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Chapter 1

Intr oduction and Methodology

The goal of this analysis is to provide quantitative information on the properties andcalibrationof the CONTOUR
(COmetNucleus TOUR)visible imagingsensors,CRISP(ContourRemoteImagingSPectrograph)andCFI (Contour
Forward Imager). CRISPcould also be operatedas a spectrometer in the infrared,but that analysisis contained
in a separatereportby a different contributor. The datausedare from an extensive setof pre-missioncalibration
testsconductedin the JHU/APL Optical CalibrationFacility (OCF). Its physical lay-out andcapabilities have been
describedin numerouspublications by variouscontributorsin theopenliterature(seeReferences # 1, 6, and7).

Thesensorsmeasurelight intensityin engineeringunits referred to asimagedatanumbers.Thesedatanumbers
(DN) aregenerally convertedto radiance,R, with physicalunits

���������	��
���������������
, usingthewell-known

calibrationequation (Reference# 7):

�	��� ��� ��� ���  "!$#&%('�'*) ',+.- /10 ��� ��� ��� ���  !2� /43 �65 �6� ��� ���  !87 ��9 ��:;�=< 3 � �6� �>�  !?A@ 3�B ��� ��� � +$CED <>F6� + �E<>�"GH��� � +JI�K (1.1)

where: /40 �6� ��� ��� ��� LM� N is raw DN measuredin thepixel in columnx, row y, through filter f at exposuretime IOK and
temperatureT,/43 �65P�6� ��� ��� � is thedarklevel in DN modeledfor thispixel atcolumnx, row y atexposuretime IQK andtemperature
T, :;�=< 3 � ��� ���  ! is thescene-dependentreadout smearfor thepixel with exposuretime I K ,?A@ 3PB ��� ��� � is theflat field for filter f,CED <>F � is thecoefficient for convertingdark-removed,flat-field, andsmear-correctedDN from filter to radiance,
for abaselineexposuretime of 1 second,�E<>�RG ��� �

is theresponsivity for this filter at temperatureT, relative to a baseline,and,I�K is theexposuretime in milliseconds.
In this analysis,thequantities above werecharacterizedby first, extractingdatafrom theASCII, and,whennec-

essary, thebinary, headersin thecalibration imagescollectedduring thepre-environment,post-environment,andin
thecaseof CFI, the ’final’ post-environmentcalibrationsconductedprior to instrument integration andtesting.Sec-
ond,statisticson thedarkcolumns andtheimageryitself werecalculatedin IDL andstoredin associatedbinary data
files alongwith theheader information.By examining theresultsof testsconductedfor darkcurrents,filter response,
flat-field linearity, temperaturedependence,instrumentcharacteristicswerederived.

Thereport itself is dividedinto two mainsections,oneto characterizethedarkcolumns,andonefor the imager
properties.Darkcolumn dependenciesonexposuretime,temperature,row number, andtherelationshipbetweendark
columns anddarkimagesarederived. A final darkcolumn sectionexaminesnoiseandcorruption encounteredin the
calibrationdata.Theimagecharacteristicsof frame transfersmear, responsivity, noise,problemswith sub-sampling
the images(binning), andsub-systemcalibrations aredetailedin the imagersection.Finally, someconclusionsand
lessonslearned arepresented.
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Chapter 2

Dark Column properties

2.1 Dark column properties

2.1.1 CRISP

Dark seriesdatawereacquired during post-environmentalcalibrations usingthe OCF (Optical CalibrationFacility)
Monochromator/Collimator(M/C) Point source. Throughout this setof tests,the CRISPfilter wheelwassetat 6,
wherethecenterwavelengthwas610nmwith abandwidth of 40nm. Calibrationdatawereacquiredfor four different
sizesof images:full size,2 by 2 binning, 4 by 4 binning, and8 by 8 binning. Exposuretimeswerevariedfrom 0-512
milliseconds. Figure2.1 shows the dependenceof dark column meanon exposuretime. The line through the data
connectsthemeanvaluesfor eachexposure time,with thespreadin valuesdueto thedifferencesin theimagessizes,
although therewasnoclusteringat eachexposuretime for imagesize.As a function of exposuretime,themeandark
level couldbeapproximatedasuniform below 16 milliseconds at a valueof 219.56 DN. Above 16 milliseconds, the
meandark level canbe approximatedas linear in log of time, with a slopeof 0.2019 DN/log(millisecond)andan
intercept of 219.298DN. UnlikeCFI, thesmalldynamicrangeof thedarkcolumnmeansfor CRISP(0.4DN over500
milliseconds) madeit difficult to derive a linearfit to thedata.After many attempts,thebestresultswereobtainedby
fitting to the100to 500millisecondrangeof exposuretimesfor theunbinnedimagery, which thevastmajorityof the
imagesgeneratedin thecalibrationswere. As shown in figure2.2,over this limited range of exposuretimes( I2K , in
milliseconds), themeandarklevel canbeapproximatedas:

/40�SUTP3 �65WV D @YX��[ZQ\2# '*) 'P'�'*%(]�]�^�_�I�K�`�]a%�^*)cb6d (2.1)

Regardlessof thelengthof exposuretime,theaveragedarkcolumn valuenever roseabove219.9DN. Examination
of saturateddataobtainedwhenviewing the white integrating sphereindicated that except in caseof dark column
corruption (seeSection2.5.1), themeandarkcolumnvalueremainedbelow thisvalue.

Finally, although thestandard deviationsfor thefour darkcolumnshada loweraveragevaluethanthemeanof the
darkimagestandarddeviations, thedarkcolumnstandarddeviations weremore variablethanthestandarddeviation
of thecorrespondingdarkimages.This is notsurprising, sincethereweretwo orders of magnitudefewerpointsin the
darkcolumns thanin thedark images.Figure2.3 shows thestandarddeviations for the imageportionandthedark
columns in eachimagein this darkseries.

6



Figure2.1: Darkcolumnmeanasafunctionof exposuretimefor theCRISPpost-environmentdarkseriestestsplotted
with exposure timeassemi-log. Line connectsmeanof darkvaluesfor eachexposuretime.

Figure2.2: Darkcolumnmeanasafunctionof exposuretimefor theCRISPpost-environmentdarkseriestestsplotted
linearly. Solid line connects meanof dark valuesfor eachexposuretime. The dashedline is the linear fit for data
between100and500milliseconds.
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Figure2.3: Imageportion standarddeviations (solid line) anddarkcolumnstandarddeviation (dashedline) for the
CRISPpost-environmentdarkseriestests.

2.1.2 CFI

As with CRISP, darkseriesdatawereacquiredfor CFI during post-environmentalcalibrations in testsusingtheOCF
M/C point source. Throughout thisset,theCFI filter wheelwassetat4,wherethecenterwavelength was620nmwith
a bandwidth of 4 nm. Thelight from theHalogen andXenonlampswasfully attenuated,but this did not meanthere
wasa total absenceof light. About 6 DN of room illumination wasstill sensedby the imagerin theOCF. Exposure
timeswerevariedfrom 0-5002milliseconds.TheOCFvacuumchamberwassetto threedifferenttemperatures:-30 e ,
0e , and30e . Figures2.4,2.5,and2.6show theeffectsof temperatureandexposuretime on themeandarkcolumns.
Fits to all threedatasetsareasfollows (whereI6K is theexposuretime in milliseconds):

CED @ T�S � _P_ e C \$f /40�SUTP3 �65WV D @YX��[ZQ\2# '*) 'P'�'P'�_�_P'�_PgJ+JI�Kh`�]�_P]a) ^P_ (2.2)

iPZ B <����=< T�j83�B < S � b e C \$f /40�SYT�3 �65WV D @kX��lZQ\2# 'a) '�'�'P_a%(d�bm%h+nI K `�]P]>o�) g�o (2.3)

� 3 �(� SU]�g e C \pf /40�SUTP3 �65WV D @YX��[ZQ\2# 'a) 'a%�_Pg�b6dp+JI�K2`q]�]a%�) ^6o (2.4)

The warm datawere acquiredat a temperature much higher than would ever have beenencounteredhad the
instrument beenusedin spaceandarebeingreportedherefor completeness.

2.2 Comparisonof Dark column propertieswith dark imageproperties

2.2.1 CRISP

The dark seriesdatadiscussedin Section2.1.1 provided a comparisonof the dark columnpropertiesandthe dark
imageproperties.Figure2.7showsthedarkcolumnaverageplottedagainst thedarkimagemeanfor this test.A linear

8



Figure2.4: Darkcolumn meansversusexposuretimein millisecondsfor CFI post-environmentdarkseriestestsunder
’cold’ conditions.Thesolid line is themeanvaluefor thatexposuretime,andthedashedline is a linearfit to thedata.
Theaverage detectortemperaturefor therunwas-33 e C.

Figure2.5: Darkcolumn meansversusexposuretimein millisecondsfor CFI post-environmentdarkseriestestsunder
’intermediate’conditions. Thesolid line is themeanvaluefor thatexposure time,andthedashedline is a linearfit to
thedata.Theaverage detectortemperaturefor therunwas-7 e C.
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Figure2.6: Darkcolumn meansversusexposuretimein millisecondsfor CFI post-environmentdarkseriestestsunder
’warm’ conditions. Thedashedline is a linearfit to thedata.At thesescales,theline connectingthemeanvalueslies
on thedatafit, sois notshown separatelyhere.Theaveragedetectortemperature for therunwas26 e C.

regressionbetweenthetwo wasnot calculatedbecausethedarkcolumnmeandistribution wassohighly parabolic at
leasta third-orderfit wouldberequired to describethedata.

A more meaningful calculation is thedifferencebetweentheimagemeanandthedarkcolumnmeanplottedasa
function of imagemean(seeFigure2.8). Thedifferent symbols refer to separateexposuretimes,with theasterisks
indicating512millisecond(points clusterabove220.1 DN imagemeanand0.2DN imageminus darkdifference)and
thediamonds256millisecond(pointsclusterabove219.9DN imagemeanand0.08DN imageminusdarkdifference)
exposuretimes.Theremaining exposuretimeclustersoverlap onthis linearplot,soarenotdifferentiatedwith separate
symbols. With theexceptionof thelongestexposuretime,thedifferencebetweentheimagemeanandthedarkcolumn
meanneverexceeded0.2DN. Theaverage differencebetweenthedarkcolumns andthedarkimageswasfound to be
0.0557DN with astandarddeviation of 0.0660 DN. In practice,thedarkcolumn DN’smaybetreatedasequivalentto
thedark imageDN’s, with a errorof <0.3DN. If thedifferencevaluesareplottedagainst exposure time (seeFigure
2.9), thedatashow a slight dependenceon exposure time above 16 milliseconds,but remainconstantbelow that. A
polynomialfit to thedatais asfollows (whereI�K is exposure time in milliseconds):

/40srut,vxw K �Hy v{zx| N8}"~�� t$� # 'a) '�'P'�'�'P'�b6g�_P]�'6I �K `�'a) '�'P'�'�oP^�'Pg6oPI K `�'*) '�oP^*%�^�d (2.5)

2.2.2 CFI

Thepost-environmentdarkseriestestsfor CFI discussedin Section2.1.2mayalsobeusedto determinetherelation-
ship betweendark imagemeans anddark column means.While the CRISPimagerexhibited essentiallyno linear
trendandhadvariability lessthan1 DN, theCFI imagerhada largerdynamic rangein bothdarkimagemeananddark
columnmean,which increasedwith temperature. Figures2.10, 2.11, and2.12show theeffectsof temperature on the
dependenceof imagemeanondarkcolumn mean. Fits to all threedatasetsareasfollows:

CED @ T�S � _�_ e C \$f�i t K v���SY/40 \2# %P) 'P'�b>'P/1Cpt K v{�HSY/40 \�� _*) _P^a%�% (2.6)
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Figure2.7:Plotof imagemeanversusdarkcolumnmeanfor different exposuresfor theCRISPpost-environmentdark
seriestests.Theline indicatesperfect agreement betweenthetwo parameters.

Figure2.8: Differencebetweenimagemeanand dark column meanas a function of imagemeanfor the CRISP
post-environmentdarkseriestests.Thedifferent symbols indicatedifferentexposure times.
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Figure2.9: Differencebetweenmeanof darkimageandmeanof darkcolumns plottedfor differentexposuresfor the
CRISPpost-environmentdarkseriestests.Solid line connects meanof differencevalues for different exposuretimes,
thedashedline asecond-orderfit to thedata.

iPZ B <����=< T�j83�B < S � b e C \pf�i t K v{� SY/40 \J# %�) '�bW%�b6/1C t K v{� SY/40 \h� %>bm) ^�'�'�o (2.7)

� 3 ��� SU]6g e C \,f�i t K v{� SU/40 \n# 'a) ^�d*%�_�/lC t K v�� SU/40 \ `q]W)c]6^Pd�_ (2.8)

The warm datafail to follow the sametrendasthe intermediate andcold data,but, asthesewereacquiredat a
muchhighertemperaturethanwouldever havebeenencounteredin space,they arereportedonly for completeness.

2.3 Dark Column Propertiesasa function of Temperature

2.3.1 CRISP

Figure2.13shows the thefinal testof thepost-environmentcalibrations,a setof darkseriesrunscollectedfrom the
CRISPsensorover theexpectedoperating range of temperatures.Thedarkcolumnaverageis plottedin thefigureas
a functionof detectortemperature,sincethis wasthecalibrated(andfunctional)heatsensornearesttheCCD itself.

According to themastercalibrationrecord, threeexposuretimeswereintended for this dataseriestest: 10 mil-
liseconds,500milliseconds,and980milliseconds.However, datawereacquired at only two exposuretimes: 10 and
500milliseconds.But, giventhealready-demonstratedslight dependenceof darkcolumn averageon exposuretime,
temperatureeffectsshouldexceedthosedueto exposuretime for darkseriesdata.Also according to themastercal-
ibrationrecord, ninerunswereacquiredduring this test. For thefirst run, thechiller temperature wassetto -55 e C .
For thesecondrun, it wassetto -40e C . For theremainderof theruns, it wasraisedin 5 e C or 10e C increments until,
for the final run (#9), the chiller temperature was0 e C . Even though the target chamber wasgiven30 minutesand
moreto cometo equilibrium aftereachchiller temperature change, the coldestmeasured temperaturewas-37.4 e C ,
andthis only with the secondrun. The first run, supposedly conductedat the coldesttemperaturesetting,actually
yieldedslightly higher darkcolumnvalues(Figure2.13). It may have beenthat the CCD wasstill slightly warmer
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Figure2.10: Dark columnmeanasa function of imagemeanfor the cold temperature CFI post-environmentdark
seriestests.Thedashedline is a linearfit to thedata,collectedata meantemperatureof -33 e C.

Figure2.11: Dark column meanasa function of imagemeanfor theintermediatetemperature CFI post-environment
darkseriestests.Thedashedline is a linearfit to thedata,collectedat ameantemperatureof -7 e C.
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Figure2.12: Dark columnmeanasa function of imagemeanfor thewarmtemperatureCFI post-environmentdark
seriestests.Thedashedline is a linearfit to thedata,collectedata meantemperatureof 26 e C.

Figure2.13: Dark columnmeanasa function of detector temperaturefor the CRISPpost-environment dark series
temperaturetests.
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Figure 2.14: Uncalibrated CCD temperature sensorcounts versus detector temperature for the CRISP post-
environment darkseriestemperature tests.

thantherestof thechamber, sincethedetectortemperaturesensorwascloseto, but not on theCCD itself. To check
that thesemeasurementsareactuallyfrom a slightly warmerCCD condition, temperaturesensorscloserto or on the
CCD arerequired,and,fortunately, thereweretwo suchinstrumentsavailable.There wasa separatetemperature sen-
sormountedcloserto theCCD,which, whenfunctional,wascalibratedto give readings asaccuratelyasthedetector
temperaturesensorwould. In addition, theThomsonTH7888A CCDhasatemperaturesensorontheCCDwhichwas
uncalibratedduring theOCFtests.For this series,thecalibratedtemperature sensorcloserto theCCD wasnot func-
tioning; however, theuncalibratedtemperaturesensordirectly on theCCD was. Figure2.14shows theuncalibrated
CCD temperaturesensordataplottedagainst thedetector temperatureandverifiesthatthisfirst runwasacquiredwith
theCCD ata slightly higher temperaturethanthesecond(2 uncalibratedcountshigher).

Sincethecalibrationfrom counts to temperatureis unknown for theon-boardCCD temperaturesensor, otherthan
thatthecounts increasedwith temperature,thehigher uncalibratedvaluesfor thefirst run weretakento have verified
that thechamber washotterat thattime. Thus,theanomalouslywarmerfirst run wasexcludedfrom furtheranalysis
for thepresent (seeFigure2.15).

Oncethesetcontaining accurate temperature-dependent datawasdetermined(Runs2-9), a simpleparabolic rela-
tionshipbetweenthedarkcolumnaverageanddetectortemperatureemergesthatisessentiallyindependent of exposure
time,asshown in Figure2.15. Here,thecrossesindicate datafor exposuretimesof 10milliseconds,andtheasterisks
datafor 500millisecondexposures.The500millisecondexposuredatahave beendisplacedin temperatureby 0.5 e C
to show theoverlap in data.Themaximumvariationin any runatagiventemperature is 0.15DN, with little exposure
time dependence. Figure2.16 shows the dark column averagesplottedagainst the uncalibratedCCD temperature
sensor. Here,too, thedarkcolumnmeanis aparabola independent of exposuretime.

Usingthedetectortemperaturesensor, then,thedependenceof darkcolumnmean(DN) on detectortemperature
( � y ), is calculatedto be:

/40 # ]�]P]W) ga%2`�'*) ]a%�d�'�o � y `�'*) 'P'P]6d�o*%(^ � y � (2.9)
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Figure2.15: Dark columnmeanasa function of detector temperaturefor the CRISPpost-environment dark series
temperaturetests.Thecrossesarefor 10 millisecondexposuretime, theasterisksarefor 500millisecondexposures.
The500millisecondexposuredatahavebeendisplacedin temperature by 0.5 e C to show theoverlap in data.

Figure2.16: Dark columnmeanas a function of uncalibratedCCD temperature for the CRISPpost-environment
darkseriestemperaturetests.Thecrossesarefor 10 millisecondexposuretime, theasterisksarefor 500millisecond
exposures.The500millisecondexposuredatahave beendisplacedin temperatureby 0.5 e C to show theoverlapin
data.
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Figure2.17: Calculateddatafit (line) plottedon darkcolumn meanvalues(crosses)for theCRISPpost-environment
darkseriestemperature tests.No separation of datadueto exposuretime is shown here.

Figure 2.17shows thefit plottedon thedata,whichareno longersegregatedby exposuretime,sincetheexposure
timeeffect is somuchlessthanthetemperatureeffects.

2.3.2 CFI

TheCFI imager wastestedovera largertemperaturerangethantheCRISPimager, andshowedunexpectedincreases
in noisein thedarkcolumnsasaresult.Figure2.18showstheresponseof theCFI darkcolumnsfroma’final’ flat-field
warm-up testwith thewhitesphereasa source. Theexposuretimewasfixedat958milliseconds,theCFI filter wheel
settingwasalternatedbetween2 (933nmcenterwavelength with a13nmbandpass)and3 (840nmcenterwavelength
with a 4 nm bandpass),andtheHalogenandXenonattenuators alternatedbetweena 220anda 240setting(98.5%
and99.95% attenuated). Imagerywereacquired in a sequencethatrotatedbetween’darks’ (255 attenuator settings),
filter 2 with a 240 attenuator setting,filter 3 with a 220 attenuator setting,andseveral moredarks,asthe chamber
temperaturewassteppedfrom -40e C to +40e C . As mentionedabove,becauseof theexponentialincreasein thermal
noiseat temperaturesfarabovewhatwouldbeencounteredin space,therelationshipbetweendarkcolumnsignalsand
imagevaluesbecomes increasingly problematic.However, in theintendedoperating rangeof thesensor(seeFigure
2.19) theCFI darkcolumnmeanhasa lineardependenceon temperaturethatmaybefitted as:

/40�SYT�3 �65WV D @kX��[ZQ\2#�� 'a) g�'Pg�b �H�O�Q� `q]6'P_a) o�] (2.10)

Darkcolumndataacquiredfor thesameconditionsin theCFI final calibrationshadtemperaturedependencein the
operating rangenearly identicalto thatreportedhere.

2.4 Imager Propertiesasa function of Row and Temperature

Thermal noiseassensedon a CCD is a functionof temperature,exposuretime, andframe transfertime (FTT). FTT
canbedescribedsimplyashow longit takesto transferall thechargeaccumulatedin thechargewells(individualCCD

17



Figure2.18: Dark columnmeanversustemperature for a post-environmentwhite sphere test. Note theexponential
increasewith thermalnoiseoncethetemperature risesabovefreezing (0 e C ).

Figure2.19: Dark columnmeanversus temperature for a post-environmentwhite spheretest. The dashedline is a
linearfit to thedata.
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elements)off theCCD chip andinto charge accumulatorsto becounteddigitally. The longer this processtakes,the
largerthecharge,andthehighertheresultingnoisein thedigitally sampledsignal.Sincechargeis transferredfrom the
bottomrow to thefirst row above to thesecondrow above,andsoonto theendof theCCDbefore it transfers into the
read-out registers,thesignallevelsin thedarkcolumnsshould increasewith increasingrow number. Thereis asimilar,
but muchsmaller, effect with increasing column number, sincethechargesaretransferred off the read-out registers
onecolumnat a time. But, thateffect is usuallytoo small to besignificant,exceptin very specificapplications. The
imagingportion of theCCD will havea similar increaseasa functionof increasingrow number, which is measurable
for darkimages,imageswhere thereis no source to impactthelight wells andwheretheattenuators aresetto full (to
blockout, insofaraspossible,straylight).

2.4.1 CRISP

FTT canbededucedfor theCRISPimagerfrom thepost-environmentdarkseriescollectedasa functionof tempera-
ture,asdescribedin theprevioussection.

Dark Images

Figure2.20shows thedependenceof imageintensitieson therow numberasa function of temperature for exposure
timesof 10.112milliseconds. For clarity, thecloudsof datapoints to which theselineswerefit arenot plotted. The
dataare,however, distributeduniformly 0.125DN aboveandbelow thelinesshown. Thefits to thedataareasfollows
(whereR is row number, with theimageorigin at thelower left corner):

� %�^a) ^ e C f /10�SYT�3 �>5 j � 3P� <>\2# 'a) '�'P'P]���g�b6^J+ � `q]W%(^a)c]�� (2.11)

� ]6ga)c] e C f /10�SYT�3 �>5 j � 3P� <>\2# 'a) '�'P'a%�o�'�^P_J+ � `q]W%(da) d�b (2.12)

� _�]W) _ e C f /10�SYT�3 �>5 j � 3P� <>\h# 'a) '�'�'P'�d��6^6o�%�+ � `q]W%(da) g�_ (2.13)

� _Pga) dP� e C f /10�SYT�3 �>5 j � 3P� <>\2# 'a) '�'P'�'�gmb6�P�6_n+ � `q]W%(da)c�Pb (2.14)

Dark Columns

A similarsetof expressionscanbederived for thedarkcolumns(R, asabove, is row number):

� %�^*) ^ e C f /40�SUTP3 �65WV D @YX��[ZQ��\2# '*) 'P'�'�_P'�_�]>op+ � `�]a%�^a)u%�d (2.15)

� ]6g*) ] e C f /40�SUTP3 �65WV D @YX��[ZQ��\2# '*) 'P'�'a%(^�'Pg6op+ � `�]a%�da)�b>' (2.16)

� _�g*) d�� e C f /40�SYT�3 �65WV D @kX��lZQ��\h# '*) 'P'�'*%�'6o�^P�n+ � `�]a%�^*) _Pd (2.17)

2.4.2 CFI

Thedatadescribedin Section2.3.2canalsobeusedto quantify thedependenceof thesensordarkdataasa function
of row and temperature. By selectingrepresentative dark imagesover the expectedoperating temperatureof the
instrument (-50e C to -35e C ), we canderive expressionsfor therow dependence(R):
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Figure2.20: Dark imagerow meanasa function of row number for theCRISPpost-environmentdarkseriestemper-
aturetests.Theactualdataarenot over-plottedon thesefits for thesake of clarity, however, they fluctuateuniformly
0.125 DN above andbelow thefits.

Dark Images � �6'*) ' e C f /40�SUTP3 �65 j � 3P� <>\2# '*) 'P'�'�'�]>om�>oPgn+ � `q]�]6^*) _P_ (2.18)
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� _P�a) ' e C f /40�SUTP3 �65 j � 3�� <>\2# '*) 'P'�'*%�d�'���]n+ � `�]P]>o�) ]P� (2.20)
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2.5 Dark Column Corruption

2.5.1 CRISP

Theeffectsof increasingexposure on thedarkcolumn averageswasinitially examinedusingthedatafrom thepost-
environment linearity seriescollectedwith the white integrating sphereas a source. Exposuretimes ranged from
0 to 900 milliseconds, the CRISPfilter wheelwas set to value6 (where the centerwavelength was 610 nm with
a bandwidth of 40 nm), and the HalogenandXenon lamp attenuators were set to either255 (minimum light) or
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Figure2.21: Darkcolumnmeansasafunction of imagemeans for theCRISPpost-environmentwhitespherelinearity
series.Theaveragedarkcolumn meanis 221.22DN with a standarddeviation of 2.8325DN.

140(65%attenuated). The imagemeanvaluesrangedfrom 200DN to completesaturation(4095 DN). Figure2.21
shows thedarkcolumnmeansplottedagainstthe imagemeansfor thesedata. It wasinitially thought the increased
darkcolumnmeansfor thesaturatedimagesweretheresultof light leakage thatcausedanoverall increasein thedark
columnaverage. Onfurtherexamination, theincreasewasfoundtobetheresultof fully saturatedvaluesappearing, for
afew rows,in thedarkcolumns.Figure2.22showsoneof theimageswith thesaturationsonthedarkcolumns,visible
in thelower left of theimage.Theappearanceof thesesaturateddarkcolumnrowsis uncorrelatedwith exposuretime,
filter wheelnumber, or attenuator setting.Thesuspectedcauseis anti-bloomingoverload,whereaccumulatedcharge
from thesaturatedimageryoverloadstheanti-bloomcorrection during read-out. It is, however, infrequent,andoccurs
in only a few initial rows of theCCD in fewer than20 of the hundredsof imagesin thecalibrationset. Otherthan
thesesaturatedvalues,no pinholesor otherproblemswerefound with thedarkcolumnsin thesedata.Further, when
thesaturatedrows wereexcluded from thedarkcolumnaverage, thenumbersremainedbelow 219.9 DN in thepost-
environment calibrations, asshown in Figure2.23. We thusconclude that the dark columns in the CRISPimager
providea highly stablecalibrationpoint,oncesaturatedrowsareexcludedby a simplethreshold.

2.5.2 CFI

Darkcolumncorruption in theCFI imagerwasnota resultof darkcolumns beingoverwritten with datacolumns due
to anti-bloom overload,but from two othersources.First, thedarkcolumnswerecorruptedduring theacquisition of
binned(i.e. reduced size) imageryand,second, in dark imagery whenhorizontal banding occurred in the imagery
itself.

Binning problems

Binnedimageswereacquiredfor CFI aspart of a dark series,andwhenboth the M/C point source andthe white
spherewereusedastargets.Thestandardimagesizeis 1024by 1024pixels,with four additional ’dark’ columns to
tracktheshotnoise.Fourbinning modescouldbeselected,for imagesizesof 1024 by 1024, 512by 512,256by 256,
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Figure2.22: Lower left cornerof imagenumber 16 from CRISPpostenvironmenttest for linearity with the white
sphereshowing saturateddataoverwriting thedarkcolumns in rows1-3. TheHalogenandXenonattenuatorsareboth
setto 140,theCRISPfilter wheelis at6, andtheexposuretime is 200milliseconds.

Figure2.23:Darkcolumnmeanswith thesaturatedrows excludedasa function of imagemeansfor theCRISPpost-
environment white sphere linearity series.Theaverage darkcolumn meanis 219.71 DN with a standard deviation of
0.08307DN.
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Figure2.24: Extradarkcolumnsresultingfrom binning errors in CFI. These’final’ calibration dataarefrom aformat-
ting testwith thewhite sphere asa source.Theexposuretime is 51.2milliseconds,theCFI filter number is 4 (center
wavelength of 620nm,with a 4 nmbandwidth), andtheHalogenandXenonlampsareunattenuated.

and128by 128. For all binnedmodes,thenumber of darkcolumns wassupposedto remainunchanged.Figure2.24
shows a row-averagedcut through a white imagebinnedto a sizeof 256by 256. Insteadof four darkcolumns, there
wereeight,with two morecolumnscontaining intermediatevaluesbetweendarkandwhite. More troublesomewere
casesof binned datacollectedwith thewhitesphereasasourcewherethedarkcolumnsalternatedbetweenbeingdark,
saturated,anddark before simply beingsaturated(seeFigure2.25). It proved impossibleto predictthe increasein
numberof darkcolumnswith binning, sincetheincreasein numberof, andsignalintensitywithin, theadded columns
wasrandom.

If thissensorhadbeenusedin space,andif thesehadbeentheonlybinning problemswith CFI, thesimplestcourse
for dealingwith this problem,outsideof troubleshootingthecausein hardware/firmware,wouldhavebeento assume
thefirst two darkcolumnsof thebinnedimagesweretruly dark,andthefirst tencolumns of any binnedimagemight
containdarkvalues.At worst,this wouldhavemeantignoring 6 columns,or usinga 128by 122image.Thedataloss
would have beenlesssevereasthebinningwasreduced.But, aswill beshown later, thereweremore problemswith
thebinnedCFI datathansimply thisdarkcolumn corruption.

Horizontal Banding

Throughout theCFI calibrations,imagery wereacquiredthatsplit itself into twodifferent horizontalfields.Onewould,
on average, bea DN or sobrighter thantheother, andthis banding would persistinto thedarkcolumns (seeFigure
2.26). Here,theCFI filter numberis 7 (centerwavelength of 526nm with bandwidth of 12 nm), theexposuretime is
551milliseconds,andboththeHalogenandXenonbulbsarefully attenuated(settingof 255).Theaverage difference
betweenthe two fields is 0.7 DN. As with the binning problems,the occurrenceof banding andthemagnitude and
directionof themeanoffsetbetweenthebandswererandom, and,thus,unpredictable.A moredetaileddiscussionof
thehorizontal banding aregivenin Section3.3.3.

Deriving a banding correctionto the CFI imageryfrom the dark columns is challenging because,although the
differenceis clearly visible, it is only by averaging all the imagecolumns together that an unequivocal offset is
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Figure2.25: Ringingin binnedsaturatedCFI imagery. These’final’ calibration dataarefrom a formatting testwith
thewhitesphereasa source.Theexposuretime is 901.12milliseconds, theCFI filter number is 4 (centerwavelength
of 620nm,with a 4 nmbandwidth), andtheHalogenandXenonlampsareunattenuated.

quantitatively distinguishable (seeFigure 2.26). With only four dark columns (in unbinneddata)to averageover,
given the wide dynamic range of the dark columns in CFI (25 DN), neithersmoothing nor subsampling yieldeda
reliablemeasure of theoccurrenceor locationof horizontal banding in thedarkcolumns.

If this sensorhadbeenusedin space,the existenceof horizontal banding could be detectedfrom the imagery
itself (not thedarkcolumns ) by usinga first differencecalculation(seeSection3.3.3). Whena largefirst difference
occurred,thetwo halves of theimagerycould bestitchedtogether by calculatinga meanin eachbandandremoving
thedifference.

NOTE ON CRISP

In fewer than10casesduringasinglepost-environmentdarktest,horizontalbanding smallerthanthatdiscussedhere
wereseenin CRISPimagery. But, thesebandswerenotpresentin thedarkcolumns,aswastruefor CFI.An approach
similarto thatusedonCFI for locatingandcorrecting thebandscouldbeusedonthissensor, or sensorsusingasimilar
CCD, in thefuture, if it wasrequired.
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Figure2.26:Dark imagefrom a’final’ flatfieldcalibrationrun, with thehorizontalbandtransitionat row 485(counted
from origin at lower left corner). The CFI filter number is 7, the exposuretime is 551 milliseconds,andboth the
HalogenandXenonbulbsarefully attenuated.Theaverage differencebetweenthetwo fieldsis 0.7DN. Thehanding
persistsinto the four dark columns at the left of the image. (Otherbandsmay appearif the imageis viewed in a
print-out from aprinterwith aold tonercartridge, but donotexist in theelectronic version.)
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Figure2.27: Averageof all columns of imagedata(not including darkcolumns)plottedagainstrow number for the
imagein Figure2.26.The0.7DN offsetis distinctlyvisibleat row 484.
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Chapter 3

ImageProperties

3.1 Frame Transfer SmearRemoval (FTSR)

3.1.1 CRISP

Sincethe CCD usedin CRISPhasbeenemployed several timesbefore, the FTSRfor the chip is well known. The
few casesof FTSRusedin theresponsivity calculations for theimagerappearedto providecorrectresults.Figure 3.1
is from theCRISPpost-environmentalwhite spherelinearity test,andshows imagemeansasa function of exposure
time for CRISPfilter wheelsetting#6 (centerwavelength of 610nm with a bandpassof 40 nm), with the Halogen
andXenonattenuatorsat 140(65%attenuated). TheFTSRimagemeans(indicatedby anasterisk)havea fixedmean
offsetof 260.66DN fromtheraw, uncorrectedimagemeans(indicatedby thecrosses),but,show thesameresponsivity
(slopebetweendarkandwhite).

3.1.2 CFI

Thesameis not truefor CFI. Figure3.2shows two errors in theFTSRfor CFI. First, for exposuretimesshorterthan
theframetransfertime(FTT), thereis noapparent increasein imagemean.Second, for longexposuretimes,theFTSR
over-corrects,anddatathatshouldbesaturated,arenot.Thischangesthedependenceof imagemeanonexposuretime
neededto calculateimageresponsivities, ascanbeseenby comparingthefits to theraw andcorrecteddatabetween
12and32milliseconds(where I K is theexposuretime in milliseconds).

/40�S � 3P� \J# %P%�_*) gmb�I K `�%(^P�W)c�6_ (3.1)

/10�S V D ���><�V B < T \J# %('�'a) _�_�I�K � �Pb6ga)u%�o (3.2)

For exposuretimesshorterthanthe FTT (11.47 millisecondsfor CFI), the meanimagevalues areconstant. It
would appear asif the instrument wereactuallynot acquiring dataat all. For exposuretimeslongerthanthe frame
transfertime, theimagemeansincreasewith increasingexposuretime. Thedataappearasif theframetransfertime
andexposuretime areincorrectly summedwhenclockingtheCCD to acquiredata.For exposuretimesshorter than
theframetransfer time,it appearsasif only frametransferof darkcharge is occurring. For exposuretimeslonger than
the frametransfertime, it appears asif the frame transferbegins before full exposurehasbeencompleted. Thetrue
exposuretime, I K SkB ��XH<�\ (in milliseconds),maybewritten (whereI K S V D �[� 3 Z T < T \ is thecommandedexposuretime
in milliseconds):

I K SkB ��XH<�\2# 'a) '*- I K S V D �l� 3 Z T < T \p��? ��� 9 (3.3)
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Figure3.1: Raw andFTSR-correctedimagemeansfrom the CRISPpost-environmentalwhite spherelinearity test.
TheCRISPfilter wheelsettingis #6 (center wavelength of 610nm with a bandpassof 40 nm) andtheHalogenand
Xenonattenuators areat140(80% attenuated). Thecrossesaretheraw dataandtheasterisksaretheFTSR-corrected
vales.

I K SkB ��XH<�\J# I K S V D �[� 3 Z T < T \;��? ��� - I K S V D �[� 3 Z T < T�� ? ��� 9 (3.4)

While therewasnot sufficient time to reruntheFTSRcorrections for this shorter’actual’ exposuretime for this
write-up, several actionsarerecommendedto correctthis problemshoulda follow-on instrument beproposed.

(1) Checktheclockingfirmwarein CFI. Fromthedocumentationfor theCFI hardwareandsoftware(Reference
# 2), theexposuretime is calculatedby counting backward from a 1 Hz pulse.TheCFI softwareshould bechecked
to ensure theproperback-countedtime (frametransfertime plusexposure time,andnot just thelongerof thetwo) is
actuallybeingusedto calculatewhentheexposurebegins.

(2) Use the ’actual’ exposuretime (0 milliseconds for exposuretimes shorterthan the frame transfertime, orI�K>S V D �l� 3 Z T < T \2�q? ��� for longerexposure times)andre-calculate theFTSRfor thesecalibration data.Oncethe
FTSR-correcteddatafor CFI behaveasdo theCRISPdata,theCFI FTSRwill becorrect.
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Figure3.2: Raw andFTSR-correctedimagemeansfrom theCFI post-environmentalwhite spherelinearity test.The
CFI filter wheelsettingis #2 (centerwavelength of 920nm with a bandpassof 13 nm) andtheHalogenandXenon
lampsareunattenuated.Thecrossesaretheraw dataandtheasterisksaretheFTSR-correctedvales.
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Figure3.3: Halogenradiancesascalibratedby Optronic Labs.The3-D plot shows theradiance(z axis)asa function
of attenuator position(x axis)andwavelength (y axis).

3.2 Responsivity

3.2.1 White SphereCalibrations

Extensivecalibrationsof theduallamp(HalogenandXenon) whitespherewereperformedbyOptronicLabsin August
of 2002. Thespectralradiances,in

���qV����H�.�q���P���	��Z�����
, of theHalogenandXenonlampsweremeasured

at 1 nm intervals over the range 300nm to 2500nm for five attenuatorsettings:0, 100, 170,200,and220. Figures
3.3 and3.4 show the calibrations plottedasa function of attenuatorsettingover the wavelengthsof interestfor the
imagers.In addition, theattenuators themselveswerecalibratedover their entire0-255settingrangeagainst anOLI
monitor photometer, sinceit hadbeenlearnedthattheattenuators did notnecessarilyreturnto thesamemeteredlevel
unlesstheattenuatorswereresetto zerobefore every adjustment (Reference# 5). Thecalibratedspectralradiances
werereported in a seriesof spreadsheets that listed unattenuatedradiance, ratiosof the attenuatedradiancesto the
unattenuatedvalue,andgave coefficientsfor a seriesof polynomial fits that permitted the retrieval of radiancesfor
any wavelength/attenuator combination. However, thesefits provedunwieldy for useon a Linux-basedsystem.For
this study, theratiosat the four attenuatedsettingswereusedto calculateradiancesfor eachlampat eachmeasured
attenuator setting. Fits werecalculatedin IDL for the retrieved data(seethe Appendix), oncethe radianceswere
correctedfor theagedHalogen bulb usedduring theOCFtestsandthedifferencesin theattenuateddata(Reference
# 5). No attemptwasmadeto fit acrossthe spectrallines encounteredwith the Xenonlamp. Figure3.5 shows the
quality of fit for all attenuations for theHalogenlampasa differencebetweenthecalibrationsandthefit. Notethat
thedifferencesarealwaystwo orders of magnitudelessthanthatof thecalibratedradiances, for anerrorof lessthan
1%.

3.2.2 CRISP

SincetheCCD manufacturedby Thomsonandusedin CRISPhasbeencharacterized andusedbefore,little time was
spentperformingradiancemeasurementsfor thedifferentfilter wheelsettings.In fact,for theclearfilter wheelsetting
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Figure3.4: Xenonradiancesascalibratedby Optronic Labs.The3-D plot showstheradiance(z axis)asa function of
attenuator position(x axis)andwavelength (y axis).

Figure3.5: Difference betweenthe derived fit of the Halogenradiance at all attenuations plottedasa function of
attenuation andwavelengthfor theImager range of interest.
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Figure3.6: Responsivity of filter wheelsettings2-10 usedon CRISP, convertedto 1 second.All settingshave band-
widthsof 40nm.

(#1), no datawereacquired from thewhite sphereat any attenuatorsettingthathadexposuretimesgreaterthan1.3
milliseconds (or, greaterthanhalf the frametransfertime). As hasbeenshown in the previous section,the FTSR
calculations werecorrectfor CRISP, so even datawherethe white spherewasusedat only a few exposuretimes,
aslong at the FTSR-corrected datawereavailable,wereuseful for a responsivity calculation. The dataused,thus,
camefrom post-environmentwhite spheretestsfor linearity (Filter wheel#6) , flat/radiometry (Filter wheels#7-10),
andmirror test (#2-5). All the CRISPmeasurementswereacquired from attenuateddatain the “cold” chamber (-
30e C ), andthroughtheOCFoptical window. They will have a lessthan1% error from thefitting process,andhave
beencorrectedfor lossesdueto thenon-unity transmissivity of thewindow. Figure3.6shows theresponsivity, after
conversionto 1 second,asderived.

3.2.3 CFI

An extensive setof radiometrymeasurementswereacquiredfrom thewhite spherefor nineattenuator settingsfrom
0 to 255, all filter wheelnumbers,andfor exposuretimes from 5 to 40 milliseconds. Sincetherewerequestions
about theFTSRcorrections,theresponsivities werecalculatedfrom theuncorrectedlonger exposuretimes. Without
anaccurate measureof themagnitudeof thetrueFTSRcorrections,errorsin theresponsivity calculationscannot be
estimatedfully. Let it simply bestatedthat thesenumbers will needto berecalculatedin thefuture shoulda similar
instrument bedevelopedoncetheFTSRis correct. Figure3.7shows theresponsivities,afterconversionto 1 second,
calculatedfrom theslopesof imagemeans asa function of centerwavelength for theunattenuatedanduncorrected
imagery.

32



Figure3.7: Responsivity of filter wheelsettings1-10 usedonCFI, convertedto 1 second. Thebandwidthsarevariable
between4 and13nm. The’clear’ filter wheelsetting(labeledas’Clear’) is plottedat thecenterof thenominal visible
band(675nm) for completeness,notbecausethewavelengthhasany quantitative significance.
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3.3 NoiseAnalysis

3.3.1 CRISP

Thelastdayof post-environmentcalibrations for theCRISPimagerwasDecember25,2001. Theplanfor thedaywas
to conduct a seriesof testswith theMaster/Collimator(M/C) point sourceasthesignal. However, difficultieswere
encounteredkeeping thepoint sourcein the image,and,duringthewavelengthtest,dataacquisitionwasinterrupted
afterimage122(Figure 3.8)sothepoint signalcouldberecentered, a singleframe(image123,Figure3.9)snapped,
the testscript resumed(image124,Figure3.10), andthe testconcluded. Sincethe M/C point signalhadnot been
visible in theimagery, all testsconductedon thatdayto thatpoint wererepeated, including theon-goingwavelength
test. However, something wasmodified during the stopandrestartthat initiatedherringbonenoise(seeFigure3.9)
in theCRISPimagery. TheotherCRISPimagerrepeattestsfrom thatdayalsoexhibit thesameproblems,ascanbe
demonstratedby a comparisonof the imageryfrom before andafter the re-zeroing. Theseincluded: CIBMA_PVV
(theCRISPimagervacuumpumpvibrationtest),CIBMA_PSL(theinfield scatteredlight testfor theCRISPimager),
CIBMA_PW2(theCRISPimagerwavelengthtest),CIBMA_PRL(theCRISPimagerredleaktest),CIBMA_PFO(the
CRISPimagerfocustest),andpossiblyseveralCRISPspectrometerrunsthatarenotexaminedhere(seeReference#
4). Theaim of thissectionis to suggest possiblecausesfor theherringbone noisein theimagery.

CIBMA_PW2

Constantquantitiesfor the wavelengthtest are listed in Table 3.1. The exposuretime was 979.968 milliseconds
throughout, andthefilter wheelsettingsweresteppedfrom 1 to 5. Theexposuretime is longerthantheframetransfer
time for the CRISPimagerby a factorof three,but, thesewereMaster/collimator (M/C) point sourceruns,so the
datawereessentially’dark’ images(overall imagemeanof 219.41 DN versus219.30 DN for anoverall darkcolumn
mean). Although theCCD temperature for the runs wasmeasuredas138.75 e C, this mustbeanerrordueto a non-
working monitor channel. It shouldbenotedthatwhatever effect thevacuumpumpvibrationswerepostulatedto have
on theCRISPimageror theOCFsystemswereundetectablein eitherVacuumPumpVibrationrun. Also remaining
unchangedover thecourseof therunwerethechamber anddetectortemperatures,whichhadvaluesof -30.51 e C and
-30.65e C, respectively. As Figures3.8-3.10show, it wasafter the interruption andrestartthat theherringbonenoise
appeared in theCRISPimagery. Figure3.11shows that theCRISPmirror changed positionby approximately45 at
thetimeof therecenteringof theM/C point signal.Table3.2andFigures3.12-3.22show CRISPcurrent statisticsand
how they weremodified after the restart.Themirror pointing shows simpleoffsetsbetweenthe two sectionsof the
run. Thelack of variability in thetemperaturesensorswithin therun is dueto its shortdurationin time. It shouldbe
notedthatonly theDPU (Figure3.14) andCoolerconvertercurrent(Figure3.16) wereunchangedafter thestopand
restart.TheSpectrometerprimary motor current(Figure 3.18), theFilter Wheelmotor primary current (Figure3.21),
andtheFilter Wheelmotorconvertercurrent(Figure3.22) wereonly slightly, if atall, affectedby thestopandrestart.
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Figure3.8: Image 122from Wavelengthtest.This is the last imagebefore therestart.There is no herringbonenoise
in this darkimage.Thepeakto peaksignalin this imageis slightly lessthan6 DN.
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Figure3.9: Image123from Wavelengthtest.This is thefirst imageaftertherestart.Notethepresenceof herringbone
noisewith a peak-to-peakamplitude of 12DN.
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Figure3.10: Image124from Wavelengthtest. This is thesecondimageaftertherestartandthefirst imagerun with
thetestscript. It showssignificantherringbonenoisepersistingregardlessof how imagegeneration wascommanded.
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Figure3.11:Mirror pointing(in degrees)for Wavelengthtests

Figure3.12: Mirror motor currentfor Wavelengthtest
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Figure3.13: Mirror motorheatercurrentfor Wavelengthtest

Figure3.14: DPU currentfor Wavelengthtest
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Figure3.15: Coolercurrentfor Wavelengthtest

Figure3.16: Coolerconvertercurrent for Wavelengthtest
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Figure3.17:Spectrometercurrent for Wavelengthtest

Figure3.18: Spectrometerprimarycurrentfor Wavelengthtest
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Figure3.19: Spectrometerconvertercurrentfor Wavelengthtest

Figure3.20: Filter wheelmotor currentfor Wavelengthtest
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Figure3.21: Filter wheelmotor primary currentfor Wavelengthtest

Figure3.22: Filter wheelmotor convertercurrentfor Wavelengthtest

For the CRISPcurrents,the effectsof the restartaremostobvious asan increasein signalvariability (standard
deviation) betweenthe two runs. Several show increasesin variability by betweena factorof three(Spectrometer
converter, seeTable3.2andFigure3.19)anda factorof five(theMirror Motor heater, seeTable3.2andFigure3.13).
Themajorsignificantexceptions to this conclusion arethe DPU, the cooler convertercurrent, andthespectrometer
primary current.TheDPU(Table3.2andFigure3.14) showsessentiallynochangebetweenthetwo runs.Onepuzzle
with thesedatais how thecoolercurrentcouldbeturnedoff without simultaneously terminating thecooler converter
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Table3.1: OCF/ CCD Quantities

Quantity(units) Value

Exposure(milliseconds) 979.968
Filter Wheel(#) 1-5,stepped

Attenuator1 (Halogen)setting 0 (noattenuation)
Attenuator2 (Xenon)setting 255(full attenuation)

Azimuth ( e ) -1.04
Elevation ( e ) 1.12

StageMotor on/off On throughbothruns
CCD ( e C) 138.75 (mustbebad)
Mirror side 0

Mirror offset( e ) 0.0
Referencedetector 0.0

current, sinceit wasstandardprocedureto turn the coolercurrent on for ten minutesprior to activating the cooler
converter(Reference# 3).

Predominantly, the effect of the restarton the imagery is to introduceherringbonenoiseinto the imagery itself.
TheM/C point sourceis missingin thefirst image(Figure 3.8); however, it is visible in thesecondandthird images
(thesinglesnapped imageandthefirst script restartimage,Figures3.9 and3.10)asa small white dot in thecenter
of the image,or just above andto the right of center. While the noiseleavesthe imagemeanrelatively unchanged
(219.03DN for image122and219.79 DN for image123), thepeakto peakDN of theimagery doubles from image
122to image123(5.99DN versus12.03DN). A similar increaseoccurredin all imagery with theherringbone noise
for any of theaffectedcalibrationtestsonDecember25,2001.

Table3.2: CIBMA PW2current statisticsfor CRISP

Quantity Units Beforerecenter: Mean SD After recenter: Mean SD

Mirror Motor (M. M.) milli-amps 515.579 4.46088 508.517 6.64525
M. M. Heater milli-amps -12.1790 3.57412 -1.23452 19.3845

DPU milli-amps 1420.67 34.4337 1417.20 30.2880
Cooler(C.) milli-amps 241.175 139.347 1.31283 2.15631
C. Converter milli-amps 139.660 65.2839 135.572 63.7731

Spectrometer(S.) milli-amps 285.765 6.92039 294.212 14.8538
S.Primary milli-amps 335.887 63.4250 343.335 68.3543

S.Converter milli-amps 176.740 5.17930 185.404 13.9791
Filter Wheel(FW) Motor milli-amps 27.2977 18.4848 27.2977 24.5220

FW Motor Primary milli-amps 113.523 17.3150 112.406 7.01084
FW Motor Converter milli-amps 98.5728 15.3623 96.9100 14.6360

Whentheinstrument integratedinto thesatelliteandtakento GoddardSpaceFlight Centerfor systemtesting,the
herringbonenoisewasnotseenagain.Thissuggeststhenoiseis aresultof thespecificconfigurationof thesensorand
OCFonthatday.
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Possiblenoisesourcesin CRISP

While noonecandidatehasemergedfrom thenoiseanalysisastheconclusive causeof theherringbone in theCRISP
imagery, severalanomaliesremainto beinvestigated.

(1) StageMotor Noise: The stagemotor is known to bea sourceof noisein the OCF. However, it wason both
before andafter the stopandrestart,andthestageitself wasnot moved. So,unlesssomeunknown sourceinduced
increasednoisein thestagemotor, it is unlikely to bethesourceof theherringbone noise.

(2) Coolercurrent/Coolerconvertercurrent disconnect:According to thedatarecordedin theFITS headerfor the
imagesin theWavelengthtest,thecoolercurrent wasturnedoff whentheM/C PointSourcewasrefocused.Yet, the
coolerconvertercurrent shows no change in meanor standarddeviation. This violatesoperating procedurefor the
cooler, sincetheconvertercannot run while thecooleris off. Thehandwritten calibrationlog for this day indicates
nothing about changing the stateof the cooler at this time. Without moreinformationabout the stateof the test, it
will benearlyimpossibleto duplicatewhateffect mayhave causedthis anomaly, or to determinewhetheror not it is
relatedto theherringbonenoisein theimagery.

(3) Mirror motornoise:WhentheM/C point wasrefocused,themirror motorcurrent bothdroppedin meanand
increasedby a factorof threein standarddeviation. Whetherthis thenfed-back into thesensorcanonly probablybe
determinedby duplicating thetestconditionswith anew instrument.

It is thusstrongly recommended that,shoulda new CRISPsensorbebuilt for a secondCONTOUR missionor if
a similar instrumentis usedin thefuture,anattemptbemadeto duplicatetheexperimentalconditions of thetestson
this dayto seeif theherringbonenoisecanbecausedto recur.

45



3.3.2 CFI

A portion of the analysisof dark columns discussedthe lack of correlationof the major sourceof noisein CFI,
horizontal bandsof two distinctmeanlevels in the imagery, with variations in thedarkcolumns. Theoccurrenceof
thehorizontalbandswas,unfortunately, frequentenough thatthelocationof thebanddiscontinuity couldbeanalyzed.
Whenthe banding appeared,its locationin row number (R, wherethe imageorigin is in the lower left corner) was
dependentonexposuretime( ImK ) in milliseconds asfollows:

��# %�%(g�'a)c]W% � %P) ]P]>o�',+nI�K (3.5)

However, no relationship could be found to predict the direction of the bandmeanchange (low meanto high
mean,or vice versa). As hasalreadybeennoted, thedarkcolumnscontainedinsufficient datato beusedto measure
thedirectionof thebandmeanchange.

3.3.3 First Differ ences(FD) Analysis

A differentapproachtoquantify andcorrectthebanding is thatof calculatingfirst differences(FD).Thisfirst difference
approachis lesssensitive to gradientsandvariations in theimagethanatechniquebasedonsimplemeancomparisons
would be. The stepsin the technique arefive. (1) Eachrow in the imageis averaged. (2) Eachrow average is
subtractedfrom thefollowing row averageandanabsolutevalueis appliedto this first difference. (3) Themaximum
first difference is located. (4) The meanand standarddeviations of the first differencesare calculated. (5) The
maximum is comparedto themeanplusfivestandarddeviationsof thefirst difference.If themaximum first difference
is greaterthanthemeanplusfive standard deviations,the imagemaybeconsideredto besplit into horizontalbands,
andthetechniquehaslocatedtheboundarybetweenthetwo bands.

Now thattheboundaryhasbeenlocated,it is straightforwardto calculateameanof thetwo bands,adjustoneband
to theother by subtracting thedifferenceof themeans,andstitchtogethera uniform image.Usingimage130of the
’final’ flatfield linearity testusingthewhite sphereasa target,webegin with theraw image(Figure3.23).

A similar analysis could be usedon the few CRISPimagesthat had horizontal bands,especiallyas the dark
columns show nozoning for thatsensor.

Theaverageof all non-darkcolumnsonarow by row basisis shown in Figure3.24.Thecalculatedfirstdifferences,
with thethresholdof meanplusfivestandarddeviations,areplottedonFigure3.25. Theboundarycanbespottedeasily
at row 485.After applying thefirst differencecorrection, theaveragerowsnow appearasin Figure3.26andtheimage
asin Figure3.27.
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Figure3.23: Dark imagefrom a ’final’ flatfield calibrationrun. The filter number is 7, the exposuretime is 551
milliseconds,andboth the Halogen andXenon bulbs arefully attenuated. The average differencebetweenthe two
fields is 0.7DN. If the imageis viewedin a printedcopy, any otherbandspresentaredueto tonerdifferenceswhen
printed.
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Figure3.24: Averageof all columns of imagedata(nodarkcolumns) for image130describedabove.

Figure3.25:First differenceswith thresholdfor theimageabove.
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Figure3.26: First difference-correctedrow averagesfor image130.
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Figure3.27: Image 130with horizontalbanding removed. If theimageis viewedin a printedcopy, any bands present
aredueto tonerdifferenceswhenprinted.
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Figure3.28: Dependenceof darkseriesimagemeanon binned sizeof imagefor CRISP. Thesolid line connects the
meanof eachdataset,andthedashedline is thefit to thedataasgiven above.

3.4 Binning Anomaly

3.4.1 CRISP

A small dependenceon binning wasdiscoveredin CRISPthat should be documentedhere. Specifically, the image
meanfor darkseriesimageswasfound to depend slightly on thedegreeof binning, with a lineardecreasein image
meanfrom 219.86 for unbinneddatato 219.59for 128by 128binneddata.A linearfit to thedatais asfollows(where
R is thenumberof rows in thebinnedimage,counting from animageorigin at thelower left of theimage):
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Figure 3.28shows thedataandthefit to thedatagivenabove. Thefit deviatesonly slightly from themeanateach
bin level.

3.4.2 CFI

Sincethe effects of binning on the dark columns in CFI hasbeendiscussedearlierin this report, that materialwill
not berepeated.Neitherwill thewell-known problemof point smearwith binning be,sincecorrectionsarealready
in-placeto remove theeffect. Instead,problemswith significantdistortionin boththedarkandsaturatedimagery will
bepresented.Thebinning effects wereexaminedin formatting testsin bothpost-environmentand’final’ calibrations.
Imagery wereacquiredat full scale(1024 by 1024), 512by 512, and256by 256pixels, for filter wheelsetting#4
(620nmcenterwavelengthwith 4 nm bandwidth). Figure3.29shows ’dark’ databinnedto 512by 512pixels.While
theimagemeaneventually reachesa level of ~245DN, it is clearfrom thefigurethatat leastonequarter to onehalf
of the dataareadverselyaffected. Ringingat the transitionfrom darkcolumnto imageis alsopresentin an initial
spike of 3.7DN dynamicrange. Figure3.30shows thattheproblemis worseat greater binning levels.Therearetwo
transitionspikes,andtherise to a meanlevel takesnearlyall thecolumns in the image.Odd-evenvariationson the
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Figure3.29: Ringingandundershoot/recovery in a binnedimage. Theexposuretime for this 512by 512binned dark
imageis 204.8 milliseconds.TheHalogenandXenonlampswerefully attenuated(255setting).

order of oneDN arepresent in all binned images,although this is no worsethanwhat is encounteredin othernoisy
CFI data.Figure3.31showsanexampleof ringing in a saturatedbinnedimage.
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Figure3.30:Ringingandundershoot/recovery in a binnedimage. Theexposuretime for this 256by 256binneddark
imageis 51.2milliseconds. TheHalogenandXenon lampswerefully attenuated(255setting).

Figure3.31: Ringing in a saturated,256by 256 ’binned’ imagefrom the CFI ’final’ formatting test. The exposure
time for this imageis 901.12milliseconds,thefilter number is 4 (center wavelengthof 610nm with a bandwidthof 4
nm). TheHalogenandXenonbulbsarenearlyfully attenuated(setting220).
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3.5 CRISP Mirr or Calibration

3.5.1 CIBMA_WMI

TheCRISPsensorwasnot designedto have a direct line of sightwith thecomet.Instead,theCCD vieweda mirror
reflectingtheexterior into its focalplanearray(FPA). Thisshieldedtheinstrument from micrometeoritesandradiation
without requiring a cover over thesensor. Theaim of this testwasto usethewhite sphereopticalsourceto calibrate
the intensity reflectedoff the mirror through all the filter wheel settingsandover a large rangeof exposuretimes
(1.024 milliseconds to 900.096milliseconds). In the OCF testchamber, rotatingthemirror for calibrationrequired
rotatingthestagepositionto keepthewhite spherein thefield of view. Unfortunately, duringthis calibration test,the
camerabody itself began occulting theview of thewhitespherewhenthestageangleapproached+8 e , makingthetest
unusablefor calibration.

3.5.2 CIBMA_PMI

However, a more limited testof themirror calibrationwasperformedlateron thesamedayasthewhite spheretest
above, for which the M/C point sourcewasused. To view the M/C source, the camerawasturned by 180 e , so the
camerabody could never occult the Field of View, no matterhow the stagewas turned. During this test the filter
number wasfixedat 6, with centerwavelength of 610nm andbandwidth of 40 nm, andhada singlelong exposure
time (980milliseconds).Thepoint itself gave a strongsignalover 49 pixels, with a weaker signalfor threeor four
(dependingon location) pixelssurrounding thestrongsignature. Thus, the point signalwasaveraged over these49
pixels, asshown in Figure 3.32 for SideA andFigure3.33 for SideB. The datafor SideA may be fitted with a
Gaussiandistributionasfollows:
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where: � #&� ����  ¡R¢£¡£¤¥   ¢x¦R¡£§ , and � is theline of sightanglein degrees.This is only a relative measure, andit shouldbe
notedthat thepeakis offset from thehead-on line of sightby 4 e . Thedatafor SideB maybefitted with a slightly
differentGaussiandistribution:
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where: � # � ��¢�  ¢£¤£¤R�R¢��  ¤£§R«{� , and � is theline of sightanglein degrees. For SideB, thepeakof intensityis at a line of sight
of 0e . Thereasonfor thedifferencein peaklocationbetweenthetwo sidesis unclear.

To beusedatotherfilter wheelsettings,thevaluesderivedhereshouldbemultipliedby aratioof theresponsivities
to obtainrelativemagnitudedifferences.
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Figure3.32: AveragedM/C point sourceintensityasa function of line of sight in degrees for filter wheel#6 and
exposuretime of 980milliseconds for SideA of theCRISPmirror. TheHalogenlampwascompletelyunattenuated
(setting0) andtheXenon lampwasfully attenuated(setting255).

Figure3.33: AveragedM/C point sourceintensityasa function of line of sight in degrees for filter wheel#6 and
exposuretime of 980millisecondsfor SideB of theCRISPmirror. TheHalogen lampwascompletelyunattenuated
(setting0) andtheXenon lampwasfully attenuated(setting255).
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Chapter 4

Conclusionsand LessonsLearned

Thedarkcolumnpropertiesandimagercharacteristicsof theCRISPandCFI sensorswereexhaustively testedduring
theOCFcalibrations conductedprior to instrument integration.

(1) CRISPdark column properties: The uncorrupted dark column meansof the CRISPsensorremained below
219.9 DN andvaried by <1 DN over therange of exposuretimesandtemperaturesusedin theOCFcalibrations. The
darkcolumn meansmaybetreatedasequivalent to thedarkimagemeans,with anerrorof <0.3DN. In a few cases
of longexposuretimewhite imagery, saturatedpixelsshowedupin thedarkcolumns. It is suspectedthethesaturated
imagepixels bledover into thedarkcolumns during read-out.

(2) CFI darkcolumn properties:Theuncorrupteddarkcolumn meansof theCFI sensorweremorevariableasa
function of exposuretime andtemperature,varying by <5 DN with exposuretime at temperaturesexpectedin space,
andby tensof DN for 26e C or higher. Binning causedthe number of dark columns to increase,with columns of
intermediate(andevensaturated) intensitybetweenthedarklevelsandtheimagelevel appearing aswell. Horizontal
banding in the imagerypersistedin the darkcolumns; however, becauseof the variability in the darkcolumnpixel
intensities,thesecould notbeusedto predicthorizontal banding in theimagery itself.

(3) CRISPFrameTransfer SmearRemoval: The FTSRfor CRISPworked well. Barring future difficulties, no
further work shouldberequiredonFTSRfor follow-on versionsof thissensor.

(4) CFI FrameTransferSmearRemoval: TheFTSRfor CFI under-correctedfor shortexposuretimesandover-
correctedfor longones. It wasunclearfrom thedatawhether theproblemis dueto thealgorithmitself or dueto errors
calculatinganddirecting theexposuretime in theCFI firmware.It is recommendedthat:

(a) theclocking firmware/hardwarein CFI becheckedto ensureit is calculatingthecorrectstartof theexposure
time,whichshouldbetheexposuretime plusframetransfertime,and,

(b) the FTSR be re-calculatedusing the ’modified’ exposuretime to check(and revise if necessary)the CFI
algorithm.

(5) Responsivity calculations:Theproblemswith theCFI FTSRweresoserious thataccurate responsivitiescould
notbecalculatedfor thesensor.

(6) Whitespherecalibrations: An extensivesetof calibrationsof thedual(HalogenandXenon)lampwhitesphere
wasconductedby Optronic Labs. Datawerecollectedin onenanometerstepsfor five attenuator settingsfor both
lamps. Theseresultsareinvaluablefor careful calculation of sensorresponsivities. However, whenthevalueswere
reportedto JHU/APL,themeasureddatawereconvertedto ratios,with fits providedto retrievecalculatedradiancesat
any wavelength andattenuatorsetting.TheMEASUREDattenuatedradiances werenot reportedin raw form. While
attenuatedradiancescould be,with someanalysis,retrievedfrom thereportedresults,uncertainty, beyond thatwhich
occurs with any measurement, will remainaboutthedatabecausethenumbersusedmust,of necessity, becalculated,
not reported,quantities. In future, it is suggestedthat,whatever analysis is performedby the facility calibratingthe
source,all theraw calibrationdataAS MEASUREDbereported to JHU/APL.
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(7) Noisein CRISP:Herringbone noisewasseenin theCRISPimagery during post-environmentcalibrations in
theOCFthatwasnotseenwhenthesensorswereintegratedinto thecompleteinstrument andtakento GoddardSpace
Flight Centerfor further testing. Several possiblesourceswere identified, which should be testedshoulda future
instrument bedeveloped.

(8) Noisein CFI: Thereweretwo typesof noisein CFI, horizontalbanding andbinning anomalies.
(a) Horizontal banding: While the occurrenceof the horizontal banding could not be predicted, nor could the

directionof the reversal (low meanto high meanor vice versa),if a banddifferencedid occur, the locationof the
differencein theimagewasdependentonexposuretime. A first differenceanalysisis proposedto correct theimagery
for thebanding.

(b) Binning anomalies: Whenthe CFI imagerywasacquired in binning mode,significantimagecorruption re-
sulted,including ringing, mixing of darkandimageintensities,andmultiple imageintensityspikesat the darkcol-
umn/imagetransition. It is recommendedthatthebinningmodebethoroughlyexaminedshouldafollow-oninstrument
beproposed.

(9) OCFCalibrationprocedure: It is recommendedthatseveral individuals,knowledgeablein thepropertiesand
capabilitiesof theOCFandthesensorsthemselves,beonhandduringcalibrationstoexaminedataasthey areacquired.
Therewereseveral casesduring the CONTOUR OCF calibrations (suchasduring the CRISPmirror testwith the
white sphereasa source),whenimmediateinspectionof datawould have preventedthe corruptionof valuable test
results. This suggestionis beingmade,even though it well-understoodthat it is not, by reason(among others) of
scheduling difficulties for personnelor simpleexhaustionduringlong testruns,possibleto eliminateall errors during
theacquisitionof experimentalresults.
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Chapter 6

Appendixes

6.1 White SphereCalibr ation fitting code(IDL)

;**** **** **** **** **** **** **** **** ***** **** **** **** **** **** **** **** **
;+
; NAME:
; HALOGEN_XENON_FITS
; PURPOSE:
; Functionto calculatespectralradiancesfrom fits to
; August2002calibrationsof Halogen/Xenonwhite sphere.
; CALLING SEQUENCE:
; specrad= halogen_xenon_fits(wavel, hatten,xatten)
; INPUTS:
; wavel = (float)wavelength in nanometers(valid range 350-998nm)
; hatten= (float)attenuatorsetting(0-255) for halogenlamp
; xatten= (float)attenuatorsetting(0-255) for xenon lamp
; OUTPUTS:
; specrad= (double)spectralradiancevalue[W / (cm^2-sr-nm)]
; KEYWORD PARAMETERS:NONE
; USES:Calibrationdatastoredin thetext files:
; Tungsten_all_atten_radiances.txt (for halogenlamp)and
; Xenon_all_atten_radiances.txt.
; NOTES:(1) No attemptwasmadeto fit themultiplespectrallines
; encounteredin theXenonmeasurements.(2) Two fits were
; requiredfor theXenon data,thefirst for 350-724nm,
; thesecondfor 725-999nm. (3) Thefits to thecalibration
; dataarerecalculatedwith eachcall, sinceSFIT fits to
; thearrayindiciesof theindependentvariables,
; andnot to theindependentvariablesthemselves.
; MODIFICATION HISTORY:
; MRK 11/07/02Created.
; MRK 11/29/02Ratiosto accomodatedifferencesin halogen
; lampintensityandvariationsin attenuator
; propertiesaddedto include L. Howser’s
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; analysisof thespherecalibrations (c.f.
; "Measurementsof theAttenuatorfor theCRISP
; TestEquipment,#A1F(2)02-U-82,Oct. 29,2002).
; Copyright (C) 2002, JohnsHopkins University/AppliedPhysicsLaboratory
; This softwaremaybeused,copied, or redistributedaslongasit is not
; soldandthis copyright noticeis reproducedoneachcopy made.This
; routineis providedasis withoutany expressor impliedwarranties
; whatsoever. Otherlimitationsapplyasdescribedin thefile disclaimer.txt.
;-
;***** **** **** **** **** **** **** **** **** ***** **** **** **** **** **** **** *
functionhalogen_xenon_fits, wavel, hatten, xatten,help=hlp
if (n_params(0)lt 1) or keyword_set(hlp) thenbegin
print,’ Function to calculatespectralradiancesfrom fits to ’
print,’ August 2002calibrations of Halogen/Xenonwhitesphere. ’
print,’ specrad= halogen_xenon_fits(wavel, hatten,xatten)’
print,’ INPUTS:’
print,’ wavel = (float)wavelengthin nanometers(valid range350-998nm) ’
print,’ hatten= (float)attenuatorsetting(0-255) for halogenlamp’
print,’ xatten= (float)attenuatorsetting(0-255) for xenon lamp’
print,’ OUTPUTS:’
print,’ specrad= (double)spectralradiancevalue[W / (cm^2-sr-nm)] ’
print,’ KEYWORD PARAMETERS:NONE’
print,’ USES:Calibrationdatastoredin thetext files: ’
print,’ Tungsten_all_atten_radiances.txt(for halogenlamp)’
print,’ andXenon_all_atten_radiances.txt ’
print,’ NOTES:(1) No attemptwasmadeto fit themultiplespectral’
print,’ linesencounteredin theXenonmeasurements. (2) Two fits ’
print,’ wererequired for theXenondata,thefirst for 350-724nm,’
print,’ thesecondfor 725-999nm. (3) Thefits to thecalibration’
print,’ dataarerecalculatedwith eachcall, sinceSFITfits to ’
print,’ thearrayindiciesof theindependentvariables,’
print,’ andnot to theindependent variablesthemselves.’
return,0
endif
; Declareinputandcalculationparameters.
halsprad= 0.D0
xensprad = 0.D0
fitord = 4
headerstr= ’ ’
numwl= 0
atten0= 0
atten1= 0
atten2= 0
atten3= 0
atten4= 0
iwl = 0
fmthstr= "$(I3,6X,I1,10X,I3,4(9X,I3))"
fmtdstr= "$(I3,5(1X,E11.4))"
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minwavel = 350.0
xenwlbound = 724.0
maxwavel = 998.0
halbaf = 914.0/1998.0 ; Factoraddedto account for agedHalogen
; bulb during calibrations,while anew bulb
; wasusedduringtheOptronics Labcals.
; L. Howseralsoderived ratiosof attenuatorchanges betweenthe
; sensorcalibrations andthespherecalibrations.Theratiosare
; givenbelow for bothlamps.
attenset= fltarr(13)
attenset(0) = 0.0
for ivl=1,3doattenset(ivl) = 130.0 + (ivl-1.0)*10.0
for ivl=4,11 doattenset(ivl) = 170.0+ (ivl-4.0)*10.0
attenset(12) = 255.0
halattrat= [1.00, 1.10,1.08,1.06, 1.27, 1.25, $
1.18, 1.69,1.47, 1.07, 0.47, 1.22, 1.00]
xenattrat= [1.00, 0.95, 0.90,0.85, 0.91, 0.86, $
0.81, 1.00,0.92, 0.80, 0.59, 1.26, 1.00]
; ==================Halogenlampcalculations =======================
; Calculatefourth-orderfit coefficients for Halogenlamp.
; Valid calibrationscover thewavelengthrangeof 340nm-998nm.
; For consistency with theXenonmeasurements,use350-998nm.
; OpenHalogencalibrationdatafile, readin wavelengths,
; attenuatorsettings,andspectralvalues.
openr, lundat, ’Tungsten_all_atten_radiances.txt’,/get_lun
for ivl=0,1doreadf, lundat, headerstr
readf, lundat, fmthstr, numwl, atten0,$
atten1, atten2,atten3,atten4
attens= [atten0, atten1,atten2,atten3,atten4]
readf, lundat,headerstr
readwavel = intarr(numwl)
readhrad= fltarr(5,numwl)
for ivl=0, numwl-1 dobegin
readf, lundat, fmtdstr, iwl, rad0,rad1,rad2,rad3,rad4
rad1= 1.08* rad1; Ratiosto take into account attenuator
rad2= 1.27* rad2; differencesbetweensensorcalandsphere
rad3= 1.69* rad3; cal. While notcompletelycorrect,these
rad4= 1.07* rad4; will do for thelatenessof thehour.
readwavel(ivl) = iwl
readhrad(0:4,ivl) = [rad0, rad1, rad2, rad3, rad4]
endfor
close,lundat
free_lun, lundat
readhrad= readhrad* halbaf; Correctintensityfor Halogenbulb agingfactor.
; Reducesizeof wavelength arrayfor easeof calculation.
wantwl= where(readwavel geminwavel, numwls)
; If valid wavelengthrange exists,retrievespectralvalues.
if (numwls le 0) thenbegin
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print, ’No valid wavelengths found.’
return,0
endifelsebegin
wavelength= fltarr(numwls)
wavelength= readwavel(wantwl)
halrad= fltarr(5,numwls)
halrad(0:4,0:numwls-1)= readhrad(0:4,wantwl)
readwavel = 0.0
readhrad = 0.0
endelse
; Find index valuesthatpoint into theattenuator dimension
; of thefit coefficients.Example: sincetheattenuator
; valuesare0 at index 0 and100at index 1, for anattenuator
; settingof 50,useanattenuatorindex valueof 0.5.
useaind= where(attens eqhatten,numusi)
if (numusi le 0) thenbegin
diffatten= attens- hatten
negdiffatten= where(diffattenlt 0.0,numneg)
posdiffatten= where(diffattengt 0.0,numpos)
if (numneg gt 0) thenlowint = $
where(negdiffatteneqmax(negdiffatten),nlowint)
if (numposgt 0) thenhigint = $
where(posdiffatteneqmin(posdiffatten),nhigint)
if (nlowint ge0) and(nhigint gt 0) thenbegin
useaind= (hatten- attens(negdiffatten(lowint(0)))) / $
(attens(posdiffatten(higint(0))) - $
attens(negdiffatten(lowint(0)))) + negdiffatten(lowint(0))
endif
endif
; Find index valuesthatpoint into thewavelength dimension
; of thefit coefficients.Example: sincethehalogen values
; arereportedfor evennanometers,350at index 0, 352at
; index 1, etc.,for a wavelengthof 351nm, useawavelength
; index valueof 0.5.
usewind = where(wavelengtheqwavel, numusi)
if (numusi le 0) thenbegin
diffwl = wavelength - wavel
negdiffwl = where(diffwl lt 0.0,numneg)
posdiffwl = where(diffwl gt 0.0,numpos)
if (numneg gt 0) thenlowint = $
where(negdiffwl eqmax(negdiffwl), nlowint)
if (numposgt 0) thenhigint = $
where(posdiffwl eqmin(posdiffwl), nhigint)
if (nlowint ge0) and(nhigint gt 0) thenbegin
usewind = (wavel - wavelength(negdiffwl(lowint(0)))) / $
(wavelength(posdiffwl(higint(0))) - $
wavelength(negdiffwl(lowint(0)))) + negdiffwl(lowint(0))
endif
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endif
; UseSFIT to calculatefourth-orderfit coefficients.
temphres= sfit(halrad,fitord, kx = halfit)
; Calculatespectralradiancefrom halogenlamp.
halsprad= 0.D0
for j=0, fitord dobegin
for i=0, fitord dohalsprad= halsprad+ $
halfit(j,i) * useaind^i* usewind^j
endfor
; ==================Xenonlampcalculations =======================
; OpenXenoncalibrationdatafile, readin wavelengths,
; attenuatorsettings,andspectralvalues.
openr, lundat, ’Xenon_all_atten_radiances.txt’,/get_lun
for ivl=0,1doreadf, lundat, headerstr
readf, lundat, fmthstr, numwl, atten0,$
atten1, atten2,atten3,atten4
attens= [atten0, atten1,atten2,atten3,atten4]
readf, lundat,headerstr
readwavel = intarr(numwl)
readxrad= fltarr(5,numwl)
for ivl=0, numwl-1 dobegin
readf, lundat, fmtdstr, iwl, rad0,rad1,rad2,rad3,rad4
rad1= 0.94* rad1; Ratiosto take into account attenuator
rad2= 0.91* rad2; differencesbetweensensorcalandsphere
rad3= 1.00* rad3; cal. While notcompletelycorrect,these
rad4= 0.80* rad4; will do for thelatenessof thehour.
readwavel(ivl) = iwl
readxrad(0:4,ivl) = [rad0, rad1, rad2, rad3, rad4]
endfor
close,lundat
free_lun, lundat
; Retrievedataneededto calculatea setof
; fourth-order fit coefficients for theXenonlamp
; in thewavelength range 350-724nm).
if (wavel le xenwlbound) thenwantwl= $
where((readwavel geminwavel) and$
(readwavel le xenwlbound), numwls)
; Retrievedataneededto calculatea setof
; fourth-order fit coefficients for theXenon
; lampin thewavelength range 725-998nm).
if (wavel gt xenwlbound)thenwantwl= $
where((readwavel gt xenwlbound) and$
(readwavel le maxwavel), numwls)
; If valid wavelengthrange exists,retrievespectralvalues.
if (numwls le 0) thenbegin
print, ’No valid wavelengths found.’
return, 0
endif elsebegin
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wavelength= fltarr(numwls)
wavelength= readwavel(wantwl)
xenrad= fltarr(5,numwls)
xenrad(0:4,0:numwls-1) = readxrad(0:4,wantwl)
readwavel = 0.0
readxrad = 0.0
endelse
; Find index valuesthatpoint into theattenuator dimension
; of thefit coefficients.Example: sincetheattenuator
; valuesare0 at index 0 and100at index 1, for anattenuator
; settingof 50,useanattenuatorindex valueof 0.5.
useaind= where(attens eqxatten,numusi)
if (numusi le 0) thenbegin
diffatten= attens- xatten
negdiffatten= where(diffattenlt 0.0,numneg)
posdiffatten= where(diffattengt 0.0,numpos)
if (numneg gt 0) thenlowint = $
where(negdiffatteneqmax(negdiffatten),nlowint)
if (numposgt 0) thenhigint = $
where(posdiffatteneqmin(posdiffatten),nhigint)
if (nlowint ge0) and(nhigint gt 0) thenbegin
useaind= (xatten- attens(negdiffatten(lowint(0)))) / $
(attens(posdiffatten(higint(0))) - $
attens(negdiffatten(lowint(0)))) + negdiffatten(lowint(0))
endif
endif
; Find index valuesthatpoint into thewavelength dimensionof
; thefit coefficients.For Xenon,every integernmvaluewas
; measured, but theinterpolation codewasretainedin casenon-
; integervaluesof wavelengthsarerequired in future analysis.
usewind = where(wavelengtheqwavel, numusi)
if (numusi le 0) thenbegin
diffwl = wavelength - wavel
negdiffwl = where(diffwl lt 0.0,numneg)
posdiffwl = where(diffwl gt 0.0,numpos)
if (numneg gt 0) thenlowint = $
where(negdiffwl eqmax(negdiffwl), nlowint)
if (numposgt 0) thenhigint = $
where(posdiffwl eqmin(posdiffwl), nhigint)
if (nlowint ge0) and(nhigint gt 0) thenbegin
usewind = (wavel - wavelength(negdiffwl(lowint(0)))) / $
(wavelength(posdiffwl(higint(0))) - $
wavelength(negdiffwl(lowint(0)))) + negdiffwl(lowint(0))
endif
endif
; UseSFIT to calculatefourth-orderfit coefficients.
tempxres= sfit(xenrad, fitord, kx = xenfit)
; Calculatespectralradiancefrom xenon lamp.
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xensprad= 0.D0
for j=0, fitord dobegin
for i=0, fitord doxensprad= xensprad+ $
xenfit(j,i) * useaind̂i * usewind^j
endfor
; ======================== Final radiancecalculations=====================
; Superposespectralradiancesof thetwo lamps.
specrad= halsprad+ xensprad
; Returnfitted value,endprogram,returncontrol to main.
return, specrad
end

6.2 Calculated calibration data

6.2.1 Halogenlamp radiances

____Wavelength____________AttenuatorPosition_________________
[nm]
_______0_______100________170________200______220_____
3004.8400E-10 1.6140E-10-6.1076E-093.3874E-09 1.2658E-08
3027.9900E-11 -5.9950E-11 -6.6331E-12 -3.0456E-104.0184E-11
3046.7400E-10 3.7460E-101.6786E-101.0483E-09 4.3314E-10
306-2.6500E-10-3.5539E-101.4270E-12 -4.4398E-111.8731E-10
3085.4600E-10 3.3123E-104.8144E-11-1.7477E-11 4.1372E-11
3101.5400E-09 9.9988E-106.0959E-123.8748E-11 1.3541E-10
3122.1700E-09 1.3158E-096.0454E-101.4897E-11 1.4034E-10
3143.7000E-09 2.4693E-097.3893E-102.0113E-10 5.8345E-11
3165.9200E-09 3.5798E-099.7704E-102.2049E-10 -1.5606E-10
3189.9500E-09 6.0083E-091.6294E-093.6177E-10 -1.2586E-10
3201.5400E-08 9.5663E-092.2173E-094.2855E-10 -8.5353E-11
3222.4900E-08 1.5682E-083.5134E-097.2805E-10 3.2146E-11
3243.5100E-08 2.2100E-084.6118E-098.7055E-10 -4.6957E-11
3264.9700E-08 3.1409E-086.1931E-091.0410E-09 2.6074E-10
3286.7200E-08 4.2638E-088.3825E-091.3739E-09 2.6921E-10
3308.8500E-08 5.6495E-081.0509E-081.7218E-09 3.9512E-10
3321.1200E-07 7.1523E-081.2908E-082.1301E-09 3.7612E-10
3341.4100E-07 9.0614E-081.5946E-082.5790E-09 6.6670E-10
3361.7000E-07 1.0907E-071.8712E-082.9101E-09 8.0058E-10
3382.0200E-07 1.3016E-072.2046E-083.4362E-09 7.0536E-10
3402.3700E-07 1.5301E-072.5672E-084.0582E-09 6.8358E-10
3422.7300E-07 1.7592E-072.8993E-084.3909E-09 1.0331E-09
3443.1300E-07 2.0280E-073.3056E-084.9776E-09 1.0725E-09
3463.5200E-07 2.2814E-073.6981E-085.7130E-09 1.2632E-09
3483.9300E-07 2.5488E-074.0958E-086.2043E-09 1.2920E-09
3504.3700E-07 2.8395E-074.5570E-086.9649E-09 1.4336E-09
3524.8100E-07 3.1289E-075.0106E-087.5599E-09 1.6630E-09
3545.2800E-07 3.4355E-075.4849E-088.2526E-09 1.8383E-09
3565.7500E-07 3.7435E-075.9656E-088.9315E-09 1.8299E-09
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3586.2400E-074.0679E-07 6.4771E-089.7356E-09 2.0870E-09
3606.7400E-074.3932E-07 7.0008E-081.0638E-08 2.3711E-09
3627.2700E-074.7412E-07 7.5659E-081.1495E-08 2.5452E-09
3647.8100E-075.0924E-07 8.1232E-081.2398E-08 2.6549E-09
3668.3700E-075.4587E-07 8.7249E-081.3338E-08 3.0412E-09
3688.9200E-075.8213E-07 9.3294E-081.4230E-08 3.2124E-09
3709.4700E-076.1795E-07 9.9426E-081.5466E-08 3.3795E-09
3721.0000E-066.5308E-07 1.0525E-071.6119E-08 3.7784E-09
3741.0500E-066.8564E-07 1.1087E-071.7192E-08 3.9298E-09
3761.1100E-067.2476E-07 1.1765E-071.8361E-08 4.2979E-09
3781.1600E-067.5685E-07 1.2351E-071.9316E-08 4.4614E-09
3801.2200E-067.9568E-07 1.3031E-072.0536E-08 4.8250E-09
3821.2800E-068.3465E-07 1.3704E-072.1637E-08 5.1840E-09
3841.3400E-068.7381E-07 1.4377E-072.2929E-08 5.5003E-09
3861.4100E-069.1911E-07 1.5166E-072.4246E-08 5.8522E-09
3881.4700E-069.5810E-07 1.5845E-072.5400E-08 6.1880E-09
3901.5400E-061.0039E-06 1.6638E-072.6728E-08 6.4645E-09
3921.6100E-061.0491E-06 1.7443E-072.8188E-08 6.8916E-09
3941.6800E-061.0951E-06 1.8265E-072.9543E-08 7.2269E-09
3961.7400E-061.1341E-06 1.8968E-073.0812E-08 7.6222E-09
3981.8100E-061.1797E-06 1.9776E-073.2263E-08 8.1274E-09
4001.8800E-061.2250E-06 2.0605E-073.3731E-08 8.4280E-09
4021.9500E-061.2713E-06 2.1444E-073.5221E-08 8.8645E-09
4042.0200E-061.3170E-06 2.2283E-073.6774E-08 9.2977E-09
4062.0800E-061.3557E-06 2.3009E-073.8135E-08 9.7078E-09
4082.1500E-061.4013E-06 2.3869E-073.9652E-08 1.0173E-08
4102.2200E-061.4462E-06 2.4711E-074.1256E-08 1.0548E-08
4122.2900E-061.4917E-06 2.5566E-074.2887E-08 1.1058E-08
4142.3600E-061.5366E-06 2.6425E-074.4479E-08 1.1500E-08
4162.4300E-061.5821E-06 2.7282E-074.6024E-08 1.2003E-08
4182.5100E-061.6341E-06 2.8268E-074.7888E-08 1.2526E-08
4202.5900E-061.6862E-06 2.9251E-074.9658E-08 1.3035E-08
4222.6700E-061.7382E-06 3.0240E-075.1619E-08 1.3585E-08
4242.7500E-061.7902E-06 3.1237E-075.3479E-08 1.4130E-08
4262.8300E-061.8430E-06 3.2245E-075.5375E-08 1.4732E-08
4282.9200E-061.9018E-06 3.3381E-075.7559E-08 1.5357E-08
4303.0100E-061.9608E-06 3.4510E-075.9676E-08 1.6041E-08
4323.1000E-062.0198E-06 3.5656E-076.1799E-08 1.6645E-08
4343.1800E-062.0712E-06 3.6659E-076.4083E-08 1.7195E-08
4363.2700E-062.1284E-06 3.7778E-076.5861E-08 1.7927E-08
4383.3700E-062.1962E-06 3.9082E-076.8408E-08 1.8624E-08
4403.4600E-062.2544E-06 4.0212E-077.0556E-08 1.9292E-08
4423.5500E-062.3121E-06 4.1336E-077.2739E-08 1.9991E-08
4443.6500E-062.3769E-06 4.2603E-077.5190E-08 2.0687E-08
4463.7400E-062.4348E-06 4.3736E-077.7440E-08 2.1338E-08
4483.8400E-062.4992E-06 4.5005E-077.9922E-08 2.2142E-08
4503.9400E-062.5634E-06 4.6267E-078.2307E-08 2.2909E-08
4524.0400E-062.6273E-06 4.7539E-078.4763E-08 2.3683E-08
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4544.1400E-06 2.6918E-064.8815E-078.7342E-08 2.4445E-08
4564.2500E-06 2.7618E-065.0205E-078.9973E-08 2.5202E-08
4584.3500E-06 2.8251E-065.1482E-079.2520E-08 2.5957E-08
4604.4500E-06 2.8891E-065.2777E-079.5003E-08 2.6806E-08
4624.5500E-06 2.9524E-065.4063E-079.7525E-08 2.7618E-08
4644.6600E-06 3.0230E-065.5477E-071.0033E-07 2.8462E-08
4664.7600E-06 3.0877E-065.6768E-071.0295E-07 2.9307E-08
4684.8600E-06 3.1528E-065.8082E-071.0548E-07 3.0029E-08
4704.9600E-06 3.2177E-065.9391E-071.0820E-07 3.0993E-08
4725.0600E-06 3.2819E-066.0680E-071.1084E-07 3.1741E-08
4745.1700E-06 3.3492E-066.2112E-071.1363E-07 3.2665E-08
4765.2700E-06 3.4145E-066.3435E-071.1631E-07 3.3504E-08
4785.3800E-06 3.4853E-066.4888E-071.1922E-07 3.4390E-08
4805.4800E-06 3.5477E-066.6171E-071.2185E-07 3.5224E-08
4825.5900E-06 3.6194E-066.7633E-071.2469E-07 3.6118E-08
4845.7000E-06 3.6900E-066.9061E-071.2765E-07 3.7103E-08
4865.8000E-06 3.7552E-067.0412E-071.3034E-07 3.7944E-08
4885.9100E-06 3.8265E-067.1860E-071.3326E-07 3.8865E-08
4906.0200E-06 3.8963E-067.3306E-071.3612E-07 3.9870E-08
4926.1300E-06 3.9676E-067.4786E-071.3915E-07 4.0817E-08
4946.2400E-06 4.0385E-067.6247E-071.4217E-07 4.1740E-08
4966.3500E-06 4.1099E-067.7711E-071.4523E-07 4.2735E-08
4986.4600E-06 4.1803E-067.9161E-071.4819E-07 4.3725E-08
5006.5700E-06 4.2514E-068.0660E-071.5120E-07 4.4658E-08
5026.6800E-06 4.3220E-068.2111E-071.5416E-07 4.5667E-08
5046.7900E-06 4.3927E-068.3598E-071.5722E-07 4.6661E-08
5066.9100E-06 4.4701E-068.5193E-071.6034E-07 4.7666E-08
5087.0200E-06 4.5412E-068.6676E-071.6349E-07 4.8647E-08
5107.1300E-06 4.6120E-068.8141E-071.6659E-07 4.9650E-08
5127.2400E-06 4.6834E-068.9638E-071.6966E-07 5.0668E-08
5147.3500E-06 4.7532E-069.1111E-071.7267E-07 5.1665E-08
5167.4600E-06 4.8242E-069.2586E-071.7575E-07 5.2614E-08
5187.5700E-06 4.8953E-069.4118E-071.7892E-07 5.3692E-08
5207.6800E-06 4.9653E-069.5593E-071.8205E-07 5.4669E-08
5227.7900E-06 5.0360E-069.7079E-071.8511E-07 5.5778E-08
5247.9000E-06 5.1070E-069.8568E-071.8823E-07 5.6805E-08
5268.0100E-06 5.1770E-061.0008E-061.9141E-07 5.7811E-08
5288.1200E-06 5.2475E-061.0156E-061.9455E-07 5.8796E-08
5308.2300E-06 5.3178E-061.0306E-061.9764E-07 5.9877E-08
5328.3400E-06 5.3881E-061.0459E-062.0079E-07 6.0974E-08
5348.4500E-06 5.4593E-061.0612E-062.0397E-07 6.1979E-08
5368.5600E-06 5.5291E-061.0762E-062.0722E-07 6.3078E-08
5388.6800E-06 5.6054E-061.0926E-062.1056E-07 6.4108E-08
5408.7900E-06 5.6765E-061.1078E-062.1376E-07 6.5183E-08
5428.9000E-06 5.7464E-061.1230E-062.1689E-07 6.6288E-08
5449.0100E-06 5.8172E-061.1382E-062.2011E-07 6.7362E-08
5469.1200E-06 5.8870E-061.1535E-062.2339E-07 6.8432E-08
5489.2200E-06 5.9522E-061.1674E-062.2644E-07 6.9365E-08
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5509.3300E-066.0234E-06 1.1829E-062.2957E-07 7.0481E-08
5529.4400E-066.0938E-06 1.1980E-062.3284E-07 7.1512E-08
5549.5500E-066.1643E-06 1.2134E-062.3606E-07 7.2663E-08
5569.6600E-066.2350E-06 1.2286E-062.3947E-07 7.3714E-08
5589.7700E-066.3049E-06 1.2438E-062.4269E-07 7.4870E-08
5609.8800E-066.3750E-06 1.2592E-062.4593E-07 7.5916E-08
5629.9800E-066.4394E-06 1.2737E-062.4904E-07 7.6972E-08
5641.0100E-056.5159E-06 1.2904E-062.5260E-07 7.8147E-08
5661.0200E-056.5799E-06 1.3047E-062.5555E-07 7.9150E-08
5681.0300E-056.6431E-06 1.3186E-062.5874E-07 8.0226E-08
5701.0400E-056.7068E-06 1.3329E-062.6181E-07 8.1311E-08
5721.0500E-056.7709E-06 1.3471E-062.6495E-07 8.2383E-08
5741.0600E-056.8336E-06 1.3614E-062.6801E-07 8.3478E-08
5761.0700E-056.8987E-06 1.3758E-062.7112E-07 8.4485E-08
5781.0800E-056.9628E-06 1.3905E-062.7429E-07 8.5559E-08
5801.0900E-057.0253E-06 1.4049E-062.7752E-07 8.6634E-08
5821.1000E-057.0898E-06 1.4194E-062.8083E-07 8.7789E-08
5841.1100E-057.1531E-06 1.4337E-062.8386E-07 8.8850E-08
5861.1200E-057.2162E-06 1.4478E-062.8696E-07 8.9910E-08
5881.1300E-057.2800E-06 1.4624E-062.9031E-07 9.1046E-08
5901.1400E-057.3440E-06 1.4766E-062.9342E-07 9.2280E-08
5921.1500E-057.4090E-06 1.4912E-062.9650E-07 9.3248E-08
5941.1600E-057.4745E-06 1.5058E-062.9973E-07 9.4462E-08
5961.1700E-057.5376E-06 1.5201E-063.0297E-07 9.5396E-08
5981.1800E-057.6025E-06 1.5349E-063.0629E-07 9.6576E-08
6001.1900E-057.6659E-06 1.5494E-063.0948E-07 9.7973E-08
6021.1900E-057.6655E-06 1.5508E-063.1011E-07 9.8254E-08
6041.2000E-057.7296E-06 1.5654E-063.1336E-07 9.9364E-08
6061.2100E-057.7936E-06 1.5800E-063.1660E-07 1.0048E-07
6081.2200E-057.8575E-06 1.5947E-063.1986E-07 1.0160E-07
6101.2300E-057.9216E-06 1.6093E-063.2312E-07 1.0272E-07
6121.2400E-057.9856E-06 1.6239E-063.2641E-07 1.0385E-07
6141.2500E-058.0496E-06 1.6386E-063.2969E-07 1.0498E-07
6161.2600E-058.1135E-06 1.6532E-063.3316E-07 1.0610E-07
6181.2700E-058.1764E-06 1.6680E-063.3654E-07 1.0728E-07
6201.2800E-058.2403E-06 1.6831E-063.3989E-07 1.0848E-07
6221.2800E-058.2408E-06 1.6852E-063.4053E-07 1.0889E-07
6241.2900E-058.3044E-06 1.7001E-063.4402E-07 1.1011E-07
6261.3000E-058.3689E-06 1.7152E-063.4766E-07 1.1139E-07
6281.3100E-058.4327E-06 1.7301E-063.5107E-07 1.1265E-07
6301.3200E-058.4960E-06 1.7452E-063.5445E-07 1.1399E-07
6321.3200E-058.4970E-06 1.7468E-063.5524E-07 1.1440E-07
6341.3300E-058.5613E-06 1.7621E-063.5889E-07 1.1564E-07
6361.3400E-058.6288E-06 1.7776E-063.6235E-07 1.1703E-07
6381.3500E-058.6872E-06 1.7921E-063.6574E-07 1.1829E-07
6401.3600E-058.7564E-06 1.8080E-063.6943E-07 1.1952E-07
6421.3700E-058.8212E-06 1.8229E-063.7300E-07 1.2088E-07
6441.3700E-058.8209E-06 1.8246E-063.7385E-07 1.2142E-07
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6461.3800E-05 8.8876E-061.8401E-063.7751E-07 1.2263E-07
6481.3900E-05 8.9515E-061.8547E-063.8110E-07 1.2410E-07
6501.4000E-05 9.0146E-061.8703E-063.8454E-07 1.2530E-07
6521.4000E-05 9.0140E-061.8719E-063.8546E-07 1.2576E-07
6541.4100E-05 9.0788E-061.8874E-063.8879E-07 1.2709E-07
6561.4200E-05 9.1432E-061.9025E-063.9243E-07 1.2843E-07
6581.4300E-05 9.2085E-061.9178E-063.9601E-07 1.2973E-07
6601.4300E-05 9.2073E-061.9195E-063.9688E-07 1.3013E-07
6621.4400E-05 9.2727E-061.9351E-064.0071E-07 1.3158E-07
6641.4500E-05 9.3361E-061.9502E-064.0423E-07 1.3292E-07
6661.4600E-05 9.3999E-061.9655E-064.0778E-07 1.3428E-07
6681.4600E-05 9.3998E-061.9671E-064.0862E-07 1.3466E-07
6701.4700E-05 9.4653E-061.9824E-064.1236E-07 1.3611E-07
6721.4800E-05 9.5302E-061.9980E-064.1597E-07 1.3752E-07
6741.4800E-05 9.5299E-061.9995E-064.1677E-07 1.3780E-07
6761.4900E-05 9.5959E-062.0154E-064.2031E-07 1.3922E-07
6781.5000E-05 9.6608E-062.0305E-064.2421E-07 1.4064E-07
6801.5000E-05 9.6594E-062.0325E-064.2502E-07 1.4102E-07
6821.5100E-05 9.7253E-062.0477E-064.2875E-07 1.4263E-07
6841.5200E-05 9.7896E-062.0632E-064.3261E-07 1.4400E-07
6861.5200E-05 9.7865E-062.0649E-064.3349E-07 1.4448E-07
6881.5300E-05 9.8543E-062.0811E-064.3726E-07 1.4599E-07
6901.5300E-05 9.8540E-062.0831E-064.3838E-07 1.4639E-07
6921.5400E-05 9.9182E-062.0987E-064.4213E-07 1.4797E-07
6941.5500E-05 9.9835E-062.1140E-064.4589E-07 1.4942E-07
6961.5500E-05 9.9823E-062.1159E-064.4679E-07 1.4986E-07
6981.5600E-05 1.0047E-052.1316E-064.5053E-07 1.5145E-07
7001.5600E-05 1.0048E-052.1339E-064.5137E-07 1.5189E-07
7021.5700E-05 1.0112E-052.1492E-064.5536E-07 1.5341E-07
7041.5700E-05 1.0113E-052.1511E-064.5645E-07 1.5382E-07
7061.5800E-05 1.0179E-052.1670E-064.5995E-07 1.5530E-07
7081.5800E-05 1.0179E-052.1686E-064.6100E-07 1.5574E-07
7101.5900E-05 1.0243E-052.1843E-064.6474E-07 1.5722E-07
7121.5900E-05 1.0244E-052.1859E-064.6552E-07 1.5777E-07
7141.6000E-05 1.0308E-052.2019E-064.6958E-07 1.5920E-07
7161.6000E-05 1.0310E-052.2032E-064.7014E-07 1.5974E-07
7181.6000E-05 1.0311E-052.2048E-064.7126E-07 1.6024E-07
7201.6100E-05 1.0376E-052.2207E-064.7503E-07 1.6160E-07
7221.6100E-05 1.0376E-052.2221E-064.7579E-07 1.6203E-07
7241.6200E-05 1.0441E-052.2377E-064.7965E-07 1.6352E-07
7261.6200E-05 1.0442E-052.2395E-064.8039E-07 1.6388E-07
7281.6300E-05 1.0505E-052.2545E-064.8426E-07 1.6540E-07
7301.6300E-05 1.0505E-052.2567E-064.8501E-07 1.6577E-07
7321.6300E-05 1.0507E-052.2584E-064.8572E-07 1.6616E-07
7341.6400E-05 1.0571E-052.2737E-064.8954E-07 1.6764E-07
7361.6400E-05 1.0571E-052.2753E-064.9018E-07 1.6800E-07
7381.6500E-05 1.0634E-052.2909E-064.9373E-07 1.6942E-07
7401.6500E-05 1.0635E-052.2927E-064.9457E-07 1.6980E-07
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7421.6500E-051.0631E-05 2.2933E-064.9520E-07 1.7020E-07
7441.6600E-051.0697E-05 2.3089E-064.9876E-07 1.7159E-07
7461.6600E-051.0695E-05 2.3102E-064.9964E-07 1.7194E-07
7481.6600E-051.0695E-05 2.3119E-065.0021E-07 1.7257E-07
7501.6700E-051.0758E-05 2.3270E-065.0377E-07 1.7388E-07
7521.6700E-051.0758E-05 2.3285E-065.0456E-07 1.7408E-07
7541.6700E-051.0758E-05 2.3300E-065.0507E-07 1.7425E-07
7561.6800E-051.0823E-05 2.3453E-065.0867E-07 1.7566E-07
7581.6800E-051.0823E-05 2.3463E-065.0944E-07 1.7600E-07
7601.6700E-051.0759E-05 2.3342E-065.0720E-07 1.7540E-07
7621.6800E-051.0823E-05 2.3498E-065.1069E-07 1.7660E-07
7641.6800E-051.0826E-05 2.3503E-065.1127E-07 1.7682E-07
7661.6900E-051.0888E-05 2.3658E-065.1499E-07 1.7835E-07
7681.6900E-051.0888E-05 2.3670E-065.1525E-07 1.7863E-07
7701.6900E-051.0889E-05 2.3682E-065.1592E-07 1.7899E-07
7721.7000E-051.0954E-05 2.3832E-065.1959E-07 1.8008E-07
7741.7000E-051.0950E-05 2.3854E-065.2018E-07 1.8054E-07
7761.7000E-051.0953E-05 2.3865E-065.2076E-07 1.8100E-07
7781.7000E-051.0952E-05 2.3880E-065.2127E-07 1.8120E-07
7801.7100E-051.1014E-05 2.4034E-065.2497E-07 1.8242E-07
7821.7100E-051.1016E-05 2.4039E-065.2523E-07 1.8266E-07
7841.7100E-051.1014E-05 2.4055E-065.2591E-07 1.8309E-07
7861.7100E-051.1013E-05 2.4068E-065.2630E-07 1.8314E-07
7881.7100E-051.1012E-05 2.4077E-065.2680E-07 1.8357E-07
7901.7100E-051.1013E-05 2.4089E-065.2735E-07 1.8386E-07
7921.7200E-051.1079E-05 2.4243E-065.3112E-07 1.8502E-07
7941.7200E-051.1078E-05 2.4252E-065.3162E-07 1.8504E-07
7961.7200E-051.1074E-05 2.4264E-065.3162E-07 1.8536E-07
7981.7200E-051.1074E-05 2.4274E-065.3248E-07 1.8602E-07
8001.7200E-051.1073E-05 2.4290E-065.3279E-07 1.8610E-07
8021.7200E-051.1074E-05 2.4298E-065.3329E-07 1.8636E-07
8041.7200E-051.1075E-05 2.4309E-065.3370E-07 1.8657E-07
8061.7300E-051.1139E-05 2.4462E-065.3737E-07 1.8772E-07
8081.7300E-051.1140E-05 2.4476E-065.3806E-07 1.8796E-07
8101.7300E-051.1140E-05 2.4485E-065.3834E-07 1.8821E-07
8121.7300E-051.1140E-05 2.4495E-065.3910E-07 1.8869E-07
8141.7300E-051.1137E-05 2.4502E-065.3936E-07 1.8881E-07
8161.7300E-051.1138E-05 2.4518E-065.4014E-07 1.8926E-07
8181.7300E-051.1141E-05 2.4531E-065.4042E-07 1.8931E-07
8201.7300E-051.1137E-05 2.4538E-065.4085E-07 1.8959E-07
8221.7300E-051.1137E-05 2.4545E-065.4101E-07 1.8985E-07
8241.7300E-051.1138E-05 2.4556E-065.4128E-07 1.8994E-07
8261.7300E-051.1137E-05 2.4566E-065.4184E-07 1.9039E-07
8281.7300E-051.1138E-05 2.4576E-065.4213E-07 1.9063E-07
8301.7200E-051.1073E-05 2.4439E-065.3968E-07 1.8958E-07
8321.7200E-051.1073E-05 2.4455E-065.4025E-07 1.8992E-07
8341.7200E-051.1072E-05 2.4460E-065.4061E-07 1.9006E-07
8361.7200E-051.1072E-05 2.4465E-065.4091E-07 1.9004E-07
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8381.7200E-05 1.1071E-052.4482E-065.4116E-07 1.9037E-07
8401.7200E-05 1.1073E-052.4489E-065.4192E-07 1.9078E-07
8421.7200E-05 1.1074E-052.4496E-065.4208E-07 1.9083E-07
8441.7100E-05 1.1008E-052.4369E-065.3944E-07 1.9008E-07
8461.7100E-05 1.1007E-052.4374E-065.3986E-07 1.9044E-07
8481.7100E-05 1.1007E-052.4393E-065.4039E-07 1.9037E-07
8501.7100E-05 1.1006E-052.4403E-065.4079E-07 1.9080E-07
8521.7100E-05 1.1007E-052.4414E-065.4101E-07 1.9102E-07
8541.7000E-05 1.0944E-052.4286E-065.3851E-07 1.9025E-07
8561.7000E-05 1.0940E-052.4290E-065.3915E-07 1.9057E-07
8581.7000E-05 1.0940E-052.4303E-065.3958E-07 1.9060E-07
8601.6900E-05 1.0878E-052.4164E-065.3683E-07 1.8980E-07
8621.6900E-05 1.0877E-052.4181E-065.3749E-07 1.9004E-07
8641.6900E-05 1.0873E-052.4186E-065.3813E-07 1.9043E-07
8661.6900E-05 1.0875E-052.4191E-065.3859E-07 1.9073E-07
8681.6800E-05 1.0811E-052.4066E-065.3579E-07 1.8974E-07
8701.6800E-05 1.0811E-052.4074E-065.3622E-07 1.9008E-07
8721.6800E-05 1.0810E-052.4086E-065.3679E-07 1.9043E-07
8741.6700E-05 1.0746E-052.3951E-065.3410E-07 1.8956E-07
8761.6700E-05 1.0747E-052.3963E-065.3475E-07 1.9001E-07
8781.6700E-05 1.0746E-052.3973E-065.3508E-07 1.9018E-07
8801.6600E-05 1.0682E-052.3844E-065.3231E-07 1.8919E-07
8821.6600E-05 1.0681E-052.3851E-065.3301E-07 1.8949E-07
8841.6600E-05 1.0681E-052.3858E-065.3362E-07 1.8980E-07
8861.6500E-05 1.0617E-052.3729E-065.3077E-07 1.8922E-07
8881.6500E-05 1.0619E-052.3742E-065.3125E-07 1.8944E-07
8901.6500E-05 1.0617E-052.3755E-065.3186E-07 1.8988E-07
8921.6400E-05 1.0553E-052.3621E-065.2898E-07 1.8876E-07
8941.6400E-05 1.0553E-052.3632E-065.2964E-07 1.8906E-07
8961.6300E-05 1.0489E-052.3500E-065.2704E-07 1.8825E-07
8981.6300E-05 1.0487E-052.3508E-065.2744E-07 1.8882E-07
9001.6300E-05 1.0489E-052.3518E-065.2812E-07 1.8887E-07
9021.6200E-05 1.0425E-052.3388E-065.2538E-07 1.8816E-07
9041.6200E-05 1.0427E-052.3401E-065.2601E-07 1.8824E-07
9061.6200E-05 1.0427E-052.3404E-065.2635E-07 1.8873E-07
9081.6200E-05 1.0427E-052.3424E-065.2720E-07 1.8891E-07
9101.6100E-05 1.0364E-052.3287E-065.2443E-07 1.8811E-07
9121.6100E-05 1.0364E-052.3300E-065.2494E-07 1.8831E-07
9141.6100E-05 1.0364E-052.3313E-065.2541E-07 1.8861E-07
9161.6000E-05 1.0301E-052.3178E-065.2291E-07 1.8803E-07
9181.6000E-05 1.0301E-052.3189E-065.2358E-07 1.8813E-07
9201.6000E-05 1.0302E-052.3205E-065.2398E-07 1.8837E-07
9221.6000E-05 1.0303E-052.3216E-065.2469E-07 1.8866E-07
9241.5900E-05 1.0238E-052.3082E-065.2206E-07 1.8792E-07
9261.5900E-05 1.0237E-052.3098E-065.2246E-07 1.8835E-07
9281.5904E-05 1.0239E-052.3107E-065.2323E-07 1.8892E-07
9301.5827E-05 1.0187E-052.2995E-065.2145E-07 1.8858E-07
9321.5774E-05 1.0148E-052.2913E-065.2051E-07 1.8844E-07
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9341.5721E-051.0112E-05 2.2835E-065.1958E-07 1.8843E-07
9361.5683E-051.0088E-05 2.2798E-065.1890E-07 1.8812E-07
9381.5782E-051.0156E-05 2.2968E-065.2240E-07 1.8935E-07
9401.5700E-051.0105E-05 2.2870E-065.2008E-07 1.8842E-07
9421.5625E-051.0056E-05 2.2759E-065.1834E-07 1.8820E-07
9441.5664E-051.0079E-05 2.2821E-065.2034E-07 1.8900E-07
9461.5636E-051.0063E-05 2.2800E-065.2002E-07 1.8882E-07
9481.5522E-059.9904E-06 2.2645E-065.1670E-07 1.8774E-07
9501.5540E-051.0003E-05 2.2688E-065.1790E-07 1.8836E-07
9521.5515E-059.9882E-06 2.2666E-065.1769E-07 1.8835E-07
9541.5500E-059.9787E-06 2.2656E-065.1753E-07 1.8845E-07
9561.5400E-059.9165E-06 2.2521E-065.1488E-07 1.8766E-07
9581.5400E-059.9164E-06 2.2536E-065.1530E-07 1.8788E-07
9601.5400E-059.9184E-06 2.2550E-065.1593E-07 1.8831E-07
9621.5400E-059.9178E-06 2.2563E-065.1644E-07 1.8833E-07
9641.5300E-059.8538E-06 2.2431E-065.1353E-07 1.8746E-07
9661.5300E-059.8543E-06 2.2441E-065.1403E-07 1.8753E-07
9681.5300E-059.8572E-06 2.2460E-065.1455E-07 1.8779E-07
9701.5300E-059.8582E-06 2.2471E-065.1517E-07 1.8817E-07
9721.5300E-059.8578E-06 2.2482E-065.1572E-07 1.8837E-07
9741.5200E-059.7941E-06 2.2347E-065.1279E-07 1.8752E-07
9761.5200E-059.7950E-06 2.2356E-065.1336E-07 1.8783E-07
9781.5200E-059.7944E-06 2.2370E-065.1390E-07 1.8801E-07
9801.5200E-059.7961E-06 2.2384E-065.1446E-07 1.8833E-07
9821.5200E-059.7964E-06 2.2396E-065.1484E-07 1.8857E-07
9841.5200E-059.7969E-06 2.2408E-065.1531E-07 1.8904E-07
9861.5100E-059.7347E-06 2.2274E-065.1287E-07 1.8806E-07
9881.5100E-059.7336E-06 2.2283E-065.1320E-07 1.8831E-07
9901.5100E-059.7339E-06 2.2297E-065.1372E-07 1.8869E-07
9921.5100E-059.7341E-06 2.2306E-065.1420E-07 1.8884E-07
9941.5100E-059.7350E-06 2.2319E-065.1483E-07 1.8920E-07
9961.5100E-059.7359E-06 2.2331E-065.1538E-07 1.8938E-07
9981.5000E-059.6726E-06 2.2192E-065.1231E-07 1.8845E-07

6.2.2 Xenon lamp radiances

____Wavelength____________AttenuatorPosition_________________
[nm]
_______0_______100________170________200______220_____
=================================================
3506.2153E-082.6084E-08 7.5715E-095.1108E-09 3.1509E-09
3518.2904E-083.4382E-08 9.2687E-095.3635E-09 4.4669E-09
3521.0669E-073.9982E-08 9.6075E-094.7710E-09 3.2052E-09
3531.3100E-074.5059E-08 1.0531E-085.6989E-09 4.7803E-09
3541.5266E-074.7769E-08 1.0696E-085.4548E-09 3.7464E-09
3551.6604E-074.7426E-08 1.0053E-085.3201E-09 3.9805E-09
3561.6793E-074.3148E-08 1.0465E-084.0409E-09 3.4768E-09
3571.5635E-073.8892E-08 9.0079E-095.9164E-09 3.9813E-09
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3581.3694E-07 3.4245E-088.3992E-094.6817E-09 2.5799E-09
3591.1357E-07 3.0591E-088.5601E-093.4714E-09 4.8146E-09
3609.1787E-08 2.6798E-087.3413E-093.3720E-09 3.9026E-09
3617.6255E-08 2.4428E-087.1425E-092.9293E-09 2.0075E-09
3626.4834E-08 2.1992E-087.5460E-093.0603E-09 2.1802E-09
3635.7930E-08 2.0347E-086.2906E-093.5079E-09 3.3362E-09
3645.2130E-08 1.8176E-085.3162E-093.0317E-09 3.2718E-09
3654.6948E-08 1.6381E-086.2455E-094.0426E-09 2.5544E-09
3664.2597E-08 1.6219E-085.4729E-093.7594E-09 2.0787E-09
3673.9119E-08 1.6022E-085.9007E-094.6540E-09 2.7216E-09
3683.7552E-08 1.7414E-087.5573E-093.9636E-09 3.4990E-09
3693.8361E-08 2.0518E-087.6204E-095.1477E-09 2.6008E-09
3704.2698E-08 2.5195E-089.8756E-095.4560E-09 3.9117E-09
3715.1314E-08 3.2854E-081.3918E-086.6041E-09 4.0221E-09
3726.4805E-08 4.5472E-081.7830E-089.0986E-09 5.4209E-09
3738.6335E-08 6.0836E-082.3792E-081.1624E-08 6.4999E-09
3741.1653E-07 8.1214E-083.0213E-081.4388E-08 8.4393E-09
3751.5769E-07 1.0886E-073.9881E-081.7986E-08 1.0776E-08
3762.1253E-07 1.4605E-075.4267E-082.4358E-08 1.4634E-08
3772.9016E-07 2.0092E-077.7580E-083.3795E-08 1.9391E-08
3784.0174E-07 2.8372E-071.1111E-074.8627E-08 2.8100E-08
3795.6409E-07 4.0799E-071.6019E-077.0664E-08 3.9887E-08
3807.9255E-07 5.8512E-072.2206E-079.6231E-08 5.3767E-08
3811.1189E-06 8.2821E-072.9531E-071.2534E-07 6.6222E-08
3821.5634E-06 1.1364E-063.7497E-071.5379E-07 7.7635E-08
3832.1270E-06 1.4847E-064.5616E-071.7942E-07 8.7484E-08
3842.8251E-06 1.8623E-065.3516E-072.0390E-07 9.8449E-08
3853.6257E-06 2.2434E-066.0727E-072.2636E-07 1.0897E-07
3864.5552E-06 2.6317E-066.6775E-072.4674E-07 1.1691E-07
3875.5333E-06 2.9865E-067.1225E-072.5869E-07 1.1866E-07
3886.5091E-06 3.2542E-067.3188E-072.5898E-07 1.1578E-07
3897.4193E-06 3.4499E-067.3421E-072.5363E-07 1.1184E-07
3908.1939E-06 3.5373E-067.2354E-072.4901E-07 1.1122E-07
3918.8001E-06 3.5422E-067.1503E-072.4756E-07 1.1285E-07
3929.1757E-06 3.4924E-067.1616E-072.5463E-07 1.1830E-07
3939.3617E-06 3.4437E-067.3992E-072.6702E-07 1.2586E-07
3949.3989E-06 3.4548E-067.8050E-072.8677E-07 1.3602E-07
3959.4041E-06 3.5524E-068.3974E-073.1011E-07 1.4782E-07
3969.4684E-06 3.7368E-069.0655E-073.3659E-07 1.5897E-07
3979.6011E-06 3.9662E-069.6664E-073.5735E-07 1.6783E-07
3989.7977E-06 4.2014E-061.0080E-063.6868E-07 1.7015E-07
3991.0039E-05 4.3902E-061.0271E-063.6989E-07 1.6846E-07
4001.0314E-05 4.5218E-061.0299E-063.6557E-07 1.6580E-07
4011.0641E-05 4.6166E-061.0216E-063.5946E-07 1.6442E-07
4021.0996E-05 4.6943E-061.0245E-063.6017E-07 1.6508E-07
4031.1351E-05 4.7434E-061.0289E-063.6277E-07 1.6710E-07
4041.1669E-05 4.7895E-061.0386E-063.6760E-07 1.6883E-07
4051.1950E-05 4.8507E-061.0494E-063.7197E-07 1.7007E-07

73



4061.2168E-054.8817E-06 1.0568E-063.7278E-07 1.6995E-07
4071.2322E-054.9193E-06 1.0531E-063.6897E-07 1.6519E-07
4081.2429E-054.9278E-06 1.0382E-063.6030E-07 1.5879E-07
4091.2494E-054.9081E-06 1.0148E-063.4756E-07 1.5183E-07
4101.2486E-054.8411E-06 9.7920E-073.3363E-07 1.4433E-07
4111.2422E-054.7395E-06 9.4395E-073.2070E-07 1.3862E-07
4121.2317E-054.6157E-06 9.1397E-073.0942E-07 1.3557E-07
4131.2129E-054.4743E-06 8.9027E-073.0313E-07 1.3358E-07
4141.1841E-054.3356E-06 8.6792E-072.9777E-07 1.3368E-07
4151.1539E-054.2222E-06 8.5916E-072.9797E-07 1.3495E-07
4161.1307E-054.1699E-06 8.6506E-073.0395E-07 1.3767E-07
4171.1156E-054.1794E-06 8.8600E-073.1441E-07 1.4385E-07
4181.1180E-054.2769E-06 9.2563E-073.3031E-07 1.5280E-07
4191.1462E-054.4853E-06 9.8846E-073.5470E-07 1.6361E-07
4201.1759E-054.6931E-06 1.0412E-063.7273E-07 1.7083E-07
4211.1849E-054.7903E-06 1.0582E-063.7702E-07 1.7108E-07
4221.1935E-054.8658E-06 1.0621E-063.7490E-07 1.6910E-07
4231.2174E-054.9694E-06 1.0693E-063.7452E-07 1.6677E-07
4241.2513E-055.0714E-06 1.0732E-063.7159E-07 1.6461E-07
4251.2860E-055.1565E-06 1.0708E-063.6868E-07 1.6192E-07
4261.3175E-055.1986E-06 1.0628E-063.6441E-07 1.5973E-07
4271.3443E-055.2119E-06 1.0518E-063.5894E-07 1.5810E-07
4281.3640E-055.1852E-06 1.0430E-063.5591E-07 1.5866E-07
4291.3760E-055.1544E-06 1.0367E-063.5596E-07 1.6004E-07
4301.3821E-055.1150E-06 1.0364E-063.5958E-07 1.6283E-07
4311.3833E-055.0744E-06 1.0456E-063.6576E-07 1.6746E-07
4321.3810E-055.0743E-06 1.0650E-063.7583E-07 1.7348E-07
4331.3774E-055.0928E-06 1.0917E-063.8971E-07 1.8081E-07
4341.3763E-055.1490E-06 1.1286E-064.0514E-07 1.8912E-07
4351.3790E-055.2410E-06 1.1729E-064.2339E-07 1.9826E-07
4361.3905E-055.3899E-06 1.2252E-064.4538E-07 2.0814E-07
4371.4161E-055.6021E-06 1.2892E-064.6870E-07 2.1959E-07
4381.4557E-055.8620E-06 1.3586E-064.9396E-07 2.2987E-07
4391.4847E-056.0810E-06 1.4050E-065.0815E-07 2.3394E-07
4401.4926E-056.1770E-06 1.4104E-065.0784E-07 2.3222E-07
4411.5055E-056.2818E-06 1.4179E-065.0665E-07 2.2971E-07
4421.5335E-056.4113E-06 1.4320E-065.0857E-07 2.2897E-07
4431.5605E-056.5093E-06 1.4356E-065.0463E-07 2.2724E-07
4441.5859E-056.5788E-06 1.4296E-065.0187E-07 2.2599E-07
4451.6107E-056.6176E-06 1.4260E-064.9993E-07 2.2556E-07
4461.6296E-056.6271E-06 1.4217E-064.9735E-07 2.2559E-07
4471.6458E-056.6204E-06 1.4160E-064.9804E-07 2.2664E-07
4481.6714E-056.6612E-06 1.4308E-065.0490E-07 2.2985E-07
4491.7816E-057.0665E-06 1.5427E-065.4610E-07 2.5124E-07
4501.9643E-057.7812E-06 1.7273E-066.1756E-07 2.8418E-07
4511.9879E-057.8741E-06 1.7452E-066.2506E-07 2.8695E-07
4521.9224E-057.6417E-06 1.6901E-066.0590E-07 2.7744E-07
4531.8865E-057.5196E-06 1.6748E-065.9964E-07 2.7483E-07
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4541.8175E-05 7.2820E-061.6177E-065.7604E-07 2.6370E-07
4551.7998E-05 7.2480E-061.6061E-065.7131E-07 2.6074E-07
4561.8371E-05 7.4403E-061.6498E-065.8581E-07 2.6638E-07
4571.8990E-05 7.7312E-061.7158E-066.1155E-07 2.7648E-07
4581.9701E-05 8.0532E-061.7846E-066.3508E-07 2.8801E-07
4591.9961E-05 8.1545E-061.7939E-066.3660E-07 2.8838E-07
4601.9935E-05 8.1223E-061.7741E-066.2584E-07 2.8473E-07
4612.0403E-05 8.2932E-061.8261E-066.4675E-07 2.9411E-07
4622.1640E-05 8.7919E-061.9722E-067.0622E-07 3.2339E-07
4632.2808E-05 9.2459E-062.0984E-067.5574E-07 3.4611E-07
4642.2882E-05 9.2427E-062.0730E-067.4344E-07 3.3879E-07
4652.2340E-05 8.9673E-061.9793E-067.0346E-07 3.2074E-07
4662.2897E-05 9.1737E-062.0493E-067.3227E-07 3.3590E-07
4672.5482E-05 1.0269E-052.3838E-068.6896E-07 3.9928E-07
4682.7866E-05 1.1274E-052.6445E-069.6684E-07 4.4329E-07
4692.7341E-05 1.1030E-052.5215E-069.0250E-07 4.1301E-07
4702.5351E-05 1.0194E-052.2646E-068.0401E-07 3.6379E-07
4712.3588E-05 9.4673E-062.0705E-067.3059E-07 3.3021E-07
4722.3028E-05 9.2370E-062.0093E-067.0786E-07 3.1921E-07
4732.4480E-05 9.8282E-062.1617E-067.6444E-07 3.4480E-07
4742.4402E-05 9.8106E-062.1441E-067.6020E-07 3.4204E-07
4752.1764E-05 8.7226E-061.8806E-066.6243E-07 2.9714E-07
4762.0164E-05 8.0626E-061.7328E-066.0891E-07 2.7486E-07
4771.9630E-05 7.8451E-061.6874E-065.9347E-07 2.6830E-07
4781.9454E-05 7.7536E-061.6716E-065.8924E-07 2.6724E-07
4791.9661E-05 7.8406E-061.7007E-066.0102E-07 2.7209E-07
4802.0627E-05 8.2296E-061.8118E-066.4560E-07 2.9396E-07
4812.1939E-05 8.7510E-061.9565E-067.0014E-07 3.1792E-07
4822.2443E-05 8.9615E-061.9980E-067.1351E-07 3.2401E-07
4832.2174E-05 8.8496E-061.9648E-067.0116E-07 3.1744E-07
4842.1616E-05 8.6187E-061.9083E-066.8114E-07 3.0710E-07
4852.0774E-05 8.2776E-061.8270E-066.4809E-07 2.9196E-07
4862.0062E-05 7.9991E-061.7539E-066.1907E-07 2.7984E-07
4871.9617E-05 7.8221E-061.7037E-066.0185E-07 2.6997E-07
4881.9483E-05 7.7661E-061.6903E-065.9484E-07 2.6618E-07
4891.9494E-05 7.7715E-061.6840E-065.9186E-07 2.6656E-07
4901.9674E-05 7.8401E-061.7023E-065.9724E-07 2.6859E-07
4912.0617E-05 8.2233E-061.8017E-066.3779E-07 2.8757E-07
4922.2040E-05 8.8134E-061.9552E-066.9567E-07 3.1409E-07
4932.2253E-05 8.8921E-061.9639E-066.9825E-07 3.1519E-07
4942.1268E-05 8.4666E-061.8452E-066.5110E-07 2.9501E-07
4952.0329E-05 8.1040E-061.7521E-066.1784E-07 2.7979E-07
4961.9742E-05 7.8538E-061.7006E-066.0095E-07 2.7270E-07
4971.9451E-05 7.7471E-061.6843E-065.9697E-07 2.7167E-07
4981.9300E-05 7.6947E-061.6829E-065.9923E-07 2.7227E-07
4991.9240E-05 7.6827E-061.6910E-066.0185E-07 2.7480E-07
5001.9227E-05 7.6931E-061.7001E-066.0577E-07 2.7693E-07
5011.9252E-05 7.7218E-061.7104E-066.0967E-07 2.7871E-07
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5021.9366E-057.7861E-06 1.7288E-066.1640E-07 2.8181E-07
5031.9539E-057.8746E-06 1.7525E-066.2507E-07 2.8578E-07
5041.9625E-057.9283E-06 1.7685E-066.3098E-07 2.8851E-07
5051.9601E-057.9376E-06 1.7747E-066.3339E-07 2.8960E-07
5061.9603E-057.9574E-06 1.7832E-066.3663E-07 2.9110E-07
5071.9643E-057.9927E-06 1.7951E-066.4109E-07 2.9315E-07
5081.9705E-058.0264E-06 1.7987E-066.4337E-07 2.9288E-07
5091.9769E-058.0478E-06 1.8034E-066.4481E-07 2.9456E-07
5101.9844E-058.0694E-06 1.8074E-066.4503E-07 2.9425E-07
5111.9931E-058.0934E-06 1.8123E-066.4608E-07 2.9464E-07
5122.0031E-058.1418E-06 1.8176E-066.4872E-07 2.9504E-07
5132.0157E-058.1934E-06 1.8317E-066.5103E-07 2.9711E-07
5142.0207E-058.2081E-06 1.8311E-066.5281E-07 2.9688E-07
5152.0187E-058.1784E-06 1.8288E-066.5158E-07 2.9683E-07
5162.0153E-058.1634E-06 1.8222E-066.5092E-07 2.9546E-07
5172.0141E-058.1553E-06 1.8219E-066.5015E-07 2.9444E-07
5182.0144E-058.1628E-06 1.8243E-066.4936E-07 2.9628E-07
5192.0147E-058.1722E-06 1.8253E-066.4962E-07 2.9598E-07
5202.0146E-058.1662E-06 1.8248E-066.5116E-07 2.9629E-07
5212.0115E-058.1554E-06 1.8221E-066.4859E-07 2.9525E-07
5222.0088E-058.1457E-06 1.8201E-066.4802E-07 2.9377E-07
5232.0075E-058.1478E-06 1.8172E-066.4714E-07 2.9380E-07
5242.0060E-058.1496E-06 1.8154E-066.4539E-07 2.9211E-07
5252.0045E-058.1391E-06 1.8100E-066.4240E-07 2.9097E-07
5262.0037E-058.1392E-06 1.8054E-066.4054E-07 2.9002E-07
5272.0035E-058.1302E-06 1.7994E-066.3850E-07 2.8874E-07
5282.0038E-058.1096E-06 1.7925E-066.3679E-07 2.8793E-07
5292.0046E-058.1096E-06 1.7883E-066.3383E-07 2.8584E-07
5302.0002E-058.0780E-06 1.7797E-066.3078E-07 2.8535E-07
5311.9951E-058.0385E-06 1.7700E-066.2880E-07 2.8364E-07
5321.9923E-058.0027E-06 1.7666E-066.2445E-07 2.8303E-07
5331.9902E-057.9721E-06 1.7556E-066.2405E-07 2.8327E-07
5341.9873E-057.9436E-06 1.7541E-066.2262E-07 2.8236E-07
5351.9810E-057.8830E-06 1.7443E-066.2184E-07 2.8180E-07
5361.9747E-057.8585E-06 1.7404E-066.2189E-07 2.8264E-07
5371.9663E-057.8196E-06 1.7367E-066.1874E-07 2.8220E-07
5381.9545E-057.7703E-06 1.7311E-066.1815E-07 2.8243E-07
5391.9463E-057.7317E-06 1.7298E-066.1999E-07 2.8307E-07
5401.9435E-057.7347E-06 1.7346E-066.2371E-07 2.8501E-07
5411.9416E-057.7355E-06 1.7420E-066.2712E-07 2.8757E-07
5421.9390E-057.7335E-06 1.7459E-066.3019E-07 2.8916E-07
5431.9316E-057.7183E-06 1.7505E-066.3262E-07 2.9793E-07
5441.9232E-057.7076E-06 1.7553E-066.3519E-07 2.9135E-07
5451.9158E-057.7017E-06 1.7611E-066.3637E-07 2.9250E-07
5461.9086E-057.7073E-06 1.7650E-066.3898E-07 2.9427E-07
5471.9030E-057.7195E-06 1.7745E-066.4297E-07 2.9559E-07
5481.8943E-057.7128E-06 1.7760E-066.4372E-07 2.9606E-07
5491.8926E-057.7434E-06 1.7867E-066.4869E-07 2.9799E-07
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5501.8912E-05 7.7808E-061.7963E-066.5186E-07 2.9947E-07
5511.8913E-05 7.8010E-061.8054E-066.5486E-07 3.0053E-07
5521.8942E-05 7.8382E-061.8156E-066.5986E-07 3.0254E-07
5531.8982E-05 7.8785E-061.8273E-066.6213E-07 3.0364E-07
5541.9004E-05 7.9199E-061.8356E-066.6600E-07 3.0602E-07
5551.9033E-05 7.9617E-061.8437E-066.6878E-07 3.0660E-07
5561.9076E-05 8.0020E-061.8477E-066.7174E-07 3.0762E-07
5571.9135E-05 8.0289E-061.8576E-066.7346E-07 3.0886E-07
5581.9203E-05 8.0724E-061.8664E-066.7716E-07 3.0990E-07
5591.9279E-05 8.1292E-061.8739E-066.7982E-07 3.1199E-07
5601.9364E-05 8.1799E-061.8833E-066.8072E-07 3.1153E-07
5611.9446E-05 8.2021E-061.8882E-066.8287E-07 3.1294E-07
5621.9536E-05 8.2315E-061.8912E-066.8366E-07 3.1236E-07
5631.9625E-05 8.2641E-061.8989E-066.8599E-07 3.1270E-07
5641.9706E-05 8.2840E-061.9008E-066.8532E-07 3.1258E-07
5651.9793E-05 8.3010E-061.8990E-066.8563E-07 3.1227E-07
5661.9899E-05 8.3413E-061.9059E-066.8419E-07 3.1166E-07
5672.0010E-05 8.3598E-061.9079E-066.8500E-07 3.1222E-07
5682.0114E-05 8.3954E-061.9117E-066.8593E-07 3.1084E-07
5692.0225E-05 8.4041E-061.9123E-066.8636E-07 3.1124E-07
5702.0314E-05 8.4338E-061.9122E-066.8466E-07 3.1113E-07
5712.0367E-05 8.4295E-061.9061E-066.8319E-07 3.0882E-07
5722.0394E-05 8.4162E-061.9004E-066.7837E-07 3.0717E-07
5732.0396E-05 8.3985E-061.8892E-066.7480E-07 3.0653E-07
5742.0409E-05 8.3803E-061.8834E-066.7191E-07 3.0424E-07
5752.0437E-05 8.3600E-061.8769E-066.7718E-07 3.0314E-07
5762.0430E-05 8.3477E-061.8717E-066.7115E-07 3.0328E-07
5772.0425E-05 8.3230E-061.8688E-066.6739E-07 3.0280E-07
5782.0404E-05 8.2979E-061.8634E-066.6668E-07 3.0347E-07
5792.0377E-05 8.2814E-061.8596E-066.6777E-07 3.0360E-07
5802.0330E-05 8.2343E-061.8546E-066.6709E-07 3.0326E-07
5812.0287E-05 8.2201E-061.8563E-066.6771E-07 3.0491E-07
5822.0251E-05 8.2021E-061.8608E-066.7088E-07 3.0739E-07
5832.0227E-05 8.1901E-061.8657E-066.7423E-07 3.0818E-07
5842.0199E-05 8.1945E-061.8716E-066.7790E-07 3.1216E-07
5852.0159E-05 8.1894E-061.8791E-066.8246E-07 3.1321E-07
5862.0105E-05 8.1773E-061.8830E-066.8323E-07 3.1521E-07
5872.0048E-05 8.1742E-061.8868E-066.8678E-07 3.1702E-07
5881.9975E-05 8.2730E-061.8943E-066.9024E-07 3.1912E-07
5891.9921E-05 8.2001E-061.8942E-066.9273E-07 3.1999E-07
5901.9856E-05 8.1803E-061.8983E-066.9216E-07 3.1944E-07
5911.9794E-05 8.1619E-061.9013E-066.9594E-07 3.2118E-07
5921.9713E-05 8.1466E-061.9009E-066.9461E-07 3.2063E-07
5931.9654E-05 8.1295E-061.9005E-066.9394E-07 3.1979E-07
5941.9592E-05 8.1356E-061.8999E-066.9320E-07 3.1923E-07
5951.9531E-05 8.1204E-061.8943E-066.9042E-07 3.1878E-07
5961.9476E-05 8.1153E-061.8879E-066.8816E-07 3.1650E-07
5971.9450E-05 8.1159E-061.8865E-066.8717E-07 3.1503E-07
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5981.9399E-058.1001E-06 1.8815E-066.8335E-07 3.1308E-07
5991.9367E-058.0956E-06 1.8777E-066.8120E-07 3.1136E-07
6001.9354E-058.0966E-06 1.8750E-066.7828E-07 3.1094E-07
6011.9344E-058.0883E-06 1.8684E-066.7619E-07 3.0846E-07
6021.9488E-058.1109E-06 1.8722E-066.7561E-07 3.0809E-07
6031.9508E-058.1184E-06 1.8679E-066.7502E-07 3.0885E-07
6041.9544E-058.1354E-06 1.8681E-066.7401E-07 3.0889E-07
6051.9562E-058.1292E-06 1.8631E-066.7350E-07 3.0632E-07
6061.9585E-058.1282E-06 1.8632E-066.7114E-07 3.0666E-07
6071.9614E-058.1433E-06 1.8650E-066.7247E-07 3.0706E-07
6081.9644E-058.1638E-06 1.8649E-066.7249E-07 3.0733E-07
6091.9706E-058.1695E-06 1.8692E-066.7373E-07 3.0812E-07
6101.9763E-058.1963E-06 1.8744E-066.7710E-07 3.0905E-07
6111.9826E-058.2022E-06 1.8820E-066.7906E-07 3.1075E-07
6121.9887E-058.2213E-06 1.8913E-066.8238E-07 3.1250E-07
6131.9956E-058.2456E-06 1.9013E-066.8691E-07 3.1461E-07
6142.0016E-058.2570E-06 1.9092E-066.9085E-07 3.1703E-07
6152.0071E-058.2863E-06 1.9164E-066.9574E-07 3.1825E-07
6162.0106E-058.2973E-06 1.9255E-066.9937E-07 3.2145E-07
6172.0136E-058.2989E-06 1.9311E-067.0289E-07 3.2246E-07
6182.0174E-058.3206E-06 1.9424E-067.0678E-07 3.2482E-07
6192.0221E-058.3424E-06 1.9509E-067.1299E-07 3.2778E-07
6202.0247E-058.3640E-06 1.9577E-067.1514E-07 3.2750E-07
6212.0227E-058.3479E-06 1.9574E-067.1456E-07 3.2812E-07
6222.0184E-058.3316E-06 1.9559E-067.1169E-07 3.2625E-07
6232.0098E-058.2948E-06 1.9387E-067.0448E-07 3.2402E-07
6241.9987E-058.2284E-06 1.9158E-066.9557E-07 3.1813E-07
6251.9870E-058.1946E-06 1.9023E-066.8832E-07 3.1428E-07
6261.9751E-058.1331E-06 1.8813E-066.7894E-07 3.0962E-07
6271.9617E-058.0732E-06 1.8627E-066.7004E-07 3.0508E-07
6281.9526E-058.0189E-06 1.8454E-066.6299E-07 3.0256E-07
6291.9420E-057.9717E-06 1.8288E-066.5624E-07 2.9660E-07
6301.9351E-057.9424E-06 1.8175E-066.5029E-07 2.9481E-07
6311.9277E-057.8999E-06 1.8035E-066.4557E-07 2.9205E-07
6321.9159E-057.8433E-06 1.7856E-066.3819E-07 2.8740E-07
6331.9013E-057.7660E-06 1.7602E-066.2707E-07 2.8348E-07
6341.8865E-057.6899E-06 1.7341E-066.1592E-07 2.7690E-07
6351.8676E-057.5972E-06 1.7074E-066.0417E-07 2.7153E-07
6361.8480E-057.4912E-06 1.6714E-065.8997E-07 2.6517E-07
6371.8294E-057.4049E-06 1.6398E-065.7708E-07 2.5844E-07
6381.8124E-057.3119E-06 1.6132E-065.6507E-07 2.5209E-07
6391.7956E-057.2138E-06 1.5808E-065.5518E-07 2.4716E-07
6401.7843E-057.1392E-06 1.5590E-065.4462E-07 2.4334E-07
6411.7704E-057.0497E-06 1.5370E-065.3491E-07 2.3909E-07
6421.7584E-056.9805E-06 1.5154E-065.2812E-07 2.3552E-07
6431.7483E-056.9126E-06 1.4975E-065.2176E-07 2.3329E-07
6441.7413E-056.8616E-06 1.4866E-065.1899E-07 2.3225E-07
6451.7386E-056.8287E-06 1.4800E-065.1836E-07 2.3250E-07
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6461.7402E-05 6.8061E-061.4824E-065.1961E-07 2.3347E-07
6471.7469E-05 6.8204E-061.4945E-065.2666E-07 2.3791E-07
6481.7517E-05 6.8234E-061.5041E-065.3234E-07 2.4109E-07
6491.7472E-05 6.7844E-061.4965E-065.3059E-07 2.4096E-07
6501.7299E-05 6.6968E-061.4731E-065.2338E-07 2.3708E-07
6511.6921E-05 6.5324E-061.4320E-065.0729E-07 2.2906E-07
6521.6491E-05 6.3449E-061.3881E-064.9153E-07 2.2070E-07
6531.6151E-05 6.2044E-061.3519E-064.7796E-07 2.1605E-07
6541.5877E-05 6.0877E-061.3278E-064.6897E-07 2.1115E-07
6551.5647E-05 5.9809E-061.3056E-064.6267E-07 2.0854E-07
6561.5453E-05 5.9038E-061.2900E-064.5747E-07 2.0483E-07
6571.5270E-05 5.8321E-061.2736E-064.5034E-07 2.0216E-07
6581.5104E-05 5.7678E-061.2595E-064.4502E-07 1.9939E-07
6591.4953E-05 5.7116E-061.2514E-064.4011E-07 1.9611E-07
6601.4817E-05 5.6531E-061.2346E-064.3372E-07 1.9351E-07
6611.4689E-05 5.5943E-061.2220E-064.2959E-07 1.9134E-07
6621.4574E-05 5.5377E-061.2084E-064.2482E-07 1.8831E-07
6631.4464E-05 5.4769E-061.1941E-064.1872E-07 1.8570E-07
6641.4361E-05 5.4372E-061.1841E-064.1556E-07 1.8388E-07
6651.4274E-05 5.4051E-061.1742E-064.1142E-07 1.8242E-07
6661.4176E-05 5.3568E-061.1633E-064.0685E-07 1.7981E-07
6671.4063E-05 5.2954E-061.1503E-064.0193E-07 1.7815E-07
6681.3919E-05 5.2292E-061.1321E-063.9462E-07 1.7442E-07
6691.3740E-05 5.1470E-061.1102E-063.8607E-07 1.7061E-07
6701.3550E-05 5.0634E-061.0852E-063.7715E-07 1.6622E-07
6711.3362E-05 4.9712E-061.0630E-063.6926E-07 1.6286E-07
6721.3183E-05 4.8844E-061.0447E-063.6208E-07 1.5999E-07
6731.3006E-05 4.7991E-061.0246E-063.5461E-07 1.5666E-07
6741.2812E-05 4.7116E-061.0058E-063.4828E-07 1.5423E-07
6751.2606E-05 4.6159E-069.8405E-073.3996E-07 1.5094E-07
6761.2369E-05 4.5130E-069.5614E-073.3024E-07 1.4597E-07
6771.2114E-05 4.4060E-069.2946E-073.2012E-07 1.4056E-07
6781.1840E-05 4.2831E-068.9791E-073.0821E-07 1.3588E-07
6791.1600E-05 4.1777E-068.6951E-072.9916E-07 1.3033E-07
6801.1407E-05 4.0923E-068.4838E-072.9019E-07 1.2642E-07
6811.1329E-05 4.0437E-068.3648E-072.8504E-07 1.2417E-07
6821.1522E-05 4.1022E-068.5554E-072.9260E-07 1.2657E-07
6831.1822E-05 4.1937E-068.8127E-073.0213E-07 1.3096E-07
6841.1655E-05 4.1100E-068.5696E-072.9279E-07 1.2614E-07
6851.1138E-05 3.8996E-068.0341E-072.7171E-07 1.1745E-07
6861.0680E-05 3.7065E-067.5869E-072.5643E-07 1.0875E-07
6871.0381E-05 3.5762E-067.3426E-072.4703E-07 1.0519E-07
6881.0164E-05 3.4695E-067.1217E-072.4024E-07 1.0151E-07
6899.9126E-06 3.3572E-066.8675E-072.3102E-07 9.8166E-08
6909.5392E-06 3.1941E-066.4473E-072.1519E-07 9.0438E-08
6919.0491E-06 2.9887E-065.9057E-071.9358E-07 8.1096E-08
6928.4981E-06 2.7646E-065.3441E-071.7322E-07 7.1764E-08
6937.9742E-06 2.5554E-064.8310E-071.5476E-07 6.4395E-08
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6947.5001E-062.3644E-06 4.3910E-071.3988E-07 5.8684E-08
6957.0357E-062.1836E-06 3.9914E-071.2640E-07 5.3390E-08
6966.6058E-062.0181E-06 3.6500E-071.1587E-07 4.7482E-08
6976.2283E-061.8722E-06 3.3711E-071.0632E-07 4.5151E-08
6985.8921E-061.7425E-06 3.1354E-079.9506E-08 4.2097E-08
6995.5714E-061.6244E-06 2.9098E-079.3015E-08 3.8871E-08
7005.2297E-061.5025E-06 2.6944E-078.5532E-08 3.5712E-08
7014.9043E-061.3890E-06 2.4987E-077.9695E-08 3.3625E-08
7024.5833E-061.2853E-06 2.2932E-077.4639E-08 3.1463E-08
7034.2838E-061.1893E-06 2.1379E-076.9115E-08 2.9407E-08
7044.0046E-061.1048E-06 1.9924E-076.4730E-08 2.7931E-08
7053.7592E-061.0340E-06 1.8840E-076.2572E-08 2.6505E-08
7063.5319E-069.6926E-07 1.7847E-075.9170E-08 2.6544E-08
7073.3381E-069.1644E-07 1.7274E-075.7672E-08 2.4933E-08
7083.1750E-068.7532E-07 1.6710E-075.6344E-08 2.4559E-08
7093.0316E-068.4336E-07 1.6612E-075.6876E-08 2.5415E-08
7102.9119E-068.1830E-07 1.6629E-075.6750E-08 2.4975E-08
7112.8002E-067.9486E-07 1.6556E-075.7886E-08 2.7111E-08
7122.6871E-067.7429E-07 1.6595E-075.8678E-08 2.7674E-08
7132.5449E-067.4278E-07 1.6255E-075.8367E-08 2.7701E-08
7142.3680E-067.0472E-07 1.5645E-075.7417E-08 2.6330E-08
7152.1866E-066.6145E-07 1.4762E-075.2835E-08 2.5196E-08
7162.0082E-066.1845E-07 1.3782E-074.9729E-08 2.4538E-08
7171.8495E-065.8104E-07 1.3204E-074.7684E-08 2.2281E-08
7181.7171E-065.5095E-07 1.2498E-074.5951E-08 2.3009E-08
7191.5964E-065.2324E-07 1.2031E-074.4769E-08 2.1377E-08
7201.4838E-064.9740E-07 1.1629E-074.2793E-08 2.0356E-08
7211.3855E-064.7485E-07 1.1222E-074.1620E-08 2.0022E-08
7221.3052E-064.5777E-07 1.0999E-074.1145E-08 2.0151E-08
7231.2432E-064.4684E-07 1.0891E-074.0700E-08 1.9472E-08
7241.1958E-064.4029E-07 1.0790E-074.0890E-08 1.9952E-08
7251.1624E-064.3856E-07 1.0941E-074.0768E-08 2.0998E-08
7261.1428E-064.3925E-07 1.1113E-074.2185E-08 2.1044E-08
7271.1387E-064.4856E-07 1.1623E-074.5535E-08 2.1766E-08
7281.1486E-064.6320E-07 1.2189E-074.7314E-08 2.3575E-08
7291.1566E-064.7454E-07 1.2622E-075.0193E-08 2.5055E-08
7301.1544E-064.8212E-07 1.3009E-075.0728E-08 2.5065E-08
7311.1769E-065.0038E-07 1.3629E-075.2923E-08 2.6120E-08
7321.2285E-065.3216E-07 1.4538E-075.7737E-08 2.7558E-08
7331.2607E-065.5453E-07 1.5304E-075.9969E-08 2.9848E-08
7341.2406E-065.5094E-07 1.4984E-075.7548E-08 2.9029E-08
7351.1734E-065.2743E-07 1.4170E-075.3985E-08 2.6642E-08
7361.1087E-065.0090E-07 1.3317E-075.1922E-08 2.6025E-08
7371.0824E-064.9352E-07 1.3238E-075.0123E-08 2.3790E-08
7381.0832E-064.9639E-07 1.3278E-075.0331E-08 2.5562E-08
7391.1032E-065.0979E-07 1.3858E-075.3764E-08 2.5598E-08
7401.1332E-065.2656E-07 1.4396E-075.6149E-08 2.6662E-08
7411.1553E-065.4081E-07 1.4706E-075.6215E-08 2.8454E-08
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7421.1623E-06 5.4283E-071.4796E-075.6175E-08 2.7609E-08
7431.1557E-06 5.3895E-071.4407E-075.4670E-08 2.8116E-08
7441.1435E-06 5.3124E-071.3904E-075.3161E-08 2.5390E-08
7451.1306E-06 5.2340E-071.3538E-075.0490E-08 2.4670E-08
7461.1239E-06 5.1851E-071.3136E-074.9373E-08 2.3748E-08
7471.1256E-06 5.1358E-071.2941E-074.7564E-08 2.2677E-08
7481.1400E-06 5.1610E-071.3219E-074.6628E-08 2.2553E-08
7491.1674E-06 5.2546E-071.3050E-074.7744E-08 2.2292E-08
7501.1860E-06 5.2758E-071.3120E-074.7397E-08 2.2074E-08
7511.1850E-06 5.2339E-071.2851E-074.5682E-08 2.2930E-08
7521.1796E-06 5.1453E-071.2512E-074.5824E-08 2.1931E-08
7531.1809E-06 5.0859E-071.1993E-074.3184E-08 2.0218E-08
7541.1643E-06 4.9296E-071.1694E-074.2982E-08 1.9719E-08
7551.1386E-06 4.7404E-071.1050E-074.0115E-08 1.8190E-08
7561.1235E-06 4.5970E-071.0561E-073.7623E-08 1.8509E-08
7571.1153E-06 4.4848E-071.0194E-073.7157E-08 1.7679E-08
7581.1130E-06 4.4044E-071.0065E-073.5751E-08 1.5876E-08
7591.1187E-06 4.3545E-079.8133E-083.4388E-08 1.5746E-08
7601.1361E-06 4.3544E-079.7146E-083.4417E-08 1.7320E-08
7611.1521E-06 4.3357E-079.7221E-083.4615E-08 1.7832E-08
7621.1797E-06 4.3753E-079.6562E-083.5194E-08 1.5145E-08
7631.4047E-06 5.1245E-071.1422E-074.1132E-08 1.9174E-08
7641.9212E-06 6.9497E-071.5947E-075.6681E-08 2.7581E-08
7652.0229E-06 7.1991E-071.6377E-075.7683E-08 2.7659E-08
7661.5250E-06 5.3187E-071.1594E-074.0536E-08 1.9278E-08
7671.1434E-06 3.9057E-078.3371E-083.0807E-08 1.5219E-08
7689.5329E-07 3.2227E-077.0159E-082.5949E-08 1.2428E-08
7698.4417E-07 2.8256E-076.3692E-082.3133E-08 1.0463E-08
7707.7448E-07 2.5556E-075.7093E-082.1866E-08 9.7399E-09
7717.1933E-07 2.3754E-075.5500E-081.9631E-08 8.3205E-09
7726.7502E-07 2.2431E-075.1432E-081.9451E-08 8.8218E-09
7736.3648E-07 2.1013E-074.9647E-081.6962E-08 8.6421E-09
7745.9376E-07 1.9531E-074.7266E-081.7625E-08 9.0649E-09
7755.5136E-07 1.8204E-074.4378E-081.6544E-08 8.5764E-09
7765.1762E-07 1.7261E-074.3275E-081.5357E-08 1.1389E-08
7774.8897E-07 1.6355E-073.9828E-081.5159E-08 9.4811E-09
7784.6254E-07 1.5863E-074.0867E-081.5323E-08 8.6282E-09
7794.4193E-07 1.5250E-073.9898E-081.4947E-08 7.3758E-09
7804.2301E-07 1.5042E-073.9666E-081.4933E-08 9.0359E-09
7814.0952E-07 1.4671E-073.8789E-081.4794E-08 7.8775E-09
7823.9731E-07 1.4592E-073.8806E-081.5527E-08 8.5096E-09
7833.8538E-07 1.4286E-073.9713E-081.4380E-08 8.9204E-09
7843.7094E-07 1.4027E-073.9104E-081.6018E-08 8.9786E-09
7853.5708E-07 1.3835E-073.9957E-081.6084E-08 5.1894E-09
7863.4757E-07 1.3609E-074.0614E-081.4768E-08 8.0198E-09
7873.4609E-07 1.3965E-074.0711E-081.6155E-08 9.2891E-09
7883.6606E-07 1.5058E-074.4758E-081.8056E-08 1.0724E-08
7894.1250E-07 1.7334E-075.2420E-082.0605E-08 1.1346E-08
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7904.2797E-071.8116E-07 5.6454E-082.2034E-08 1.2599E-08
7913.9705E-071.7168E-07 5.0640E-082.0208E-08 1.2572E-08
7923.5927E-071.5647E-07 4.6202E-081.7612E-08 9.9191E-09
7933.3729E-071.5004E-07 4.5558E-081.5700E-08 7.6727E-09
7943.2592E-071.4754E-07 4.5482E-081.9073E-08 1.1359E-08
7953.2719E-071.5217E-07 4.5862E-081.8165E-08 1.1367E-08
7963.4425E-071.6046E-07 4.9964E-082.1181E-08 1.0200E-08
7973.6854E-071.7592E-07 5.4935E-082.3272E-08 1.3559E-08
7983.7966E-071.8050E-07 5.6391E-082.3649E-08 1.2802E-08
7993.7646E-071.8261E-07 5.7290E-082.3458E-08 1.2710E-08
8003.6826E-071.8008E-07 5.6020E-082.2876E-08 1.2396E-08
8013.6042E-071.7783E-07 5.5119E-082.1948E-08 1.3846E-08
8023.5338E-071.7468E-07 5.5739E-082.2983E-08 1.2554E-08
8033.4939E-071.7199E-07 5.6573E-082.3951E-08 1.2490E-08
8043.4869E-071.7656E-07 5.6624E-082.3719E-08 1.3646E-08
8053.5268E-071.7861E-07 5.8499E-082.5428E-08 1.5673E-08
8063.6223E-071.8437E-07 6.1608E-082.5585E-08 1.3853E-08
8073.7673E-071.9486E-07 6.4911E-082.8442E-08 1.6467E-08
8083.9225E-072.0422E-07 6.8969E-083.0300E-08 1.8597E-08
8094.0833E-072.1480E-07 7.2626E-083.1284E-08 1.5831E-08
8104.2186E-072.2221E-07 7.5412E-083.0088E-08 1.9012E-08
8114.3524E-072.3117E-07 7.7307E-083.1881E-08 1.8029E-08
8124.5042E-072.3808E-07 7.7432E-083.3408E-08 1.6623E-08
8134.6796E-072.5112E-07 8.0756E-083.4756E-08 1.7435E-08
8144.8998E-072.6385E-07 8.5257E-083.5888E-08 1.9645E-08
8155.1834E-072.7865E-07 8.8983E-083.5779E-08 1.6629E-08
8165.5836E-072.9952E-07 9.4949E-083.9210E-08 2.1896E-08
8176.2225E-073.3513E-07 1.0228E-074.2777E-08 2.0325E-08
8187.0853E-073.7873E-07 1.1324E-074.5268E-08 2.3917E-08
8198.4285E-074.4981E-07 1.3041E-075.0039E-08 2.4685E-08
8201.1037E-065.8648E-07 1.6966E-076.7829E-08 3.2470E-08
8211.6390E-068.6652E-07 2.5250E-079.6760E-08 4.4173E-08
8223.0350E-061.6178E-06 4.9807E-071.9752E-07 9.2391E-08
8235.4443E-062.9458E-06 9.5030E-073.8355E-07 1.7904E-07
8246.0161E-063.1998E-06 9.8544E-073.8981E-07 1.7524E-07
8254.4288E-062.2580E-06 6.2313E-072.3438E-07 9.9905E-08
8263.1828E-061.5692E-06 3.9705E-071.3995E-07 5.9681E-08
8273.3132E-061.6062E-06 4.1806E-071.4921E-07 6.6903E-08
8284.0454E-061.9437E-06 5.0875E-071.8418E-07 7.8804E-08
8293.3420E-061.5479E-06 3.7738E-071.3331E-07 5.9768E-08
8302.0096E-068.8475E-07 1.9529E-076.4677E-08 2.9993E-08
8311.3854E-065.8273E-07 1.2559E-074.4165E-08 1.8786E-08
8321.2250E-064.9800E-07 1.0506E-073.8068E-08 1.1495E-08
8331.4274E-065.6739E-07 1.2226E-074.0745E-08 1.5093E-08
8342.1775E-068.5018E-07 1.9492E-076.7984E-08 2.8612E-08
8352.5319E-069.6270E-07 2.1917E-077.8646E-08 3.3213E-08
8361.7964E-066.5190E-07 1.3780E-074.8664E-08 2.1334E-08
8371.1476E-063.9566E-07 8.1421E-082.6362E-08 1.0895E-08
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8388.3610E-07 2.7840E-075.8310E-081.9943E-08 1.1001E-08
8397.0677E-07 2.3024E-075.0041E-081.4560E-08 8.7809E-09
8408.3639E-07 2.6952E-076.1371E-082.2176E-08 9.7824E-09
8411.0874E-06 3.4318E-078.0109E-083.0188E-08 1.4726E-08
8428.6804E-07 2.7171E-076.1635E-082.3188E-08 1.1835E-08
8435.3577E-07 1.5975E-073.6544E-081.2942E-08 1.0013E-08
8443.9638E-07 1.1953E-072.9127E-089.4180E-09 5.5783E-09
8453.2664E-07 9.8048E-082.5386E-081.0468E-08 3.5062E-09
8462.8168E-07 8.5690E-082.4225E-089.5551E-09 2.0583E-09
8472.4953E-07 7.5977E-082.0671E-088.0314E-09 3.7095E-09
8482.2360E-07 6.4672E-082.1597E-087.0716E-09 4.5968E-09
8492.0256E-07 6.1886E-082.0345E-087.7366E-09 3.0751E-09
8501.8528E-07 5.8482E-081.8600E-087.0747E-09 1.9467E-09
8511.7217E-07 5.5704E-081.7513E-085.3906E-09 2.5850E-09
8521.5985E-07 5.2225E-081.6719E-086.0092E-09 4.3321E-09
8531.5012E-07 4.8852E-081.7837E-087.8125E-09 2.9584E-09
8541.4249E-07 3.8606E-081.4026E-086.1378E-09 1.7706E-09
8551.3493E-07 4.6717E-081.5023E-086.7335E-09 2.3371E-09
8561.2805E-07 4.1757E-081.6886E-085.9402E-09 3.9553E-09
8571.2323E-07 4.2608E-081.6110E-085.8129E-09 2.0313E-09
8581.2001E-07 4.4374E-081.6210E-085.8627E-09 4.2841E-09
8591.1621E-07 4.1710E-081.5750E-086.2363E-09 4.2492E-09
8601.1127E-07 4.0028E-081.7735E-087.3321E-09 1.9116E-09
8611.0560E-07 4.0988E-081.5254E-085.6041E-09 2.5948E-09
8621.0304E-07 3.8116E-081.5031E-086.6546E-09 3.4682E-09
8631.0073E-07 4.0047E-081.5007E-086.0132E-09 3.2148E-09
8641.0229E-07 4.0307E-081.6635E-086.8168E-09 3.2198E-09
8651.0519E-07 4.3479E-081.5592E-086.0442E-09 2.9347E-09
8661.0937E-07 4.4690E-081.5695E-084.2070E-09 2.2581E-09
8671.0785E-07 4.4120E-081.6721E-086.9604E-09 2.9080E-09
8681.0801E-07 4.4605E-082.0268E-086.9162E-09 3.1810E-09
8691.0952E-07 4.7124E-081.9452E-087.0565E-09 1.4291E-09
8701.1153E-07 4.7506E-081.9634E-086.7724E-09 2.9124E-09
8711.1425E-07 5.0263E-082.1180E-087.9553E-09 2.5656E-09
8721.2055E-07 5.2729E-082.1716E-088.4696E-09 4.7052E-09
8731.2078E-07 5.1040E-082.2920E-088.5678E-09 4.6493E-09
8741.2586E-07 5.5105E-082.2102E-088.5200E-09 2.8779E-09
8751.3110E-07 5.8686E-082.3601E-089.8502E-09 5.4268E-09
8761.3811E-07 6.2335E-082.5746E-089.3732E-09 6.3453E-09
8771.4876E-07 6.7751E-082.5637E-089.7975E-09 4.3243E-09
8781.6981E-07 7.5908E-083.0140E-081.1168E-08 5.9321E-09
8792.1656E-07 9.6270E-083.6339E-081.5509E-08 7.3903E-09
8803.3110E-07 1.5109E-075.3661E-082.3564E-08 1.3266E-08
8815.7035E-07 2.7239E-071.0262E-074.6829E-08 2.6985E-08
8827.6319E-07 3.7388E-071.4558E-076.8123E-08 3.6804E-08
8837.3475E-07 3.5655E-071.3675E-076.0835E-08 3.3061E-08
8845.6266E-07 2.6690E-071.0016E-074.3657E-08 2.3583E-08
8853.9832E-07 1.8725E-076.9463E-083.0352E-08 1.6425E-08
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8862.9292E-071.3864E-07 5.2110E-082.1017E-08 1.2492E-08
8872.3203E-071.1065E-07 4.2891E-081.8169E-08 9.7165E-09
8881.9680E-079.4669E-08 3.6050E-081.4768E-08 9.3468E-09
8891.7359E-078.5748E-08 3.3024E-081.3671E-08 8.4491E-09
8901.6137E-077.7863E-08 3.0639E-081.2820E-08 7.3786E-09
8911.6026E-077.9809E-08 3.1251E-081.3812E-08 7.7811E-09
8921.6692E-078.3303E-08 3.4402E-081.3503E-08 8.6516E-09
8931.9590E-079.8620E-08 4.0142E-081.5747E-08 9.6120E-09
8942.8738E-071.4811E-07 6.0399E-082.9508E-08 1.7857E-08
8954.2944E-072.2070E-07 8.9646E-084.4095E-08 2.4119E-08
8964.1505E-072.1415E-07 8.4023E-083.9273E-08 2.2815E-08
8972.8870E-071.5007E-07 5.7769E-082.7150E-08 1.3048E-08
8982.1617E-071.1191E-07 4.4479E-082.0597E-08 1.1821E-08
8991.8270E-079.6250E-08 3.9586E-081.8935E-08 1.0102E-08
9001.6157E-078.6285E-08 3.5555E-081.5184E-08 9.3909E-09
9011.4929E-077.9819E-08 3.3325E-081.4717E-08 9.4296E-09
9021.5359E-078.2767E-08 3.3943E-081.4597E-08 9.4260E-09
9032.1468E-071.1739E-07 4.7983E-082.1539E-08 1.1205E-08
9044.3109E-072.4270E-07 1.0321E-074.8243E-08 2.8411E-08
9055.3503E-072.9818E-07 1.2538E-076.1309E-08 3.3429E-08
9063.5933E-071.9703E-07 7.9836E-083.6939E-08 2.2058E-08
9072.1383E-071.1717E-07 4.7855E-082.1215E-08 1.2576E-08
9081.5520E-078.5476E-08 3.4482E-081.7300E-08 1.0906E-08
9091.3327E-077.3688E-08 3.1104E-081.4033E-08 9.1201E-09
9101.2692E-077.2908E-08 3.0726E-081.3184E-08 7.4829E-09
9111.3032E-077.5010E-08 3.2098E-081.3981E-08 9.2407E-09
9121.4573E-078.3490E-08 3.4413E-081.7281E-08 7.8551E-09
9131.7926E-071.0518E-07 4.3696E-082.0952E-08 1.1088E-08
9142.6283E-071.5611E-07 6.8013E-083.2814E-08 1.8276E-08
9154.6546E-072.8102E-07 1.2509E-076.1152E-08 3.6140E-08
9167.3494E-074.4986E-07 2.0392E-071.0387E-07 5.9351E-08
9177.4202E-074.5248E-07 2.0245E-071.0135E-07 5.8070E-08
9185.3865E-073.2534E-07 1.4172E-076.7687E-08 3.9439E-08
9193.8406E-072.3329E-07 1.0009E-074.8488E-08 2.8268E-08
9203.0492E-071.8691E-07 8.0075E-083.7929E-08 2.2151E-08
9212.6555E-071.6564E-07 7.1507E-083.3170E-08 1.9467E-08
9222.4104E-071.5059E-07 6.5676E-083.0046E-08 1.7368E-08
9232.1729E-071.3710E-07 5.8581E-082.7246E-08 1.7245E-08
9241.9762E-071.2513E-07 5.5025E-082.4594E-08 1.5920E-08
9251.8167E-071.1627E-07 5.2161E-082.2318E-08 1.4465E-08
9261.7033E-071.1127E-07 4.8658E-082.3006E-08 1.3099E-08
9271.6455E-071.0718E-07 4.6666E-082.0697E-08 1.2466E-08
9281.6401E-071.0666E-07 4.5936E-082.1118E-08 1.3028E-08
9291.7052E-071.1484E-07 4.8150E-082.2536E-08 1.2086E-08
9301.8537E-071.2206E-07 5.3707E-082.4445E-08 1.4634E-08
9312.0175E-071.3573E-07 6.0117E-082.7872E-08 1.5765E-08
9322.1219E-071.4364E-07 6.2441E-082.9342E-08 1.5792E-08
9332.2145E-071.4959E-07 6.4207E-082.9127E-08 1.5347E-08
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9342.3577E-07 1.6080E-076.7668E-083.0603E-08 1.7400E-08
9352.6387E-07 1.8014E-077.5129E-083.3802E-08 1.9635E-08
9363.2364E-07 2.2329E-079.6380E-084.5290E-08 2.4033E-08
9374.3298E-07 3.0133E-071.3213E-076.5484E-08 3.5951E-08
9385.5505E-07 3.9081E-071.7543E-078.4057E-08 4.6866E-08
9396.0334E-07 4.2460E-071.8555E-079.0217E-08 4.8590E-08
9405.9738E-07 4.1968E-071.7795E-078.4655E-08 4.5661E-08
9415.8329E-07 4.0831E-071.6932E-077.8820E-08 4.2798E-08
9425.6656E-07 3.9637E-071.5944E-077.3460E-08 3.9859E-08
9435.6092E-07 3.9172E-071.5600E-077.0782E-08 3.8378E-08
9445.8818E-07 4.1149E-071.6293E-077.4699E-08 3.9267E-08
9456.3823E-07 4.4746E-071.7757E-078.0653E-08 4.1520E-08
9466.7558E-07 4.7372E-071.8385E-078.3245E-08 4.3680E-08
9477.0135E-07 4.9104E-071.8650E-078.3124E-08 4.2106E-08
9487.3939E-07 5.1497E-071.9471E-078.4956E-08 4.3475E-08
9498.1115E-07 5.6448E-072.1320E-079.5124E-08 4.5995E-08
9509.1138E-07 6.3598E-072.4466E-071.0915E-07 5.4865E-08
9519.9063E-07 6.8924E-072.6828E-071.2064E-07 5.9593E-08
9529.7330E-07 6.7204E-072.5462E-071.1220E-07 5.3977E-08
9538.8957E-07 6.0659E-072.2093E-079.4134E-08 4.6272E-08
9547.9196E-07 5.3384E-071.8388E-077.6410E-08 3.6734E-08
9557.0544E-07 4.6691E-071.5496E-076.3299E-08 2.8755E-08
9566.3834E-07 4.1623E-071.3193E-075.1301E-08 2.4837E-08
9575.8897E-07 3.7788E-071.1524E-074.3108E-08 2.0824E-08
9585.5592E-07 3.5218E-071.0377E-073.8867E-08 1.9101E-08
9595.3625E-07 3.3322E-079.6026E-083.4250E-08 1.5709E-08
9605.2259E-07 3.2096E-079.0063E-083.2373E-08 1.5851E-08
9615.1859E-07 3.1357E-078.6511E-082.9952E-08 1.4672E-08
9625.2261E-07 3.1017E-078.3832E-083.0456E-08 1.4093E-08
9635.3454E-07 3.1267E-078.3276E-082.9689E-08 1.2848E-08
9645.5936E-07 3.2156E-078.3278E-082.8589E-08 1.3699E-08
9655.9883E-07 3.3811E-078.7800E-082.9575E-08 1.4005E-08
9666.5798E-07 3.6565E-079.3538E-083.2892E-08 1.4069E-08
9677.4640E-07 4.1086E-071.0597E-073.7510E-08 1.7810E-08
9688.6104E-07 4.6722E-071.2366E-074.3427E-08 2.1074E-08
9699.6608E-07 5.1627E-071.3670E-074.8484E-08 2.4423E-08
9701.0279E-06 5.3837E-071.4083E-075.0101E-08 2.2991E-08
9711.0715E-06 5.4958E-071.4160E-074.9541E-08 2.4101E-08
9721.1003E-06 5.5170E-071.4043E-074.9461E-08 2.3857E-08
9731.0946E-06 5.3501E-071.3218E-074.6843E-08 2.2610E-08
9741.0833E-06 5.1371E-071.2176E-074.3123E-08 2.0030E-08
9751.1095E-06 5.1321E-071.1707E-074.1763E-08 2.0210E-08
9761.2287E-06 5.5119E-071.2385E-074.2071E-08 2.0403E-08
9771.5588E-06 6.8517E-071.5235E-075.3665E-08 2.5496E-08
9782.3519E-06 1.0306E-062.4185E-078.8119E-08 4.3496E-08
9793.7935E-06 1.6909E-064.4851E-071.7271E-07 8.4299E-08
9804.4389E-06 1.9614E-065.4239E-072.1369E-07 1.0662E-07
9813.2832E-06 1.3859E-063.6073E-071.3827E-07 6.8685E-08
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9821.9503E-067.8853E-07 1.8839E-077.0607E-08 3.5371E-08
9831.2454E-064.8953E-07 1.1390E-074.1020E-08 2.1933E-08
9849.4401E-073.6547E-07 8.5259E-083.0188E-08 1.6633E-08
9858.0676E-073.0870E-07 7.2721E-082.8153E-08 1.4251E-08
9867.6417E-072.8773E-07 6.9175E-082.5237E-08 1.3241E-08
9878.1754E-073.0657E-07 7.4053E-082.8654E-08 1.6097E-08
9889.8124E-073.6672E-07 9.0424E-083.5446E-08 1.9769E-08
9891.1923E-064.4265E-07 1.1173E-074.3761E-08 2.3476E-08
9901.6234E-066.1037E-07 1.6231E-076.5766E-08 3.5406E-08
9912.7048E-061.0421E-06 3.0464E-071.2980E-07 6.7539E-08
9923.8678E-061.5002E-06 4.6228E-071.9881E-07 1.0525E-07
9933.6996E-061.4083E-06 4.2464E-071.8209E-07 9.3670E-08
9942.5984E-069.6666E-07 2.7265E-071.1422E-07 5.9449E-08
9951.7401E-066.4481E-07 1.7754E-077.3116E-08 3.8590E-08
9961.2382E-064.6288E-07 1.2680E-075.2706E-08 2.9317E-08
9979.5692E-073.6162E-07 1.0104E-074.2214E-08 2.4010E-08
9987.8665E-073.0192E-07 8.5674E-083.5387E-08 2.1823E-08
9996.8177E-072.6702E-07 7.6985E-083.3336E-08 2.0379E-08
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