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ANNEX I

EXPERIMENTAL DIRECTIONAL-HEMISPHERICAL REFLECTANCE
FROM 0.28 TO 2.5 um AND CALCULATION OF
SOLAR ABSORPTANCE




ANNEX I

EXPERIMENTAL DIRECTIONAL-HEMISPHERICAL REFLECTANCE
FROM 0.28 to 2.5 um AND CALCULATION OF

SOLAR ABSORPTANCE

The directional-hemispherical reflectance, Pg(A), in the ultraviolet, visible, and near-
infrared is required in this work for two purposes: (1) to determine the solar absorp-
tance (ag[A] + Py [A] = 1), and (2) to provide the total value of the reflected energy to
put the bidirectional reflectances in absolute terms, as noted in Annex III.

The Cary Model 14 spectrophotometer with specially designed transfer optics and a
Convair-designed and built integrating sphere was used for the directional reflectance
measurements from 0.28 to 2.5um. A schematic representation appears in Figure I-1,
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Figure I-1. Optical Schematic of Cary Mode! 14 and Integrating Sphere Attachment

The spectrometer is a double-beam instrument with automatic scan and readout that
is linear in wavelength. The double munochromator contains a grating in series with
a fused silica prism and the errors due to stray light are negligible. With the sphere
attachment, scans between 0. 28 to 2. 5um are possible.
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The integrating sphere consists of a 9-in, -diameter sphere coated on the inside with
a thick layer of MgO. The sample, located at the center, is uniformly irradiated by
the MgO surface. This uniform irradiation is obtained by focusing the light from a
1,000-watt (3, 100K) Sun Gun lamp, and a 250-watt Xenon lamp onto a curved MgO dif-
fuser on the back of the sample. The diffuser scatters the light to the part of the
sphere bohind the sample which, in turn, scatters the light to the hemisphere seen by
the sample. Thus, a uniformly irradiated hemisphere of 27 sr is created over the
sample. One spectrometer beam o iginates from the sample (1), the other from the
MgO wall (I,). The ratio of these two beams is the directional-hemispherical reflec-
tance of the sample and is displayed on the recorder as a fuiction of wavelength. *
The sample holder rotates to provide variations in angle 6. |

Data are recorded on a stripchart recorder. This chart is read at closely spaced
wavelength intervals (reflectance versus wavelength) and the digital data transferred
to punched cards for computer processing. A computer routine processes the data to
provide the solar reflectance based on tae Air Mass Zero Solar Spectral Irradiance,
as per ASTM E490-73. An example of a printout sheet is shown in Figure I-2.

This figure also includes emittance a"2, which is processed by computer, as describ-
ed below. Reflectance data arc also presented in graphical form.

‘I he measurements of hemispherical-directional reflectance described below were
uscd to compute the solar absorptance in the wavelength interval from 0.28 to 2.5 um,
using the Air Mass Zero Spectral Irradiance, as per ASTM E 490-73

The data will be digitized for computation of solar absorptance, using the following
formula:

2.5
1-¢,)E, da '
0.28
S 2.5
[ ha
0.28

where p)‘ = the measured directional reflectance

E, = the Air Mass Zero Solar Spectral Irradiance

“Ihe hemispherical-directional reflectance is actually measured. The numerical val-
value of this reflectance is identical to the desired directional-hemispherical emittance.
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AMPLE TDENT ZINC OYIDE POTASSTIUM STLICATE WHITE PATINT

DATE 7-19-71 REQNUESTOR

WAVE REFLFOY- WAVE REFLECT=- WAVE
LENGTH ANCE LENGTH ANCE LENGTH
3.000E-01 3,2095-02 ¥,299€-01 2,300E-02 3.300E=-01
3,500E-01 3,400€=02 3.600E-01 3,700E-02 3.700€E-01
3.9005-01 6.130F=-"1 4.000€-01 6.930E-01 4.100€-01
4,300€-01 7.8505-01 4.L00E-01 7.950E~-01 G 450E-01
4.650E-01 R,130E-01 4,750€-01 8,150E-01 4.900E-01
5.000E-01 B,2640F=01 5.100E=-01 8,250€-01 5.200E-01
5.700E-01 A.340E=01 7.000E-01 B.380E~L" 8,000E-01
1.0005+00 8,230F-01 1.106E+400 8,300E~-01 1.200€+00
1.400E+00 7,950E-01 1.500E+00 7,830E-01 1.600E+00
1.,8C0€+00 7,.1535=-"1 2.1G0€E+00 6,390E-01 2.500E+00
3,500E¢00 S,8005-02 4.000E+0D0 5.50"E=02 4.500E+00
5.500F+00 2,700E=02 6.000E+00 2,000 0?2 6.500E+400
7.500€E+00 2,300€-02 B8.000540N0 1,500€- 12 8.500E+00
3,500E+07 1,3005=02 1.000E+01 1,700E-02 1.050E+01
1.150F401 1,490€=9" 1,200E+401 1,100€-02 1.250E+01
1.400€+401 1,0005-02 1.500E+401 1,200E-02 1.,600E+01
1.800E401 3.670E-02 1.,9N0€401 5,3006-02 2.000E+404
«20NE+01 9,L02E=0 2.3005+401 1,130E-01 2.400E+01
2.5MCE+01 1,3908=-01 2.700E+01 1,390E-01 2.800E+01
3.000€401 1.390E-01 3,100E+401 1.390E-01 3.200E+01

FMITTANCE PEQUIRFD 100 X 00 X €00 X SOLAR ABSORPTANCE X
200 ¥ 400 X CARRON ARC ALSORPTANCE

EPTEAYNCL (100 X)=8,709036€-01

TTTANCE (300 X1=9.532718€-01

ATTTANCE (500 X)=9,589186¢8~ .1
SOLAD ABSORPTANCE =2.673257€=01

PUTTTANC (200 X)=9.201147€6-01

FMEPTTANCE 1400 X)=9,588170E-91

Figure [-2.

SUMMATION
SUHMATION
SUMMATION
SUMMATION
SUMMATION

SUMMATION

GHR
PEFLECT=- WAVE
ANCE LENGTH
3.,00€-02 3.,350€-01
L.500E~-02 3.750€-01
7.450€E-01 L.200E-01L
A.000€6-01 4.500€-01
8,220€-01 4.990F-01
8.290€-01 S.400E=-01
A,290F-01 9.000E-01
8.260€-01 1.3005+00
7.700€-01 1.700€+00
3,R30E-01 3. 000€E+00
6.900€-02 5.000E+00
2.300€-02 7.000E+00
1.,C00E=-N2 9.000E+00
1.700F-02 1.100E+01
1.000E-02 1.3005+01
1.000F-02 1.700E+01
6.500F-902 2.100€E401
1.390€-01 2.500E+01
1.390€-01 2.9005+01
1.390F-01 =0
CTHER
PATIO0=2,93764L8E-01

RATIO=8.683973E-01
RATIO=9,1684L68E-01
RATIO=2.673257E=01
RATIO=6.983622E=01
RATIO=8.877579€E-01

Samle Computer Printout Sheet

0= CONVAIR

REFLECT-
ANCEZ/
3.300E-02
5.800E-02
7.720€-01
B8.040€-01
8.240E~-01
8.300E-01
8.360E-01
8.180E-01
7 .450F-01
1.3005-01
3.900E-02
2.000€E-02
1.200€E-02
1.500€-02
1.000€-02
1.0005-02
7.300E-02
1.390€-01
1.390E-012
-0.
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ANNEX II

EXPERIMENTAL DIRECTIONAL-HEMISPHERICAL REFLECTANCE
FROM 2.0 to 30 um AND CALCULATION OF
THERMAL EMITTANCE
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ANNEX 11

EXPERIMENTAL DIRECTIONAL-HEMISPHERICAL REFLECTANCE
FROM 2.0 to 30 uM AND CALCULATION OF THERMAL EMITTANCE

Reflectances of candidate samples were determined from 2.0 to 30 m using the Con-
vair Division ellipsoidal reflectometer. Thus, solar reflectance data are provided be-
tween 0023 and 30 um. Dirvectional thermal emittance as a function of wavelength €
was derived from the directional-hemispherical * reflectance as u function of wave-
length Py using the relationship:

L S
Data was processed by computer subroutine to provide thermal emittance at 300K (and
other temperatures), sec Figure 1-2. Data presentation was both graphical and tabular.

The essential fcatures of the optical system may be understood by referring to Figure
[I-1. The Pyrex ellispoid has a highly polished inner surface upon which a film of alum-
inum has been evaporated. It has a "emi-maj.r axis of 6 inches and a semi-minor axis
of 5,916 inches, with foci 2 inches apart. The source is placed on the semi-major axis
with its center at one focus; the sample is ~entered at the other focus, as shown in Fig-
ure II-1. The focusing characteristics of the ellipsoid are such that a point source of
light emanating from one focus is imaged at the other. Using a properly sized radia-
tion source, the sample is uniformly irradiated over a hemisphere of 27 sr.

The source system — including the source, ellipsoid, sample holder, and chopper —
form an integral unit that is designated to rotate about an axis through the center of the
sample, as shown in Figures II-1 and II-2. The light-gathering and transfer optics, con-
sisting of a small overhead mirror (M1)and subsequent mirrors (M2, M3 and M4), are
fixed and do not rotate. Mirrors M1 and M2 are held in position by a bracket that anch-
ors into the central tee, to which the vacuum pump is attached. For making routine
near-normal measurements, as required in this work, the ellipse rotation is set as
shown in Figure II-1. The overhead mirror (M1) views the sample from 10 degrees off
norma'. To obtain the 100% datum (see Figure 1 - 1), the sample is removed from its
position at one of the foci and the ellipse is rotated so that the small overhead mirror
(M1) receives the full radiation incident on the sample position (but with the sample re-
moved), thus providing a system for true absolute measurements.

Measurements of directional-hemispherical reflectance* were made on two samples of
each of the four selected designs, and repeated on two samples each of the best two de-
signs. The measurements were madc over the wavelength interval 2.0 to 30.0 um. These

“fhe hemispherical directional reflectance is actually measured. The numerical val-
ue of this reflectance is identical to the directional-hemispherical reflectance used to
compute the directional thermal emittance.

-1
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Figure II-2. Optical Schematic of Ellipsoidal Reflectometer

data w-re digitized and combined with 0. 28 to 2.5 micron data for computation of
thermal emittance, using the formula:

30
f (1= p,) €y (300) dX
. . .0.28
300 0
e, (300) da
0.28

where Py ™ the measured dircctional-hemispherical reflectance

o T the Planck blackbody radiation function

i1-3




ANNEX ITI

BIDIRECTIONAL REFLECTANCE
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ANNEX III
BIDIRECTIONAL REFLECTANCE

Bidirectional reflectance measurements were made on two samples of each of the four
selected designs. The measurements were made at 0.5 micron. Reflectance mea-
surements were made at cight elevation angles for each of 12 azimuth angles, repeat-
ed for each of three incident elevation angles. The measurements were repeated for
at least one other incident azimuth angle, when dictated by the nature of the sample
surface; i.e., if the surface was nonisotropic. The bidirectional reflectance p (g, ¢,
', ¢') of the sclected candidate samples (Figure III-1) were determined on an absolute
basis. Data is provided in tabular form (ERAS format) and in a pictorial representa-
tion for easy visualization of performance.

REFLECTED BEAM

— -—N

INCIDENT BEAM

SAMPLE

Pmmm—————— -

\
\
’
B

Figure III-1. Definition of Bidirectional Reflectance Angles

For the work of this project, a 100-watt Xenon arc lamp was used with the photomulti-
plier detector. As shown in Figure III-2, a chopper interrupts the incident radiation
to provide an a-c signal for the detector system to detect and record. The chopping
frequency is 1,000 Hz and a Princeton Applied Research amplifier is used. The data,
recorded on a Hewlett Packard Dymec recorder, is taken in such a sequence that the
paper tape from the Dymec recorder may be processed on the computer to give a com-
putation of the data in the ERAS format. Light dispersion is provided with thin-film
interference filters. Angular divergence of the rays within the beam is controlled by
an aperture in front of the source and in front of the photomultiplier tube, as shown in
Figure II-1 (Annex IT). The source unit can be adjusted continuously over the polar
angle 6 = 0 to 88 degrees and the azimuthal angle of the source can be varied from 0
to 360 degrees by rotating the sample, The detector position is similarly variable
over similar angles; i.e., polar 0 to 88 degrees, and azimuth 0 to 360 degrees.

-1
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Figure I1I-2. Bidirectional Reflectance Apparatus

Bidirectional reflectance in this program is required in absolute terms; i.e., as the
fraction of the incident energy scattered into a given solid angle. To meet this require-
ment, measurements were made of the total reflectance (directional reflectance) of the
sample as a function of incident angle. Bidirectional reflectance measurements were
made at set intervals in the 2n sr hemisphere over the sample. These measurements,
taken on a relative basis (i.e., for a given incidence angle, the reflected energy at

any particular angle is compared to the energy reflected at the specular angle), are
then equated to the total reflectance as determined by measurement of the directional
reflectance. This method eliminates the difficulties and uncertainties associated with
the measurement of the solid angle of the detector system.

Data are provided in computer printout form in the ERAS format and also in a "pictor-
ial" form for easy visualization, as illustrated in Figure III-3. This latter "picture"
is obtained directly from the computer-generated tabulation, using the Stromberg
Carlson SC-4020 printer and the Convair Division Computer Laboratory.

Bidirectional data reduction was accomplished in the following manner:

1. Punched paper tape from the digital data acquisition system (HP Dymec) was pro-
cessed to magnetic tape by a SDC 930 computer.

2. Magnetic tape processed to raw data cards for CDC 6400.

I11-2
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0 90 180 210 350
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Figure III-3. Representction of Bidirectional Reflectance
Data (Angles Defined in Figure III-1)

Raw data cards listed and edited by direciional data block.
Bidirectional data reduction Program 5062 used to integrate actual values of bi-

directional reflectance.
Formatting programs (CDC 6400) used to produce data blocks for use by other
codes and plotted output (SC 4020, Charactron).

fa
.
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ANNEX IV
TEST PLAN — SECOND SURFACE MIRRORS

SAMPLE FABRICATION

Consistent with the contractual requirements cight samples of each of four designs
selected by SAMSO were fabricated.

OPTICAL MEASUREMENTS

Two samples of each of the four designs were tested for optical performance. The
measurements consisted of spectral measurements of directional reflectance from
0. 28 to 30.0 microns and hidirectional reflectance at 0.5 micron. The directional
data was digitized and integrated for solar absorptance from 0. 28 to 2.5 microns,
using the Air Mass Zero Solar Spectral Irradiance as per ASTM E 490-73. Thermal
emittance was derived from the dire-~.iunal reflectance data recorded from 2.0 to
30.0um,

Bidirectional data was digitized and normalized to the directional data. The normal-
ized bidirectional data was plotted in units of sr~! as a function of incidence angle
(nominally elevation angle; also the azimuth angle, if required by the nature of the
shaped surface) and reflected angle (elevation and azimuth),

All data was reduced to the ERAS format to facilitate use by the Air Force and quali-
fied contractors.

Detailed descriptions of apparatus and procedures for the determination of directional
reflectance from 0. 28 to 2.5um, directional reflectance from 2.0 to 30um, and bi-
directional reflectance at 0.5um are discussed in detail in Annexes I, II and III.

MIL SPECIFICATIONS TESTS

Testing to MIL specifications for appearance, coating adherence, humidity resistance,
hardeners, and thermal cycling were performed on two samples of each of the four
selected designs. The tests performed were as follows.

Appearance. The coatings were observed by the unaided eye. The coated surface
gave the appearance of uniform coverage. The uncoated surface was free of all metal
deposition and other contaminations. The overcoated back surface had a distinct color
when viewed in white light.
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Coating Adherence. The specimens were immersed in boiling distilled water for five
minutes. The adherence test of MIL-M-13508B, Paragraph 4.4.6, was then performed
by firmly pressing tape conforming to LT-90-C against the coated surface and pulling
it down over the edges of the specimen. The tape was then removed slowly.

Upon recommendation of the Program Rc view Board, on 3 May 1974, this adherence
test was performed before and after the samples had been subjected to the tests that
follow, to ensure the adherence of tne coatings after these had been subjected to the
extreme conditions implied by the hardness, and humidity resistance tests, as well as
the thermal cycling.

Humidity Resistance. The specimens were subjected to humidity greater than 95% at
a temperature of 120 +4F for 24 hours in a thermostatically controlled chamber approxi-
mately 3 < 3 » 3 feet, in accordance with MIL-C-675A, Paragraph 4.6.9.

Coating Hardness. The specimens were rubbed with a piece of clean, dry-laundered
cheese cloth, conforming to CCC~C-271, and approximately 3/8-in. in diameter and
1/2-in. thick, a number of strokes while cn the platform of a triple beam balance set
for one pound. Keeping the platform depresseu during rubbing ensured one-pound
minimum force as specified in MIL-M-13508B, Paragraph 4.4.5. As this test was
originally designed for a smooth mirror surface, rather than a rough reflecting one,
a note was made as to how may strokes, if less than 50, were required to damage the
surface,

Thermal Cycling. The specimens were subjected to three cycles consisting of (1) low~
ering the temperature from ambient to -130 +5C (-202 +9F), (2) a dwell of 30 minutes,
(3) raising the temperature to +85 +5C (185 +9F), (4) a dwell of 30 minutes, and (5) re-
turn to ambient. The rate of temperature change was not less than 2C (3. 6F) per min-
ate. The contirol of the temperature at this rate was achieved by means of specifically
built plastic or cardboard cams that controlled the switching on and off of the heating/
cooling equipment. Cams were readily available for a cooling rate of 5°F/min and
4°F/min for heating.

Coolin, was accomplished by liquid nitrogen entering the approximately 3 x 3 x 3 foot
chamber and provided a nitrogen atmosphere inside the chamber, During heating, a
dry nitrogen purge was applied until the chamber was above the dew point; thus, con-
densation did not form on the specimens.

PROOYF OF REPRODUCIBILITY OF TESTING

Upon completion of the test phase of the program, a reproducibility check was made
on the two best designs. Following the procedure documented during the fabrication
phase, two samples of each type were fabricated and tested for optical performance.
This check served both to demonstrate the reproducibility of the mirror designs and
to verify the adequacy and reproducibility of the different tests. 3

v-2




PR SS——

BRI o B 0 AN 18 AL Ko It

DOCUMENTATION OF THE TESTS

Documentation of requirements testing was provided. The documentation included ob-
jectives, the approved test plans, a description of test equipment, and detailed test
results,




ANNEX V

HEMISPHERICAL-DIRECTIONAL REFLECTANCE
0.3 TO 7.0 pm

This annex presents the Lemispherical-directional (near normal)
reflectance of the samples in digital form. Wavelength in micro-
meters is listed against reflectance from 0.3 pmto 7.0 ym.




=23 ¢

|
|
|

|

.
*9
1
e
3
£€0=-3002°5
2C-3CnHe2
10-30¢T°n
13=30C04°%6
10-3302°6
10-3072°6
10-30e%°6
10-3(CS5°%6
I0-302£8°6
10=-3{s2°6
10=-3763°%
30-30682°3
//7:INV
=1337133y

‘e
1%+43006°2
Tis2006°%°2
A At S
Yooz d®t
TTe3 JE°T
T0+=00T1°3
V93273976
V94=293°2
‘fe3 JReg
$047C00°
ez
tJeag0sEct
19=-3790°%
109=73%°6
17=-3766°"
$9=2205°%%
10-3r32°%%
1C-3"62°¢
1)=3768°¢
=19N2T

SAYN

" o T-0-E 84 "T-A TIEVL

*3
*0
*0
‘0

.
‘0

"
*s

°0

*9

°0
Td=301¢°9
T0-z0%£°6
131=362¢4°6
13=50T4°6
Ta=302L°6
12-30%¢"06
T0-3005°6
1)=Z06% ‘6
Te=2361"%
10-3095°%
10=3086°S
Rl \ )
=133133%

TIe:)02°¢
Tnesnce*2
Tae00%°2
10¢23250°2
Ireirl9°t
12e30¢2°T
IC+3065°T
INe3308°
IN+5008°9
17422.5°%%
1043906°2
SN+20(9°T
npe3qd2°T
T3-30(0°w
13-23502¢°5
TI=5206""
13=356%°n
T1=3001 %%
TI=200L°F
19-3008°¢E
HICN 3T
SAVNM

U
‘0
‘0
‘0
°¢
‘0
‘v
‘0
20=3{02°%
Tu=2i6%°y
10-3162°6
1)=29€.°6
10-3004%6
I0=20102°%
TC=20L3°6
10-335%°¢6
10-3018°6
10=-2Lul%
16=-3Csg°s
T0=3129°Y
ZONV
=433743%

20=-21005%1°4= IDNV.LIYOSEY ¥VI0S

TLesCUY°E
1043002
Tles5500°2
TLe3C06°F
1(+3005°7
T(e3L0¢°T
31C+3C00°T
(ee3060°e
0C+3{3u°9
DC+3000°n
oLe+2c00°2
GC+3C05°T
fr+30c1°3
¥C=3005°2
T0-3C03°S
31C-3082°%%
T0=3C0%°Y
JC=x(Cu®n
10=-3069°¢
1C=3C0c°¢
H19nZT
ShYUN

3
*9
2]
9
*3
3
v
]
q )
T0=3072°
T0=-30%2°%6
TC=-30:2°6
1C=-332L°%
T3=:3"3%
19-3545°6
IL~39¢* ‘s
Ti~302£°%6
T(=-3C0%6°%
¥C=-3040°%
Ts-2u00°T
30Ny
=1337432

5¢~%r -1
W 5°leuvel 33

T+z073°¢
TG6+z0J)9°2
15e2032°%2
To+3008°T
304707%°1
J0¢z061°3
00+5.75°¢
fa42508°%¢
Ji#30u3°S
C0+23526°¢
Go+2008°1
03+290%°1
JLe2205°%
T9=223L°S
1C=-3320°¢
T0=-2099"%
T0=-733E°Y
T=3JJ6°¢
¥0-2006°¢%
To=-z200°g
HION3T
SAVM

31v0L
NNonss

V=l

T —

ER I TS

|
|
|
E

-




N §'2-6=€ Sd .2~A TIEVL

' 1
'
20-357952679= IONV.LJHOSAV ¥V1OS i
5
» 4

- ©. *3 t3e1732°¢ *0 T0+3007°% *2 T3e3000°% :

*) 104306z 0 T343258°2 *0 TC43502°2 *0 $3+2233°2 :

*3 1043°56%2 . en Th43000°2 *9 TLe300L %2 *) TCe3322°2 i

©) 1Me379102 *3 .1C+3000°2 *0 T0+3006°1 *) TLe3238°% :

*3 rpezrpyet *0 10e3°00°T *0 T(+3206°T *3 TMe333%°1

*) 10eI705°1 *0 1343052°% °0 Ti+3002°1 *2 T0e3051°F  °

*7 1043,01°1 0 Tre3450°T ey TCe3000°T *) £Ie3106%

*3 £0+2000°6 _*0 9043705°8 *d LCe3C03°S *2 00eId932 .
£2-3007%% "Y1ty C 00 141058 23-3C73°T (Ce200L°y *) 0243375°6 o
20-3006%2 a3 Nt 10-2029°9 0743096°% T0-326T3° C0e3500° 1C~3006%6 0343y05°§

10-3002% "0e3709°8 §9-30T9°%6 02+43105°2 T0-3632°%6 LECes30°2 T0~3364% 2064323%°%
13-3°02% "Me3-3i°t T31-3094%6 00+3002°7 18-30624°6 §043005°7 10~32002% 0C+200%°F
10-3052%6 "2+23°25°1 12012 0°+3:32°% 10-35£4% COe3uiiet TC-3%€4% 0C+33:9°%
16-302/% 17=3301%6 133024% 17=3720°y 10-3602% 310-3000°2 TL=3049% T0-T524°S
10-3099% 17-3f8%°G 13-2029°6 13-306.2°5 10-306¢°6 106-3061°% 10-3065% T2-3033°6
1°-3065% 1M-3756°9 13-37£6%6 T0=2326°" 15-3075% T6-305.%% 14=3005% 30-2059%%
10-306%%6 T0-7C03°% 10-3059°6 T=3050°% 10-3139% Fu-3iin°y 10-346£% T =34)0°%
10-3762% 10-7002°%% 19=3022°6 T3-3231° 10-T2£1°% TC=3503°% 16-3213% 35-32)6°%
10-3042% 10-7334°%% 10-3099°¢ $2-3004°F 10-208%°8 36=-3009°F 10-3002°6 §9-3315°S
10-3068°9 TI=3268°C $0-3000°9 T2-290¢°F 10-25%5°3 10-3002°¢F 20-2303°T 1g=2030°%%

1739NY M1ONZD 3INY MIENZY 39NV W19N3Y 30nY HAON3T
<133747% AWK <153735d 3Awn -123733 AWM -19313% Irm

34vL
ERETE 1Y

NN NS T A I G NS A S



o,
(R}
3
Y
*n
*3
*9
£0-3(I" "
20-3000°2
190-31%6°s
10-3002°6
10-300Z2°6
10-7082°6
T0-3{6%°6
1C=379€ %6
10=3C02°6
13-3023°%
10-3962°9
303707 °3
/7/73INY
=1323743%

.U.
TIe=006°2
TCe3206°2
143003 °%2
LR 2= VR 4
T0+350£°8
Tle3°23°8
2743000°6
“3ezg22°%2
c0+~000°S
“3e2000°¢
234309.°%
3343008 °T
10-3¢02°6
T7=3{M°s
T3-53736°%
12-2006°Y
1 =202
TI=2(8l°¢
T0=-30sg°f
F19N30

2AVM

N G 0-d-0f mi €-A TTEVL

$)-204C°9
17-3091°
73=2002%
$0=3322%6
13-302¢4°6
11=332%°6
10-20£€°6
1d-2061°%
10=20%8°8
10=-3041°%
T0-3048°S
30NV
=13z7430

10+3232°%
IC+3058°2
T0+390%°2
Ine30006°2
$2430%9°T
19430¢c2°7
T2e38%g0°T
JC+320s°8
JNe2306°9
U2e35025°Y
Joe3236°2
02+3039°T
a0e32922°%
10=-30320°8
tt=3322°s
10-3006°%
¥0=30¢0°y
1I=39uT°Y
19%=33C2°¢C
10-300E°¢
HISN3T
LA L)

‘0
°3
*d
‘0
‘D
°C
)
]
¢0=303%°1
13=-22€2"°
T3=232L°%6
10--022°6
1353226
T0=-2(29°6
13-3{3%°c
10-z062°6
16=204T %
10=30EL"®
To=3C02b°%2
T0=3C2%°Y
30Ny
=132743%

20=3554056 %= JIDNV.LJYOSEV ¥V'10S

TCe3001°F
TCe300L°2
TC+3(C0a °2
T1C+30C6°1
10430C5°T
$C+3052°Y
TGeal00°T
00+3(00°8
Ce+3(B5°9
CI+3002°
CCe3C00°%2
C0+3C0s°T
2043007 °F
10=-3035°%¢
12-3(0%1°S
16-3054°%
$0=-3(C%°n
T0=-3C00u°"
IC=3003°¢
$6-3002°¢
HI9N3Y
IAVM

3
*9
]
*3
e |
*3
‘e
*J
*3
T(=33%2%
13=-350%°%
10-3p0€e29°%6
To=3Ccd B
30=-30C5°%6
IC=35305""0
T=2082°6
T0=-3060"0
TC=33C9°¢
T0=3C065°2
eC=2002°b
30NV
=10313

T0+2CJ0°%
T(+3903°2
TGe=332°%2
TI+=006°T
10¢35%9%9°%
ToezictTy
J0+2795°%6
00+2096°¢
J045035°S
09+43035°¢
30+429C4°Y
I0+303%°Y
00+45223°%Y
10-2034°S
19=-22309°S
T0=3069°%
T0=2J)E°*y
Tu=33C6°E
Ti=2305°¢
T0=5030°¢
HAINZT
SAVM

VY 17
ERETY A9




'd-
*3
*q
LI
5
*
(R
3
20-30CY°2
20-3008 %
I0-308402
10-3665°6
1g-3tracy
10-3000°6
10-3006%
10-2036°6
10-3:65°6
10-30£%°6
10-2063°
10-3682°9
/733N
-13313%2

1943006°2
1043006°2
17437072
1043302°1
1243230¢°%
TI43007°1
1643700%6
06320302
MNezIC0%s
te3i0dCf
“0e3202°1
Ce3;26°T
10-2)22%
TheIrCncg
19-3056°%
10-2°05°%
10-3002°%
10-3062°¢
10-3CSE°8
HI9NZT
SAYN

CYRTT BV R TSNV VY RUTD R UV VTRV )

‘0
‘e
‘0
)
°C
20
°0
)
*9
1230229
T1=2041%6
11-3099°6
. =2965°%6
12=3065°6
I2=2035°6
13-2016°6
Ti=:.6%°0
10-Z02%°6
10-3036"°¢
13=368%°9
33NV
=132733%

93 §°1-6-t sd A J1avlL

¥9430Cc*:
TNe3iN62
Fd4350C%°2
I el p-]
T243309°T
10+43062°T
10430c0°Y
I0+43006°
204300563
30414006°%
0e3009°%¢
0N43056°T
Jre3)l2°7
13=35u0°6
TnN-33€2°s
T0=-2006"%
Tr1=305%°"
I0=C321°%
=302
10-30C% °E
HI9N3T
SAUM

*0
*3
°0
=9
‘0
)
*0
>3
20=-3C02°:
10-z0%2°%s
10-203%2°%
10-2009%
10-=0£5°6
13=-20%5%6
1C-3r03%6
¥3-2005%
T0=7(247%
T9=30£%°6
10-3C6£°¢
§0-2099°%
33NV
=10733y

20-3920252°2= IDNV.LJHOSEV ¥VIOS

T0+3C0T°%
Tle3a00L°2
T0e300L°2
F(+3l00°T
10+3(05°Y
TCe¢3002°T
1043000°Y
CCe30090°
C0+500u°9
00+3CRI°*
(0+3002°2
6C+3LC5°T
CCe3L0T°T
¥C=3C0u"2
TC=3C21°S
10-308L°%
T0=3007°%
T0=3600°"
TC=3009°'¢
10-3C02°¢
H1IN3D
3AWN

°3
3
‘v
e
*D
‘v
‘0
i)
*2
TC=-33¢9°%
1t=-3ul9%
1(-3J)65"0
¥0-3065">
10-50%¢%6
IC=-300(s s
3C=33t"°6
10-30T%%6
T(=-30¢s£°6
TC=-3068°¢
TL=302¢°7
3UNV
=133%33¢

93 S°T=6-x So

=1£-7

T043009°%
Tue3559°2
Ire30d2°2
$042039°1
TCe332%°T
Toe3051°Y
00+2900335°6
0lez005°%¢L
0C+2013s°s
0ie2036°¢
00+233%°Y
JCe2590°7
00+3000°3
I0-2004°S
T0-3000°S
3.=2359°%
T0=-300£°%
T0-30%6°¢C
T0=2005°F
10-39"2°¢
HiSh3T
3AVN

31w
ERTTA B

V-l




lg'
..J
)
B!
Li |
*9
-7
3
20-3009°2
20-3901°S
10-3r60°2
10-30%9°6
10-319%
10-5C02%
10-30%3°%
10-3989°6
10-3659%
18-3069°6
10-302%°%6

i

T-3934

OGI
1943036°2
10433352
1143, 01°2
Tle3.,02°T
124720€°1
1743201 °7
1YeT a0
“N43°09°%2
7043700°s

243500°¢€
n0+4300Z°F
1)e3008°T
19=-7:15°6
17-20%°g
19-2666°%%
10=2235°n
10=2502°%
10-3092°8
TAw396L°8
(2" ER
MM

‘0
iy
‘0
‘0
-h‘
°n
‘0
*6
°0
11=30c6°9
T0-3C2%°6"
F2=:0C4°%6
19-5.99°6
10-2059°6
13=3022%6
10-3069°6
71=3069°6
10-3569°
10-3052°6

T3=3066°9 "

IINY
=193V43%

93 G“e’6-t sd "S-A TTEAVL

10+4730c
Ire3oiece
T0430(%°¢
1re3000°2
10+3909°1
T0+30%2°7
1042950°1
Gr43208°6
02+3006°9
0C+3905°%
fae30(s°2
304339°1
9%+43002°1
TC=-30C0°8
$0=-3)02°S
$0=33C6°"
¥C=336%°%
$0=2C33°
TN=3004°¢
10-320¢°¢
H19N 3D
3AWn

‘C
*D
‘0
*9
°0
*0
0
°0
20=3C0%¢s"¢
13-2049°%8
10-2053°6
T3=-7.69°%6
T0-3(£9°%
13=30%9°6
10-3{69°
T0-2004 %
T0=3569°%0
T0-3532°%6
10=-:C58%°¢
T0-2{0t°9
AN
=433733%

20=3962456°5= JONV.LJYOSEV ¥VIOS

TC+3001°¢
Tre300,.%
10435008 °2
10+3000°T
10¢3C005°7
TC+3002°T
T0+300v°Y
E0e3500°%
00+320,°9
CO¢3C00°%
eLe3iLse
Cue3dils°t
Gee3CCT°Y
16-3000°2
10-3007°s
IC=-3C52°%
TC=3(l9°
T0=30C5°"
16-3C69°¢
TC-3cCe°g
H19N3TY
3AVH

*3
T0-30¢t6°8
10-2014%
I0-3004°%
10-30<2%
IC-=0'°%6
T(=-30t9°

o T0=3(63%6
¥i=-3063%
$0-32099°6
TC=-30nE"R
3c-3502%4
IUNVY

«1331330- -

9z 5°2-6-f S3

10+42005°8
To+3309°2
Tie35l2%e
T0+5308°1
T0+4300%°3
T1+42051°1
00+3035°6
PDe=D35°%2
00*2336°S
0043335°¢
0Cez0I8°T
Cu+s309°T
00+4=079°%
T0-2022%s
T0=-2000°s
T0=23559°%y
To=203E*
P0=:0%0"°¢
T0=-263s°¢
10-z%00°¢
HION3T
3AWA

3ive
3ahVS

V=5




20-3C(%°2
20-3052°3
10-30%2°2
10-3729°%
10-3009°%6
10-3(09°
10-376£°6
10-379¢ *6
10-3Cv2°6
16=3021°%
T0-3CE%°S
1 SEIVELE]
1 A2INY
“d593743

.,
1363096°2
TRe30302
T0e23,07°%2
T0e2704°%
Tre=20f°T
TCe20T 1
T703031%
79435072
TRsE200%
"0e3207%%
1320201
120390£°8
T2-320%%
10-3209°5
1ra3,66°9
13-2005°%
13-2002°%
10-3062°8
(L5 EPTRT
~ 19827

. IV

94 6°0-d-0¢ sd

‘0
e
*0
‘0
‘0
*0
*9
*0
*C
15->092°9
10-506T°6
1J=30)9°6
10-2065°6
$1=3015°%
$)=50:5°6
1)=338£°b
10-z0v2°6
19-306%1°6
TU=30LE°8
32=3964°S
30ny
=133733»

TYe3302°¢
12430082
13430792
643502
1643058°1
10+3052°%
I342050°T
0)e30(S°y
Ire3006°9
1043005
43062
2143009°T
dc+00c°1
10-33(9°9
I0-3332°%
$3-3506°%
10-302%°%
17-3C0T°n
$3-3304°€
IN=3006E°F
HI9N3)
2AVn

‘9=A TIAVL

20-35364¥% 7%= IDNV.LJYOSEY AVIOS

*3 10430018
*C 1043C0.°2
*0 T0e300€°2
*0 T0+3C06°T
*0 1L+3005°T
*0 10+3062°3
*0 TEe3uDu0T
*0 0043000°%
23-3004% (0+3L00°9
T0-3(0:°0 C0+3C0u%n
T0-3073°6 GI+3(0I°C
13-2023°% C(G+3Cas°Y
10-20£5°6 60+390T°%
10-3Cn5°6 T0-3(03°2
13-2{9£% 30-3031°¢
I0-7(2£% TE=-3052%%
10-3022% 16-300%°%
T0-Z0TT% T(-3200°%
T3-2020°%2 16-3469°¢
1)-3020°5 10-3002°¢
2NV HAON3T
-10374 3 3Avm

10-30%9°
TL=3069°6
10-2083°0
F9=-2009%
10-33.%%0
T9=23:2°%
I{=50"L %
T0=-33c2%6
T¢=-2356°¢
30=3349°2
30=-306T°%
30NV

=102743%

TLe2330°%
Tue3069°2
Tuesddee
1043208°3
¥54Z029°Y
T0+3051°3
00+300<°%0
02e=005°L
6342235°s
0C+z30s°s
c4+3306°3
0043C0%°3
060+Z002°%
10-2022°S
10-2373°%

10->00%6"%
T0=3305"°¢
Tl=3500°¢
HI9N3T
18 L]

V-6




T-SL0-%6-€ dad L.-A FTEVL

20-3197296 *¢ = IDNV.LJHOSEAV IVIOS
*)- *)e *0 T1e3C02°¢ *0 Tre3(0T°¢ *) T0+3330°¢
*3 T9ez06°2 *0 TNe009°2 *0 TUe3J0s°2 *0 T03039°2
Y YeEsVave *0 3435092 *y TCe3(00E %2 *J Toue33Nn2°2
*1 1re3°3102 °0 T343000°2 *0 1Ce3006°T ‘U TuezLde°T
*) Tden0201 °3 1142029°1 *d Ire3005°T *) T04307%°1
* 1JezngEet *C 1745062°T *0 T0+3002°T *3 13420351°%
*3 1043007°% *0 $3430€0°T *d 1ne20CR°T *) 00+337%% ,
*1 143°06°% *0 J0e21)5°y *2 CLe3200°y *3 C0+zJ05°4
10-20£6°T 1043000°L *0 D0+5395°9 13-2092°s (C+3000°9 *3 00+2038°s -
T3-30£6°3 "1e=701°g 17-3020°L 3043226°n 10-300T7°% Ce2002° TL-3062°6 0343005°% ~
10-3062°6 )1743000°¢ T0-20t %% 0042056°2 T0-2008°0 0043005°2 $C-30TL% 0903006°T 1
T0-30E6°6 1027 7.°7 13-3054% 97¢30:9°7 T0-3062°6 00+3005°7 16=3)74% 00+2509°7
T0-3062% [0+309£°) $0-7004% 0r+3002°7 10-3004°6 C6+30601°% TC=3032%6 20+3200°7
10-3059°6 13-3233°6 11-592:°6 13-3000°6 13-3049° 3C=3(05°¢ 10-3)6T°6 10-3072°S -
10-3607°6 13-370%°§ 13-3090°6 Tr-3302°S 10-3030°6 10-30¢0T°S 10-3056°9 '$3-3030°S
T0-3C6E°R TN=3.¢6°" TI-3048°6 I5-5006°% 10-2034°s T0-3054° 1C-30£2°V T0-3059°%
1 10-3069°9 T3-3005°% 10-309¢°6 10-556%°% 16-2005°8 T0-300n°% 10-309£°9 T0-30CE°Y
] 10-3052°9 1)-2002°% 13=30%0°0 T7-3001°% T0-2GE8°L TC=3C00° T6=-2809°¢ TC-20%6°¢
10-2060°2 19-3rgl°f 10-3066°9 10-3004°¢ $0-3094°9 1C-3009°¢ 16-20%2"3 12-3008°¢
3 ‘ 10-3056°3 T1-3/6¢€°¢ 13-30%6°4 10-307¢°¢ 10-30£€°T 10-3062°¢ TP=-391£°T 10-3000°F .
i 3 /733Ny . MEEN2T 3TNy HI9N3T 30NV HW19N3Y 30NV NASN3T a®
3 : LA : =13333% .. AWM =13371435» Invn =133 3 £l 1) =1033F4 ELL L I

< .

S4=15=-1 3iv0
=$19-06-% ©33 3VdwVS




e
°0
on
L |

LI

3

n

L |
10-3812°3
10-37€2°3
10-3040°8
13=379¢°%6
10-5063°6
10-30L5°%6
10-3C02°%
TC=-3C"0°¢
10-309%°8
10-3C66°2
18-3049°39
10-3CC6°S

/7/323NY

=133733%

*fe

1942%06°2
$743705°%2
10e3001°2
1342002°1
1342°9€°1
T0+2501°2
“143713°%
o0e3700°2
Ne3°J3°¢
20e3500°¢
.C+3702°1
2de30C0E°T
1°=3°23°6
10=3013%"5§
1i=3066°%
10-2205°%
19-3002°%
Td-3062°¢
The3258°¢
HI19NZT
© 2AVR

2-slo ®-t Jid

*) Tre3(2°f
°C 103000 °2
°0 ¥le3.(n°2
°0 1C0e32C0°2
°D TJ+3009°F
*0 T0e30<2°T
*D ¥743050°T
*0 J04200S°y
*0 J0+3005°9
¥0-2309L°9 7043015°n
$1=3092°6 054392582
T1=2072°%6 .1"+3709°¢
T3=-2059°6 0043332°%
13-3045°6 10-3000°S
I0~30%€°y 10-3002°S
F1=3094° TU=3226°"
30=300%°y 30-:235%°Y
T0=30£4°2 10=3001°y
$3-3065°9 30-3002°%
T2=3096°9 T0-3508°¢C
SNy N1Sh3T
«133743%. ELL L)

‘g=A JdIAVL

$0-3£52040 1=

FONVLadOSHV dVv10S

i

°0 1Ce3CCTF *7 Tu+333%°¢

°0 10+300.°2 °) 10+4202)°2

°0 1Ce3008°2 *J) T0ez002°2

°C T0+30006°T *) 12+:CI0°T

*y TC+3(Cs°T *) 1240393

°0 1Ce30Cc°Ty *0 10+45081°T

°0 T0+3C03°7 *) 035+5035°%¢

°0 BUe3LCC°w *0 09+45033°¢
T0-2006°% 0C+3L00°9 *J 05¢3076°S
10-2064°8 0043000°% 10-30T6°y 00+5025°%
30-50(02°6 CO0e3CO0I°C (=502 3C43508°1 B o)
T0-30%4°0 00G+3C0S°T T0-2049°% 094:379°7 uw
13=-5029%6 [L+3003°T 1(=3069°c 00¢2020°T
T0-2{05°6 TC=3C0C°4 T0=-2091°b T0-2004°S
T0=Zubv°*8 T(=5.0T°S TC=3¢96°9 T(-2023°s
TI=5069°6 TO0=315L°% Ti=3065°y T0=-2033°%
T0-203£°% 1C=300%°% TL=30£7°8 T0-2J30%°e
T3=20%5°2 TL=3000°% IC=30fc*L TC=-zulo°’S
30-2006°9 I6-50L09°E TE=3085°3 TU=3006°¢
10=-3550£°T T(-3002°¢ Ti=39e2°T T0=-3010°¢
ZINY Hi9N3T 30NV HAN3T
=13z742% 3AVA =133733% Shwn

1
s st i ?!F-tl&-




—_—

T-S 901 O00T-ISW ‘O-A ZIEVL :

20-5¢61662°2= IDNV.IAHOSEV ¥VIOS

‘G- *fhe *0 TCe3202°% *0 TC+3201°¢ *) Tie:ni0

‘D 10+3C36°2 *0 T043006°2 *0 $092902°2 ‘0 Tle3d09°C

*0 ¥C+3°)5°2 *0 TIe3iC9°2 P Tlesdit e *) ICes0C2°2

‘0 T0+5007°2 *C Ire3aLD°2 *0 T0432.6°1 *) TCes052°7 |

*0 Fe3002°T P 174300901 *0 T0e3336°7 *D TCe336n°T |

*0 T043°08°7 *0 TNe3052°7 *n T0e33C2°F *0 ILe30S3°3

‘0 T0+303T°% *0 T0+3090°7T *0 10435.6°1 *) C0ezdus°H

¢ 79430806 *C 00+30C5°y ‘0 GesdL0°E ‘0 Glez"03°s
£0-3222°S 02+3%00°4 *C 0043005°9 2L~3.N9°T NNesnCCY *9 00%333s°s
20-3005°2 03700 10-204%°9 0"e3005° % TC-30719°¢ 00+39:C°% T2-300£°S 0245006°s o
TC=-3092°¢ 3C+3930°¢ TC-301%°€ 07+33Cu°2 T0~3"r5%6 CD+30Ji°¢ T0-3006%6 GTe3008°Y 1
1G=-300€°6 Cre3302°1 16-3082°6 00re3%09°3 IP~30c6%6 GCe3LS°T TP=-5006°5 0043TL%°Y b
10-20T0°%6 00¢370F°T T.-20(6°%€ C3e3002°T Ti=3762% P0eslL1°} T0=3u496°6 0.43303°1
10-3%96°6 10-3000°6 T,-2056°€ 10-330°°3 10~3068°6 10-33G8°« ¥C-3C56°0 Fu=3204°%
10-3N0S % T0-370%°S 10-3062°6 T0-3502°% 10-3264°6 T0-373°S T2-5064°6 TG-3030°s .
10=-30C9°€ T3-3166°% 30=-3058°6¢ ¥0-30CE*™ TC~3062°6 10-3292°% T0-3C24°b TU=3059°Y
I0=30924°6 I0-3005°9 IC-3009°€ T0=-305%°% ¥i=3209°6 10-3208°% TC~30E9°6 Ti~33%%°w
10-3065°6 TC-320c°Y 10-309%°€ T0-3201°% T0~3764°6 10-300C°y $0-3008°6 30-3%06°%
10-3006°6 10-2052°% 10-30539°6 ¥0-30(4°8 36-30§9°6 T0-5319°¢€ 19-3650%6 Tu~-3005°s ’
10-30496 ‘6 T0~346f °¢ ¥0-3086°€ ¥0-30(f°¢ T5-3003°6 TH-3002°x T0-3L%6°s I0~-3000°:

. 24Ty J MI19N2T 39NV " HI9N3T 30NV h19N3T 30Ny HI9N3T
: «123733%; - AWM =133743¥ AV =193743¥ 3Aum =103743% 3Ave

- mmnu FI )
1=-S 9201 ¢ S 3NV S




.ul

o=

°

*y

*9

*

*)

L]
£5-3007°;
20-3005°2
17-3092%
10-2%96 %
10-3726%
10-3726%
T0-2062 %6
10-2022%
156-3:%6%
10-3042
10-3:69 %)
103049 %3
77338y
1937434

IU‘

Tr63026%2
13470052
10370102
10437028
17432908 °7
1042001°}
“943°39%
2343009°;
"9e330°°g
R LEH
943002°1
*363°08°1
10-2¢23°%
16-370%°¢
12=3°66°4
1R=32296°n
19-3302°%
12-3062°¢
10-30sE°F
»JON3T
BT,

¢-S D01 O0T-IS

*0 10+3002°s
*°0 Inre3nige?
°0 1943092
D T"e370002
°0 Tle3).8°T
‘0 19e062°T
*0 1043050°%
*3 3243036°w
*0 0043005°9
10-302%°9 1043995°%
13-:20T%°6 764-208°2
10-3026°6 7743009°1
T1-3006°6 2043022°%
10<30646°6 13=-2000°9
11-3¢99°6 10-3002°S
10-:062°6 11-3056°%%
12-3006°6 T7-3059°%
16-3091°6 10-390F°9
11-3025°9 $3-3°04°¢
13-3006°S ¥9-303¢°¢
3TNY HISN3T
SYEER PETY 3AWN

°c
*0
*9
9
*0
*3
*0
9
20-3003°1
13-3019°%
10-3526%¢
10+3126%
10-3096%0
10-2006°6
10-3654%
10-3:£9%
10-3Cu"%6
10-3023°%
13-265£°9
10-2067°3
2ONY
~1051390

R S Sy b & ‘

"OT-A TIEVL

eL=3££2¥i5°5® JONV.LJIOSEY ¥VI0S

T0+43C0T°¢
10+5002°%¢
3Ce3008°2
T0e30L06°Y
1C+3C005°T
TLes(02°t
T0+3C03°T
0C+3C03°¢
00+3C03°9
CC+3005°
(0+3%30C°¢c
vbe3CCo°T
Cce300T°T
TC=5003°%
1C=3061°S
1(=3065L°
10-3607°%
16-3000°"
10~-3009°¢
¥e=-3002°¢
H19N3Y

TS L

*3 1043600°¢

*y TCe3039°2

*5 T3ezdv2°2

*3 T0+z35v°1

°) Tdez3I%*3

*) TJez053°3

*) 3743235°%

*) 0043316°2

*} $0+3905°S ‘o
18-3356% 0043376°F s
TL-3066% J04329%°1 -
TC=3516%0 2Le330%°1
10-32%6°6 £5+327°°F
1G-2902% 12-3054°%
16-3902% 10-3020°S
T4=32:3% TC=3353°%
10-3281 % T0-3G02°Y 3
16-3046°9 Tu=2206°C
I0-3093° IC-3305%%
3C-3)93°3 10-22)3°¢
3UNY Rish3d
-123733% ETL L)

S¢-la-1 3ivu
2-S 907 I(T-IS  314WVS




.Q-
‘0
‘0
°c
0
°C
*C
‘0
£C-3003°9
2%=-3(0s°2
T0-3042 °¢
IC-37%6 6
1I0=30%6°6
IC=-370€°6
TC=-306L°¢
Ir=-3069°6
10-5"65 6
IC-276%°6
10-3096°¢
¥C=-3028°Y
//3INY
=133733

.a‘
ure3n26°2
10+4300¢°2
1043C37°2
134300,°1
Toe3°0€°8
TC0+43701°T
Wfe3730°6
e300
ylde3“20°
10+3000°¢
0043032°7
CCe320E°T
Tr-379L°6
IC=3n3n°g
T0-3NgE * %
10-3095°9
Ir=3702°
13-306L°¢
T0~-306§ °§
HiON3T

3AVM

°r
‘0
L
‘0
.p
*0
°0
‘e
°6
Tr=3angs°g
TC=-C01n°€
JC=-3Cs6 "€
10-3006°6
T.-3%16°€
IC0=-30n ¢
1C=-300L°6
I0=-2Cgs €
IC-306f °6
T0=-309¢0°¢
TC=-3099°S
30NV
=133743>

QIVANVLS

I7+45002°%:
TCe30(0°2
T0+43000°2
$3+4300C°2
T0+3009°T
10¢3062°7
T9+43060°T
0743005° 4
0943005°9
CY4300u°"
09+2CC0s°2
03+4357(Y°T
00+32Cc°T
5=3009°9
10-3002°S
$0=-3006°"
I0=306%°"
¥0-3C01°*n
$3=30C04°E
¥0-30C2t°f
HI9N3TY
3AVK

=N

"TT=A TTAVEL

*L

°0
‘a
on
3
>y
9
PR MR §
T0=30TY°€
IC-3506°6
$0-33%6°6
¥C-=0¢6°6
TC=-3726°6
¥C-320s4°6
¥0-3229°6
¥IC-3C65°6
10-3292°6
10-3065°6
¥0=-3062°F
JUNY
=103733¥

2¢2-2935%22°5= JIDNVIJIOSIV ¥4V10S

T2e3507°%¢
T0+4%02°%¢
$942'2 %
10+3006°1
Tredlts*d
10+3302°1
TPes0C°T
00+3202°3
00+3303°Y
00ez20C "y
A04:30L6°¢
034525 "°1
(030011
10=5°2(r°¢
10-3001°9
1J=-3%64°n
30-33(n°"y
13=357CC°y
10-3009°¢
13-3CCc °¢
HISN3T
EIN 1

*d Tlex'%:
*) T0+3309°2
*0 ¥Tie302C°2
*d 1Ce3904°1
*3 Tuesti0Y
*3 TCcezNs1°T
*97 CL+a1005%6
*J LCe3909°L
*Js 0Ue3005°S
T0-370¢°5 0)+3570u°:
TL=-3006°6 0u+35003°T
T0=3C00t°6 GL+209%°T
T0=-30%6°6 CO+-0C2°T
T0=-33¢e°6 TC=-3004°S
{=3004°5 Tu=3200°S
30-302%°6 10-3052°%
¥0-3025°6 Ti-39Cs°e
TC=2921°6 T0-57C6°E
10=2262°% I0-3008°%
10-305C°T ¥0-3090°¢
33Ny H19N37
=1337322¥ 3AVR

sL-3 3av0
AYONVIS “Heli 37dKVYS

-




ANNEX VI

DIRECTIONAL-HEMISPHERICAL REFLECTANCE
ERAS FORMAT

This annex presents the directional-hemispherical reflectance
for the samples in the ERAS format. Wavelength in micro-
meters is listed against retiectance from 0.3 pm to 29 pm.
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ANNEX VII

DIRECTIONAL-HEMISPHERICAL REFLECTANCE, AND DIRECTIONAL
EMITTANCE 2.5 TO 30 um AND 200 TO 700°K

This table presents the directional (near normal) hemispherical
reflectance as a function of wavelength (column headed RHO) and
the directional (near norn al) emitia: e as a function of wave-
length (column headed E), «nd the near-normal emittance as a
function of temperature from 20C to 700°K.
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ANNEX VIII

DIRECTIONAL-HEMISPHERICAL REFLECTANCE
(U.V., VIS, NEAR L.R.)

This annex provides a graphical presentation of the directional-
hemispherical reflectance from 0.28 to 29 ym.
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ANNEX X
BIDIRECTIONAL REFLECTANCE

This annex provides graphs of the bidirectional reflectance in both
two and three dimensional form at 0.5 um. Angles are defined in
Figure III-1 of Annex IIL.
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FIGURE IX-39 BIDIRECTIONAL REFLECTANCE

FUSED SILICA GROUND FRONT 3 MICRON GRIT, BACK 9 MICRON
GRIT, 2,5 HOURS HF ETCH, ENHANCED SILVER
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FIGURE IX-40 BIDIRECTIONAL REFLECTANCE

FUSED SILICA GROUND FRONT 3 MICRON GRIT, BACK 9 MICRON
GRIT, 2,5 HOURS HF ETCH, ENHANCED SILVER
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FIGURE IX-i1 BIDIRECTIONAL REFLECTANCE

FUSED SILICA GROUND FRONT 3 MICRON GRIT, BACK 9 MICRON
GRIT, 2,5 HOURS HF ETCH, ENHANCED SILVER
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FIGURE 1x-42 BIDIRECTIONAL REFLECTANCE

FUSED SILICA GROUND FRONT 3 MICRON GRIT, BACK 9 MICRON
GRIT, 2.5 HOURS HF ETCH, ENHANCED SILVER
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FIGURE IX-43 BIDIRECTIONAL REFLECTANCE

FUSED SILICA QUARTZ GROUND FRONT 30 MICRON
GRIT, BACK POLISHED, 0,5 HOURS HF ETCH, ENHANCED SILVER
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FIGURE 1x-ih BIDIRECTIONAL REFLECTANCE

FUSED SILICA GROUND FRONT 30 MICRON
GRIT, BACK POLISHED, 0,5 HOURS HF ETCI!i, ENHANCED SILVER
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FIGURE IX-46 BIDIRECTIONAL REFLECTANCE

FUSED SILICA GROUND FRONT 30 MICRON
GRIT, BACK POLISHED, 0,5 HOURS HF ETCH, ENHANCED SILVER
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FIGURE TX-48 BIDIRECTIONAL REFLECTANCE

FUSED SILICA GROUND FRONT 30 MICRON
GRIT, BACK POLISHED, 0.5 HOURS HF ETCH, ENHANCED SILVER
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FIGURE IX-"¢ BIDIRECTIONAL REFLECTANCE |

FUSED SILICA GROUND FRONT 30 MICRON
GRIT, BACK POLISHED, 0,5 HOURS HF ETCH, ENHANCED SILVER
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FIGURE IX-51 BIDIRECTIONAL REFLECTANCE

FEP TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.

FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON
ROUGHENED. BOTH PLATES 0.83 HOUKS HF ETCH SECOND SUTRFACE

SILVERED BY SHELDAKL 1
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FIGURE IX-52 BIDIRECTIONAL REFLECTANCE

FEP TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.

FI'ONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON

ROUGHENED. BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACE 3
SILVERED BY SHELDAHL i
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FIGURE IX~53 BIDIRECTIONAL REFLECTANCE

FEDI? TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON

| g ROUGHENED. BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACE
SILVERED BY SHELDAHL
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FIGURE 1IX-54 BIDIRECTIONAL REFLECTANCE

FEP TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON
ROUGHENED. BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACE

SILVERED BY SHELDAHL
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FIGURE TX-55 BIDIRECTIONAL REFLECTANCE

2?2 TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FFRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON
ROUGHENED., BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACE
SILVERED BY SHELDAHL
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FIGURE IX-50 BIDIRECTIONAL REFLECTANCE

FEP TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON
ROUGHENED. BOTH rLATES 0.83 HOURS HF ETCH SECOND SURFACE
SILVERED BY SHELDAHIL
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FIGURE x-57 BIDIRECTIONAL REFLECTANCE

FED TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON
ROUGHENED. BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACE
SILVERED BY SHELDAHL
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FIGURE IX-!* BIDIRECTIONAL REFLECTANCE

FEP TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE ¢ MICRON
ROUGIHENED. LOTH PLATES 0.83 MOURS HF ETCH SECOND SURFACE
SILVERED BY SHELDAI'L

X=59

”—-l




.S MICRONS THETA=-20 DEGREES

1.8

0

30

2.Q

B1-DIRTCTIONAL REALECTIVITY
A 48 s

1.0

F03355002

FIGURE IX-6C BIDIRECTIONAL REFLECTANCE

FI"? TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON
ROUGHENED. BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACE
SILVERED BY SHELDAHL
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FIGURE IX-62 BIDIRECTIONAL REFLECTANCE

FEP TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON
ROUGHENED. BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACE
SILVERED BY SHELDAHL

T =62




THETA=60.0 PHI= 0.0 LAMBDA= .S5S00 s =1

5.0
B 10K = T T
- ’i e 582 S !
5 8 S S WOE N et = 0 N O r
i gk i R e = - e
b= | | o o8 e
= ]l
| | P ] f
R, (e s | el e A e L
t.. S . ! o T 6 ‘
SU N B o +i 5 8 3o M O N S
R =l ? ? o i S I 51 S (R
* 4.0 ! t | | i h
@ ) | T 1 i ] ! |
YR O % e | M
— S i G et ! i, e e l
R B e e
ol e i an e e
DR 150 5 7oA e .+ B . _\ ! ]
R S ) SR 1_.. : | s
w y—-ou——'»——%— ‘“— r_ :‘-—AA- ;_ '_: ' ] \ +
O r~—--——'L- — ;—- —_—— i — ——*—J——-— N\ |
Zz 3.0 BTl b iy o] \ {
< ! R O S N N L I e O
3 Foszssoee |-{— -1 |- e
%) r |
u ;
- A
w 1 ' N
w I\
m
! | \
<J . ! b
< i Sl |
=< |
o f l
— = S SR
= {
(&)
w
= N
(@) i
— TN [ 1
. NN
. A\ B
o oY B -
x A\, ]
[0 4 ' .05 S ¥_ \ \
o e e P e R s S ) It
l | N
— DR U, S S — T ———
T YOS ] VO W Nl T S O T R O A e
20. 30. 40, 50. 60, 70. e0.
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FIGURE 1X-63 BIDIRECTIONAL REFLECTANCE
FEP TEFION PRESSED BRETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENLED SECOND SUR!' ACE 9 MICRON

ROUGIHIENED, BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACKE |
SILVERED 2Y SHELDAWL
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FIGURE ix-6" BIDIRECTIONAL REFLECTANCE

FEP TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.

FRUNT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON
ROUGHENED. BOTH PLATES 0.83 HOURS HF ETCH SECOND SURFACE :
SILVERED BY SHELDAHL |
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FIGURE 1x-65 BIDIRECTIONAL REFLECTANCE

FEP TEFILON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SUPFACE ? MICRON ROUGHENED SECOND SURFACE 9 MiCRONM
ROUGHENED. BOTII PLATES 0 83 HOURS HF ETCH SECOND SURFACE
SILVERED Y SHELDAHL
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FIGURE IX-66 BIDIRECTIONAL REFLECTANCE

FE” TEFLON PRESSED BETWEEN ROUGHENED FUSED SILICA PLATES.
FRONT SURFACE 3 MICRON ROUGHENED SECOND SURFACE 9 MICRON

ROUGHENED. BOTH PLATES 0. 83 HOURS HF ETCH SECOND SURFACE
SILVERED BY SHEI DAHL
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ANNEX X
THEORY AND COMPUTER PROGRAMS FOR SUBSTRATE DESIGN
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ANNEX X

THEORY AND COMPUTER PR(OWGRAMS FOR SUBSTRATE DESIGN

For purposes of theoretical prediction of performance, it was assumed that the pattern
would have an average or characteristic linear dimension, referred to as a "patterm
wave length" (\p) and an associated amplitude @tp). Leaving aside for the moment
consideration of the actual shape of the contour, some simple considerations constrain
n.. and At_. The pattern must bg coarse enough to scatter the light. A\_ at least
twenty times greater than 5000 A was assumed satisfactory. Acceptable amplitudes
are limited by consideration of wafer thickness; pattern waves should not significantly
weaken the wafer. It was assumed that an amplitude of up to 5% of the wafer thickness
on each side of the wafer (total 10% or 0.001 in.) would be acceptable, Within these
constraints, a quite satisfactory contouring was found to be possible.

The two ray-tracing computer programs described below were used to assist in pre-
dicting the performance of conceived contours. Program I was relatively simple. I
treated only a two-dimensional example of simple regular curves, It was useful to
determine the relative performance of surface contours rather than absolute perform-
ance. Program II, an extension of Program I, was completely general, capable of
treating three-dimensional configurations and thus theoretically suitable to predict ab-
solute performance.

PROGRAM I. This program was applied to second surface mirror designs with a flat
back surface and a top surface shaped in two ways: (1) as a sinusoidally varying sur-
tace, and (2) as a conchoidal surface. The two-dimensional profiles are shown in
Figure X-1. Several computer runs were made to elucidate which of the two profiles
was more effective in producing a high-reflectance diffuse surface.

The program traced a set of parallel rays at a given incident angle. The angle of the
cnvelope (Ag see insert, Figure X-3) of the emergent rays was a measure of the dif-
fusen ss. By changing the ratio of the amplitude of the surface variation to its wave-
length, the effect of the shape on the diffuseness was determined. The angle of inci-
dence was varied to provide data on scattering performance as a function of angle.
I'he ratio of the pattern wavelength to the pattern amplitude @ /Atp) is an important
parameter of the surface. A moderate value of this parameter is needed: too large a
value would not produce enough scattering of the reflected rays; too small a value will
introduce too many internal reflections which lower the reflectance,

The results may be plotted in different ways., Figure X-2 shows the maximum fraction
of rays reflected into a fan of one degree, as a function of the ratio Ap/Atp. It is seen
that the conchoidal shape gives the better performance: a low percentage of rays con-
tained in one degree at moderately high Ap/Atp. The numbers 0¢, 22°, 45° refer to

the angle of incidence, a, of che incident rays.

X-1




Figure X-3 shows the total scattering angle Ap of the reflected rays as a function of
)\I,/A ,+ Again the conchoidal surface gives the better results, i.e., larger agat
moderate Ap/m.p values,

Figure X-4 shows the fraction of rays that get internally reflected as a function of
Ap/Atp. Once again at moderate xp/Atp values, the conchoidal surface is the less
detrimental in reducing the reflectance.

This computer program was extended to deal with the profile shown in Figure X-5, ’;
i.e., a conchoidal shape with the cusps pointing down. This is important because the
surfaces resulting from the process of grinding and subsequent HF etching will have a
cross-section, as shown in Figure X-6: the conchoidal profile will have the cusps
pointing up in the surface receiving the incident light, and the cusps will be pointing
down on the surface which acts as reflector (bottom surface).

As before, the profile used on the computer program is periodic because it is simpler
to analyze and prescribe in the computer and it corresponds to the worst case as far {1
as diffuseness is concerned. Any deviation from this periodicity and regularity will |
improve the diffuseness of the surface.

Surprisingly, the results were practically identical to those obtained with the same
profile upside down and described above. Apparently, it is the form of the profile and
not its orientation as a whole that is important,

PROGRAM II. Program II is a very general three-dimensional program. It accepts
as inputs:

e The mathematical descriptions of the front and back surfaces

e Wafer thickness
e Material properties: index of refraction, reflectance, etc.

e Angle of incidence of the light

The program traces 101 parallel rays incident at the input angle. The first encounter

is with the front surface of the wafer where the rays are refracted and enter the mir-

ror material (see Figure X-T7 for two-dimensional representation). After refraction

at the front surface, the rays travel in a straight line to the back surface, At the back

surface they are reflected from the silver second surface and travel to the front sur-

face where they are either refracted and pass out of the wafer, or internally reflected {
and "1 ecycled' and ultimately emerge or are absorbed in the wafer and do not emerge. i,

The program output gives:

o Angle of exitance

@ Minimum angle of refraction
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Figure X-1. Two Types of Two-Dimensional Profiles, Program I
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Figure X-4. Fraction of Rays Internally Reflected and Lost

Figure X-5. Second Trial Profile (Conchoidal Shape With Cusps Down)
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Figure X-6. Profile, Typical Surface Resulting from Etching

e Maximum angle of refraction
e Cone angle of emerging rays
e Number of rays suffering multiple reflection

e Number of rays failing to emerge

This computer program was developed late in this project and it was not fully exploited
since the support level was fixed and the priority requirement was a developed mirror,
a requirement which was met by concentration on the experimental tasks. It was con-
cluded that this computer program would, however,be a powerful tool for use on simil-
ar prchlems, as for example, the development of a diffuse solar cell. The entire cell
could be mathematically modeled.

Five variations of conchoidal surface profiles were arbitrarily draw n, based on the
pnotomicrographs that had beer obtained. T hen were arbitrarily labeled B, D, E -

F, and G and encoded as input data for tuc program, T he results of the runs w hich
were perfsrmed are shown in T able X-1.
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Table X-1. Fate of 101 Rays Incident on a Conchoidal Surface

Column heading explanations are as follows:

a = angle of incidence of 101 rays
B = angle of exitance of middle (#50) ray
Bmin = minimum angle of exitance

Bmax = maximum angle of exitance
m = no. of rays suffering multiple refractions
£ = no. of rays which never exit.
AB = angular amplitude of fan of rays
to = thickness in mils

"D'"* Front Surface "E"* Back Surface

o 6] Bmin 3max AB tO m
o) -0.27 -10.39 14,67 25.7 9.5 0
30 35.68 18.61 Ls. .51 26.90 9.5 0
45 50.59 32.80 63.16 30.36 9.5 (¢
A0 79.08 21.56 83.07 61.51 9.5 &
30 39.64 17.4%0 46,49 29.09 18.6 0
40 73.12 Lo.31 86.38 L6.07 18.6 2
30 25.86 15.20 42,80 27.60 4s5.8 0
60 67.59 22.90 85.71 62.81 45.8 i
30 28.96 15.46 b7.37 31.92 91.0 0
60 | T1.97 19.68 T1.97 52.29 91.0 0

*Variations of surfaces shown in Figure X-7.




Table X-1. Fate of 101 Rays Incident on a Conchoidal Surface (Continued)

"E'"*Front Surface "G"* Back Surface
a 8 Bmin Bmax AB to m £
f 3.37 -13.86 10.95 2k .81 .9.5 0 ©
: SSRESS
30 29.2 14,26 L3.92 29.66 9.5 0 (C
45 L8, 26 26.15 65.57 39.42 9.5 0 0
60 L3.20 38.24 80.13 41.89 3.5 3 L
20 oL, 82 12.79 k5,20 32.41 18.6 0 0
60 63.75 41.33 8L4.10 k2. 71 18.6 5 Y
30 33.7¢ 12.90 43.56 | 30.65 45.8 0 0
60 59.2h L2.63 78.49 35.86 45.8 0 2
0 37.50 17.00 b1.93 2k.93 91.0 0 0
60 45.63 L1, 74 66. 7L 25.00 91.0 0 38+
"B'"* Front Surface "F''* Back Surface

o B Bmin Bmax AB t m (]
0 -6.20 -21.49 16.93 38.42 9.5 0 0
__30 k.10 9.69 53.05 43.36 9.5 0 0
L5 55.06 22,77 Th.82 52.0L 9.5 0 0
60 77.88 35. 4k 87.86 52,41 9.5 8 1
30 39.41 8.86 48.21 39.35 18.6 0 0
60 62°.35 %0.69 87.uh | k6. T4 | 18.6 L 2
30 37.09 6.55 51.5k% kk. 99 45.8 o 0
60 L7.36 | 31.06 80.8a Ly, 84 45.8 0 10
30 27.7h .01 L6.59 39.59 91.0 q 0
60 54,29 34,08 75.0k Lo.96 91.0 (o) 33+

*Variations of surfaces shown in Figure X-7,
X-9
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