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PURPOSE

This report presents the results of the radiance and irradiance
calibrations preformed on the TOMS FM-2 instrument at Perkin Elmer
Applied Science Operation. The data was obtained during the
validation tests performed over the April 28, 1991 to May 5, 1991
time period. This report and the irradiance response verification
report, design note 30053-21000-45s, complete the data
reduction/reporting requirements specified in "Radiance and
Irradiance Calibration Procedure", #83-0050.

SUMMARY

The radiance and irradiance sensitivities of the TOMS are tabulated
in table 1. The results obtained with FEL standard F-281 are
actual while those computed for lamps F-239 and F-207 are for
reference purposes as those standards were out of calibration at
the time of use. The irradiance results were computed for the
serial number 5 carousel surfaces, the flight unit, and the serial
number 4 carousel surfaces, the flight backup unit. The data and
results are presented tabularly and graphically. The computed
instrument sensitivities based on the radiance results are higher
than those resulting from the irradiance data (see figure’s 9
a,b,&c). No quantitative explanation for this difference has been
determined. The radiance data was obtained with the instrument in
the NADIR detent while the irradiance data was obtained with the
scan mirror rotated 90 degrees from NADIR to view the diffuser.
The sensitivity plots show the pronounce effects of the instruments
measured spectral bandwidth used in the computations. The radiance
data, figures 5 a,b & ¢, are quite smooth. Sources of error in the
calibrations include the normalized radiance, source lamp
irradiance , diffuser BRDF, and geometry factors. These are
discussed in the errors of calibration section included in this
report.

DATA REDUCTION

Data reduction for the TOMS FM-2 Radiance and Irradiance
calibration was performed according to "Radiance and Irradiance
Calibration Procedure" document 83-0050 section 10. The following
material elaborates on some details of the particular numerical
steps involved in the data reduction procedure.

I. Radiance Calibration.
a. BRDF of BaS0O4 diffuser.

The BRDF of a BaS0O4 diffuser was measured according to the diffuser
calibration procedure # 82-0062 using the data sheets provided in
83-0050. The measurements had been done for all wavelengths of
interest at two points on the diffuser surface (point #3 and point
#6 as described in the test report). For additional confidence 4
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more areas were sampled at the long (380 nm) and short (312.5 nm)
wavelengths (see data sheets). Each measurement was repeated 3
times. In addition a full signal and dark current was measured
before and after each wavelength measurement. The results were
corrected for geometry factor and pulse pileup factors as described
in DFM 30053-21000-44. These corrections were done at the time of
final data reduction using new values listed in DFM 30053-21000-44

y_corr = y_msr*exp(t*y_corr)) (1)

where y _msr is an observed value, t is a dead time, and y_corr is
the corrected value. According to the eq. (1) a corrected value
can be obtained by solving nonlinear equation. To resolve (1) it
was restated as

log(z) = t*y msr*z , (2)

where 2z is a ratio between corrected and observed values :
z=y_corr/y _msr. After correction is done BRDF can be computed as

BRDF = g*(mean(y_corrFilter)-dc)/(mean(y_corrl00%) -dc) (3)

where g is a geometry factor. According to DFM 30053-21000-44
t=0.95e-9 and g=78.7424.

The final value for BRDF is taken as an average between the BRDF at
the points number 3 and number 6. Fig. 1 gives BRDF(3), and BRDF(6)
as a function of wavelength.

A (A) 3125 3175 3312 3398 3600 3800
BRDF3 0.2972 0.3038 0.3095 0.3127 0.3170 0.3195
BRDF6 0.2905 0.2944 0.2998 0.3080 0.3098 0.3133
BRDF,, 0.2938 0.2991 0.3047 0.3103 0.3134 0.3164

b. The bandpass data (BW) were measured according to the test
procedure #552960 and taken directly from the test data sheet. Fig.
2 gives measured bandwidth as a function of wavelength.

A (A) 3125 3175 3312 3398 3600 3800

BW (nm) 0.9400 1.0400 1.0000 1.0200 1.0300 1.0600

c. For each lamp used in the reflectance measurements (F-207,
F-239, and F-281) lamp’s spectral irradiance (H) was measured as
described in report # 435/G-45254-86-900-502. To obtain irradiance
at the desired wavelength a third order polynomial approximation to
the FEL data was used. Fig. 3a shows irradiation curves obtained by
such approximation. Fig. 3b gives relative approximation errors for
the wavelengths of interest. The approximation errors were computed
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only for the lamps F-239 and F-281 since lamp F-207 lacks some of
the data. The following are the original FEL data measured for each
lamp (micro watt/cm?’/nm )

MNA)Y\  F-207 F-239 F-281

2500 0.017 0.023 0.019
2600 0.030 0.039 0.033
2700 0.050 0.065 0.055
2800 0.079 0.100 0.086
2900 0.119 0.150 0.130
3000 0.174 0.216 0.188
3100 0.245 0.301 0.263
3200 0.335 0.410 0.360
3300 0.448 0.545 0.481
3400 0.586 0.708 0.628
3500 0.753 0.903 0.804
3700 NaN 1.400 1.250
4000 2.049 2.390 2.170

The 3d order polynomial approximation produced the following FEL
data for the wavelengths of interest (micro watt/cm’/nm ).

NA)\ F-207 F-239 F-281

3125 0.27 0.33 0.29
3175 0.31 0.38 0.34
3312 0.46 0.57 0.50
3398 0.58 0.71 0.63
3600 0.94 1.13 1.01
3800 1.42 1.68 1.52

d. Average normalized counts for each wavelength I(A) and for each
lamp were obtained from the files RCL*** At each wavelength I (A)
was measured at 4 independent sessions. Each session had 20
independent measurements. For each session the average and standard
deviation were computed. For reflectance calibration an average
among session averages was used. Fig.4 shows I(A) for all three
lamps as a function of wavelength. To demonstrate that the measured
data were consistent from session to session Fig. 5a-5c show
measured radiance at different session for each lamp.

d. The resulted Spectral Radiance Sensitivity Rs(A) was computed as
described in calibration procedure 83-0050
Rs(N) = I(N)/(BRDF(A)-cos(F)-H(N) -A\: (A:Q)) (4)

The following numerical values were used :
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A = 0.26% cm?
Q = (3x3 dg?)
F = 40 dg

Note: The value for the parameter F used, 40 dg, differs from that
listed in the Radiance and Irradiance Calibration procedure. The
angle of incidence for the radiance and the irradiance calibrations
was 40 degrees. The angle listed in the procedure, 50 dg view
angle, is the incorrect angle to use in the computation. This
angle has subsequently been verified (see appendix VIII).

Fig. 9 gives Spectral Radiance Sensitivity Rs as a function of
wavelength N for all three lamps. The same data are listed in the
Table 1.

'II. Irradiance Sensitivity Calibration

a. To compute Spectral Irradiance sensitivity the BRDF value of
diffuser surface at 0 dg pitch and 90 dg yaw need to be computed.
This was done using cubic spline fit into reflectance data obtained
in DFM 30053-21000-44 (S/N=5). Fig. 6a shows resulted fit for
lambda=312.5 nm. Fig. 6b shows how Working Surface BRDF varies with
A. Reference and Stow surfaces have similar curves. The following
table presents the resulted BRDF at yaw=90 dg for each surface of
the carousel # 5

BRDF for Carousel # 5 at yaw = 90 dg

A(A) 3125 3175 3312 3398 3600 3800
Work 0.3065 0.3116 0.3187 0.3210 0.3259 0.3284
Ref 0.3110 0.3154 0.3220 0.3251 0.3283 0.3338
Stow 0.3139 0.3160 0.3234 0.3258 0.3296 0.3361

Subsequent to the launch of the instrument with the flight diffuser
installed, serial number 5, some additional measurements were made
on the carousel 4 diffuser to quantify the possible error using the
spline fit procedure. The data and MathCAD analysis listings are
included as appendix VII of this report.

b. Irradiance counts were taken from the files ICR***, ICW***,6 and
ICS*** for the Reference, Working, and Stow surfaces
correspondingly. Each value was obtained only once. Fig. 7a shows
measured irradiance as a function of wavelength for all three
surfaces of the Carousel # 4 when the lamp F-207 was used.
Correspondingly, Fig. 7b gives measured irradiance with the lamp
F-239, and Fig. 7c¢ with the lamp F-281. To demonstrate how
irradiance curves depend on lamp characteristic Fig. 74 gives
spectral irradiance for the Working surface for all three lamps.
Figs. 8a-8d show corresponding curves for the carousel # 5.



c. The Spectral Irradiance Sensitivity was computed according to
the procedure 83-0050 as

Ri(N) = I(N)/(BRDF(A) cos(F)-H(A) AN (A:Q)) (5)

with the same parameter values as listed above. Here I(A) is
computed according to (II b) and BRDF(A) is computed according to
(IT a). Fig. 10a-10c present the resulted curves for the carrousels
#4 with each lamp. The Radiance Sensitivity curve is plotted on the
same scale. Relative difference between Radiance and Irradiance
sensitivity for carousel # 4 is plotted in the Fig. 11. This plot
is done only for the lamp F-281 as the only lamp with current
calibration date. Figs 12a-12c and Fig.13 show corresponding data
for the carousel #5 which is installed at the FM-2.

All computations were done using MATLAB ver. 3.5h. Program and
input data listings are attached.

RESULTS

The results of the data reduction are presented graphically in
figures 1 through 13. Included for each graph are tabulations of
the plotted material. The computed radiance and irradiance
sensitivities are tabulated below for each lamp and surface. Data
are in 1.0e+14 count/watt. Rs stands for Radiance Sensitivity, Iw
- Irradiance Sensitivity for Working surface, Ir - for Reference
surface, Is - for Stow surface. All surfaces are for the Carousel
serial number 5.

The values listed in table 1 are in units of counts/watt. These
may be converted to Watts/(cm®3.sr) per count by taking the
reciprocal of the listed value and dividing by the A and Q terms
(values listed on page 5 of this report) making the appropriate
conversion form degrees? to sr. This value must then be divided by
the bandwidth (in cm) at the appropriate wavelength.

Measured Radiance for the BaSo4 Diffuser (counts)

Lamp F-207

Sess#l 1998 2461 4059 5511 9736 14439
Sess#2 1996 2460 4057 5505 9728 14419
Sess#3 2011 2475 4080 5544 9792 14509
Sess#4 1994 2463 4067 5522 9770 14505
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Lamp F-239

A (R) 3125
Sess#1 2830
Sess#2 2812
Sess#3 2808
Sess#4 2833
Aver 2821
Lamp F-281

A (R) 3125
Sess#1l 2456
Sess#2 2452
Sess#3 2449
Sess#4 2445
Aver 2450

Lamp\A (&) 3125
F-207 1.9126
F-239 2.1888
F-281 2.1744

3175
1.7879
2.0409
2.0299

2.
2.
2.

Measured Irradiance for Carousel #4

Irradiance in normalized counts with Lamp F-207

Surf\A (&) 3125
Work 1691
Ref 1605
Stow 1675

Irradiance in normalized counts

Surf\\N(A) 3125
Work 2390
Ref 2266
Stow 2331

3398 3600 3800
7573 13161 19194
7529 13080 19072
7508 13045 19030
7615 13242 19318
7556 13132 19154
3398 3600 3800
6675 11673 17141
6655 11639 17095
6654 11630 17093
6660 11669 17148
6661 11653 17119
count/watt)
3312 3398 3600
0229 2.1057 2.2600
2884 2.3733 2.5390
2768 2.3656 2.5241
3398 3600 3800
4728 8443 12639
4495 8022 12002
4706 8396 12587
with Lamp F-239
3398 3600 3800
6504 11396 16754
6184 10823 15885
6353 11160 16422

2.1349
2.3900
2.3729
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Irradiance in normalized counts

with Lamp F-281

Surf\A(a) 3125 3175
Work 2071 2556
Ref 1966 2425
Stow 2053 2535

3312 3398 3600
4203 5709 10083
3998 5419 9573
4177 5677 10028

Measured Irradiance for Carousel #5

Irradiance in normalized counts with Lamp F-207

Surf\\ (&) 3125 3175
Work 1845 2278
Ref 1822 2257
Stow 1857 2296

Irradiance in normalized counts

3312 3398 3600
3795 5158 9216
3756 5112 9134
3820 5200 9307

- . m = . e e e m e e memew e e e ®mmew e eemw e e .= ® - =me---==e®®®wemumoemomomeu==

Surf\\N(A) 3125 3175
Work 2640 3252
Ref 2612 3220
Stow 2660 3274

Irradiance in normalized counts

3312 3398 3600
5309 7170 12576
5264 7099 12462
5359 7229 12712

3312 3398 3600
4592 6235 11010
4545 6172 10912
4632 6279 11119

Irradiance Sensitivity for Carousel #4

*]1.e+14 count/watt

- - - e e - e .e e . E-m . ®®®® ... -®®®®®®® """ = - - .®®®®®®®®®® " ®®®® = . ®w """ === ==

Surf\AN () 3125 3175
Work 2262 2791
Ref 2233 2760
Stow 2279 2811
Lamp F-207

surf\A (&) 3125 3175
Work 1.5506 1.4549
Ref 1.4498 1.3660
Stow 1.4998 1.4245

3312 3398
1.6506 1.7433
1.5533 1.6361
1.6172 1.7100

1.8491

1.7485



3175

3312

2.0142
1.8789
1.9292

Lamp F-239

Surf\A(A) 3125
Work 1.7776
Ref 1.6610
Stow 1.6929
Lamp F-281

surf\\N (&) 3125
Work 1.7614
Ref 1.6483
Stow 1.7055

1.6153

1.8198

1.9207

2.0654

Difference Between Radiance an Irradiance in %

Carousel # 4, Lamp F-281

3398 3600
17.14 16.79
22.34 21.57
18.80 18.17

Irradiance Sensitivity for Carousel #5

*]1.e+14 count/watt

3175

3312

3398

3600

1.9418

1.5862
1.5526
1.5768

1.8044
1.7684
1.7905

1.9017
1.8609
1.8892

Surf\\(A) 3125
Work 18.99
Ref 24.19
Stow 21.56
Lamp F-207
Surf\A (&) 3125
Work 1.6916
Ref 1.6459
Stow 1.6627
Lamp F-239
Surf\A(R) 3125
Work 1.9638
Ref 1.9143
Stow 1.9323

1.8411
1.8007
1.8275

2.0679
2.0299
2.0574

2.1770
2.1282
2.1630

2.3380
2.3001
2.3368

2.2219
2.1701
2.1955
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Lamp F-239

Surf\\ (&) 3125 3175 3312 3398 3600
Work 1.9240 1.8036 2.0303 2.1407 2.2933
Ref 1.8720 1.7620 1.9893 2.0919 2.2565
Stow 1.8929 1.7915 2.0183 2.1243 2.2899

Difference Between Radiance an Irradiance in %
Carousel # 5, Lamp F-281

Surf\A(A) 3125 3175 3312 3398 3600 3800

- Work 11.51 11.14 10.82 9.51 9.15 8.27
Ref 13.91 13.20 12.63 11.57 10.60 10.44
Stow 12.95 11.74 11.35 10.20 9.28 9.43

2.1767
2.1251
2.1492
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Errors of Calibration.

The error bars at each frequency for the computed values are
estimated as the following.

We assume that all the measurements have independent unbiased
errors. Therefore, according to the eq. (4) and (5) a square of
relative error for the computed sensitivity is equal to a sum of
the squares of relative errors for the members of the right hand
side part of the equations (4) and (5).

I. Radiance Sensitivity.

The following is relative error computations for all members of the
eq. (4) .

a. Normalized radiance.

Radiance is computed as an average of the measurements at 4
sessions. Each session had 20 major frames 70 measurements each.
Therefore, for each session an accuracy of radiance estimation is
0/V/20:70 which is about 0.05% . However, radiance measured at 4
sessions differ by about 1% which is much more than a value
expected only due to the random measurement errors. This
discrepancy reflects longer term variation that are due to lamp
instability, temperature difference, bearing errors, etc. The
longer term lamp variance is taken into account explicitly in the
paragraph I-c. To be on a conservative side we attribute the full
observed differences between measured radiance at four sessions to
the causes other than the lamps. Therefore, radiance error was
assume to be the largest between random measurement errors at one
session and 1/2 of the max differences between 4 sessions.

b. BRDF for BaSO0O4.

BRDF for BaSO4 was measured at two points on the BaS04 plate. As a
measure of error we take one half of the difference between the
measured BRDF at these points. The resulted value is 1.22%

c. Lamp FEL.

The relative errors of calibrations for the lamps F-239 and F-281
are provided in the corresponding Reports of Calibration
(attached). Two types of errors : NIST Uncertainty and Transfer
Uncertainty are provided for a range of wavelengths from 250 to
2500 nm. To determine relative errors for the wavelength of
interest we used linear interpolation in the relevant regions.
Namely, the relative errors for the wavelengths 312.5 nm, 317.5 nm,
331.2 nm, and 339.8 nm were approximated as

e(N\) = e,(250) + (e,(350)-e,(250)) - (A-250)/(350-250) (6)

/!



and for the wavelengths 360.0 nm and 380.0 nm
e(N) = e,(350) + (e,(654.6)-e,(350))  (A-350)/(654.6-350) (7)

where e,() denotes error values provided in the report. Therefore,
the total FEL relative error was computed as

(61713]_,()\))2 = ezms'r(x) + ezmsp()\) (8)

To account for the errors in polynomial approximation (see Fig. 3b)
an rms error among the frequencies of interest was used for all the
wavelengths. According to Fig. 3b errors for F-239 and F-281 are
very closed. Accordingly, the rms error value for the lamp F-281
(=0.51%) as the most recently calibrated was used for all the
lamps.

The total uncertainty (in %) for the lamps are :

A (A) 3125 3175 3312 3398 3600 3800

err (%) 1.93 1.89 1.77 1.69 1.59 1.56

d. Bandwidth.

There are no available data to estimate accuracy of the bandwidth
measurements. Therefore, AN is regarded as absolute data.

e. Area and Solid Angle

These data are regarded as error free.

The total error consists only of the errors in normalized counts,
BRDF measurements, and lamp’s FEL determination error.

The following table presents uncertainty in Radiance Sensitivity
estimation.

Error of Radiance Sensitivity Estimation (in % )

Lamp\A (A) 3125 3175 3312 3398 3600 3800

F-207 2.3260 2.2713 2.1690 2.1190 2.0333 2.0088
F-239 2.3342 2.3539 2.2560 2.2067 2.1413 2.1225
F-281 2.2992 2.2620 2.1550 2.0945 2.0146 1.9913

(-



II. Irradiance Sensitivity.

Analogous to the Radiance Sensitivity Irradiance Sensitivity error
bars are computed by taking into account only Irradiance
measurement errors and Carousel # 5 reflectance (BRDF) uncertainty.

a. Irradiance for each surface was measured only at one session
(20 frames 70 points each). Therefore, there are no data to
estimate long term irradiance variation. It was assumed, that
long term irradiance variation in % is the same as long term
radiance variation estimated above in paragraph I.a. Again,
the maximum between one session measurement error (¢/V/20-:70)
and a long term variation was used for error bar computations.

b. Relative error in Diffuser Carousel # 5 was reported to be
better than 0.3% at all wavelengths (Conclusion of DFM
30053-21000-44). Accordingly, a value of 0.3% was used for
total error estimate.

Fig. 15 gives relative errors in Radiance Sensitivity
determination for all the lamps.

Fig. 16a-16c give relative errors for the Irradiance Sensitivity
determination for all the surfaces of Carousel # 5 and all the
lamps.

To compare errors 1in Radiance and Irradiance Sensitivity

determination Fig. 17 plots them on the same scale for the lamp F-
281.

The following table provides numerical values used for the listed
above plots. Note, that estimation errors are the same for each

surface. This is because lamp uncertainty dominates other error
terms.

Error of Irradiance Sensitivity Estimation (in %)
Carousel # 5

LAMP F-207 (reference)

Surf\A (A) 3125 3175 3312 3398 3600 3800

Work 2.0011 1.9373 1.8162 1.7562 1.6518 1.6215
Ref 2.0011 1.9373 1.8162 1.7562 1.6518 1.6215
Stow 2.0011 1.9373 1.8162 1.7562 1.6518 1.6215
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LAMP F-239

Surf\A(A) 3125 3175 3312 3398 3600 3800
Work 2.0106 2.0334 1.9193 1.8610 1.7830 1.7604
Ref 2.0106 2.0334 1.9193 1.8610 1.7830 1.7604
Stow 2.0106 2.0334 1.9183 1.8610 1.7830 1.7604
LAMP F-281

Surf\A(A) 3125 3175 3312 3398 3600 3800
Work 1.9698 1.9264 1.7994 1.7266 1.6287 1.5998
Ref 1.9698 1.9264 1.7994 1.7266 1.6287 1.5998
Stow 1.9698 1.9264 1.7994 1.7266 1.6287 1.5998

(4
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VII. Spline Fit Analysis

VIII.BaSO, Diffuser Angle Verification
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Spectral Radiance in normalized counts
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Spectral Radiance in normalized counts
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Spectral Radiance in normalized counts

x104 Measured Radiance for F-281 at Different Sessions
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Irradiance in normalized counts
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Irradiance in normalized counts
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Irradiance in normalized counts

Irradiance for All Surfaces : Lamp F-281
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Irradiance in normalized counts

3800

x104 Irradiance for Working Surface for all Lamps
1.8 T ¥ T T T T
1.6F Carousel ser. num. 4 -
1.4} -
12k — Lamp F-207 ’
- - Lamp F-239

1k -.- Lamp F-281 i
0.8} 4
0.6} 4
0.4+ :
02f - .

0 L 1 1 . - 1 1

3100 3200 3300 3400 3500 3600 3700

Wavelength in A

3/



Irradiance in normalized counts
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Irradiance in normalized counts
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Irradiance in normalized counts
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x1014 Radiance and Irradiance Sensitivity : Lamp F-239
l 206 1 T ) L] L T
" 24}
- Radiance ->
' 22r Irradiance for Carousel # 4 1
g
g 1 v T
2 20 e el T
= N o R
3 ST e T
1.8+ . ) — Working surface ]
’ tads - - Reference surface
. -.- Stow surface
T NG -
1.4 1 1 1 1 1 1
3100 3200 3300 3400 3500 3600 3700 3800
wavelength in A
Fig O %

i




counts/watt

x1014

Radiance and Irradiance Sensitivity : Lamp F-281

2.6

2.4

22F

Radiance ->

Irradiance for Carousel # 4

__________

2 - et e Tl
1.8k T — Working surface _
’ - - Reference surface
-.- Stow surface
L6 T i
1.4 L 1 1 L i 1
3100 3200 3300 3400 3500 3600 3700

wavelength in A

Fl‘s.‘oﬁ

3800

37



Relative difference in %

Difference between Radiance and Irradiance

25 T T T | B T T
24 - .
7] N ...  LampF-281 ]
*>.._Carousel # 4
2t T .
) Reference surface T
21 " 4
I :
Stow surface
v~ i
e ——— .
17+ .
Working surface
16
15 L 1 1 1 1 1
3100 3200 3300 3400 3500 3600 3700 3800

wavelength in A

F;‘s . “

40



[ i

- s s .

counts/watt

2.3

2.2

2.1

1.9

1.8

x1014 Radiance and Irradiance Sensitivity : Lamp F-207

T

Radiance ->

1] T ] T T

Irradiance for Carousel # 5

S~
S~
~

Se
. ~e
~

— Working surface
- - Reference surface
-.- Stow surface

Ss
Ss
<

3300 3400 3500 3600 3700
wavelength in A

feqg. l2Za

3800

7/



counts/watt

x1014 Radiance and Irradiance Sensitivity : Lamp F-239
2.6 T Ll T T T T
25F
2.4+
Irradiance for Carousel # 5
23+
Radiance ->
22+
— Working surface
21k - - Reference surface .
-.- Stow surface
2+ i
1.9F .
1.8 \‘.’, L L ! 1 1 i
3100 3200 3300 3400 3500 3600 3700
wavelength in A
¥ cq. | 26

3800

42



counts/watt

x1014 Radiance and Irradiance Sensitivity : Lamp F-281
2.6 T T 1 ' ] Ll
25F
24F
Irradiance for Carousel # 5
23 .

22+

Radiance ->

~
~~o
~

~
S<

~.
..
~

21k — Working surface
- - Reference surface

9L -.- Stow surface ]
1.9+ .
18 N -
1-7 1 1 1 1 Jd 1

3100 3200 3300 3400 3500 3600 3700

wavelength in A

Fls. (Z<

3800

43



Difference between Radiance and Irradiance
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Relative Error of Radiance Sensitivity Determination
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APPENDIX I
DATA SHEET

gé,/ /0.2 £

— o
TOMS Module DESCRIPTION Bandpass and Resolution |,
S/N 22/ TEST OPERATOR /TnbelT ,\&"ﬂam}oo@% 0ATE /2 -/3 =2
2 —
QA ./»,«Qn«,gwg/(é%u DATE _ /L3 -F¢@ A0
,/ ~
2 c TEST
TEST PARA DESCRIPTION ACCEPTANCE CRITERIA RESULTS | QA
x
8.1 Bandpass 3125 & 9 & to 13 & g &
> 3312 & 9 A o133 /0, O
L 3175 & 104 o 1324 /0. &
3398 & 10 & co 13 & /0. 2
3600 & 10 £ 0o 134 /0. 3
. 38004 108 0o 134 /0. 6
8.2 Resolution 2 X or Better /%55
8.3 Accuracy 3125 & +1.5 & -45
(and coverage 3312 & £i.5 A 2.5 [
per para. 6.1) 3175 & +1.5 & -0.6 |
3398 & +1.5 & ~0,6 |
3600 & +2.5 & o,
3800 & +2.5 & )
?
Advanced Technology Operations
6 of -6

Beckman Instruments, Inc.,

SHEET
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12/13/90
file dngs01213.
R. Haring

3312
3398
3600

3800

Spec.

3125

3312
3398
3600

- 3800

wks

Table II. Wavelength & Bandpass Summary

Film strip 118

Actual

3123.29
3174.38
3311.47
3397;45
3600.00

3801.40

Actual

10.

10

10.

10

10

Bandwidth
Wavelength

.38

41

.50

14

.32

.58

Wavelength delta

3123.5
-3174.4
3311.5
3397.4
3600.0

3801.5

(8]

(6 o4

A -‘-

N

Spec.
10.0
10.0
10.0
10.0
10.0

10.0

Film strip 119

Actual Bandwidth
Wavelength
3123.64 9.44
3174.42 10.47
3311.48 9.56
- 3397.38 10.21
3600.05 10.27
3801.67 10.61
\\8 )
BN
L
. v
Bandwidth
delta
°.4 -0.6
10.4 0.4
Tloe T el
10.2 0.2
10.3 0.3
10.6 0.6
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MATLAB PROGRAMS USED FOR CALIBRATION

%%% fm_cal2.m
%%
$£%%¥ summary of FM-2 calibration

%%
%% update version according to IOM from R.Haring 10/2/91

:: added data from lost file : Diff # 5, F-281, RCL320
%% wavelenth in A

L=[3800 3600 3312 3125 3398 3175];
$% sort wavelength in increasing order

[L2,Lk] = sort(L);

%% Irradiance values for different diffusers and different lamps

$%!! IC.. files use aluminum diffuser

$%!! there are two carousels #4 and #5

$%!! (#5 is used for the flight set )

$%!! in each IC... file

%! the first row corressponds to carousel # 4
$%!! the second row to carousel # 5

%% for all file ...vc stands for std in %

ICR_239 = [15884.94 10823.22 4561.26 2266.17 6184.45 2793.03
18347.06 12462.14 5264.32 2611.68 7099.33 3219.51];

ICR_239vc = [0.65 0.79 1.17 1.69 1.02 1.50
0.59 0.73 1.06 1.53 0.98 1.39];

ICR_281 = [14161.20 9573.21 3998.26 1966.34 5419.49 2425.09
16174.20 10912.46 4545.24 2233.21 6171.66 2759.63];

ICR_281vc = [0.68 0.82 1.27 1.77 1.11 1.65
0.66 0.79 1.19 1.66 1.02 1.52 ];

ICR_207 = [12002.47 8021.94 3299.45 1604.67 4494.60 1985.59
13658.15 9134.19 3756.49 1821.66 5112.06 2256.75];

ICR _207vc = [0.74 0.90 1.36 2.04 1.22 1.75
0.70 0.82 1.22 1.84 1.12 1.62];

ICS 239 = [16421.93 11160.46 4694.64 2330.63 6353.31 2874.90
18688.70 12712.28 5359.47 2660.22 7228.92 3273.67];
ICS_239vc = [0.64 0.76 1.13 1.67 1.02 1.53

1



ICS_207

ICW_239

ICW_281

ICW_207

ICW_207vc

13895.83

%$%% rearrange

ICR_239
ICR_239vc
ICR_281
ICR_281vc
ICR_207
ICR_207vc

ICs_239
ICS_239vc
ICs_281
ICS_281vc
ICS_207
ICs_207vc

ICW 239
ICW_239vc
ICW_281

ICW_281vc

0.59 0.72 1.09 1.53 0.94 1.41);

ICS_281 = [14880.28 10028.43 4176.54 2052.97
16469.94 11118.63 4632.10 2278.61

ICSs_281vc = [0.69 0.79 1.24 1.62 1.10 1.56
0.64 0.77 1.23 1.64 1.02 1.45];

[12586.91 8396.07 3450.51 1674.98
9306.63 3820.29 1856.93

ICS_207vc = [0.72 0.84 1.31 1.90 1.16 1.68
0.70 0.85 1.23 1.82 1.10 1.62];

[16754.08 11395.87 4807.63 2389.95
18481.51 12576.17 5309.24 2640.31

ICW_239vc = [0.64 0.76 1.14 1.69 1.02 1.47
0.62 0.68 1.09 1.55 0.99 1.38];

[14929.19 10082.88 4203.10 2070.73
16299.31 11010.10 4592.41 2261.87

ICW_281vc = [0.70 0.81 1.21 1.73 1.03 1.56
0.66 0.76 1.18 1.71 1.03 1.52]};

[12638.95 8442.72 3471.12 1691.23
13754.81 9216.49 3794.58 1845.12

= [0.70 0.86 1.35 1.85 1.20 1.76
0.71 0.84 1.33 1.86 1.10 1.68];

ICR_239(:,Lk);
ICR_239vc(:,LK);
ICR_281(:,LKk);
ICR_281lvc(:,LKk);
ICR_207(:,LKk);
ICR_207vc(:,LK);

ICs_239(:,LKk);
ICs_239vc(:,LKk);
ICs_281(:,LKk);
ICS_281vc(:,Lk);
ICS_207(:,LKk);
ICS_207vc(:,Lk);

ICW_239(:,LKk);
ICW_239vc(:,LK);
ICW_281(:,LK);
ICW_281vc(:,Lk);

5677.34
6279.13

4706.37
5199.58

6504.48
7169.64

5708.88
6235.10

4728.11
5157.66

2534.78
2811.22];

2074.51
2296.26];

2944.87
3252.39];

2556.26
2790.97];

2089.42
2278.00];



LK) ;

ICW_207 = ICW_207(:,LKk);
ICW_207vc = ICW_207vc(:,
FTEITEITIH9%%

$% All RCL files used the same BaS diffuser

RCL_239 =

RCL_239vc

RCL_207 =

RCL_207vc

[19193.97 13161.21 5625.07 2830.37

19071.72 13080.19
19030.19 13045.45
19318.32 13241.93

=(0.58 0.69 1.06
0.58 0.70 1.05
0.61 0.70 1.04
0.58 0.70 1.04

[14439.38 9736.23
14419.10 9727.82
14508.72 9792.23
14504.87 9770.33

= [0.70 0.81 1.22

0.70 0.79 1.19
0.71 0.81 1.17
0.70 0.82 1.15

%!! the last row for RCL_281

5598.17 2812.38
5581.00 2807.61
5657.52 2833.43

1.53 0.95 1.34
1.51 0.92 1.36
1.46 0.90 1.35
1.49 0.92 1.32];

4059.36 1997.79
4057.17 1995.73
4080.06 2010.91
4066.62 1994.36

1.71 1.06 1.61
1.73 1.07 1.61
1.73 1.11 1.57
1.75 1.06 1.60]

7572.67 3468.77
7528.89 3448.32
7507.90 3439.19
7615.41 3486.72};

5511.47 2460.88
5505.14 2460.09
5544.48 2474.87
5522.25 2463.35];

.
!

came from the lost file RCL320

4930.33 2455.73
4916.91 2451.86
4917.84 2448.63
4923.62 2445.09

1.59 0.93 1.40
1.63 0.94 1.38
1.61 0.92 1.45
1.59 0.97 1.46]);

.
’
.
’
.
’

6674.72 3023.01
6654.58 3013.47
6654.17 3009.83
6660.42 3014.65];

RCL_281 = [17141.24 11672.54
17094.89 11638.63
17092.56 11630.04
17147.95 11668.81

RCL_281vc = [0.63 0.76 1.11
0.63 0.76 1.13

0.64 0.75 1.16

0.62 0.76 1.12

RCL_239 = RCL_239(:,LKk)
RCL_207 = RCL_207(:,Lk)
RCL_281 = RCL_281(:,LKk)
RCL_239vc = RCL 239vc(:
RCL_207vc = RCL_207vc(:
RCL_281lvc = RCL_281vc(:

+ LK)
LK)
+ LK)

we “we wo

$%%% data for reflectance curve fitting

L2 = [3125 3175 3312 3398 3600 3800];

%% Bandpass in A as function of L2



BW1
BW2

BW
%%

[9.38 10.41 10.50 10.14 10.32 10.58];
47 9.56 10.21 10.27 10.61];

[9.44 10.

(9.4 10.4 10.0 10.2 10.3 10.6];

BW=(BW1+BW2) /2;

%$%% Goniometric Reflectance for Pitch=0
%$%% Surfaces R W and S for case 5

Yaw

$%% wavelength across rows Yaw along column

R5

w5

S5

[120 100 80 60 50 40];

[0.45866 0.46430 0.47603

0.36999
0.24591
0.17313
0.15417
0.14262

[0.46539
0.37154
0.24551
0.17405
0.15462
0.14194

(0.46781
0.37478
0.24749
0.17448
0.15494
0.14122

0.37774
0.25037
0.17682
0.15739
0.14521

0.47225
0.37853
0.25025
0.17698
0.15745
0.14447

0.47385
0.37985
0.25005
0.17655
0.15721
0.14367

%$%% correct using absolute

W5_abs

R5_abs

S5_abs
%%

%¥%% FEL
%%

[0.15517

[0.15701

0.15754

0.15935

[0.15777 0.15925

0.38556
0.25585
0.18086
0.16059
0.14835

0.48135
0.38655
0.25590
0.18125
0.16077
0.14741

0.48404
0.38893
0.25636
0.18112
0.16118
0.14699

0.47789
0.38768
0.25757
0.18185
0.16149
0.14933

0.48426
0.38948
0.25830
0.18292
0.16210
0.14854

0.48541
0.39064
0.25796
0.18204
0.16199
0.14792

0.48244
0.39290
0.26137
0.18461
0.16395
0.15136

0.48990
0.39531
0.26239
0.18567
0.16473
0.15084

0.49039
0.39629
0.26169
0.18512
0.16435
0.15022

values for Yaw=50 dg

0.16105 0.16215 0.16471

0.16261 0.16410 0.16583

0.16309 0.16420 0.16616

lamp Calibration Data

$ film 118
$ film 119

%

0.48918
0.39914
0.26536
0.18726
0.16630

0.15353];

0.49433
0.39979
0.26515
0.18755
0.16614

0.15191];

0.49827
0.40367
0.26649
0.18806
0.16710

0.15246];

0.16556];

0.16838];

0.16907];

LH = [250 260 270 280 290 300 310 320 330 340 350 370 400];
LH=10*LH;

%%

FEl in micro watt/(cm~2*nm)

F-281
0.019
0.0332

F-239
0.0227
0.0393

%% F-207
H = [0.017
0.0302

%% wavelengtl



H =

0.0503 0.0645
0.0792 0.1
0.1193 0.15
0.1739 0.216
0.2451 0.301
0.3353 0.41
0.448 0.545
0.5862 0.708
0.7526 0.903
NaN 1.4
2.049 2.39
H*l.e-6;

%$%% error in H

%

3%
$%%
$%%
$%%%

%!

LH err =[2500 3500 6546];

He 239 = [ 2.23 1.35 1.01
1.0 0.7 0.4];

He 239 = He_239/100;

He 281 = [2.23 1.35 1.01
1.0 0.7 0.4);

He 281 = He 281/100;

BRDF

0.055
0.0863
0.13
0.188
0.263
0.36
0.481
0.628
0.804
1.25
2.17];

$ now H is in watt/(cm~2*nm)

% in %

% in %

each row corresponds to a wavelength

p3

[ msr_avg at 100%, msr_avg(l),...,msr_avg(3),msr_avg at 100%])

y_corr=y msr*exp(y_corr*a)) --> log(z)=z*a*y msr
where 2z=y_corr/y msr

BRDF =

g9
a

78.7424;
9.5e-9;

]

[5667083.2
7935912.8
5382316.2
6304242.4
6208617.6
7292168.2

dark current :

de3

= [284.1
301.0
436.1
249.5
238.1
249.2

(y_corr/y_corrl00%) *g

%% geometry factor
%% pulse dead time

22907.901
33952.708
22775.852
26901.008
26908.385
32159.863

need to be subtracted wrom the measurements

362.2
281.2
556.2
228.2
215.1
486.9];

22985.718
33327.764
22896.197
26930.944
26762.843
32215.127

22957.692
33290.559
22861.674
26955.422
26880.980
32289.431

5662637.2
7943591.2
5395686.6
6310966.6
6217236.0

7283978.4];
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dc3 = mean(dc3’)’; % average between start and end
for i=1:6
y msr(i) = mean(p3(i,2:4))-dc3(i);

y_full(i) = 0.5*%(p3(i,1)+p3(i,5))-dc3(i);
z1(i) = myfzero(’lgroot’,a*y msr(i),1);
22(i) = myfzero(’lgroot’,a*y full(i),1);

end;

BRDF3 = (y _msr.*zl)./(y_full.*z2);

BRDF3 = g*BRDF3; % geometry correction

pP6 = [5689256.2 22477.891 22464.290 22421.580 5684048.6
7655081.2 31220.564 31158.998 31227.708 7634126.8
7477739.8 31111.848 31069.087 31041.768 7458408.8
6811106.8 29110.353 29032.591 29075.480 6875381.4
6255831.0 26512.860 26582.337 26549.906 6243352.0
7385619.0 31977.927 32039.914 32013.386 7386142.0 ];

%!! dark current : need to be subtracted wrom the measurements
dcé = [251.7 246.3
269.4 311.1
431.3 336.8
496.0 273.5
364.9 362.4
325.7 322.6];
dcé = mean(dcé’)’;
for i=1:6
y_msr(i) = mean(p6(i,2:4))-dcé6(i);
z1(i) = myfzero(’lgroot’,a*y msr(i),1);
y_full(i) = 0.5*%(p6(i,1)+p6(i,5))-dc6(i);
22(i) = myfzero(’lgroot’,a*y full(i),1);
end;
BRDF6 = (y_msr.*zl)./(y_full.*z2);
BRDF6 = g*BRDF6; % geometry correction
$%%%
$X5%%% end of file



$%%% ref_cal2.m

calibrate reflectance using fm_calib.m data
update according to IOM from R.Haring, 10/2/91
all correctins are marked as % !!

define constants

CF = cos(50*%pi/180); % cos of diffuser view angle

CF = cos(40*pi/180); % cos of diffuser view angle
OMEGA=(3*pi/180)."2; % field of view in sterad
A = (0.26)"2; % entrance pupil area in cm"~2

%% correct goniometric reflectance into absolute
%% using absolute reflectance at Yaw=50

i50 = find(Yaw==50) ;

cR5 = R5_abs./R5(i50,:);

CW5 = W5_abs./W5(i50,:);

cS5 = S5 _abs./S5(i50,:); % correction is a function of

wavelength

n=length(Yaw) ;

for i=1:n
RS5ref(i,:) = R5(i,:).*CcR5;
Wsref(i,:) = W5(1i,:).*CW5;
SsSref(i,:) = S5(i,:).*cS5;

end;

%%
%

%%
%%

we need reflectance at yaw=90 which was not measured
therefore, fit cubic spline into these data

yaw = 40:120;
for i=1:6
Y=RSref (:,1);
R5all(:,i) = spline(Yaw’,bY,yaw’);
Y=W5ref(:,1i);
wW5all(:,i) = spline(Yaw’,Y,yaw’);
Y=SSref(:,1);
S5all(:,i) = spline(Yaw’,Y,yaw’);
end;

find absolute reflectance at yaw=90 (function of wl)
these data will be used as BRDF for irradiance calibration

i90 = find(yaw==90);
BRDFr=R5al11(1i90,:);
BRDFw=W5all (i90,:);
BRDFs=S5all (i90,:);



%%

$%%¥ Now reduce H(1l) data

%$%% FEL was measured for several frequencies but not for L2
$%% Fit 3d order polinomial into FEL data

yH=H(find (~isnan(H(:,1))),
=LH(find(~isnan(H(:,1)))
pH_207=polyfit(xH,yH’,3);

1);
)i
yH=H(:,2);

pH_239 = polyfit(LH,yH’,3);

yH=H(:,3);
pH_281 = polyfit(LH,yH’,3);

%% now compute FEL for each lamp for needed wavelengths

H_207 = polyval(pH_207,L2);
H_239 = polyval(pH_239,L2);
H_ 281 = polyval(pH_281,L2);

%% now find relative error of approximation.
%¥%¥ do not use lamp F-207 since it does not have all the frequencies

h 239 = polyval(pH_239,LH);
h 281 = polyval(pH_281,LH);
dH_239 = (h_239-H(:,2)’)./H(:,2)';
dH 281 = (h_281-H(:,3)’)./H(:,3)’;

%% retain only data for the wavelengths of interest

dH_239
dH_281

dH_239(7:13);
dH_281(7:13);

%%

$%5%%%%%% Radiance Calibration $%%%%%%%%%%%

%$%%

$%% Rs(lambda) = I(lambda)/[BRDF(1l)*cos(F)*H(1l)*BW(1l) *A*OMEGA ]
%%

$%% convert BW into nm

BW = 0.1*BW;

BRDF = 0.5% (BRDF6+BRDF3) ;
Rs_239 = mean(RCL_239) ./ (BRDF.*BW.*H 239*CF*A*OMEGA) ;

Rs_281 mean(RCL_281)./(BRDF.*BW.*H:ZSI*CF*A*OMEGA);
RS_207 mean(RCL_207)./(BRDF.*BW.*H_207*CF*A*OMEGA);
$%%
$3¥5%%%%%% Iradiance Calibration $%%%%%%%%%%
$%%
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$3% Ri(lambda) = I(lambda)/[BRDF(1l)*cos(F)*H(1l)*BW(1l)*A*OMEGA]
$%%

$%!! compute irradiance separately for car. #4 and #5

$%!! car.#4 is in the first row of IC..

$%!! car.#5 is in the second row of IC..

%$%!! carousel # 4

Ri_239_4 = ICR_239(1,:)./(BRDFr.*BW.*H 239*CF*A*OMEGA) ;
Ri_281_4 = ICR_281(1,:)./(BRDFr.*BW.*H 281*CF*A*OMEGA) ;
Ri“207_4 = ICR_207(1,:)./(BRDFr.*BW.*H 207*CF*A*OMEGA);
Wi_239 4 = ICW_239(1,:)./(BRDFw.*BW.*H 239*CF*A*OMEGA);
Wi 281 4 = ICW_281(1,:)./(BRDFW.*BW.*H 281*CF*A*OMEGA) ;
Wi 207 4 = ICW_207(1,:)./(BRDFW.*BW.*H 207*CF*A*OMEGA) ;
Si_239_4 = ICS_239(1,:)./(BRDFs.*BW.*H 239*CF*A*OMEGA) ;
Si_281_4 = ICS_281(1,:)./(BRDFsS.*BW.*H 281*CF*A*OMEGA) ;
Si_207_4 = ICS_207(1,:)./(BRDFs.*BW.*H 207*CF*A*OMEGA) ;

$%% compute difference between radiance and irradiance
%$%% for the lamp 281 only

dw_281 4 = 100*(Rs_281-Wi_281 4)./Rs_281;
dr_281_4 = 100*(Rs_281-Ri_281 4)./Rs_281;
ds_281_4 = 100*(Rs_281-Si_ 281 4)./Rs_281;
d 281 4 = [dw_281 4; dr_281 _4; ds_281 4];

%$%%!! carousel # 5

Ri_239 5 = ICR 239(2,:)./(BRDFr.*BW.*H 239*CF*A*OMEGA) ;
Ri“ 28175 = ICR 281(2,:)./(BRDFr.*BW.*H 281*CF*A*OMEGA) ;
Ri_207_5 = ICR 207(2,:)./(BRDFr.*BW.*H 207*CF*A*OMEGA) ;
Wi_239 5 = ICW_239(2,:)./(BRDFW.*BW.*H 239*CF*A*OMEGA) ;
Wi 281 5 = ICW _281(2,:)./(BRDFw.*BW.*H 281*CF*A*OMEGA) ;
Wi 207_5 = ICW _207(2,:)./(BRDFw.*BW.*H 207*CF*A*OMEGA) ;
Si 239 5 = ICS_239(2,:)./(BRDFs.*BW.*H 239*CF*A*OMEGA) ;
Si_281_5 = ICS_281(2,:)./(BRDFS.*BW.*H_281*CF*A*OMEGA) ;
Si_207_5 = ICS_207(2,:)./(BRDFs.*BW.*H 207*CF*A*OMEGA) ;

$%% compute difference between radiance and irradiance
%$%% for the lamp 281 only

dw 281 5 = 100*(Rs_281-Wi_281 5)./Rs_281;
dr_281_5 = 100*(Rs_281-Ri_281_5)./Rs_281;
ds_281_ 5 = 100*(Rs_281-Si_281_5)./Rs_281;
d 281 5 = [dw_281_5; dr_281 5; ds_281 5];

%%
$%%% end of file
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$% cal_plt2.m

%%

$%% make all the plots for FM-2

%% use results of fm_cal2.m, ref_cal2.m

$3%
$%% Fig.1 BRDF(3) and BRDF(6)

y1=BRDF3; y2=BRDF6; y3=0.5%*(yl+y2);
plOt(Lzlyll’--r’lelylll*’lelyzl’--gllelyzl’O’ILzly3I’-b')
title(’/BasO4 BRDF for Area 3 and Area 6');

xlabel (/wavelength A’)

ylabel (/BRDF str-1');

text (3500,0.306,’Area 6');

text (3200,0.310,’Area 3’);

text (3500,0.313, ’'Average’);

pause;

if DOMETA meta brdf.met; end;

$%% Fig.2 bandwidth

plot(L2,BW,’-r’,L2,BW,’0’)
title(’Measured Bandwidth ’);
xlabel (/wavelength A’)

ylabel (/Bandwidth in A’);

$%text (3350,9.6,'Film 119’);
$%text (3350,10.5,’Film 118');
pause;

if DOMETA meta bandwidz.met; end;

$%% Fig.3 cubic fit for lamp FEL

11=LH(1):2:LH(13);

yl=polyval(pH_207,11);
y2=polyval(pH_239,11);
y3=polyval(pH_281,11);

yH=H(find(~isnan(H(:,1))),1);
pl°t(lllyll’-rIIXHIyHI’*’IlllYZI,--g,ILHIH(:IZ)I’ollllIYBI,-'w’ILHIH(:I3
), 'x")

title(’/Cubic Fit into FEL Lamp Data’);

ylabel (’/Spectral Irradiance w/cm-2*nm’)

xlabel (‘wavelength in A’);

text (2600,2.0e-6,'--- F=207');
text (2600,1.8e-6,’- - F-239');
text (2600,1.6e-6,’-.- F-281");
pause;

if DOMETA meta fel lamp.met; end;
$%% Fig. 4 Radiance for different lamps

10
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Il=mean(RCL_207);

I2=mean(RCL_239);

I3=mean(RCL_281);
plot(L2,I1,7-r’,L2,12,’--g’,L2,1I3,'-.W')
title(’Average Normalized Radiance Counts’);
ylabel (’Spectral Radiance in normalized counts’)
xlabel (‘wavelength in A’);

text (3200,1.60e+4,’--- F-207');

text (3200,1.45e+4,’~- - F-239');

text (3200,1.30e+4,’~-.- F-281');

pause;

if DOMETA meta radians.met; end;

%%%% Fig... Radiance measured during different sessions

plot(L2,RCL_207"')
title(’Measured Radiance for F-207 at Different Sessions’);
ylabel (’Spectral Radiance in normalized counts’)

xlabel (‘wavelength in A’);

pause;

if DOMETA meta rad207.met; end;

plot(L2,RCL_239')
title(’Measured Radiance for F-239 at Different Sessions’);
ylabel (’/Spectral Radiance in normalized counts’)

xlabel (‘wavelength in A’);

pause;

if DOMETA meta rad239.met; end;

plot (L2,RCL_281’)
title(’Measured Radiance for F-281 at Different Sessions’);
ylabel (/Spectral Radiance in normalized counts’)

xlabel (‘wavelength in A’);

pause;

if DOMETA meta rad28l.met; end;

%$%% Fig. 6a Cubic spline fit for Absolute Reflectance vs yaw
$%% at 1=3125 A.

x=yaw; yl=R5all(:,1); y2=W5all(:,1); y3=S5all(:,1);
x0=Yaw; yl0=RSref(:,1); y20=WSref(:,1); y30=SSref(:,1);

pl°t(xlyll’--rllxolylol’*,lxlyzll-g’lxolyzol,ollxly3l,-’W,Ixoly301’xl)

title(’Cubic Spline Fit into Reflectance Data’);
ylabel (/Absolute Reflectance str-1’)
xlabel(’Yaw in dg’);

text (50,0.46,'Carousel ser. num. 5’);
text(75,0.43,’Pitch = 0 dg’);

text (75,0.40,’lambda = 3125 A’)

text (50, 0.35,’--- Working Surface’);

text (50, 0.32,’- - Reference Surface’);
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text (50, 0.29,’-.- Stow Surface’);

pause;
if DOMETA meta abs_ref.met; end;

$%% Fig. 6b. Abs refl for working surface for all temperature

plot(yaw,W5all);

title(’Cubic Spline Fit into Reflectance Data for Working Surface’);
ylabel (’/Absolute Reflectance str-1’)

xlabel(’Yaw in dg’);

text (50,0.46,’'Carousel ser. num. 5’);

text(75,0.40,’Pitch = 0 dg’);

text(75,0.37,’all lambda’)

pause;

if DOMETA meta ref work.met; end;

$%%%% radiance sensitivity for all lamps
plot(L2,Rs 207,’-r’,L2,Rs 239,’--g’,L2,Rs_281,'-.w’)
title(’Radiance Sensitivity for All Lamps’);
ylabel (/counts/watt/’)

xlabel (’/wavelength in A’);

text (3500,2.00el14,’--- Lamp F-207');

text (3500,1.95el14,’~- - Lamp F-239’);

text (3500,1.90el14,’~-.- Lamp F-281');

text (3200,2.45el14,’'Working surface’);

pause;

if DOMETA meta radsens.met; end;

%
L2212 1 1 carousel # 4 FIEIEITLLIEIHHIH3%%%

%$%%% Fig. 7a, 7b, 7c Irradiance for F-207, F-239, 281
y1=ICW_207(1,:); y2=ICR_207(1,:); y3=ICS_207(1,:);

plot(L2,y1,’-r’,L2,y2,’--9’,L2,y3,'=.W');
title(’Irradiance for All Surfaces : Lamp F-207 ’);
ylabel(’Irradiance in normalized counts’)

xlabel (/Wavelength in A’);

text (3200,13000, ‘Carousel ser. num. 4');

text (3200,11000,’~--- Working Surface’);

text (3200,10000,’- - Reference Surface’);

text (3200,9000,’-.- Stow Surface’);

pause;

if DOMETA meta irr207_4.met; end;

y1=ICW_239(1,:); y2=ICR_239(1,:); y3=ICS_239(1,:);
plot(L2,y1,’-r’,L2,y2,’--g’,L2,y3,'=.W');
title(’Irradiance for All Surfaces : Lamp F-239 /);
ylabel(’Irradiance in normalized counts’)

xlabel (’/Wavelength in A’);
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text (3200,16000,’'Carousel ser. num. 4’');
text (3200,13000,’'--- Working Surface’);
text (3200,12000,’~- - Reference Surface’);
text (3200,11000,’~-.~- Stow Surface’);
pause;

if DOMETA meta irr239_4.met; end;

yl=ICW_281(1,:); y2=ICR_281(1,:); y3=ICS_281(1,:);

plot(L2,y1,’-r’,L2,y2,’'--g’,L2,y3,'=.W’");
title(’Irradiance for All Surfaces : Lamp F-281');
ylabel (’Irradiance in normalized counts’)

xlabel (’Wavelength in A’);

text (3200,14000,’Carousel ser. num. 4');

text (3200,11000,’--- Working Surface’);

text (3200,10000,’~- - Reference Surface’);

text (3200, 9000,’-.- Stow Surface’);

pause;

if DOMETA meta irr281 4. met, end;

y1=ICW_207(1,:); y2=ICW_239(1,:); y3=ICW_281(1,:);

plot(L2,y1,’-r’,L2,y2,’'--g’',L2,y3,'-.Ww');
title(’Irradiance for Working Surface for all Lamps’);
ylabel(’Irradiance in normalized counts’)
xlabel(’/Wavelength in A’);

text (3200,16000, 'Carousel ser. num. 4’');

text (3200,12000,’--- Lamp F-207');

text (3200,11000,’- - Lamp F-2397);

text (3200,10000,’-.- Lamp F-281');

pause;

if DOMETA meta irr_w_4.met; end;

£%%%% resulted plots of radiance and irradiance for each lamp

plot(L2,Rs_207,’-r’,L2,Wi_207_4,’-g’,L2, R1 207_4,’--b’,L2,5i_207_4, w’)
tltle(’Radlance and Irradlance Sen51t1v1ty : Lamp F- 207'),
ylabel (/counts/watt’)

xlabel (/wavelength in A’);

text (3200,2.05e14, 'Radiance ->');

text (3450,1.90el14,’Irradiance for Carousel # 4’');

text (3500,1.60el14,’--- Working surface’);

text (3500,1.55el14,’- - Reference surface’);

text (3500,1.50el14,’'~.- Stow surface’);

pause;

if DOMETA meta rir207_4.met; end;

plot(L2,Rs_239,’-r’,L2,Wi_239 _4,’-g’,L2,Ri_239 _4,’--b’,L2,Si_239_4,'-.w’)
tltle(’Radlance and Irradlance Sen51t1v1ty : Lamp F-239');

ylabel (/counts/watt’)

xlabel (’/wavelength in A’);

text(3180,2.25e14, 'Radiance =->’);
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text (3450,2.15el14, ’Irradiance for Carousel # 4');
text (3500,1.80el4,’--- Working surface’);

text (3500,1.75el14,’~- - Reference surface’);

text (3500,1.70el14,’~.- Stow surface’);

pause;

if DOMETA meta rir239_4.met; end;

plot(L2,Rs_281,’-r’,L2,Wi_281_4,’-g’,L2,Ri_281_4,’~--b’,L2,Si 281 4,’-.w’)
title(’Radiance and Irradiance Sensitivity : Lamp F-281’);
ylabel (/counts/watt/’)

xlabel (‘wavelength in A’);

text (3150,2.2el14,’Radiance ->’);

text (3450,2.12e14,’'Irradiance for Carousel # 4');

text (3500,1.80e14,’'--- Working surface’);

text (3500,1.75el4,’~- - Reference surface’);

text (3500,1.70el4,’-.- Stow surface’);

pause;

if DOMETA meta rir281 4.met; end;

$%% plot relative difference between radiance and irradiance

plot(L2,d_281_4)

title(’Difference between Radiance and Irradiance /)
xlabel(’wavelength in A’)

ylabel (’Relative difference in %’)
text (3400,23.0,’Lamp F-281');

text (3400,22.5,’Carousel # 4')

text (3400,21.2,’'Reference surface’)
text (3400,19.2,’Stow surface’)

text (3400,16.4, ’Working surface’)
pause

if DOMETA meta rad_ir_4.met; end

%%
$5%%%%% carousel # 5 FEETEEILLLEEHLTLE%%%

$%$%% Fig. 7a, 7b, 7c Irradiance for F-207, F-239, 281
y1=ICW_207(2,:); y2=ICR_207(2,:); y3=ICS_207(2,:);

plot(L2,y1,’-r’,L2,y2,’'--g’,L2,y3,'=.W');
title(’Irradiance for All Surfaces : Lamp F-207 ’);
ylabel (’Irradiance in normalized counts’)

xlabel (’Wavelength in A’);

text (3200,13000, 'Carousel ser. num. 5’);

text (3200,11000,’--- Working Surface’);

text (3200,10000,’- - Reference Surface’);

text (3200,9000,’~-.- Stow Surface’);

pause;

if DOMETA meta irr207_5.met; end;
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y1=ICW_239(2,:); y2=ICR_239(2,:); y3=ICS_239(2,:);

plot(L2,y1l,’-r’,L2,y2,’'--9’,L2,y3,'-.Ww');
title(’Irradiance for All Surfaces : Lamp F-239 ’/);
ylabel (/Irradiance in normalized counts’)

xlabel (’/Wavelength in A’);

text (3200,18000, 'Carousel ser. num. 5’);

text (3200,14000,’--- Working Surface’);

text (3200,13000,’- - Reference Surface’);

text (3200,12000,’-.- Stow Surface’);

pause;

if DOMETA meta irr239_S5.met; end;

y1=ICW_281(2,:); y2=ICR 281(2,:); y3=ICS_281(2,:);

plot(L2,y1,’-r’,L2,y2,’--g’,L2,y3,'-.W");
title(’Irradiance for All Surfaces : Lamp F-281');
ylabel(’/Irradiance in normalized counts’)

xlabel (’Wavelength in A’);

text (3200,16000, /Carousel ser. num. 5’);

text (3200,12000, '--- Working Surface’);

text (3200,11000,’- - Reference Surface’);
text (3200,10000,’-.- Stow Surface’);
pause;

if DOMETA meta irr281_5.met; end;

y1=ICW_207(2,:); y2=ICW _239(2,:); y3=ICW_281(2,:);

plot(L2,y1,’-r’,L2,y2,’'--9’,L2,y3,'=.W');
title(’Irradiance for Working Surface for all Lamps’);
ylabel(’Irradiance in normalized counts’)
xlabel(’Wavelength in A’);

text (3200,16000,’'Carousel ser. num. 5’);

text (3200,12000,’--- Lamp F-207');

text (3200,11000,’- - Lamp F-239’);
text (3200,10000,’-.- Lamp F-281');
pause;

if DOMETA meta irr_w_5.met; end;
$%%%% resulted plots of radiance and irradiance for each lamp

plot(L2,Rs_207,’-r’,L2,Wi_207_5,’-g’,L2,Ri_207_5,’--b’,L2,Si_207_5,’-.w')
title(’Radiance and Irradiance Sensitivity : Lamp F-207');
ylabel (’counts/watt’)

xlabel (’/wavelength in A’);

text (3150,1.95el14, 'Radiance =->’);

text (3450,2.07el4,’'Irradiance for Carousel # 5');

text (3500,1.85el14,’--- Working surface’);

text (3500,1.80e14,’'- - Reference surface’);

text (3500,1.75e14,’-.- Stow surface’);

pause;

if DOMETA meta rir207_5.met; end;
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plot (L2, Rs 239,’-r’,L2,Wi_239 5,’-g’,L2,Ri_239 _5, --b’,L2,Si_239_5,’—.w’)
tltle('Radlance and Irradlance Sens1t1v1ty : Lamp F-239');
ylabel(’counts/watt’)

xlabel (‘wavelength in A’);

text (3150,2.24el14,’Radiance =->');

text (3450,2.35e14,’Irradiance for Carousel # 5’);

text (3500,2.15e14,’--- Working surface’);

text (3500,2.10el14,’- - Reference surface’);

text (3500,2.05el14,’-.- Stow surface’);

pause;

if DOMETA meta rir239_5.met; end;

plot(L2,Rs_281,’-r’,L2, wi_281 5,’-g’,L2, Ri_281 5,’--b’,L2,Si 281 5,’'-.w')
tltle('Radlance and Irradlance Sen51t1v1ty : Lamp F- 281’),
ylabel(’counts/watt/’)

xlabel (’wavelength in A’);

text (3150,2.2e14, 'Radiance ->’);

text (3450,2.32el14,’Irradiance for Carousel # 5’);

text (3500,2.10e14,’--- Working surface’);

text (3500,2.05el14,’- - Reference surface’);

text (3500,2.00el14,’-.- Stow surface’);

pause;

if DOMETA meta rir281 5.met; end;

%$%% plot relative difference between radiance and irradiance

plot(L2,d_281_5)

title(’Difference between Radiance and Irradiance’)
Xlabel (‘wavelength in A’)
ylabel(’Relative difference in %’)
text (3400,12.5,’Lamp F-281');

text (3400,12.0, ’Carousel # 5')

text (3550,11.1, 'Reference surface’)
text (3400,10.5,’Stow surface’)

text (3400,9.0, 'Working surface’)
pause

if DOMETA meta rad_ir 5.met; end

$%%%%%% end of file
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MATLAB PROGRAMS FOR ERRORBAR COMPUTATION

error2.m
error bars for TOMS FM-2 calibration

corrected from errors.m taking into account IOM R.Haring 10/2/91
all corrections are marked as %!! |

H errors are common for radiance and irradiance
According to NBS relative errors are the same for F-239 and F-281
Therefore, we use the same values for all lamps

first linearly interpolate errors for the frequencies of interest

for wavelength < 3500
dL=LH _err(2)-LH_err(1);
dE=He_239(:,2)-He_239(:,1);
for i=1:4

Herr(:,i) = He_239(:,1)+dE*(L2(i)-LH_err(1))/4dL;
end;

%% for wavelength > 3500

£ 21
%%

%%
%%

dL=LH_err(3)-LH_err(2);
dE=He_239(:,3)-He_239(:,2);
for i=5:6

Herr(:,i) = He_239(:,2)+dE*(L2(i)-LH_err(2))/dL;
end;

there is some error associated with cubic interpolation
use average for all frequencies

Herr_interp 239
Herr_interp 281

mean(dH_239.*dH_239);
mean(dH_281.*dH_281);

add NBS uncertainty and Transfer Uncertainty and interpolation errors
use lamp F-281 only

Herr_ full = Herr(1,:).”2 + Herr(2,:).”2 + Herr_interp_ 281;
radiance sensitivity

there are 4 sets of samples each set has 20 major frames
each major frame has 70 samples (minot frames)
RCL_XXXvc is a std over whole data set = 20x70 points
therefore, one could expect that err(RCL_XXX) = RCL_XXXvc/sqrt(70%20)
However, the differences between averages of 4 sets
are much larger than this number
sigma/sqrt (70*20) = 0.04%
max (RCL)-min(RCL) = 0.6 %
this is from other factors such as

1



%% lamp stability, temperature, bearing accuracy, etc.
%% therefore, for RCL error use 0.5*(max(RCL)-min(RCL)) between the sets.

ssl = 0.0l*mean(RCL_207vc) /sqrt(70*20);
ss2 207 = 0. 5*(max(RCL 207)-min(RCL_207)) ./mean(RCL_207);
RCL 207err = max([ssl;ss2_207]);

ssl = 0.0l1*mean(RCL_239vc) /sqrt (70*20);
ss2_239 = 0.5*(max(RCL_239)-min(RCL_239))./mean(RCL_239);
RCL_239err = max([ssl;ss2_239]);

ssl = 0. Ol*mean(RCL 281vc) /sqrt (70*20) ;

ss2_ 281 = 5*(max(RCL 281)-min(RCL_281))./mean(RCL_281);
RCL_28lerr = max([ssl; ssz_281]),

ss = ss/3;

BRDF_err = abs (BRDF3-BRDF6) / (BRDF3+BRDF6) ;
BRDF_err = BRDF_err."2;

Rs_err = [ RCL_207err.”2+BRDF_err+Herr_ full
RCL_239err.~2+BRDF_err+Herr_ full
RCL_28lerr.~2+BRDF_err+Herr full];

Rs_err = sqrt(Rs_err)*100; %% in per cent
Rs_ebar = 0.01*Rs_err.*[Rs_207;Rs_239;Rs_281];

$%%% irradiance sensitivity

%% for itrradiance we have only one set of measurements
%% therefore we cannot estimate long term variations
$% we assume that they are the same as for the radiance

%% use carousel # 5 only

ssl = 0.01*ICR _207vc(2,:)/sqrt(70#*20);
ICR_207err = max(([ssl;ss2_207]);
ssl = 0.01*ICR _239vc(2,:)/sqrt(70#*20);
ICR_239err = max([ssl;ss2 _239]);
ssl = 0.01*ICR 281vc(2,.)/sqrt(70*20),
ICR_28lerr = max([ssl ss2_281]);

ssl = 0.01*ICW_207vc(2,:)/sqrt(70*20);
ICW_207err = max ([ssl;ss2 _207]);
ssl = 0.01*ICW_239vc(2,:)/sqrt(70*20);
ICW_239err = max([ssl;)ss2 _2391);
ssl = 0.01*ICW 281vc(2,.)/sqrt(70*20);
ICW_28lerr = max([ssl)ss2_281]);

ssl = 0.01*ICS 207vc(2,:)/sqrt(70*20);
ICs_207err = max([ssl;ss2 _207]);
ssl = 0.01*ICS 239vc(2,.)/sqrt(70*20),
ICS_239err = max([ssl ss2_239]);



/ 3

ssl = 0.01*ICS_281vc(2,:)/sqrt(70%*20);

ICS_28lerr
BRDFi_err

Wi_207err
Ri_207err
Si_207err

Wi_239err
Ri_239err
Si_239err

Wi_28lerr
Ri_28lerr
Si_28lerr

Ri_207ebar
Ri_239ebar
Ri_28lebar

Wi_207ebar
Wi_239ebar
Wi_28lebar

Si 207ebar

Si_239ebar
Si_281lebar

$%%

= max([ssl;ss2_281]);
(0.3/100)~2;

sqrt (ICW_207err.~2+BRDFi_err+Herr_full)*100;
sqrt (ICR_ 207err.~2+BRDFi err+Herr _full)*100;
sqrt (ICS_ 207err.~2+BRDFi _err+Herr_full)*100;

sqrt (ICW_239err.~2+BRDFi_err+Herr_full) *100;
sqrt (ICR_ 239err.“2+BRDF1 err+Herr _full) *100;
sqrt (ICS_239err.~2+BRDFi err+Herr _full) *100;

sqrt (ICW_28lerr.~2+BRDFi_err+Herr_ full) *100;
sqrt(ICR 28lerr.~2+BRDFi_ err+Herr _full) *100;
sqrt (ICS_28lerr.~2+BRDFi_ “err+Herr _full)*100;

0.01*Ri_207err.*Ri_207_5;
0. Ol*Rl 239err.*Ri_ _239_5;
0. Ol*Rl 281err.*R1 281 _5;

0. Ol*Wl 207err.*W1 207_5;
0. 01*W1 239err.*W1 239 5,
0.01*Wi_ 281err.*W1 281" _5;

0.01*Si_207err.*Si_207_5;
0.01*Si_239err.*Si_239_5;
0.01*Si_28lerr.*Si_281_5;

% in per cent

% in per cent

% in per cent
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%% errtab.m
£% print out values for error bars of radiance and irradiance

%% use data generated by error2.m

%% error bars for Radiance sensitivity

str='Estimation error of Radiance Sensitivity in %’
% rows are for F-207, F-239, F-281
Rs_err

%%
str='Estimation error of Irradiance Sensitivity in %’
str=’Carousel # 5’

% rows are for WR S

L2

str='F-207'
[Wi_207err;Ri_207err;Si_207err]
str='F-239’
[(Wi_239err;Ri_239err;Si_239err]
str='F-281"'
[(Wi_281lerr;Ri_28lerr;Si_28lerr]

%
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$%% plt_err.m
$%$% error of FEL approximation

11=LH(7:13);
plot(11,dH_239%100,’-r’,11, dH_281%100,’--g’)
title(’Relative Errors of FEL Approximation’);
xlabel (‘wavelength in A’);

ylabel(’relative error in %’);

text (3600,0.6,’--- Lamp F-2397);

text (3600,0.4,’- - Lamp F-281');

pause;

if META meta fel_err.met; end;

$%% plot all relative errors for radiance

plot(L2,Rs_err);

title(’Relative Error of Radiance Sensitivity Determination’ )
xlabel (‘wavelenfgth in A’)

ylabel(’error in %’)

text (3400,2.35,’/--- Lamp F-207')

text (3400,2.32,’- - Lamp F-239/)

text (3400,2.29,’-.- Lamp F-281');

pause;

if META meta rad_err.met; end;

%$%% irradiance errors

plot(L2,Wi_207err,’-r’,L2,Ri_207err,’--g’,L2,Si_207err,’'-.w’);
title(’Relative Error of Irradlance Sensitivity Determination’)
xlabel (‘wavelenfgth in A’)

ylabel(’error in %’)

text (3200,2.00,’Lamp F-207');

text (3400,1.95,’Carousel # 5');

text (3400,1.90,’--- Working Surface’)

text (3400,1.87,’- - Reference Surface’)

text (3400,1.84,’-.- Stow Surface’);

pause;

if META meta i207_err.met; end;

plot(L2,Wi_239err,’-r’,L2,Ri_239err,’--g’,L2,Si_239err,’'-.w');
title(’Relative Error of Irradlance Sens1t1v1ty Determination’)
xlabel (‘wavelenfgth in A’)

ylabel(’error in %’)

text (3400,2.05,’Lamp F-239’);

text (3400,2.0,’Carousel # 5');

text (3500,1.950,’--- Working Surface’)
text (3500,1.925,’- - Reference Surface’)
text (3500,1.900,’-.- Stow Surface’);
pause;

if META meta i239_err.met; end;



plot(L2,wi_281err,’-r’,L2,Ri_281lerr,’--g’,L2,Si_28lerr,’'-.w’);
title(’Relative Error of Irradiance Sensitivity Determination’)
xlabel (‘wavelenfgth in A’)

ylabel (‘error in %’)

text (3200,1.95, ’Lamp F-281');

text (3400,1.9, 'Carousel # 5');

text(3400,1.8,’--- Working Surface’)

text (3400,1.77,’- - Reference Surface’)

text (3400,1.74,’-.- Stow Surface’);

pause;

if META meta i281_err.met; end;

%% both radiance and irradiance

plot(L2,Rs_err(3,:),’-r’,L2,Wi_281err,’-r’,L2,Ri_28l1err,’--g’,L2,Si_281e
rr,’'-.w’);

title(’Radiance and Irradiance Sensitivity Errors for F-281')
xlabel (’/wavelenfgth in A’)

ylabel(’error in %’)

text (3500,2.1, 'Radiance’);

text (3400,1.98,’Carousel # 5’);

text (3400,1.9,’--- Working Surface’)

text (3400,1.85,’~- - Reference Surface’)

text (3400,1.80,’-.- Stow Surface’);

pause;

if META meta rad_irad.met; end;
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RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

83-0050
Appendix |
Radiance & Irradaince Calibration Data Sheet
Test Conductor /7949/‘7{(:;///4/“/”\?
Quality Control
Date 7-25 -2/
Radiance Calibration
Paragraph Item
8.4 BaSQO4 Diffuser calibration completed ‘/
.8.6a Tesf configuration per figure 2 /
BaSQ4 diffuser angle (degrees) So
FEL target to diffuser distance /2. 655
8.6 d Setup & interconnections verified —
Enter Test Log Book number & page L°§ 8““? P3 a3
reference for power up. ’T5F
8.6 e Perkin Elmer reference lamp serial number ~-237
GFSC standard lamp serial number A7
Calibrated FEL lamp serial number _RS(
8.6 f o 83_-DS cx..lr_rént*s',etAtin-gv;t 8.(;JOO a-rr;p~s -

Note: Enter recorded radiance file information on the data file index
sheets provided in appendix lll.

37



RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

83-0050
Appendix Il
Data File Index From: Radiance Calibration
7753¢ .
REFER TO TEST PARAGRAPH 9.6 Jnu; 9‘5‘_‘}:’!’6/1:""’ sheet;’of
1([;'71%;0
el > e \4
Famprpn FRAME
DATE TIME LAMP -§§RF—£§/ FILE NAME DISK NUMBERS
P ) 0la =239 300 20
Gree RVALELY] F=207 M 2o
Ve ene  Ylzdly ~-28] gce 30 L0
e /ay F-239 Rce 303 2o
w/29/ £-207 ) v d 206
ez /2, £- 28] e 305 2o
w1y £-239 2CL 3ot 20
Sl £-207 Bce 07 20
s/ F-16 BCL 30 @ ol o)

TTHT

U
|

Test Conductor___Z/
Quality Control
Date 7_/25‘;/-7/

WITALSSSED ¢
<
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RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

83-0050
Appendix Il
Data File Index From: Radiance Calibration
REFER TO TEST PARAGRAPH 9.6 J sheet__of____
FRAME

DATE TIME LAMP SURFACE FILE NAME DISK NUMBERS
R
§-3-4/ 206 F£-23]  BaSOus RC(C 320 20 N

l 22 AE—f—re? B S 32 12 Apor =

, ;-1 . CQAre  |vo.-o-

( % 37 R.Sby e 320 20 ot nHs> )

S_7.9 33:02  F-107 4S04 RCL 32/ 22

Test Conductor &</
Quality Control
Date ‘g/%é?[

P -
WITHESSED . bcrneqesr
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RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

83-0050
Appendix il
Data File Index Form: lIrradiance Calibration
Sheet Lof__
.
4
Diffuser Carousel Serial Number (par. 9.7 b)~2/00  (*4) o r
FRAME 72 p’ ﬂ?M
DATE TIME LAMP  SURFACE FILE NAME DISK  NUMBERS 7'/ #
o~ o L =2 il =, 2 kﬂ,_#é}/
; A7 7 S70 I —<Co ST ASSEI LY
s 75— v S 701 S
=37 F-239 / Zcs30 2 /- 20
v /YL’2O V4 War K;wj -Ci 42423’ /—2 O
U /Y =27 /?c';wl(t/ 7(/% IO09Y [— 2 O
n (S F-2¥/ Srew TSRO [~2D
I <24 \WorKire Tcw 35(, /=70
Y T3S U fk’e(mvfz. 1-20
[ 16 A0 F-20%  LTTed IS 308 /=20
[ (2 FR20¢F (o Z W09 /=290
X J6.33 FRUF  Pelr +¢R 0 [ 290

Test Conduct M

Quality ontrol
Date_8/3/7/
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RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

83-0050
Appendix il
Data File Index Form: Irradiance Calibration
Sheet Zof__
Diffuser Carousel Serial Number (par. 3.7 b)<* 010 |( ?s)
FRAME
DATE TIME LAMP SURFACE FILE NAME DISK NUMBERS
5$-3-9/ /820 £-235 STow Tc¢s 320 =
| /826 F-235 w oK ut TcCw 32 )
\ /£33 F-235 REE. IcZ 322 205
l
[ 1973 231 _SToew LS 323 20
f LGP F2Bl _meecise TCw 31¢ 20
{ P F-18] ReF Ic? 325 20
dolos” F-2o07 _ STow Tcs 326 20
% A/ £-207 [PEY T TCwW 327 2o
T-3-51 20,18 F-207 REF Tcer 328 20

Test Conductor £/
Quality Control A 297
Date__573/9/
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RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

83-0050 C"\

Appendix i

Data File Index Form: Response Verification

NUMBER PARAGRAPH TIME FILENAME DISK FRAME NUMBERS
—%,0 —9%9, © TOo TJNoo | 2
-so,0 2 N\ 3
—40.0 -40,0 o) | A7
-40, 0 B T \7
-30, 0 To [ 22
-300 B / 27
—2C.0 I~ [ 2
—2,(’2 c R | 27
Z10_ o T. [ 45
— 10,0 3 S
C‘#O I~ J 57
co B [ b2
+(C, 0 ITc [ L8
+100 B | 73
6.0 La 74
4720 ¢ g 34 -
+ % 72 Te ‘ 87 ‘".
tx 0 3 | 735
(3¢°) +max,n To v 49 ~ €ND
+HAX 0 T = ZIRVooz !
4—H§fLQ B ¥ S
Y Te:. |O -€E~D

Test Conductor‘y’]”//, '%4#1‘/——«-—/
Quality Control
Date §-2—71

.

(D INCEYIEP %

43

Vs N,



RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

Appendix il

Data File Index Form: Response Verification

NUMBER PARAGRAPH TIME FILENAME DISK

83-0050

FRAME NUMBERS

—3of~2ﬂ’ oy A IRV |
_%‘,; -20° _ % 1 b
-400 200 I, 'z
4P —20° o \7
-5 -2 In r 22
=58 2F 3 29
-20% -20° To 3¢
-—20 > - 26° 3 329
-5 202° Ta A3
- _2,° B 54
0° =20° To 53
A -20° B S
410 -20° T ¢3
+/8Y, —20‘9 B [ : &7
2 - 20 ) | 72
222,-20° ) 78
13, -20° e 83
20 ) 3 88
v 99 _END
La \J—ag‘«:l-

Set {'0 20. 937 _(za—r ";0 v\owmaﬁ -P\"(L\
(‘30‘4* ‘j"'ﬂ%‘-“‘j éa'rit\s‘/\cuﬁc @ 0 ljaab)

Test ConductorZ ',éz o
Quality Control

Date S-2-91
L1 TIIESS 122 {:\
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RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

83-0050
Appendix I
Data File Index Form: Response Verification
NUMBER PARAGRAPH TIME FILENAME DISK FRAME NUMBERS

£30° -20° T T‘;vc‘OAL Vi

+30° =207 B S

420, -2 T- 2

—r20'( -20° D 28

el -2 Zo 2¢&

"/A:'L —2¢° B 3/

0%, —20¢ Lo 76

/30,- -2()> 3 i{j
e, =20° Zo A9
-gj"l. - 2.0¢ 2 i d
-8 _ZO“ Z‘ 53
20 . —20° R s7
—ja_-20" __Ip &/

-3 _-2¢° B A
—dn_~10¢ Za £S
-Yo = 20¢ ye) 7f/
~ge, - zo_‘ - 79
-{0 - _ 3 Al

Jo0— 75
)dﬂ'lﬁ“} [ Commr> ‘#b

AZp;;A_ZIe.:’; N -——'o T
Sef h 22,06 &g ﬁ;L,.,( -20 PiTer

Test Conductor__Z¢)
Quality Control

Date </2 /as
I A
OITVESSF) 79\
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RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

83-0050
Appendix [l
Data File Index Form: Response Verification
NUMBER PARAGRAPH TIME FILENAME DISK FRAME NUMBERS
+32° —m® To 23:)0 TITRVoOS l
+412° =0 g \ 2
+253° =¢o To Y /4
tm‘)i—/Ot B L /q
b zLLo . —ZAO I [ 2 17/
vy 9O © ol lc?
A° = n° ¥ 34
& Lot 5 32
—ra! ., it T~ YS—
—!QJ_-_LQ° /o) | 0
_.2_c°; -~ 10° _:Q ] Sf
—20°%, -t el [ 2o
- 2:]°- -° fo 4J’
R Ve L 172 ? 70
— 408 ~u,2 Zo ZS-’
_w7 ~ /9 ? N2)
TSRO ay? Zo V, XS
- % =i B 70
o 2335 Icvoos S5 Tyl

Sef 7o ]%.37 (—l/‘-‘b) P Ten

Test Conductor )
Quality Control

Date </z/37
( {

L/ 77T ) </
48



l RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE
83-0050
l Appendix Il
l Data File Index Form: Response Verification
NUMBER PARAGRAPH TIME FILENAME DISK FRAME NUMBERS
l -;30°, -<° Lo l?i{é TV ool /
-(-?L\"/-('ﬂ D : ¥
+20°, -x° AN i /3
I 422° -x° B 1 ¥
EYALIA o 23
o -v° Yo )2
L", -y° To | 33
L r -3° » | 38
--11\6.r X Za ' ‘13
-t =<0 3B 1 “/8
l -20° f-{‘ o j J{
. —?o“, - B ‘ oWl
_y\or < Lo | 3
' —32p° -5° 3 l LR
- g/ﬁo -v° Lo \ 7'7.
- ¥01;<c R | 78
l _<nl. =< Zo | &3
-5a® =X° 3 Oxrotepiet, ' 28
U 06 Gz .
I co.2) Lo o~ o \F
l ’4/4%-‘# /~/~e,;, L1
I sk 70 /Clz (-5°) piree
Test Conductor Llad
Quality Control
Date C[/z(/fx‘/
LIPS \”\/
I "



RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE

Appendix Il

83-0050

Data File Index Form: Response Verification

NUMBER PARAGRAPH TIME

FILENAME DISK

FRAME NUMBERS

+30°, +5° Zo 00:3% TRV007 /
43&L:*§° B <
428° +<C° Z /o
+20¢, ¥(° re) 22
—+/0° (¢ Zo 28
~400°, +C* = 33
OO +\’o t_:o 38
o° -0 _ B 43
-6° < o €/8
w/oo,r + O B <3
-20°, +¢ Lo SR
=’ #N z / 63
—3n°, 7Y Za ' &
*lA‘}"‘L_ A ' 73/
~¢a’ .ty Zo ‘ 79
—yn®  FU 7z i (Iy
—0° +7 _Zo ) F a7
-<0° +¥C A v 54
i 2Lvee 29 EoD
Arrmr T ke
SKr zo /3187 [(33°) pirey
Test Conductor PJ
Quality Control
Date
WITVESS 2D €
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RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE
83-0050

Appendix Il

Data File Index Form: Response Verification

FRAME NUMBERS

NUMBER PARAGRAPH TIME FILENAME DISK

,_,30"\’ +i¢2 Lo TR oA 8 ) — ¢
2 28° D 2
4228 co o /3
+20°, 41y ) L¥
—n° i Zo 23
410° =1 18
bl +1v Zo 33
o 4.7 B2 33
.2 ¢/ ,L*(\‘ Lo 13
-t 1< = Y2
20 ., Tty Zo <
<20 oy ) y/4e)
— 22 - Lo &5
-30 o1y 23 Z0
_'Jé‘ 18 Lo 75
- Y0 +4% =) X0
—-S0 ., +Iy Zo | )
—sa, e o) v 20
206 ZLUonS g
Fu O

Lz R 1nT
ST To §.62" (+5°)prrey

43

Wer

) >

T0 - §

Test Conductor £/

Quality Control
Date___5/3 /2,

g
Lo (MUESSZD Q



Item Description

Bench Checkout Unit
NIMBUS Simulator

FEL Lamp Supply
Model 83DS

Calibrated FEL-A
Lamp

Indinometer
Digital Calipers

Precision Scale

RADIANCE AND IRRADIANCE CALIBRATION PROCEDURE
83-0050

Appendix IV
Test Equipment Calibration Log

Last Cal
Indent Number Cal Date Due Date

VA A A

Jel 70 2-/9-9/ 7-19 -9/

F-2%/ 3////7’/ 1/11/9 2.

91766 Eddedsd  $/5757
9/ 843 Y/23/50  10/29/9)

Ol 2 qf/z&;L/gL 4/)/,27/«-)/

Test Conductor
Quality Control
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Appendiy = Do, L TC

Diffuser Calibration Katrix
Absolute Calibration

Date 4/5/¢/ Operator = Vel
7-7 Lz
Y
Diffuser S/N QA > Date
Diffuser Part Number _2524/7-08! Figure ref.
Pitch Yaw Done Notes
Wavelength: 312.5 om File FjzNn4p05

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER

0 180 O LeaaZ O/ Tlre MHEAuET 0 . 3I1ENY
(F6) Diffuser Measurement: Install Diffuser Under Test

0 90

0 90

0 90

(FS) Repeat Source Intensity:

0 180 o

Wavelength: 317.5 om File (/70405

(FS) Source Intensity: DO NOT INSTALL NDJ FILTER

0 180 7

(F6) Diffuser Keasurement: Install Diffuser Under Test

0 90 (?
0 90 (
X

0 90

S .

(FS) Repeat Source Intensity:

0 180 M

2|

_Basos DIFF.



—

/

Wavelength: 331.2 nm Flle (F3lnan4s

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER

0 180 X

(F6) Diffuser Measurement: Install Diffuser Under Test
0 90 ()
o 90 T~
0 50 AT

(FS) Repeat Source Intensity:
0 180 >

Wavelength: 339.8 nom File [F39040S5

(FS5) Source Intensity: DO NOT INSTALL ND3 FILTER

0 180 Sl
(F6) Diffuser Measurement: Install Diffuser Under Test
0 90 M
0 90 +1
0 s0 %

(FS) Repeat Source Intensity:

0 180 prd
File jgnod4ns

Wavelength: 360.0 nm

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER

————— o0 - —— - -180 -- 'UP1 L

(F6) Diffuser Measurement: Install Diffuser Under Test

0 90 J/]

0 90 -

0 90 ’J,H/;/

(FS) Repeat Source Intensity:

0 180 o




[t
/5

LY

Rt

ar
Tk

£

Waveleagth: 380.0 o= Fille |F@N04q0S

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER

0 180 Pl

(F6) Diffuser Measurement: Install Diffuser Under Test

90
g

0
0 90
0 90 > g

(FS) Repeat Source Intensity:

0 180 o

TF910325.WP
REV.A



3FIB-PC\[F120405.RTH

28791

tEN 80PCO

UARTZ DIFFUSERS @ ENTRANCE
SUREMENTS ON 312.3NM

04 DIFFUSER MOUNTED AT THE

I0E BY 10

erance =
METRIC FACTOR =
EGRATION PERIOD =

BER OF WAVELENBTHS =
ELENGTHS = 312.50
TER VALUES= 0000
IF FACTORS= 1.0000
RAN TINE WL

"3 10:15:52 310.0
RawW TIME SL

1.7 10:17:17 312.3
lter Reference Measureaent
--ANSLE----

] PITCH TIME L8

0,000 10:19:00 312.5

lter Reference Measuresent
--ANSLE----

5 PITCH TINE WL
0,000 10:19:12 312.3

itar Reference Measuresent
--ANSLE----

¥ _ PITCH TIME L
Lo ,000 10:20:24 312.5

. RANW TINE NL
15,3 10:23:26 312.3

RTH VER 3.00 SUERRERD
10:14:08

SLIT

HORIZONTAL POSITION

1000

75.7954

1.00

1.00

------------ 1007 Filter Reference-------------
AVE ERR NEAS PPUC__——PPUC PPUC  PPUC PPUC

CNT S su __gys_,————”hvs SOEV STDERR LOY H16H

b 252812,,—.0231 4762713.6 4940767.3 1472, L0181 4937855.1 4941877.5

------------ 1001 Filter Reference-------------
AVE ERR MEAS PPUC PPUC PPUC  PPUC PPUC

CNT M sA AV AVE SDEVY STDERR LOW HIGH

b] 2526.8  .0l46 5889254.2 3942393.0 J143. 0237 3938768.3 3745150.3
AVE STOERR MEAS PPUC NORM SDEV  STOERR peuc

CNT  SM SA AVE AYG AVE PPUC  PPUC L0¥

3 2927.4 - .,00969 22477.891 22481.933 22224.923 39.484 .0789 22421.094
AvE STDERR MEAS PPUC NORM SDEY  STDERR pPUC

CNT oM Sn AVE AV6 AV6 PPUC  PPUC LOW

37 2528.0  .00572 22444.290 22448.327 22205.321 148.50 .0994 22128.44%
AVE STDERR MEAS PPUC NORH SDEV  STDERR FPUC

QﬂT A SN AVE AVE AVE PPUC  PPUC Lg%

3l 2528.1 ~ .00585 22421.580 22425.602 22162.588 157.46 .0933 - - 22094.490

-==ee=ce-=—100% Filter Reference-------------
AVE ERR  MEAS PPUC PPUC PPUC  PPUC PPUC

CNT sS4 S AVE AVE SDEV STOERR LOHW HIGH

3 2529.2  .0194 5484048.4 3936727.4 2129. ,0160 5933181.3 35938293.3

INT
FAC
10.

INT
FAC
10,

peyc
HIGH
22532.103

FPUC
HIGH
22920.999

FPUC
RISH

22837, 647 -

INT
FAC
10.

INT
BROF FAC
2833 10,

INT
BROF FAC
.2832 10,

INT
BROF  FAC
~2827 10.



C:\5PIB-PCXIF390405.RTY
04/05/91

SCREENS [00RCO & 100SPEQ.NI
HEASUREMENTS ON 339.8NM

RTH VER 3.00
11:24:351

80S04 DIFFUSER MOUNTED AT THE HORIZONTAL POSITION

0IVIDE BY 10

GUERRERD

PPUC  PPUC
STDERR LOW
L0137 71684944

pPUC INT
HIGH FAC
7173868.4 10,

Tolerance = .1000

GEQMETRIC FACTOR = 75.7954

INTEGRATION PERIOD = 1.00

NUNBER OF WAVELENBTHS = 1.00

HAVELENBTHS = 339.80

FILTER VALUES= .0000

BROF FACTORS= 1.0000

------------ 1001 Filter Reference-—--======---
AVE ERR  MEAS PPUC PPUC

DC RAN TIME LIR CNT  SA su AVE AVE SOEY
496.0 11:32:37 339.8 3 2528.8 .0148 4811106.8 7172306.2 2202,
Filter Reference Measuresent

---ANBLE---- AVE STDERR MEAS pPUC NORM

YAW  PITCH TIXE 18 CNT  SX Sy AY6 AVS AVE

0.0 .000 12:32:53 339.8 12 2527.9  .0103 29110,353 29117.132 28631.238
Filter Reference Measureaent

---AhBLE---- AVE STDERR XEAS peUC NORM
YAR  PITCH TInE oL CNT  SH S¥ AVE AVE AVE
90.0 .000 12:3%:27 339.8 33 2527.7  .00541 29032.591 29039.333 12835%.413
Filter Reference Measureaent
---ANSLE---- AVE STDESR MEAS PPUC NORM
YAR  PITCH TIXE HL CNT oM Su AvS AVE AYE
90.0 .000 12:34:54 339.8 2! 2527.6  .00799 29075.480 29082.242 28400,330
------------ 1007 Filter Referance==-=======-—-
AvS ERR  XENS pPUC PPUC

DC RAY TIRE - WL CNT - SN~ -SH AVE -AYE SOEY - -
273.3 12:37:42 339.8 3 2528.2  ,0291 4875381.4 7243336.3 3721,

SDEV  STDERR pPuC PPUC INT
PPUC  PPUC Low HI6H BROF FAC
99.338 .0983 29892.985 29266.558 .3026 10.
SDEY  STOERR PPUC PPUC INT
PPUC  PPUC LOwW HIGH BROF FAC
168.07 .0978 28672.183 29480.709 .3018 10.
SOEY  STDERR pPUC peuc INT
PPUC  PPUC Lax HI6H BROF FAC
131.41 .0986 28886.181 29786.338 .3022 10.
PPUC  PPUC PPUC INT

- STDERR LOW~  —HIGH-—--—FAC- - ~ ==~

<0230 7238934.6 7247970.5 1o,



C:\6P18-PCLIF400405.RTH
04/05/91

SCREENS 40WCO & 6OSPEC,NI
HEASUREMENTS ON 340.0NM

RTH VER 3.00 BUERRERD

12:43:47

BASO4 DIFFUSER MOUNTED AT THE HORIZONTAL POSITIGONB

DIVIDE BY 10
Tolerance

BEQMETRIC FACTOR
INTEGRATION PERIOD
NUMBER QF WAVELENGTHS

YAVELENGBTHS = 360.00
FILTER VALUES= .0000
BRDF FACTORS= 1.0000
0C RAN TINE L]

364.9 12:45:48 360.0

Filter Reference Neasuresent
---§6LE----

YAid PITCH TINE 18
90.0  .000 12:47:38 340.0

Filter Reference Measuresent

---ANSLE----
YAy PITCH TINE WL
90,0 .000 12:49:06 260.0

Filter Reference Measurasent
---ANGLE----

YAN  PITCH TIME WL
90.0  .000 12:30:52 360.0
0C RAN TN WL

362.4 12:54:42 340.0

.1000

73.7954

1.00

1.00

------------ 100X Filter Reference-—-—==---
AVE ERR NEAS PPUC

CNT S 3,4 Ave AvVS

S 2527.6  .00949 4253831.0 4561209.1
AVE STDERR MEAS PPUC

CHT  SX 3 AVE AvS

36 2528.1  .00792 26512.880 76518.483
AYS STDERR MEAS PPUC

CNT  SA Sy AVE AVE

43 2527.5  .00549 28382.337 246597.990
AYS STDERR MEAS PPUC

CNT S sA AVE AYS

47 2927.7  .00619 26549.906 25555.545

------------ 100X Filter Reference---=-==---

_ AVE _  ERR  MEAS  PPUC
CNT S 1] AVE AVE
5 2527.8  .0148 6243352.0 69547528.0

3667,

NORN
AvS
26148.248

KORM
Ave
28224.013

NORN
AVE
26189.119

2105,

PPUC  PPUC
STDERR LOW
0230 4357330.7

SOEY  STDERR
PPUC  PPUC
138.39 .0983

SDEY  STDERR
PPUC  PPUC
17278 .0991
SDEY  STOERR
PRUC  PPUC
181,53 .0997
_PPUC PPUC
STOERR TON ™~

PPUC INT

HIGH FAC

6366841.6 10,

pPUC PPUC INT
Low HIGH BROF  FAC
26099.817 26825.994 .302! 10,
PPIC PPUC INT
Law HIGH BROF FAC
26171.847 26860,079 ,3029 10.
peLc PPUC INT
Law HIGH BROF FAC
28137.412 26991.845 .3025 10.
pFuC [HT

HIGH —~ T FACT — T

L0183 63544532.1 4351699.3 10,



C:\6PIB-PCULF310405.RTH
04/05/91
SCREEN &0RCO

RTH VER 3.00
11:00:30

2 QUARTZ DIFFUSERS @ ENTRANCE SLIT

MEASUREMENTS ON 33L.2NM

BASO4 DIFFUSER MOUNTED AT THE HORIZONTAL POSITION

DIVIDE BY 10
Tolerance
GEOMETRIC FACTOR
INTEGRATION PERIQD

NUMBER OF WAVELENBTHS
HAVELENGTHS = 331.20
FILTER VALUES= .0000
BROF FACTORS= £,0000
DC RAW TINE HL
431.3 11:04:21 331.2

Filter Reference Measuresent
---ANBLE----

YAN PITCH TIME 18
90.0  ,000 1(:97:!12 331.2

Filter Referenc2 Meisuresent
---AN6LE----

YaY PITCH TIME HL
90.0 ,000 11:08:2¢ 231.2

Filter Reference Measuresent
---ANGLE----

YAN  PITCH TINME L]8
§0.0 .000 11:99:40 I31.2
0C RAW TINE WL
336.8 [1:12:25 331.2

1000

75.7954

1.00

1.00

------------ 1007 Filter Reference----------
AVS ERR  MXEAS pPUC

CNT  SH SH AVE AVS

b 2528.8 L0148 7477739.8 7911933.4
AV6 STDERR MEAS PPUC

CNT X Su AYS AVE

29 2529.2  ,00892 J1111.848 J1119.390
AYS STDERR KEAS FPUC

CNT SN SH AY6 AVE

\J! 2§29.0  .00734 31047.087 31076.308
AY6 STDERR MEAS PPUC

CNT  SM Sy AYE AVE

1 2528.2  .00900 J1041.748 31039.47%

------------ 100X Filter Reference----------
AvsS ERR  MNEAS pPuC

[} S T SH AVE TAVE T T

5 2528.0 .0125 7458408.8 7890415.3

BUERRERQ

4580.

NORH
AYE
30695.150

NGRN
AVE
30633.328

NORY
AvS
30625.482

PFUC
T'SDEV
3263,

PPUC  PPUC pPucC
STDERR LOW HIGH
0259 7905571.2 7917399.4
SDEV  STDERR ppuC
PPUC  PPUC LOw
163.92 .0978 30805.387
SOEV  STDERR pPUC

PPUC  PPUC Low
157.45 .0979 30828.038
SDEV  STDERR PPUC

PPUC  PPUC Loy
120.89 .0973 30890.919
FPUC  PRUC pPrUC
STOERR'CON™ ~ — ~HIGH "~

INT
FaC
10.

PPUC
HIGH
31454.320

PPUC
HIGH
J1418.482

PEUC
HIEH
31324.233

[u7
TFAC -

.0135 7886094.9 7894116.7 10,

INT
BROF FAC
.2941 10.

INT
BROF  FAC
. 2937 10,

INT
BROF FAC
2934 10,



:\GP1B-PC\IF170405.RTH
$/05/91
“REEN 125PCO

RTM VER 3.00
10:27:24

QUARTZ DIFFUSERS 8 ENTRANCE SLIT

EASUREMENTS ON 317.3NN

ASOR DIFFUSER MOUNTED AT THE HORIZONTAL POSITION

IVIDE BY 10
olerance
EOMETRIC FACTOR
NTEGRATION PERIOD

UMBER OF WAVELENGTHS
AVELENBTHS = 317.50
[LTER VALUES= 0000
ROF FACTORS= 1.0000
iC RA¥ TIME WL

'69.4 10:31:08 317.3

‘ilter Reference Measuresent
~=-ANGLE-—-

AN PITCH TINE WL
10.0  .000 10:32:34 317.5

“iltar Reference Measureaent
--=dMEL Camem

1AM PITCH TIXE WL
0.0 .000 10:34:50 317.3

Filtar Reference Measuresent
-—-ANSLE----

YAH PITCH TIME WL
§0.0 .000 10:35:39 317.5

0C RAY THE WL
3101 10:39:39 317.5

ONT s

.1000
75.7954
.00
1.00

AvE ERR HEAS PPUC PPUC
CNT S su AVE AVE SDEV
3 2529.4  .0202 7655081,2 81098L7.1 3989.

AVE STDERR MEAS PPUC NORN
CNT ¥ SX AVE AYS AV
47 2528.4  .00389 31220.584 3i228.361

AVE STDERR MEAS PPUC NORN
CNT S SN AYe AV AYS
2 2527.8  .00822 31133,998 31144.764

AYE STDERR MEAS PPUC NORM
CNT S th] AY6 AVE - AVE
40 2527.9  .00699 31227.708 11235.508
--—-----:---1001 Filter Reference-------------

AV, _ERR_ _MERS  PPUC PPIUC

su AVE
b 2328.6

GUERRERD

AVE  SDEV
0321 7834126.8 8086414.1 1385,

30971.236

30916.994

J0984.331

PPUC  PPUC
STOERR LOW

.0220 8103401.4

SOEV  STDERR
PPUC  PPUC
212,30 ,0992

SDEV  STDERR
PPUC  PPUC
138.01 .0994

SOEV  STDERR
PPUC  PPUC
196.16 .0993

PPUC  PPUC

STDERRLOW *
00766 3084361.8

peuc
HIGH

8113012.2

pPuc
Low
30729.030

pPUC
Law
30849.833

PPUC
Low
30723.737

PPUC
HIGH -

8087871.6

INT
FAC
19,

pPuC
HIGH
31679.594

PPUC
HIGH
31422.7

ro
4~

PPUC
HIGH
31591.329

INT

FAC

10.

INT
BRDF  FAC
.2895 10.

IN
BROF  FAC
.2890 0.

INT
BROF FAC

2896 10,



C:\6P18-PC\1FB00405.RTA
04/05/91

SCREENS 40WCO & 100SPEQ.NI
MEASUREMENTS ON 380.ONM

BASO4 DIFFUSER MOUNTED AT THE

DIVIOE BY 10

Tolerance =
BEQMETRIC FACTOR =
INTEGRATION PERIOD =
NUHBER OF WAVELENGTHS =
HAVELENBTHS = 380.00
FILTER VALUES= .0000
BROF FACTORS= 1.0000
DC RAN TINE L18
325.7 13:07:35 380.0

Filter Reference Measuresent
---AN6LE----

YAR PITCH TIME NL
50.0 .0G0 i3:09:39 1280.9

Filter Reference Measuresent
---ANSLE----

YAN PITCH TIME WL
90.0 .,000 13:10:59 380.0

Filtér Reference Measuresent
---ANBLE----
YAN PITCH TIXE HL

90.0  .000 13:12:35 380.0
DC RAY TINE I
322.6 13:16:09 380.0

RTH VER 3.00
12:39:38

HORIZONTAL POSITION

GUERRERD

pPUC
AV6

PPUC
SOEV
2973.

.1000

75.7954

1.00

1.00

----------- 1001 Filter Reference—--——-------
AvE ERR  MEAS

CNT S sX AYS

5 2527.6  .0138 7383619.0 7809336.35

AVE STOERR NEAS
CAT A s AYE
32 25284

AVE STOERR MEAS
CNT  sA 4 AVE
38 2528.0

AVE STDERR XEAS
CNT  SH sa AVE
17 2528.2

L0100 31977.977

00707 32039.914

PPUC
AvS
31986.107

PPUC
AvE
32048.126

PPUC
AVS

0142 32013.386 32021.384

c—rmccmce—-

i AVE ERR  MEAS PPUC
CHT 7SN 77 SHTTTRVE T T TUAVS
5 2527.8  .00791 7384142.0 7809938.4

NORN
AVE
31650.166

NORN
AVE
3L717.647

NORN
AVE
31687.796

PPUC  PPUC pPPUC
STDERR LOW HIGH
0170 7804193.1 781138L.1
SOEV  STDERR PPUC
PPUC  PPUC Low
176.86 .0977 313583.813
SDEY  STDERR PPuUC
PPUC  PPUC Lo
193.71 .0981 31484.825
SDEY  STDERR PPUC
PPUC  PPUC LOwW
130,18 .0988 31686.447
PPUC  PPUC PPUC
"STOERR LOW - HIGH

.0140 7805800.2 781238.4

INT
FAC
10.

PPUC
RIGH
32397.751

PPUC
HIGH
32439.213

PPUC
HIGH
32259.090

INT
FAC
10,

INT
BROF FAC
.3072 10.

INT
BROF  FAC
.3078 10.

INT
BRDF FAC
3076 10.



/I
—
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Diffuser Calibration Matrix
Absolute Calibration
Date ¥ -2-— 7/ Operg@r (R 2 £
Diffuser S/N QA pate_4-2-9]|
Diffuser Part Number,358447- dof Figure ref. ge. 3
Pitch Yaw Done Notes
Wavelength: 312.5 nm File /F 20402 /7™
<,

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER Zbuewmy

e 180 12

(F6) Diffuser Measurement: Install Diffuser Under Test Boso4

; % 4

0 90 [LT/

(FS) Repeat Source Intensity:

0 180 %

Wavelength: 317.5 nom File /F)70Y72. A7

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER

0 180 %

(F6) Diffuser Measurement: Install Diffuser Under Test

0 90 A
0 90 o
0 90 P

(FS) Repeat Source Intensity:

o 180 Y



-

Wavelength: 331.2 nm File /F2/0 %72 R7TM

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER

0 180 A 2o e O oA

(F6) Diffuser Measurement: Install Diffuser Under Test

0 90 P2l
0 50 *T
o 90 “
(FS) Repeat Source Intensity:
0 180 j%%
Wavelength: 339.8 nm File /F.390902./7M

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER

0 180 yf

(F6) Diffuser Measurement: Install Diffuser Under Test
0 90 %/ YoLT 14JCrpar T Y, Ll =
0 90 H
0 S0 JZ

(FS) Repeat Source Intensity:
(o] 180 y{

Wavelength: 360.0 nm File /FA0040Z 7
__(Fs) source Intensit}: DO NOT INSTALL ND3 FILTER

0 180 ‘L{

(F6) Diffuser Measurement: Install Diffuser Under Test

0 90 g‘ {1t IalCre 2 e Vit Aulld £

0 90

0 30 )/)/

(FS) Repeat Source Intensity:

0 180 P28




4 ~

File /F§00%02. f£7#\

Wavelength: 380.0 nm

(FS) Source Intensity: DO NOT INSTALL ND3 FILTER

0 180 Vel
(F6) Diffuser Measurement: Install Diffuser Under Test
0 90 Vol
0 90 A
0 90 1

(FS) Repeat Source Intensity:

0 180 Pal

®

—(G_
bir_—_:f h 2

- - — . P - 48 R - - - —

—

BEAM OFF CAUTEL K\~.(03 @. 90°&5D°

TF910325.WP
REV.A




.B-PC\1F120402,RTH
91
1 80PCO

RTH VER 3.00 GUERRERD

08:34:59

ATZ DIFFUSERS & ENTRANCE SUIT

REMENTS ON 312.5NM

£ BY 10
ance

TRIC FACTOR
RATION PERIOD

“won L] "

] OF WAVELENGTHS

ENGTHS = 312,30
R VALUES= .0000
FACTORS= 1.0000
W TINE LIS

[ 08:41:54 312.3

2r Reference Measuresent
ANBLE----
PITCH TINME il
L000 08:46:15 312.3

er Reference Measuresent
ANSLE----
PITCH TINE L
L0090 08:48:33 112.5

:er Reference Measuresent
-ANSLE----

PITCH TINE LIR
Y0000 08:49:30 3i7.3
EEY ] TIXE KL
.3 08:33:07 312.3

.1000

75.7934

1.00

1.00

——————————- 100X Filter Reference---------—
AVS ERR  MEAS pPUC

CNT  SY Sx AVE AVS

b] 2526.4  .0202 5447083.2 $5918272.9
AVE STDERR MEAS PPUC

CXT  SX h| Ave AYS

5l 2526.2  .00512 22907.90f 22912.099
AVE STDERR MEAS PPUC

T SH SH AVE AVS

23 2526.7  .00841 22985.718 22989.945
AY6 STDERR KEAS PPUC

CHT <M )] AVe AVS

o7 2508.8 00874 22987.492 22941.9909

——eeeeeee 100X Filter Reference---------=
AVE ERR  MEAS PPUC

CNT  SH Su Ave AVE

S 2526.4  .00970 356482637.2 S913437.3

PPUC
SDEY
4594,

NORM
AvE
22629.643

NORM
AVE
22703.127

NORM
AYe
22474277

PPUC
SOEv
1923,

PPUC  PPUC
STDERR LOK
L0333 5911299.9

SDEY  STDERR
PPUC  PPUC
162.61 .0994

SDEV  STDERR
peuC  PPUC
1£0.06 .099¢8

SOEV  STDERR
PPUC  PPUC
187.34 .0998

PPUC  PPUC
STDERR LOW

L0145 5910167.8 35913168.3

PPUC
HIGH
3922984.8

PPUC
Low
22488.104

peucC
Low
22733.810

pPPUC
Low
22528.128

FPUC

HIGH

INT
FaC
10.
PPUC INT
HIGH BROF FAC
23261.187 .2898 10,
peuc INT
HIGH BROF  FAC
23154.807 .2908 !0,
ppucC INT
HIGH BROF FAC
23565.391  .2904 10.
INT
FAC
10.



B-PC\LF170402.RTH

91
t 125pC0

ATT DIFFUSERS @ ENTRANCE SLIT
RENENTS FOR 317.3N0

< By 10

ance

TRIC FACTOR
RATION PERIQD
R OF WAVELENG
ENBTHS =

R VALUES=
FACTORS=

L] TIne

THS

9 09:46:0!

er Reference Measureseat

ANSLE----
PITCA TIX

.000 09:48:39 317.5 3%

.er Raference Measuresent

-ANSLE----
PITCH TIX

Yy .000 09:5C:11 3U7.5 §2

ter Reference Measuresent

-ANGLE----
PITCH TINE
3 900 09:52:53
RAX TINE
.2 10:00:40

RTH VER 3.00 SUERRERQ
09:44:14
= 1000
= 75.7954
= 1.00
= 1.00
317.50
.0000
1.0000
----------- 1002 Filter Reference-----=---=---
AYE ERR  MEAS pPUC pPPUC
HL CNT  SH b AV AVE SDEV
317.5 % 2527.0 L0177 7935912.8 8424082.3 334,
AVS STDERR MEAS PPUC NORM
KL CNT  SH A AVE AVE AVS
2526.9  .00722 33952.708 33961.934
AVE STDERR MXEAS PPUC NORM
{8 CNT  SX SX AVe AVE AV6
2926.8  .00686 33327.784 33334.449
AYE STDERR MEAS pPPucC NORK
WL CNT  SA SA AYS AvS AYe
.53 2528,2  .00S15 33299.539 33299.424
------------ {00 Filter Reference-------------
AVE ERR  NEAS PPUC prUC
18 CNT S ] AVE AVE Soey
7.5 5 2526.8  .00792 7943591.2 B432691.0 3040,

33661.647

33038.913

33009.344

PPUC  PPUC
STDERR LOW

L0177 8419622.9

SOEY  STOERR
PPUC  PPUC
833.26 .419

SDEY  STDERR
PeUC  pPUC
237.66 0989

SOEV  STOERR
PPUC  PPUC
205.83 ,0990

PPUC  PPUC

STOERR LOW

0161 8429839.5

pPPUC
HIGH
8428832.9

PPUC
LOwW
32984.038

PPUC
LO¥
32960.113

pPFLC
Low
32837.361

PPUC
HIGH
8437175.2

INT
FAC
19,

pPPUC
R1GH
36323.347

pPUC
HIGH
34025.436

PPUC
RIGH
33726.584

W
FAC
10.

INT
§ROF FAC
.3029 10,

INT
BRDF FAC
2973 10.

INT
BRDF  FAC
.2970 10.



[B-PC\LF310402.RTH RTN VER 3.00 BUERRERQ
/91 10:17:48
N S0RCO & 40SPEQ.NI
RTT DIFFUSERS @ ENTRANCE SLIT
REMENTS FOR 331.2NM
'€ BY 10
‘ance = .1000
TRIC FACTOR = 75,7954
WRATION PERIOD = 1.00
‘R OF WAVELENGBTHS = 1.00
[ENBTHS = 331,20
IR VALUES= .0000
FACTORS= 1.0000
----------- 1001 Filter Reference-----=-=-=---
InOTTRZ. L0560 AYS  ERR  MEAS PPUC PRUC PPUC__ PPUC pRUC e
- TINE M CNT oM ——St _ ANS Av8 SUEV STDERR LON HISH Fac
+ TO Y42 3301 3 2526.8  .0148 1834274.8 188383V.3 I71U. COR0E 188 A S 168210
------------ 100X Filter Reference----=--------
AVE ERR  NMEAS pPUC pPPUC PPUC  PPUC PPUC INT
Ad TINE WL CNT S SH AVE AYE SOEY STDERR LOW HIEH FAC
l 10:21:33 331.2 § 2526.2  .0194 3382316.2 S409152.2 2944, .0235 5605172.8 S612928.7 10.
:2r Reference Measureaent
-AHBLE---- Ave STDERR MEAS FPUC NORM SDEY  STDERR PPUC PePLC INT
PITCH TIME LIR CNT S Sid AYE AvS AY8 PPUC  PPUC Law HIGH BROF FAC
}o.000 10:23:32 331.2 A 2526.2  ,00333 22775.852 22780.002 22344.077 148.94 099! 22328.4677 23233.5838 .3019 l¢.
ter Reference Measurezent
-ANBLE---- AYS STDERR MEAS pPUC NCRN SDEY  STDERR PPUC FPUC INT
PITCH TIXE WL CNT oM SA AV AYE AYe PPUC  PPUC ) } HIGH BROF FAC
0 .000 10:25:49 331.2 $6 2526.0 005357 22895.197 22900.391 22465.920 170.87 .0997 22§59.328 23249.842 ,30346 10,
ter Reference Measuresent
-ANBLE---- T Avs " STDERR MEAS “PPUC " NORM SDEY —STBERR-- -—PPUC. ._ PPUC_ _ _ __ _INT
PITCH TINE L{8 CNT  SA Sy Av6 AVE AVE PPUC  PPUC LO¥ RIGH BROF FAC
0 .000 10:28:40 331.2 83  2525.9 .00472 22861.674 22865.855 22432.434 207.22 ,0993 22357.2L7 23404.720 ,303L 10.
------------ 1002 Filter Reference—---------—
AV6 ERR  MEAS PPUC PPUC PPUC  PPUC PPUC INT
RAN TIKE L CNT  SH Sy AVe AVG SOEY STOERR LOwW HIGH FAC
3.2 10:34:51 331.2 3§ 2525.8  .00792 5395486.8 35623638.9 3480. .0293 5618910.6 35628396.4 10,



.6P1B-PC\IF390402.8TH
'02/91
EENS [QORCO & 100SPEQ.NI

RTH VER 3.00 GUERRERD

11:27:01

JUARTZ DIFFUSERS @ ENTRANCE SLIT

ASUREMENTS FOR 339.8NH

J1DE BY 10

lerance = .1000

OMETRIC FACTOR = 75,7954

TESRATION PERIQD = 1.00

MBER OF WAVELENBTHS = .00

YELENBTHS = 339.80

LTER VALUES= .0000

0F FACTORS= 1.0000

------------ 1001 Filter Reference-—--=-=====--
AVE ERR MEAS PPUC PPUC PPUC  PPUC PPUC INT

. RAY TIME WL CHT  SH S AVE AV SOEV STDERR LOW HIGH FAC

9.3 11:28:33 339.8 3 2525.8  .00792 6304242.4 64614305.7 4040, 0273 6409493.3 6618862.8 10,

NbseR5t 2 ¥essuresent IMComALT Vo 4wl

WA TIZS ve— STOERR XFAS PPUC NORM SOEVY  STDERR PPUC PPUC INT
W PITCH TINME 18 CNT SM 5l Avs _ __Av6 ——AVB Y- TTT o 1] | el (] HIGH BROF FAC
BT 337.8 13 7525.9  .00877 496.8597  496.8617  247.3451  23.499 1.26 452.4978 VL8007 90rd34a—
ilter Reference Measuresent

---ANBLE---- AYE STDERR MEAS 14418 NORN SDEY  STDERR PPUC PPUC INT
Ad PITCH TIKE L CNT  SA S AVE AVG AVE PPUC  PPUC LOw HIEK BROF FAC
0.0 .000 11:32:27 339.8 23 2526.4  .00819 28901.008 26906.797 26650.545 128.23 .0994 26674.079 27122,322 .3034 10,
‘ilter Reference Measuresent

---ANSLE---- AV STDERR XEAS PPUC NORN SDEY  STDERR pPucC ppucC INT
‘AN PITCH TINE HL CNT  SA Sa AVE AYE AVE pPPUC  PPUC Low HIGH BROF FAC
M0 000 111328 339.8 44 2526.2  .00708 26930.944 26936.746 26683.183 178.28 .0998 26482.788 27348.979 .3038 10.
“ilter Reference Measuresent

---ANBLE---- AVE STDERR MEAS PPUC NORN SDEY  STDERR pPUC pPUC INT
YAN PITCH TIME HL CNT SN sA AYE AVE AY6 PPUC  PPUC L0 HIGH BRDF FAC
90.0  .000 11:35:13 339.8 41 2525.8  .00690 26955.422 26961.235 26711.431 170.31 .0967 26554,638 273460.295 .3061 19.

------------ 100X Filter Reference-==--=--===="
AYS ERR  NEAS PPUC PPuC pPPUC  PPUC pPuUC INT

DC RAN TIME WL CNT  SM th AVE AYE SOEV STDERR LOW HIGH FAC
228.2 12:37:17 339.8 3 2525.8  .0148 4310966.6 6621683.3 2226, L0150 6418092.6 6623846.4 10.



2:1\6P1B-PC\1F5600402.RTH RTX VER 3.00 GUERRERD
34/02/91 12:44:33

SCREENS 40WCO & 40SPEQ.NI

2 QUARTZ DIFFUSERS @ ENTRANCE SLIT

NEASURENENTS FOR 360.0NM

DIVIDE BY 10

Tolerance = .1000
GEQHETRIC FACTOR = 75,7954
[NTEGRATION PERIOD = 1.00
NUMBER OF WAVELENSTHS = 2.00
HAVELENGBTHS = 360.00 ,0000
FILTER VALUES= 1.0000 ,0000
BROF FACTORS= .0000 ,0000
------------ 100 Filter Reference—=-===-=---=-
AVE ERR  MEAS PPUC PPUC PPUC  PPUC PPUC INT
0C RAN TIME ML - CONT SN Sy AYE AvE SDEV STDERR LOW HIGH FAC
238.1 12:46:23 360.0 35 2927.4  .0202 6203763.2 6304141.1 1546, .0108 4301514.8 6505559.7 10,
12:46:34 360.0 3 2527.0  .000 4208417.4 6509480.0 2628, .0180 6506859.2 4512748.7 10.
Filter Reference Measurzsent
---AKBLE--=- 1mcowaZsT YAW r‘NEr'vr&(/STDERR MEAS peuc NORN SDEV  STDERR PPUC pPUC INT
d.é\i/\ P{TCH TINE L8 NT  SX 4 AYe AVE AVE ! ; HIGH BROF FAC
000 N\ @00 Y2748:57 30.0 3 577,89 " TS =23 2432,9995 13.897 .233 2660.0608 24691.4728 ,2835 (.0
s AT 2926.9  .00949 2687.1914 2687.3847 2449.4034 15.276 .12! 2665 BTy ZTTT 8337 —02553+%
Filter Reference Measureaent
---ANBLE---- AVE STDERR MEAS PPUC NORM SDEY  STDERR PPUC PPUC INT
YAN PITCH TIME KL CHT  SM Sy AVe AVE AVE PPUC  PPUC LOW HlgH BRDF FAC
%0.0° ,000 12:50:20 340.0 49 2526.3 00333 76908.385 28914.177 24488.113 186.12 .0988 26370,943 27408.244 3.110 10,
12:32:16 340.0 42 2526.5  .00836 28797.585 24803.310 26570.780 173.24 .0997 25334.705 27190.38L .3094 10,
fiiter Referencs Measuresent ~
---ANBLE---- AV6 "STDERR MEAS PPUC NORN SOEY  STOEAR Feuc PFPUC INT
YAd  PITCH TIXE WL CHT oA S AVE AYE AYE PPUC  PPUC LoY HIGH BROF FAC
90.0  .000 12:54:08 360.0 48  2528.4 00496 2676Z.84326768.572 ~26541.016 484.58 .0995 - - 28317.288. 21207.949 3.093 10,
12:36:02 340.0 42 2526.5  .00622 26776.300 24782.035 24549.481 173.01 .0997 26408.726 27134.087 .3091 1o,
Filter Reference Measureaent
---AN6LE---- AVE STDERR MEAS PPUC NORM SDEV  STDERR PPUC pPUC INT
YAK PITCH TINE WL CNT  SM Sy AY6 AVE AVE PPUC  PPUC LOW HIGH BROF FAC
90.0 .000 12:57:49 360.0 53! 2526.8 00843 26880.980 268846.740 26434.916 189.32 .098% 26513.161 27381.925 3.106 10.
12:59:50 339.9 St 2526.6  .003576 26835.988 26841.749 26407.600 188.09 .0981 26357.745 27222.775 .3098 10,
----------- 1007 Filter Reference----=---------
AVS ERR  NEAS PPUC PPUC PPUC  PPUC PPUC INT
OC RAW TINE WL CNT SN S AV6E AVE SDEY STDERR LOW HIGH FAC
2135.1 13:03:50 360.0 3 2927.4  .00969 4214307.0 &4315913.4 4179, .0287 6510072.9 6319496.7 10,
6324887.4 10,

13:04:41 360.9 5 25258 0148 AJ17235.0 $318903.9 M4l L0284 4514933.7



e . a— e e mmem——— e e

,

:\GP1B-PC\IFB00402.RTH RTH VER 3.00 SUERRERQ

402/91, 13:20:17
CREENS *JI'CU k 100SPED, NI

QUARTZ DIFFUSERS @ ENTRANCE SLIT
EASUREMENTS FOR 380.0NM

[VIDE BY 10
olerance = .1000
EQMETRIC FACTOR = T 75,7954
HTESRATION PERIOD = 1.00
IUMBER QOF WAVELENGTHS = 1.00
IAYELENGTHS = 380.00
“ILTER VALUES= .0000
IRDF FACTORS= 1.0000
----------- 100X Filter Reference---—-=--=---

AVE ERR MEAS PPUC PPUC PPUC  PPUC PPUC
0C RAN TINE 18 CNT  SA SH AVS AVS SOEY STDERR LO¥ HIGH
249.2- 13:21:49 380.0 3 2527.2  .0148 72921468.2 7705403.3 2766, L0181 7702852.7 7708764.0
Filtar Reference Measurasent

---ANELE---- AVE STDERR MEAS PPUC NORM SDEY  STDERR pPucC
YA PITCH TIX WL CNT oM S AveE AV AYS PPUC  PPUC Lox

90.0  ,000 13:23:39 380.0 33 2527.4 .00706 32139.883 32163.136 J19156.878 182.93 .0990 31860.836

Filter Reference Measuresent
---ANGLE---- AYE STDERR XEAS pPUC XORX SOEY  STDERR pPUC

YAY  PITCH TINE KL [ Sy AVS AVE AvE PPUC  PPUC Low
90.0  .000 13:25:05 380.0 10  2327.0  .00834 J2215.127 32223.429 31976.803 101.27 .0994 32058.787

Filter Reference Measuresent

---ANBLE---- AvS STDERR MEAS PPUC NORX SDEV  STDERR PPUC
YAW  PITCH TIME WL CHT S sH AvS AvS AvS PPUC  PPUC LOW
90,9 .000 13:2%:315 190,09 47 2527.0  ,00470 32289.431 37797.7701 32051.875 2159.83 .8§92 71859, 845
----------- 100% Filter Reference-------==----- = 7
AvS ERR  MEAS PPUC PPUC PPUC  PPUC PPUC
0C RANW TIME SL CNT S s AvS AvS SDEV STDERR LOY HIGH
186.9 13:30:10 379.9 5 2526.0  .0250 7283978.4 7696299.2 27%. L0180 7693797.7 7699511.2

INT
Fac
10,

pPUC
HIEH
32538.973

PPUC
HISH
32415.020

pPPUC
HIGH

I77nQ ITS
daivdraw

INT
FaC
10.

INT
SROF" FAC
3140 10,

INT
BROF FAC
L3145 10,

INT
BROF  FAC
3133 14,
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of
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Model FEL-A, S/N: F-239

Project No:_900-502 Date:_April 13, 1989
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“qiven_in_the_;ptaqhed_ing;rgc;ions.

OPTRONIC LABORATORIES, INC.

A Subsidiary ol Kolimorgen Corporation

Emphasizing Precision and Accuracy

REPORT OF CALIBRATION
of

One Standard of Spectral Irradiance

Customer: Perkin Elmer
Pomona, CA 91767

Purchase Order No: 13369 BC

1. Material.

One 1000-Watt (FEL) quartz-halogen tungsten coiled-coil filament
lamp Standard of Spectral Irradiance (Mcdel FEL-A) was supplied by
Optronic Laboratories and bears the designation _F-239 .

2. Method of Calibration and Standards.

See "Instructions for Using the Optronic Laboratories 1000-Watt FEL
Tungsten-Halogen Lamp Standards of Total and Spectral Irradiance",
a copy of which is enclosed. See particularly the paragraphs
relating to the alignment and operation of the standard.

3. Results.

The spectral irradiance of Standard _F-239 at a distance of 50 cm
attached Table 1

when cperatad a2t 8.C0 amperes dc is given in tache
Information pertaining to the accuracy and long term stability

-
0]

Calibration Certified by:
OPTRONIC LABORATORIES, INC.
XAy A

Deborah Griffit
Radiometrist

Project No: 900-502
Date: April 13, 1989

4470 35th STREET « ORLANDO, FL 32811 « (407) 422-3171 » TLX: 910-240-5263 » FAX: 407-648-5412



Spectral Ir

* Actual NIST wavelengths.

OPTRONIC LABORATORIES CALIBRATION REPORT

TABLE 1

radiance of Standard _F=-239
Wwavelength Interval at a Distance of 50 cm when

in Microwatts/cm?

Operated at 8.00 Amperes DC.

Wavelength
(nm)

Spectral Irradiance
(uW/cm? nm)

250
260
270
280
290

* * F * F

300
310
320
330
340

* A A * *

*

350
370
* 400
450
* 500

*

550

* 555

* 600
650

* 654.6

* 700
750

Project No: 900-502

Date:

April 13, 1989

.0227
.0393
.0645
.100
.150

.216
.301
.410
.545
.708

.903
.40

per Nanometer



OPTRONIC LABORATORIES, INC.

A Subsidiary ol Kolimorgen Corporation

Emphosizing Precision and Accuracy

March 1987

Instructions for Using the Optronic Laboratories 1000-Watt
FEL Tungsten-Halogen Lamp Standards of Total and Spectral Irradiance

General

These instructions cover the use of tungsten-filament quartz-halogen
lamps issued as standards of total and spectral irradiance. The lamps
employed are commercial G.E. type FEL 1000-Watt lamps having a
tungsten coiled-coil filament enclosed in a small quartz envelope.
(Figure 1) The lamp bases have been converted to a medium bipost base
which can be used with a kinematic lamp holder (see Figure 2),
allowing the lamps to be removed and replaced repeatably in the same

position.

irradiance values are given for the wavelength range of 0.25
to 2.5 pm. The radiant intensity of the entire lamp as mounted in the
manner prescribed below is measured and reported. The totalirradiance
of these lamps is based on the radiance of a blackbody asdefined by
the Stefan-Boltzman radiation law. The assigned values of total
irradiance have estimated uncertainties of =1X.

Spectral

The spectral irradiance from these lamps over the wavelength range of
250 rm to 1600 nm is based on the National Bureau of Standards 1973
scale of spectral irradiance. Values of spectral irradiance from 1600
nm to 2400 nm are based on the NBS 1986 spectral irradiance scale and
the value at 2500 nm 1is based on the modified NBS 1963 spectral
irradiance scale. The reported uncertainty of the NBS irradiance
scales along with uncertainty associated with the transier from the
NBS standard to the issued 1000-Watt lamp standard is given below:

Wavelength NBS Uncertainty Transfer Uncertainty

(nm) : (%) (%)

250 2.23 1.0

asg - T - - < -31.35 - - e ¢ B
654.6 1.01 0.4

900 1.34 0.5
1300 1.42 0.5
1600 1.89 0.5
2000 3.29 0.75
24G0 6.51 1.0
2500 6.50 1.0

Alignment and Orientation

The following procedure should be carefully followed wben setting up
the standard for calibration purposes:

-1-

4470 35th STREET » ORLANDO, FL 32811 « (407) 422-3171 » TLX: 910-240-5263 « FAX: 407-648-5412



OPTRONIC LABORATORIES, INC.

A Subsidiary ol Koilmorgen Corporation

Emphasizing Precision and Accuracy

REPORT OF CALIBRATION
of

One Standard of Spectral Irradiance
Model FEL-A, S/N: F-281

Project No:_901-397 Date:_11 March 1991

4470 35th STREET » ORLANDO, FL 32811 « (407) 422-3171 ¢ TLX: 910-240-5263 « FAX: 407-648-5412



OPTRONIC LABORATORIES, INC.

A Subsidiary ol Koilmorgen Corporation

Emphasizing Precision and Accuracy

REPORT OF CALIBRATION
of

One Standard of Spectral Irradiance

Customer: Perkin Elmer
Pomona, CA 91767

Purchase Order No: 26738 BH

1. Material.

One 1000-Watt (FEL) quartz-halogen tungsten coiled-coil filament
lamp Standard of Spectral Irradiance (Model FEL-A) was supplied by
Optronic Laboratories and bears the designation _F-281

2. Method of Calibration and Standards.

See "Instructions for Using the Optronic Laboratories 1000-Watt FEL
Tungsten-Halogen Lamp Standards of Total and Spectral Irradiance',
a copy of which 1is enclosed. See particularly the paragraphs
relating to the alignment and operation of the standard.

3. Results.

The spectral irradiance of Standard _F-281 at a distance of 50 cm
when operated at 8.00 amperes dc 1is given in attached Table 1.
Information pertaining to the accuracy and long term stability is
given in. the attached instructions.

Calibration Certified by:
OPTRONIC LABORATORIES, INC.
Telaa it 2ROxn

Deborah Griffith\“
Radiometrist

Project No: 901-397
Date: 11 March 1991

4470 35th STREET » ORLANDO, FL 32811 * (407) 422-3171 » TLX: 910-240-5263 ¢ FAX: 407-648-5412



OPTRONIC LABORATORIES CALIBRATION REPORT
TABLE 1

Spectral Irradiance of Standard _F-281 in Microwatts/cm® per Nanometer
Wavelength Interval at a Distance of 50 cm when
Operated at 8.00 Amperes DC.**

Wavelength Spectral Irradiance

(nm) (uW/cm? nm)
* 250 .0190
* 260 .0332
* 270 .0550
* 280 .0863
* 290 .130
* 300 .188
* 310 .263
* 320 .360
* 330 .481
* 340 .628
* 350 .804

370 1.25
* 400 2.17
* 450 4.36
* 500 7.22

S50 10.4
* 555 10.7
* 600 13.5

650 16.3
* 654.6 16.5

- * 700 18.6

750 20.4

* Actual NIST wavelengths.

** Effective July 1, 1990, the International Temperature Scale of
1990 has been implemented in NIST calibration services for
optical radiometry. This has resulted in small changes in the
spectral irradiance scale. Values given in Table 1 reflect

these changes.

Project No: 901-397
Date: 11 March 1991




OPTRONIC LABORATORIES, INC.

A Subsidiary ol Kollmorgen Corporation

Emphasizing Precision and Accuracy

March 1987

Instructions for Using the Optronic Laboratories 1000-Watt
FEL Tungsten-Halogen Lamp Standards of Total and Spectral Irradiance

General

These instructions cover the use of tungsten-filament quartz-halogen
lamps issued as standards of total and spectral irradiance. The lamps
employed are commercial G.E. type FEL 1000-Watt lamps having a tungsten
coiled-coil filament enclosed in a small quartz envelope. (Figure 1)
The lamp bases have been converted to a medium bipost base which can be
used with a kinematic lamp holder (see Figure 2), allowing the lamps to
be removed and replaced repeatably in the same position.

Spectral irradiance values are given for the wavelength range of 0.25
to 2.5 um. The radiant intensity of the entire lamp as mounted in the
manner prescribed below is measured and reported. The total irradiance
of these lamps is based on the radiance of a blackbody as defined by the
Stefan-Boltzman radiation law. The assigned values of total irradiance

have estimated uncertainties of *1%.

The spectral irradiance from these lamps over the wavelength range of
250 nm to 1600 nm is based on the National Institute of Standards and
Technology 1973 scale of spectral irradiance. Values of spectral
irradiance from 1600 nm to 2400 nm are based on the NIST 1986 spectral
irradiance scale and the value at 2500 nm is based on the modified NIST
1963 spectral irradiance scale. The reported uncertainty of the NIST
irradiance scales along with uncertainty associated with the transfer
from the NIST standard to the issued 1000 Watt lamp standard is given

HeW oW
Transfer Uncertainty

Wavelength NIST Uncertalnty
(nm) " T v T T o — %) - - Ceee . (%)
250 2.23 1.0
350 1.35 0.7
654.6 l1.01 0.4
900 1.34 0.5
1300 1.42 0.5
1600 1.89 0.5
2000 3.29 0.75
2400 6.51 1.0
2500 6.50 1.0

1

st em .t 4w mmaee

4470 35th STREET » ORLANDO FL 32811 . (407) 422-3171 » TLX: 910-240- 5263 e FAX: 407-648-5412



)4F,Oen c/iX vir SP/}nc F’._'LA'”ZJ)’S"S

Carousel 4 Summary
4 R Goniometric Reflectivity, f(yaw), fixed pitch = 0

Rho_f(yaw) 125 124 122 120 100 %0 80 60 50 40

3125 041807 0.41394 040419 0.39503 031780 026322 021437 0.15985 014697 0.13643
317.5 041726 041209 040278 039396 0.31722 0.26253 0.21408 015938 014672 0.13626
331.2 042905 042488 041455 040505 0.32733 027110 022091 016459 0.15129 0.14040
339.8 043433 043022 041967 040987 033147 0.27471 022395 016666 0.15352 0Q.14224
360 044985 044489 043435 042447 034287 028328 022951 017061 0.15652 0.14545
380 048740 046223 045088 044034 035394 0.29088 0.23440 0.17319 0.15854 0.14700

Rel_std

3125 0.00072 000225 000152 0.00153 0.00338 0.00320 000112 000259 0.00357 0.00160
3175 0.00088 000226 0.00120 0.00241 000303 000279 000168 0.00313 0.003%8 0.00236
331.2 0.00060 0.00265 0.00052 0.00275 0.00194 000228 000161 0.00189 0.00241 0.00312
3398 000117 000229 0.00076 000163 0.00229 0.00329 0.00171 0.00156 0.00211 0.00345
360 0.00084 0.00119 0.00240 0.00228 000231 000252 0.00227 0.00189 0.00189 0.00272
380 0.00074 0.00103 000190 0.00162 000220 0.00140 0.00227 0.00270 0.00218 0.00265

4 S Goniometric Reflectivity, f(yéw), fixed pitch = 0
Rho_f(yaw) 125 124 122 120 100 90 80 60 50 40

3125 043432 042985 041962 040919 033036 027411 022157 016108 0.14560 0.13535
31756 043500 043028 041933 040880 0.33067 027454 0.22204 0.16140 0145680 0.13529
331.2 044786 0.44262 043155 042212 0.34088 0.28314 0.22879 0.16616 0.15010 0.13940
339.8 045395 044911 043765 042793 0.34589 028723 0.23214 0.16881 015202 0.14116
360 046951 046411 045284 044319 035683 029579 023830 0.17228 0.15508 0.14404
380 0.48941 048370 047194 046140 0369468 030461 024368 017497 015712 014567

Rel_std

3125 000088 0Q.00173 000318 000266 0.00252 000217 000275 000085 0.00000 0.00147
3175 000243 000188 000427 0.00264 000220 0.00279 0.00062 0.00085 0.00216 0.00130
331.2 000064 0.00201 000345 000190 0.00220 000304 000164 000154 0.00037 000145
339.86 000130 000183 000278 000117 0.00261 0.00284 0.00172 0.00074 0.00156 0.00037
360 0.00074 000071 0.00109 0.00111 0.00091 0.00125 0.00054 0.00074 0.00047 0.00023
380 0001068 000091 0.00110 0.00112 0.00091 0.00109 0.00112 0.00112 0.00085 0.00027

4 W Goniometric Reflectivity, f(yaw), fixed pitch = 0
Rho_f(yaw) 125 124 122 120 100 90 80 60 50 40

3125 043587 043010 042033 0.40975 032431 0.26803 021714 016004 0.14489 0.13850
3175 043486 042935 041885 040875 032347 026784 021722 016014 014482 013515
331.2 044670 0.44101 043046 041966 033295 027611 0.22427 016566 0.14944 0.13931
339.8 044990 044413 043361 042320 033875 027894 022664 016752 0.15108 014123
360 0.45147 044599 043460 042461 033910 028152 022938 0.16901 015270 0.14209
380 045671 045128 044011 042965 0.34450 0.28612 0.23318 0.17150 0.15486 0.14417

Rel_std

3125 000089 000263 000168 000211 0.00159 000342 0.00200 000080 0.00290 0.00157
317.5 000240 000202 000214 000163 000228 000080 0.00307 0.00187 0.00429 0.00031
331.2 000160 000137 0.00051 000229 000110 000177 000043 0.00198 0.00257 0.00100
339.8 000102 000162 000167 000127 0.00104 000097 000195 000112 0.00354 0.00150
360 0.00074 0.00050 0.00068 0.00083 0.00119 0.00089 0.00041 000168 000192 0.00182
380 0.00105 0.00083 0.00102 0.00073 0.00066 0.00081 0.00038 0.00124 0.00133 0.00123



file: dif4fit.mcd
date:

This file extends the cubic spline fit comparison of the 4W, 380nm example to
No surprises are expected here;

11 November,

1991

cover the three surfaces at all wavelengths.
the fits are all expected to agree within a percent of the measured rho(90)

reflectivities.

::;> The

(abbreviated yaw)

cubic sp

Two complete cubic spline interpolations are performed for
each diffuser surface - one employing the complete set of yaw data to predict
rho(90), the other using only yaw values between 40 and 120 degrees inclusive.

range was used to be consistent with the earlier Matlab

IMPORT DIFFUSER REFLECTIVITY DATA AND ARRANGE IN COLUMNS....

4W SPLINE INTERPOLATION
M:

M:

BUILD A MODIFIED ARRAY, MISSING YAW 90

]

READPRN (W4DATA)

MT)

[0.43587
0.4301
0.42033
0.40975
0.32431
0.26803
0.21714
0.16004
0.14489
| 0.1355

oooooo

0.43486
0.42935
0.41885
0.40875
0.32347
0.26794
0.21722
0.16014
0.14482
0.13515

i::==0..8 k : =0 ..5
Mpr := if[i = 5,M M
8-i,k i+1,k i,k
[ 0.1355 0.13515
0.14489 0.14482
0.16004 0.16014
0.21714 0.21722
Mpr = [0.32431 0.32347
0.40975 0.40875
0.42033 0.41885
0.4301 0.42935
|0.43587 0.43486

0.4467
0.44101
0.43046
0.41966
0.33295
0.27611
0.22427
0.16566
0.14944
0.13931

DATA

0.13931
0.14944
0.16566
0.22427
0.33295
0.41966
0.43046
0.44101

0.4467

0.4499
0.44413
0.43361

0.4232
0.33675
0.27894
0.22664
0.16752
0.15108
0.14123

0.14123
0.15108
0.16752
0.22664
0.33675

0.4232
0.43361
0.44413

0.4499

0.45147
0.44599

0.4346
0.42461

0.3391
0.28152
0.22936
0.16901

0.1527
0.14209

0.14209
0.1527
0.16901
0.22936
0.3391
0.42461
0.4346
0.44599
0.45147

olation reported for the irradiance response calibrations.

0.45671]
0.45128
0.44011
0.42965
0.3445
0.28612
0.23318
0.1715
0.15486
0.14417,

0.14417
0.15486
0.1715
0.23318
0.3445
0.42965
0.44011
0.45128
0.45671.

These data are then fit to cubic splines against the following yaw vector

(for ’full yaw’ spline interpolations).

Yaw

* =
P

[ 40
50
60
80

100

120

122

124

125

The abbreviated, or short set, uses only
40 < yaw < 120, as was originally
used in the cubic spline fits.

is := 0

Yaw_short

.5

1s

:= Yaw

1s

Yaw_short

40
50
60

100
120



file: 4w.mcd
date: 11 November, 1991

This file fits diffuser 4W goniometric reflectivity to a cubic spline to
determine a fit value of rho(90). This value is then compared to a measured
value of rho(90).

diffuser data for pitch = 0, lambda = 380nm.

[125] [.456711] truncated data.
124 .451284
122 .44011 [ 40] [.144167]
120 .429645 50 .154862
100 .344504 60 .171499
yawl := 90 rhol := |.286116 80 .23318
80 .23318 yaw3 := [100f rho3 := |.344504
60 .171499 120 .429645
50 .154862 122 .44011
| 40] | .144167] 124 .451284
| 125] |.456711]
i:=0..9 Rearrange the data, in MathCAD
yaw2 := yawl splines require x in increasing values.....
i 9-i
rho2 := rhol
i S 9-1

Set up another array to fit spline to 40 < yaw < 120.
This abbreviated yaw fit is analogous to that
performed in the original irradiance response test,
when rho(90) was computed from goniometric data.
k :=0..5
rho4 := rho3 yaw4d := yaw3
k k k k
Interpolate using truncated data set, 40 < yaw < 120 degrees.
vc_short := cspline(yaw4,rho4)
rho_short(x) := interp(vc_short,yaw4,rho4,x)
rho_short(90) = 0.28586

rho_short(90) - rho2

4
rel err short :=
rho2
4
The cubic spline yields a
-4 0.1% error in the computed
rel err short = -9.0904-10 value of rho 90 if yaw values

between 40 and 120 are used
in the cspline interpolation.

Compute a relative error based on fitting a cubic spline to the full Yaw
set. (ie, if the extended region around Yaw=90 is fit, does this improve
the prediction of Yaw 907?)



Long data set interpolation.....

vc long := cspline(yaw3,rho3) build a coefficient array on long
- data set.

rho_long(x) := interp(vc_long,yaw3,rho3,x)

rho _long(90) = 0.28845 Interpolate a rho(90) based on the

extended yaw set.

rho long(90) - rho2
4

rel err_long :=
rho2
4

rel err long = 0.00816 Using the longer yaw set to predict
rho(90) results in a 0.8% error.

Set up plot to compare fit to measured reflectivities.....

X = 40 ..124
4w goniometric data with cubic spline fit
(Spline does not include fit to rho(90)

dotted: spline on truncated yaw
solid: spline with extended yaw

4

el

rho_short(x),rho_long(x),rho2 4///

l e

40 X,X,yaw2 130



4W SPLINE INTERPOLATION........

Mpr short
is,k

= Mpr.

is,k

Now, compute the spline fits for each wavelength (k) and determine the

percent deviation from the observed rho(90)’s at the 6 wavelengths.

This

process is repeated for both long yaw (ly) and short yaw (sy) data sets.

cv_sy(k) := cspline[Yaw_short,Mpr_short

cv_ly(k) := cspline[Yaw,Mpr

rho_90 fit sy

<k>]

<k>]

<k>
= interp[cv_sy(k),Yaw_short,Mpr_short ,90]

k
<k>
rho 90 fit ly := interp|cv_ly(k),Yaw,Mpr ,90
k
rho 90_act :=M
k 5,k
[rho_90_act - rho 90 _fit sy
pct_error_sy := -100
I rho 90_act i
[rho 90 _act - rho 90 fit ly
pct_error_ly := -100
| rho 90 _act i
Results:
Full Yaw Spline Abbrev. Yaw :
pct_error_ly pct_error_ sy Wavelength

k

=-0.78303

-0.55018

=-0.67291

-0.71961

-0.67128

-0.81249

0.22008 312.5
0.31104 317.5
0.28945 331.2
0.20247 339.8
0.12764 360
0.09321 380

note: positive errors
indicate that the spline
underestimated the diff-
user reflectivity.




4W SPLINE INTERPOLATION........

Plot the fit against the measured reflectivity data.

k :=5 the plot will only consider A=380nm.
<k>
ys(x) := interp|cv_sy(k),Yaw_short,Mpr short , X short yaw set
<k>
yl(x) := interp|cv_ly(k),h Yaw,Mpr /X this is for the long yaw set fit
X := 40,42 ..126
y := rho 90 _act
k
DIFFUSER REFLECTIVITY vs CUBIC SPLINE
INTERPOLATION at X = 380nm,
solid: short yaw set spline
dotted: extended yaw set spline
0.5
*
/’A
ys(x),yl(x),Mpr Yy <
(llk) //‘
0.1

40 X,x,Yaw ,90 130
1



4R SPLINE INTERPOLATION........

Mpr_short := Mpr
is,k is,k

Now, compute the spline fits for each wavelength (k) and determine the
percent deviation from the observed rho(90)’s at the 6 wavelengths. This
process is repeated for both long yaw (ly) and short yaw (sy) data sets.

<k>
cv_sy(k) := cspline[Yaw_short,Mpr_short ]

<k>]
cv_1ly(k) := cspline|Yaw,Mpr

<k>
rho 90 _fit sy := interp[cv_sy(k),Yaw_short,Mpr_short ,90]
k .

, <k>
rho 90 fit ly := interp[cv_ly(k),Yaw,Mpr ,90]
k

rho 90 _act :(=M
k 5,k
[rho_90_act - rho 90 fit sy
pct_error_sy := - 100
i rho_ 90 act i
[rho 90 _act - rho 90 fit 1ly
pct_error_ly := -100
I rho 90 _act i
Results:
Full Yaw Spline Abbrev. Yaw
pct_error_ly pct_error_ sy Wavelength
k k
-0.89541 -0.00289 312.5 note: positive errors
-1.00937 -0.13046 317.5 indicate that the spline
-1.0051 -0.06879 331.2 underestimated the diff-
-1.03986 -0.08099 339.8 user reflectivity.
-0.91632 0.07172 360
-0.98234 0.04012 380




4R SPLINE INTERPOLATION........

Plot the fit against the measured reflectivity data.

k :=5 the plot will only consider X=380nm.
<k>
ys(x) := interp|cv_sy(k),Yaw_short, Mpr_short , X short yaw set
<k>

yl(x) := interp|cv_ly(k),Yaw,Mpr /X this is for the long yaw set fit
X := 40,42 ..126
y := rho 90 _act

k

DIFFUSER REFLECTIVITY vs CUBIC SPLINE
INTERPOLATION at L = 380nm, :
solid: short yaw set spline
dotted: extended yaw set spline

0.5
e
ys(x),yl(x) ,Mpr Y -
(1,k) /
-4-’—"‘-'_'-
0.1
40 X,%,Yaw ,90 130



file: dAif4fit.mcd

date:

This file extends the cubic spline fit comparison of the 4W, 380nm example to
cover the three surfaces at all wavelengths.

11 November,

1991

No surprises are expected here;

the fits are all expected to agree within a percent of the measured rho(90)

reflectivities.

Two complete cubic spline interpolations are performed for
each diffuser surface - one employing the complete set of yaw data to predict
rho(90), the other using only yaw values between 40 and 120 degrees inclusive.

The abbreviated yaw range was used to be consistent with the earlier Matlab

cubic spline interpolation reported for the irradiance response calibrations.

IMPORT DIFFUSER REFLECTIVITY DATA AND ARRANGE IN COLUMNS....
4S SPLINE INTERPOLATION........

BUILD A MODIFIED ARRAY, MISSING YAW 90

k :=0

t= if[i >

Mpr =

READPRN (S4DATA)

[0.43432
0.42985
0.41962
0.40919
0.33036
0.27411
0.22157
0.16108

0.1456

0.13535

0.435
0.43028
0.41933

0.4098
0.33067
0.27454
0.22204

0.1614

0.1456
0.13529

.5
5,M M
i+1,k i,k
[0.13535 0.13529
0.1456 0.1456
0.16108 0.1614
0.22157 0.22204
0.33036 0.33067
0.40919 0.4098
0.41962 0.41933
0.42985 0.43028
[0.43432 0.435

.44786
.44262
.43155
.42212
.34098
.28314
.22879
.16616
0.1501
0.1394

[eNeNoNoNeoNoNeoNo

DATA

0.1394
0.1501

0.16616

0.22879
0.34098
0.42212
0.43155
0.44262
0.44786

0.45395
0.44911
0.43765
0.42793
0.34589
0.28723
0.23214
0.16861
0.15202
0.14116

0.14116
0.15202
0.16861
0.23214
0.34589
0.42793
0.43765
0.44911
0.45395

0.46951
0.46411
0.45284
0.44319
0.35693
0.29579

0.2383
0.17228
0.15508
0.14404

0.14404
0.15508
0.17228

0.2383
0.35693
0.44319
0.45284
0.46411
0.46951

0.48941
0.4837
0.47194
0.4614
0.36946
0.30461
0.24368
0.17497
0.15712
0.14567,

0.14567
0.15712
0.17497
0.24368
0.36946
0.4614
0.47194
0.4837
0.48941]

These data are then fit to cubic splines against the following yaw vector

(for ’full yaw’ spline interpolations).

Yaw :=

[ 40
50
60
80

100

120

122

124

125

The abbreviated, or short set, uses only
40 < yaw < 120, as was originally
used in the cubic spline fits.

is =0
Yaw_short
is

..5

:= Yaw

1ls

40
50
60

Yaw_short = | 80

100
120



4S SPLINE INTERPOLATION........

Mpr_short := Mpr
is,k is,k

Now, compute the spline fits for each wavelength (k) and determine the
percent deviation from the observed rho(90)’s at the 6 wavelengths. This
process is repeated for both long yaw (ly) and short yaw (sy) data sets.

<k>
cv_sy(k) := cspline[Yaw_short,Mpr_short ]

<k>
cv_ly(k) := cspline|Yaw,Mpr

<k>
rho 90 fit sy := interp[cv sy (k) ,Yaw short,Mpr short ,90]
R - — _

<k>
rho 90 fit ly := interp[cv_ly(k),Yaw,Mpr ,90]
k
rho 90 act :=M
k 5,k
[rho 90 _act - rho 90 fit sy
pct_error sy := - 100
i rho 90 _act i
. [rho 90 act - rho 90 fit 1ly
pct_error_ly := 100
| rho 90 _act j
Results:
Full Yaw Spline Abbrev. Yaw
pct_error_ly pct_error_ sy Wavelength
Xk X
-0.8083 0.28298 312.5 note: positive errors
-0.59001 0.30034 317.5 indicate that the spline
-0.52322 0.32954 331.2 underestimated the diff-
-0.54005 0.32734 339.8 user reflectivity.
-0.45458 0.36386 360
-0.47602 0.42215 380




4S SPLINE INTERPOLATION........

Plot the fit against the measured reflectivity data.

k :=5 the plot will only consider A=380nm.

<k>
ys(x) := interp[cv_sy(k),Yaw_short,Mpr_short ,x] short yaw set

<k>
yl(x) := interp[cv_ly(k),Yaw,Mpr ,x] this is for the long yaw set fit

40,42 ..126
rho 90 _act
k

>
W

DIFFUSER REFLECTIVITY vs CUBIC SPLINE
INTERPOLATION at X = 380nm,
solid: short yaw set spline
dotted: extended yaw set spline
0.5 o
%

ol

L7

pd
L~

ys(x),yl(x),Mpr Y% /

(i,k)

40 x,X,Yaw ,90 130
1
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