

51E-01
33E-01
12E-01
-51E-01
72E-01

61E-01
52E-Q1
42E-01
32E-01
2CE-01

15E-01
13E-01
12E-01
16E-01
15E-01

CSE-01
C2E-01
S1E-02
E4E-02
34E-C2

0 . 9 C 5
c.qoc
C . 8 B 7
O . B 7 C
C.851

C.805
0.781
C.779
C . 7 8 3
0.786

C.78S
0.7*51
0.793
0.7S5
0.799

C.8C4
0.8C7
0.807
0.8C5
C . 9 C 5

c , e c 5
0.814
0.321
0.820
0.83S

C.846
0.856
C.861
C.8t3
0.859

C . 8 5 7
0.856
C.855
C.857
C.862

0.86S
0.873
C.875
0.878
0.881

0.884
0.885
C.886
0.888
C.887

0.884
0.887
c.eee
0.88-;
0.88S

S . S S E - O l
0.01E-01
6.02E-01
6.016-01
5,<;eE-01

5.70E-01
5.15E-C1
4.73E-01
4.39E-01
4.14'E-Ol

3.91E-01
3.71E-01
3.536-01
3.34E-01
3.17E-01

3.C3E-01
2.92E-01
2,826-31
2.70E-01
2.54E-01

2 .38E-01
2.25E-01
2.13E-01
2.C4E-01
1.90E-01

1.80E-01
1.71E-01
1.666-01
1.42E-01
1.5 66-01

1.47E-01
1.36E-01
1.246-01
1.12E-01
9.97E-Q2

9.27E-02
8.71E-02
8.13E-02
7.52E-02
6.82E-02

6.53E-02
6.37E-02
6.33E-02
6. «46-02
6.48E-02

6.13E-02
5.766-02
5.59E-02
5,546-02
5.26E-02

1 . 7 6 E

1.8'TE

1 . B 3 E
1.86E
U 6 7 C

1.856
U 7 2 E
1.636
1.56E
1.516

1.476
1.43P
1.39E
1.36S
1.32E

1.29E
1.27E
1.266
1 .23E
1.1 8E

1.13E
1.09E
1.C6E
1.046
1.006

9 . 8 3 E
9.71E
9 . 7 7 E
9.886
9.836

9.526
9.116
8.566
7.926
7.286

6.956
6.716
6 .43E
6.1C6
5.66E

5.49E
5.40-6
5.3SE
5.615
5.58E

5.34E
5.08E
4.S5E
4.94E
4.746

06
06
06
Ot
C f c

06
06
Ot
Ot
06

06
06
06
06
06

06
06
06
06
06

06
06
06
06
06

05
05
05
05
05

05
<35
05
05
05

05
05
05
05
05

05
05
05
05
05

05
05
05
05
05

9.234
9. 353
1*51*
•}. 903
9. -37?

10.132
9.12T
8.027
7.122
6.457

5.903
5.410
5.005
4.615
4.2U

3. 390
3. 651
3,491
3.321
3.081

2. «T5
2. 543
2,303
2.112
1.921

1.6C3
1.440
1.34?
1.294
1.273

1.213
1.135
1.053
0.952
0.331

0.733
0.675
0.628
0.581
0.520

0.500
0.403
0.464
0.469
0.474

0.472
0.452
0.438
0.429
0.423

7 .6U-C1
7. PüF-01
E . C E E - C 1
fl. 36P-C1
8. 7 C E - C 1

9. ir,t-r\6 CC

I . C 7 E C C
1. C t6 C C
1.C46 CC

1.C3E CC
1.C1E CC
<;. 85E-C1
<J.*16-C!
•;.276-Cl

E. S4E-C1
8. 686-0!.
S. 526-?!
e. 356-01
6 .C5E-C1

7. 63E-C1
7. 19E-CI
6. 76E-C1
6.40E-C 1 .
5. B 3 E - C \I

5 . C 5 E - C 1
4. B 4 E - C 1
4. 726-C1
4 . f ?F-Cl

4.416-C1
4. I I E - O I
3.816-C1
3.43E-C1
3.C36-C1

2 . 7 7 E - C I
2.576-11
2.386-01
2.1SE-C1
U?7S-C1

1.87E-C1
1. «26-C1
1. 796-01
1.856-C1
1.83F-C1

1.I56-C1
1.64E-01
1.586-U
1.566-C1
1.4SE-C1

t , 4 4 C
fi. 564
£ . 6 * c.
6 .< i lS
6 . o ^ ß

7 . I T ?

7. 39?

7.5^1
7. '">\;

8. 1 4 5
S. T""
8.491
e. ft?K
3. Ö ? 0

8. 9ac
9. 139
S . ?. 9 *?
9,^.50
S. 5'?<5

S. 741
S. B f l O

IC. 01*
IC. 1 4 7
T. C. 4 C T

IC. 6*:^

10.^21
11.110
11.441
11. ^ C 3

11.950
1 2 . 2 0 2
1 2 . 4 3 4
l 2. 65l"
12.849

13 .C37

13.21«
13.395
13.563
13.721

13, 7<36
13. 533
13.870
13.9C3
13.946

14.020
14.090
14.124
14.157
14.224
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OPTICAL CONSTAMS QF BI

EPSILON1 EPSILON2 ABSCOEFF ENERGYLOSS

5. 30E 01
5.40E 01
5. 50E -H
5.696 01
5. 70E 01

5. 83E 01
5.905 01
6.COE ni
6. 50E "11
7.005 01

''.50E 31
a. POE ru
8.59E 01
9. COE 01
". 50E 11

l .CDE 02
1.C5E 02
1. 1 35 }2
1.15E 02
I*?OE 02

1.25E 02
1.30F 02
1.35E 02
1.43E 02
1.456 1?

1.50E 02
1.60E 12
1.70E 02
1.83E "2
1»^OE 02

2.03E 02
2. IDE ^2
2.2)6 0?
2.355 02
2.OE 02

?.53E 12
2.60E 02
2,736 02
"> o nc ^ ̂_• HiJt 3£
^ on t TI— * " J _ f £

3 .C3E )?
•> 1 ft r- *.'*T» i OE 3Z
1. 20F 02
"i. 3 1 E 02
3. 45F 0?

?.51C 02
"5 *. *\c ^ T-*• ft JE 02
3 "J ̂  r: (^^. 'JE T2
3. 90 F 02
3. 92^ •):»

0.985
0.973
0.959
0,947
0.936

0.925
0.916
0.909
0.894
0.874

0,860
0.862
0.866
0.872
0.882

0.891
0, OfO
0. 9C7
0.914
0.922

0.929
0.934
C.939
0.944
0.949

0.953
0.961
C.967
0.972
0.977

G. 980
0.983
0.985
C.987
0.989

0.091
0.993
0,993
0. a<33
0.993

0.991
C,9Q3
0. 994
0.994
0. Q9 '*

0.994
0.^94
C.C94
0.9 9 4
0.995

3.38E-C1
3.35E-01
3.32E-01
3.256-01
3.19E-C1

3, 11E-01
3.C1E-01
2.51E-01
2.51E-01
2. 255-C1

1.84E-01
1. 5CE-C1
1.25E-01
l.CCE-01
8. 22E-02

6. 7SE-02
5. 69F-02
4. 78E-02
3.52E-02
3. 2tE-C2

2.76E-C2
2. 36E-C2
Z. C1E-02
1.66E-02
1.41 E- 02

i.iee-02
3. T9E-C3
7.495-03
6. 54E-03
5. ??E-03

5. 6C5-C3
5. 54E-03
5. 55E-C3
5. 67I^-C3
5.82F-03

6. 27E-03
7.26F.-C3
3. C25-03
o, 21E-03
9. 32E-C3

9. 34E-C3
3. 2SE-03
3.205-03
9. C8E-C3
7.946-C3

7. T?F-C3
7. 5C5-03
7, ?9£-C?
7. CBE-03
6. S6E-03

1.CC7
1.000
C.993
0.987
0.981

0.975
0.97C
C.966
0.955
0.942

0.933
0.932
0.933
0.935
0.94C

0.945
^.949
0.953
0.956
0.96C

C.564
0.966
0.969
0.972
0.974

0.976
C. "58C
0.994
C.986
C.988

0.990
0,99!
0.993
0.994
C.995

C.996
C.996
0.996
0.996
C.997

0.997
0.997
0.997

0.997
C.997

0.997
0.997
C. 997
0.997
C.997

1.68E-01
1.67E-01
1.67E-01
1. 655-01
1.62E-01

1.59E-01
1.55E-01
1.515-01
1.325-01
1.2PE-01

9.856-02
8.07E-P2
6.716-02
5.365-02
4.37E-02

3.59E-02
3.00E-02
2.515-02
2.056-C2
1.70E-02

1.43E-02
1.225-02
1.04E-02
8.67E-03
7.26E-P3

6.Q3E-03
4.48E-03
3.815-03
3.31E-C3
2.995-03

2.33E-03
2.79E-03
2.795-03
2.855-03
2.93E-03

3.15F-03
3.64E-03
4,035-03
4. 12E-03
4.17E-03

4.18E-03
4. 16E-03
4.11E-03
4.055-03
3. 995-03

3.87E-03
3.766-03
3.655-03
3. 55E-03
3.45E-03

9.025 05
9.16E 05
9.116 05
9.365 05
9.385 05

9.37E 05
9.275 05
9.17E 05
8. 666 05
8.48E 05

7.48E 05
6.545 05
5.78E 05
4.895 05
4.21E 05

3.64E 05
3.19E 05
2.80E 05
2.39E 05
2.07E 05

1.82E 05
1.615 05
1.426 05
1.23E 05
1.076 05

9.17E 04
7.27E 04
6.56E 04
6.05E 04
5.765 04

5.74E 04
5.94E 04
6.235 04
6.65E 04
7.12E 04

7.99E 04
9.60E 04
1.10E 05
1.17E 05
1.23E 05

1.275 05
1.31E 05
1.33E 05
1.365 05
1.375 05

1.37E 05
1.37E 05
1.375 05
1.376 05
1.365 05

0.696
0.695
0.698
0.688
0.677

0.663
0.639
0.616
0.504
0.464

0.379
0.297
0.24]
0.188
0.147

0.115
0.092
0.075
0.061
0.049

0.039
0.033
0,027
0.023
O.Ol^

1.015
0.010
0.007
0.005
0.004

0.033
0.002
n. 002
0.001
0.001

0.001
0.001
0.031
0.001
0.001

0.001
0,001
r>.031
0.001
0.001

0.001
0.0 M
0.001
0.001
0.000

3.125-01
3. 166-01
3.22E-01
3.255-01
3, 26E-01

3. 26E-01
3.23E-01
3.195-01
2. 916-01
2.77F-01

2. 376-01
1.965-01
1.646-01
1. Vlf-01
1.C5E-01

8.506-02
7.00E-02
5.79F.-02
4. 68S-0?

3.84E-02

3. 20F-02
2.70E-02
2.2SE-02
1. 89E- 02
1.57E-02

1.3PE-02
9.52E-03
8,005-03
6.915-03
6. ?PE-03

5. 846-03
5, 73F-03
5. 715-03
5.82F-03
5.955-03

6.395-C3
7. 365-03
9. 145-0^
fi. 335-03
8.43E-03

8.45F-m
8. 40E-03
8. 30^-0?

8. 19^-03
8. 04E-0?

7. 926-03
7. 6OF-P">
7. 37F-03
7. 16P-03
6.96F-0?

IC. 451
10. 749
11.047
11.347
11.645

1? .942

12. 234
12.5?2
13. 895
15.215

16.420

1 7. 466
1 8 .399
19. 1H6

19.966

20.456
?0, 974
21 . 431
21.9?6
32.166

22.463
22. 727
22.959
?3. 16?
2 3 . 3 3 9

?3.4<U
?3. 746
23.962
?4. 160
24.3-17

24. 531
24. 7?0
74.91 9
?5. 12 3
?5. 354

25. 6>">C
?5. 99^
^6. 2?9
?6. 603
'6.996

27.407
27. 930
28.26'
?8. 701
29. 144

?9. 599
30. 032
3".4~'5
3C. 11 7
3 1 . 3 S 9
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UPTICAL CUN5TANT5 QF C

ENEPGY EPSILON l EPSILON2 ABSCGEFF PEFLECT* ENERGltLOSS N-EFF

l.OOE 02
1.50E 02
2.006 02
2.50E 02
3.0CE 02

4.00E 02
6. 00 E 02
8. 00 E 02
l.OOE 01
2. 00 E 01

3.00E 01
4.00E 01
5.00E 01
t. 00 E 00
1.50E 00

2.00E 00
2.50E OC
3.00E 00
3.50E QC
4.00E CO

4. 50 E CO
5.00E 00
5.50E 00
6.00E QC
6.50E OC

7.00E OC
7.50E 00
8. 00 E 00
R.50E OC
9.00E OC

9.50E 00
l.OOE 0!
1 .05E 01
1.10 E 01
1.15E 01

1.20F. 01
1.25E G]
1.30E 01
1. 35E 01
1.40 F. 01

!.45E 01
1.5CE Cl
1.55F Cl
1.6CE Cl
1.30F 01

2.00E 01
2. 20 E 01
2.40E 01
2.60E 01
2.30E 01

-3.42E 02
-1.15E 02
-1.03E 02
-1.01E 02
-7.08E 01

-3.54E 01
-1.17E 01
-4.103

0.278
6.703

7.028
6.539
5,890
3.775
3.232

2.986
2.782
2.61C
2.445
2.161

1.722
1.233
1.C55
1.163
•£ T CT

1.614
1.943
2 . 3 3 7
2.693
2. 963

3.T95
3.073
2.847
2.*22
2.222

1.969
1.652
1.341
1.027
0.735

0.496
O^SÖ
0.131
O.OC9
0.139

0 .296
0.441
0.531
0.587
0 . ^ 3 6

2.C4E 02
1.S6E 02
1.17E 02
1.126 02
7.53E 01

4.77E 01
2.94E 01
2.C9E 01
1.61E 01
9.C3E OC

7.62E OC
6.81E OC
6.37E OC
4.59E CC
3.22E OC

2.73E OC
2.52E OC
2.38E OC
2.32E OC
2.37F OC

2.32E OC
2.03E OC
1.4SE O C
0.61E-01
6.70F.-01

4.C5E-01
:.33E-01
2.66E-01
4.T.5E-01
7.UE-01

1.21E OC
1.63E OC
2.Q3F. OC
2.UE OC
2.43E O C

2.53E OC
2.62E IC
2.62E 00
2.57E OC
2.46E OC

2.20E OC
2.10E OC
1.89E 00
1.64F. OC
1.25E-01

6.33E-01
4.61E-01
3.S4E-01
3 . 29E- 0 1
2.71E-OL

5.303
7.489
7.115
4.997
4,054

3.472
3.159
2.932
2.8TQ

3.000

2.949
2.831
2.693
2.204
1.974

1.979
1.307
1.752
1.706
1.633

1.513
1.344
1.195
1.153
1.106

1.230
1.319
1.531
1.649
1.736

1.791
1.311
1.735

1.723
1.663

1.603
1.542
1.463
1.378
1.284

1.1*1
1.099
1. 305
0.9:13
0.733

0 .7Q7
0.735
0.772
0.714
"3.116

L.92E 01
1.31E 01
1.24E 01
1.12E 01
9.31E 00

6,86E 00
4.65E 00
3.56E 00
2.79E 00
1.51E 00

1.29E 00
1.22E 00
1.18E 00
1.34E 00
9.16E-01

7.396-01
6.96E-01
6.78E-Q1
6.8i=-01
7.236-01

7.64E-01
7.54E-01
6.10S-01
4.L5E-01
2.80E-01

1.53E-01
1.31E-01
0. 696-02
1.44E-01
2.23E-01

3.34E-01
4.495-01
5.82E-01
6.696-01
7.30E-01

7.86E-01
9.51E-01
8.94E-01
9.34E-01
T.56E-01

9.60E-01
9.55E-01
9.38E-01
T.03E-01
6.31E-01

4.51E-OL
3.14F.-01
2.55E-C1
2.07E-01
1.66E-01

1.95E 04
1.99E 04
2.526 04
2.84E 04
2.81E 04

2.76E 04
2.83E 04
2. SSE 04
2.79E 04
3.05E 04

3.92E 04
4.93E 04
5.98E 04
1.05E 05
1.24E 05

1.50 E 05
1.76E 05
2.06E 05
2.42E 05
2.93E 05

3.48E 05
3.82E 05
3.40E 05
2.52E 05
1.B4F 05

1.12E 05
7.68t: 04
7.05E 04
1.24E 05
2.03E 05

3 .22E 05
4 .55E 05
6. 19 E 05
7.46E 05
8.51E 05

9.56E 05
1.08E 06
1 .18E 06
1.28E 06
1.36E 06

1.41E 06
1.45E 06
1.47E 06
1.46E 06
1.15E 06

9.14E 05
7.00E 05
6.20E 05
5.45E 05
4.71? 05

94.825
87.692
87.099
87.630
85.426

79.060
67.559
58.251
49.423
34.393

31.663
29.910
28.380
22.321
16.934

14.929
13.585
12.763
12.354
12.431

12.309
11.329
7.904

4.093
2 .335

1.991
2.944
4.518
6.279
7 . 9 4 5

9.325
10.606
11.796
12.342
12.754

13.311
14.164
14.764
15.553
16.224

16,745
17.334
17.955
18.490
13.795

9 .236
5.439
3.645
2.622
1.850

1.2SE-C3
3.7SE-C;
4.1SE-0:
4 .S4E-C3
7.29E-03

1.4CE-02
2.S4F-02
4,£3E-0£
6.2ftE-02
7.11E-C2

7.CSF.-C;
7 , t ? E- C Z
3.4(E-Oi
1.3CE-C1
l.5!E-Cl

1.67F-C1
1.79E-C1
I.SIE-CI
2.C«F-'"1
2 . 3 C F- C 1

2 . 7 S F - C 1
3.^^F-r i
4.«CF-Cl
4 .2 rF -C l
2 . 5 A E - C 1

l .«€E-C!
7 . 3 C F - C 2
4 .81E-C2
t. ?3E-c ;
P . 2 5 F- C l

l . C C F - C 1
1 .34F -C1
1 .feTF-n
1.S7F-C1
2 . 2 3 F - C 1

2.46F-C!
2 . 7 3 F - C 1
3.C?F-C1
3 . 3 = F-C1
3.14F-01

4.16E-C1
4.e?E-C l
5 . 2 8 E - C 1
6.1CE-01
l .CSE C C

1.2^f OC
1.11E O C
9 . C C E- C 1

7 . 2 C E - f l
• 5 . f *F -01

O.C
O.CCC
o.ccc
c .ccc
o.coc

c .ccc
O . C C i
C.CC1
O.CCI
O . C C 2

O . C C 3
O . C C 5
O . C C 7
O . C 2 1
O . C 3 6

C . C 5 ?
C . C 7 ?
O . C c * .
G. US
C.14E

^ > 1 c r

3 .211
0 . 2 3 £
: .254
0 , ? 1 1

? . ? 7 f c
0 . 2 9 ?
C . - ? C S
n . i C 1

0 . 3 2 •"

O . : 5 5 f c
0 . 4 C 7
3.47<t
1.55^
C . 6 ? f

0 . 7 ? 1
^ 1 1. 3 2
0 . S 3 'i
1 . C 4 3
1.14E

1 . 2 5 C
1.147
1.4!?
1.517
1.722

1 . P 7 f
2 . C C 3
?.n"i
2.22*.
2 .31 (
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O P T I C A L CDNSTAMS OF A L 2 C 3

ENEPGY EPSILON1 EPSILCN2 ÄBSCOEFF K E F L E C T ? E N E R G Y L C S S N-EFF

6.COE
T.POE
9.CCE
9. 5CF
9.00F

9. 5DE
1 . n }F
!.05E
1. 10F
1.1 5E

1. 20F
1.25E
1« ?OE
1.35F
J.40E

1.45E
1. 5nF
1.67F.
I,?OE:
i . aor

l .SDE
1 . 9 5F
?."::
2 . f 5F
?« 1 1*"

2.21E
?. 40E
i.ftOE
2. 8CE
l.OOF

3. IMF
4,ciF.
4* "HF
T.OOF
5. 5TE

6..C3E
6. 50E
7. IIP

'. ?OE
••.Vr

7 . 4 3 E
7.45E
^*. COE
'. 55E
'.6-)F

7.65C

7. 7 3 r.
7.7-jF

7. 81F
7.651

00
00
nn
00
OC

GO
01
"1
.11
"1

0'.
1?
01

Cl
11
01
'M
"1
01
01

01
1]
01
11
11

11
11
01
3l
il

1l
wl
H
01

n

01
">1
11
Öl
0!

Öl
Öl
Öl
jl
il

ni
i!
01
01
•*!.

3.155
3. 704
4.236
4.636
5, 269

6.304
6. 303
5.266
3.683
2.731

2,133
1.7*2
1. 342
1.0*3
0. 8C9

O . f 5 3
0.379
0.165
0.1*77
0.064

C.122
0.144
0. 15 1
?, 1 50
C.137

?. 162
0. 26^
0. 4T5
0.492
.".f 51

0.636
0.6=7

C.74fl

0.788
0 . 0 3 9

0. 844
3.363
C.89?

0. S93
C.9C3

0.9C3

0.911
0.9] -V

0.°H
0,9? 3

C . Q 3 2
0.934
C. 92n

0.923
0. 930

S. 5CF-03
3.18E-C2
1. 16F.-11
2, C6E-01
4.12E-C1

1.28E f O
3. ceE ro
4. 72F "0
4. 92E 00
4. 66E 00

4. 36E -"O
4. 1CE CO
3, P7E 00
3.63F 00
3.43E 00

3.2CE TO
2 .9AE ro
2.47^ OC
2 . C 7 E "C
1.73? 00

1.48E IC
1.4CE ro
1.33E r?
1.24E CO
1,1 7E CQ

9.-;7F-01

7. ?fE-01
5. 68E-01
5.C6F-01
4. 45E-01

3.34F-C1
2, 51 E— 11
1. S3F-01
1.54E-01

1.25F.-01

9.S6E-12

3.17E-02
6 .SCE-02
6.47C-C2
6. 26F-02

6, C4E- f l2
5. 55E-02
5. «6E-C2
5. 78^-C2
5, 73«-- 02

5. SCE-12
7. 2CF- n2

7. 55E- 12
6. S8E-C2
7. 1 75-12

1.774
1.924
2.058
2,153
2.297

2,524
2.582
2.484
2.218
2.017

1.866
1.75?
1.64s
1.555
1.471

1,379
1.293
1.14g
1.035
0.947

C.8S6
0.88C
0.862
C.941
T. 812

^ .765
C. 722
0.74?

C.774
C.794

^ .823
0.848
0.872
0.89?

? .9C7

0. 92C
r1 Q 3 ̂
^ • *? A 4

0.948
0.951

0.953
•3.955
0.957

" - 95R
7.961

0.966
0.967

7.963

0.963
0.965

2.20E-03
8.24F-C3
2.80E-02
4.78E-02
3.95E-C2

2.53E-QI
5.97F-C1
9.51E-01
1.11E 00
1.16E 00

1.17E 00
1.17= 00
1.17E 01
1.17E 00
1,165 00

1.16F 00
1.14E 00
1.C7Ü 00
9.97E-C1
9.12E-C1

8.25E-01
7.94E-01
7.69E-01
7.47E-01
7.236-01

6.51E-01
5.02E-01
3.93E-01
3.27E-01
2.82E-01

2,C3F.-ri
1.48E-01
l.UF-ri
8.64E-02
6.86E-02

5.41E-02

4.38E-02
3.65E-02
3.41E-02

3.29E-0?

3.17E-02
3.11E-H2
3.D6E-02

3.02G-02
2.98E-02

3.05E-02
3.72E-02
3.925-02
3.63E-02
3.72E-02

1.57E
5.87E
2.29E
4. 13E
8.17E

2.44E

6.05E

1.01E
1.24E
1.35E

1.42E
1.49E
l. SSE
1.60E
1.655

1.70E
1.73?
1.74E
1.72E
1.66E

1.59E
1.57E
1.56E
1.55E
1.54E

1.45E
1.22=
1.04E
9.28E
8.59E

7.19E

6.00 =
5.05E
4.38E
1.33E

3,?9E

2 . 8 R E
2.59E
2.49E

7 .43E

2.39E
2.35E
2.33E

2.31E
2.30E

2. 37E
2.Q1E
3.08E
2.97E
2.96E

03
03
04
04
04

05
05
C6
06
06

06
06
06
06
06

06
06
06
06
06

C6
06
06
G6
06

06
Ob
06
05
05

05
05
05
05
05

C5
05
C5
05
05

05
05
05
05
05

05
05
05
05
05

7.794
9.993

11.976

13,39?
15.537

19.120

2l. 680
23.933
23.449
22.723

22.036
21.660

21.415
21,207
21.145

21.254

21.065

20.376

19.33?

19.072

16.179

15.485

15.026

14.771
14.653

1 3 . 5 3 3

in. 245
6.73?

4,862
3. 708

2,155

1.30"
0.814
0.53«.
P. 367

".252
0.172
0.118
o.m
0,09?

0.033
0.07Q
0.074
n. 069

0.062

0.054

0.063

0.075

0.070

0.067

6.
2.
6,
9.

1.

3.
6.
9.
1.
1.

1.
2.
2.
2.
2.

•*f

3.
4.
4.
5.

6.
7.

7.
7.

S.

c.
1.
1.
1.
8.

6.
4.
3.
2.

1-

1.

1.
a.
7.

7-
7.
7.

t.

6.
6.

t.
R,
P.

14E-0*
30^-03
34F-03
49E-r>3

47E-02

07E-02
26F-02
43F-02
30E-C1
61F-01

05E-01
08C-01
3U-C1
54F.-C1
76^-01

C3C-01
34F.-IM

Oic-01

«4E-C1

78E-01

HF-Ct

f?8c-0!
45F-01
?5E-"1
41E-01

77F-01
21P OC
1 SP Or
o?c on
Soc-Ol

47P-01
"57P-01

23E-71
39E-C1
82F-0!

39F-rl
r>fc- m
tf?-1"?
fjac-^2
64P-12

305-0?
14E-1?
S9=-"'2

, 8 4 ? _ - C 2
71E-02

76P-C2
, j nc_n2

, 74P-C?

8.11E-02

6.24E-02

0, 11?
f, nn7
^.O^1?
0.14^
C.07 '

0. i 61
0.445
l.9?f

i. 523
.?.!?&

2.711

3.285

3. 1^-0
4. 39Q
4.9^7

5.*6«
5.9ftr
6. 877
7,fiQ>

8.410

9.167
9, "*7?

9.667

9.956
10, ?35

'1.746

!?, 6 r9
1?. 32*
12,97?
13. 58*

1 4.979

7 6, 1 83
1 7. ' 1 P

1 R. 1 1 6
1 8.916

19,621

21.2^0
?fi. 7C)H

?l.rra
21.111

21.211
?! .261
71.310

?1. 359
?1.417

'1.4^6

'l. 51 3
?1, 5 7 9
21.'.*.!
21.703

Table 9,



OPTICAi . •CONSTANT'S CF A L 2 C 3

tPJ f.K- 'J T

7. SOE 01
T.95E 01
fl.COE 01
8.05E 01
tJ. 10E 01

3.20E 01
8.30F 01
8.4?E 01
8. SOE 01
8.60E 01

8. 70E 01
8. SOE 01
3. SOE 01
9.TOF 01
9.10E 01

T.20E 01
9.40E 01
9. 60E 01
3.80E 01
l.COE 02

1.C5E C2
1.10E 02
1.1 5E ?2
1.20E 02
1.22E 02

1.2*E 02
1.26E C2
1. 30E 02
1.34E 02
1.36E 02

1.38E 02
1.40E 02
1.50E C2
1.60E 02
1.83E C2

2.0QE 02
2.50E 02
3. POE 02
3. fOE 02
*. OOE 02

5.00E 02
5.50E 02
6. COE 02
8. OOE 02
l.TOE 03

1.23E 03
l.*OE 03
1.50E 03
I.55E 03
1.60E 03

ty bi LÜNI

0.932
0.930
0.922
0.916
0.91}

0.915
0.910
0.921
0.923
0.92*

0.925
0.926
0,929
0.932
0.936

C.940
0.943
0.942
0.938
0.933

0.932
0.936
0.941
0.946
0.947

0.947
0.943
0.950
C.953
0.95*

0.955
0.956
C.960
0.963
0.970

0.974
0.982
0.987
0.990
0.993

0.096
0.998
0.997
0.098
0.999

0. 9 <59
0.999

1.0"0
l.OCO
1.000

EP5ILDN2

7. 69F-02
8.29F-02
3, 5 JE- 02
3. 26E-02
7.72E-02

7.0CE-02
6.72E-02
6, 5SE-02
6. 4EE-02
6.34E-02

6. ltE-02
5, CIE-QJ
5.65F-C2
5, 53F-02
5. 49F-02

5, 64E-02
6. 1CE-02
6. t2E-02
6. 7CE-02
6. 42E-02

5. 3CE-"2
4. 51E-02
3. S6E-02
3. 5SE-02
3.55E-02

3.52E-02
3.34E-02
3. C4E-02
2. 7SE-02
2.71F-C2

2.65E-02
2, £16-02
2. 22E-02
1.92E-02
1.4CE-02

1.C5E-02
6. 45E-03

3. 6C?-03
2. 46E-C3
1.45E-C3

9. C3E-04
1.62P-03
1.S5E-03
6. -57E-0*
3, 2 U- 04

1. t2E-04
9. CCE-35
6. 79P-C5
5. S3E-05
1. 83E-04

N

0.966
0.965
C.961
0.953
G. 956

C.957

0.959
0.96C
0.961
5.962

0.962
0.963
0.964
C.96t

0.968

C.97T

0.972
0.971
0.969
C.966

C.9&6

C.'JÖS
0.970

0.97?

1. 973

C . 9 7 4
G. S 74
0.975
0. 9 7 5
0.977

f1. 978
0.978
0.98C

0,9B?

0.98^

0.987
0.991
0.99*
C.995
C.997

0.998
0.999
0.999
0.999

0.999

t . C O O

l.OCC
i.oor
i.ooe
i.oor

K

3.985-02
4.3HE-C2
4.45c.-?2
4.31E-P?

4.C4E-02

3.65E-02
3.50E-02
3.43E-02
3.37E-02
3.3CE-"2

J.20E-C2
3.07E-02
2 .95E-02
2.86E-^2
2.8*E-02

2.91E-?2
3.14E-02
3.41E-0?
3.46E-rt2
3.32E-02

2.75E-^2
2. 33C -P2
2.04E-^2
1.85E-02
1.83E-02

1 . 8 1 E-0 2
1.71E-02
1.56E-02
1.43E-02
1.39E-02

1.35E-02
1.33c-r?

1.13E-Ö2
9.77S-03
7.C9E-P3

5.33E-03
3.26^-03
l .aifr-03

1. 2*5-03
7.29F_-n*

4.026-^4
8.09E-04
9.77E-0*
3.*9=-0*
1.61E-?4

8.10E-05
4.5O05
3.*OE-A5
2. 97E-05
9.1*E-05

f t ß S C T E F F 3 E F L E C T S

3.19P C5 O.H71
3.*6E Qri ^,^T^

3.61E 35 n.ngo

3.52^ ?5 ".0^^-
3.1!;: 1 r j i,?V>

3.04E 05 ^.OS'?
2.95" 05 ^,075

2 .92E 05 ?. ^7 j

?.90E T 5 0.0&9

2.875? 05 C.l^

2.82E 0 6 O.Ob*
2t 74^ 05 ^.06"
2.661: 05 ^ .05^

2.61E 05 ",^1
2.62^ 05 O.i',''

2.71E 05 0.0*5
2.q9^ 05 *>. ?*o
3.32E 05 ".05?
3. 43^ 05 O.i5(,
3.37c 05 ".053

2.92E 05 r1,^*«)
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