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1. Introduction

In 1952 the Comité Consultatif de Photométrie (G Ehat time) has carried out the first and up
to now sole comparison of spectral regular trartamie on coloured glass filters with the Bureau
International des Poids et Mesures acting as [almtratory. Since that time the organisation of
the worldwide metrology has changed with the immatation of the Mutual Recognition
Arrangement (MRA) signed in October 1999 by thirty-eight Member &abf the Metre
Convention and representatives of two internati@nganisations. Now the list of signatories of
the Mutual Recognition Arrangement has 45 MembéageS, 20 Associates of the CGPM and 2
international organisations. A particular aspecthe MRA is the organisation of international
comparisons of measurements, to be known as kepaasons. They are introduced, organised
and processed according to guidelines which erteerequivalence of values assigned to transfer
standards by different National Metrological Inst#s (NMIs).

At the 14th CCPR-meeting in June 1997, it was detitb carry out a Key Comparison of
spectral regular transmittance. For the preparatibithis comparison a working group with
Helsinki University of Technology (HUT, at the pess time MIKES), Measurement Standards
Laboratory of New Zealand (MSL), National Institubé Standards and Technology (NIST),
National Physical Laboratory (NPL), Physikalischefigische Bundesanstalt (PTB) and Bureau
National de Métrologie (BNM-INM, at present time ENNM) was formed, with the LNE-INM
acting as the central and reporting laboratorytlier measurements to be done and co-operating
closely with the BIPM.

2. Participants :

The formal invitation to participate in this comgan with a short note giving the main features
of the comparison was sent out to all the CCPR neesnand observers on 30 November 1998.
Nineteen reply have been received. They are sunumpéa the following Table 1.

According to the paragraph 5 of the MRA guideliies comparisons, the CCPR, at its"1.6
meeting, agreed that all the participants accepéfdre the comparison begins contribute to the
data reduction whether members or observers dC@ieR.

! Mutual recognition of national measurement statislaand of calibration and measurement
certificates issued by national metrology instisute
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Table 1- List of the participating laboratories to the GER6 comparison.

Acronym Laboratory Name Country
BNM-INM Bureau National de Métrologie - Institut Nationa étrologie Erance
- LNE-IMN Laboratoire National de métrologie et d’Essais
CSIR National Metrology Laboratory South Africa
CSIRO Commonwealth Scientific and Industrial Researchadrgation Australia
- NMIA National Metrology Institute of Australia
HUT Helsinki University Of Technology Einland
- MIKES Centre for Metrology and Accreditation
IEN Instituto Elettrotecnico Nazionale Galileo Ferraris Ital
- INRIM Instituto Nazionale di Ricerca Metrologica y
IFA Instituto de Fisica Aplicada Spain
KRISS Korea Research Institute of Standards aneh8ei Relgg:)ellg of
New
MSL Measurement Standards Laboratory
Zealand
NIST National Institute of Standard and Technology USA
. o The
NMi Nederlands Meetinstituut Netherlands
NPL National Physical Laboratory UK
NRC National Research Council of Canada Canadla
NRLM National Research Laboratory of Metrology Japan
- NMIJ/AIST National Metrology Institut of Japan b
OMH Orszagos Mérésugyi Hivatal Hungary
PSB Singapore Productivity and Standards Board Singapore
- NMC-A*STAR National Metrology Centre, Agency for Science, fieldy and Research 9ap
PTB Physikalisch-Technische Bundesanstalt Germgny
SMU Slovensky Metrologicky Ustav Slovakig
UME Ulusal Metroloji Enstittist Turkey
VNIIOFI All Russian Research Institute for Optopitgd Measurements Russia

For laboratories having changed their name, themawe will be used in this report.
In some laboratories the contact person in char¢fgeccomparison has also changed between the
beginning and the end of the comparison. In sorherotases it is the address of the contact

2 When the laboratory name or the acronym has chiadgeng the time of the key comparison, the firg, written
in italic, is the name of the lab at the beginning of themarison, the actual name is written under, in laagu



person which has changed. Also the information rgiga that topic in the technical protocol

(Annex A) has to be updated according to the infdrom contained in the table below.

Table 2 — List updated in September 2008 of thetambnpersons for the participating

laboratories to the CCPR-K6 comparison.

LNE-INM Dr Gaél Obein Phone : +33 1 58 80 87 88

/ICNAM LNE-INM/CNAM Fax : +33 1 58 80 89 00
61, rue du Landy E-mail : gael.obein@cnam.fr
93210 La Plaine Saint-Denis
France

NMIA Dr Frank Wilkinson Phone : + 612 9413 7323
NMIA- National Measurement Laboratorfax : + 612 9413 7202
PO Box 218 E-mail :
Lindfield NSW 2070 frank.wilkinson@measureme
Australia .gov.au

MIKES Dr Farshid Manoocheri Phone : + 358 9 451 2337
MIKES - Metrology Research Institute |Fax :+ 358 9 451 2222
Otakaari 5 A E-mail :
PO Box 3000 farshid.manoocheri@tkk.fi
FI-02015 TKK
Finland

IFA Dr Alicia Pons Phone : + 34 91 561 8806
CSIC - Instituto de Fisica Aplicada Fax:+ 34 91411 7651
C/Serrano 144 E-mail :
28006 Madrid apons@ifa.cetef.csic.es
Spain

KRISS Dr Dong-Hoon Lee Phone : + 82 42 868 5706
KRISS Fax : + 82 42 868 5022
Division of Physical Metrology E-mail : dh.lee@kriss.re.kr
1 Doryong-Dong, Yuseong-Gu
Daejeon 305-340
Republic of Korea

MSL Dr John Clare Phone : + 64 4 569 0000
MSL — Industrial Research Fax : + 64 4 569 0003
PO Box 31 310 E-mail : j.clare@irl.cri.nz
Lower Hutt
New Zealand

NIST Mr David W. Allen Phone : +1 301 975 3680

NIST — Optical Technology Division
Mail Stop 8441

Gaithersburg, MD 20899-8441
USA

Fax : +1 301 840 8551
E-mail :david.allen@nist.gov




NMi Dr Eric van der Ham Phone : + 31 15 2961 738
NMi Van Swinden Laboratorium Fax : + 3115 2612 971
Temperature and radiation E-mail : evdham@nmi.nl
PO Box 654
2600 AR Delft
The Netherlands

NPL Dr Christopher Chunnilall Phone : + 44 20 8943 6872
NPL Fax : + 44 20 8943 6935
Hampton Road E-mail :
Teddington Middlesex TW11 OLW chris.chunnilall@npl.co.uk
United Kingdom

NRC Dr Joanne Zwinkels Phone : + 1 613 993 9363
NRCC - Institute for National Fax :+ 1613952 1394
Measurement Standards E-mail : Joanne.zwinkels@nr
1200 Montreal Road, Bldg. M-36 cnrc.gc.ca
Ottawa, Ontario
Canada K1A OR6

NMIJ/AIST Dr Akihiro Mito Phone : + 81 298 61 4223
NMIJ Fax :+ 81298 61 4313
1-1-1 Umezono E-mail :
Tsukuba, Ibaraki 305-8563 mito-akihiro@aist.go.jp
Japan

NMC- Dr Xu Gan Phone: +65 6279 1937

A*STAR National Metrology Centre (NMC) Fax: +65 6279 1995
1 Science Park Drive Email:
Singapore 118221 XU_gan@nmc.a-star.edu.sg
Simgapore

PTB Dr Alfred Schirmacher Phone : + 49 531 592 4510
PTB — AG 4.51 Speltrometrie und Fax : + 49 531 592 4272 or
mikrooptische Messtechnik 9292
Bundesallee 100 E-mail :
D — 38116 Braunschweig alfred.schirmacher@ptb.de
Germany

SMU Dr Marta Obenrauchova Phone : + 421 2 602 94 228
SMU — Chemistry centre Fax:+ 421 2 602 94 561
Karloveska 63 E-mail :
842 55 Bratislava obenrauchova@smu.gov.sk
Slovakia

VNIOFI Dr Svetlana Morozova Phone : +7 95437 33 11

VNIIOFI — GOSSTANDART
Radiometric and photometric laboratory
Ozernaya 46
119361 Moscow
Russia

Fax : + 7 95 437 37 00
E-mail : morozova-
m4@vniiofi.ru




3. Principle of the comparison

After discussion among the members of the workingug it was decided to organise the
comparison in the following way :

O The aim of this first key comparison in this fieldas restricted to check only the
accuracy of the radiometric scale of the referempectrophotometers of National
Metrological Institutes.

0 The comparison will be a star type comparison \thih samples provided by the pilot
laboratory and sent out to all the participanthatsame time.

O The filters will be coloured glass filters plate® %50 mni.
0 The nominal transmittance will be approximately 98%%, 10%, 1% and 0.1%.

0 The wavelengths of measurement should be 380, 300, 600, 700, 800, 900 and
1000 nm.

O The recommended geometry will be a parallel beath wicircular shape of 20 mm
diameter or a square shape of 20 mm side.

O The angle of incidence should be normal or neamabr

[0 The recommended bandwidth will be 1 nm.

3.1. Preliminary works

In 1998 and 1999, in order to buy the suitablefdtfor the comparison, the pilot laboratory has
carried out some preliminary work in connectionhatihe French subsidiary of Schott. Two sets
of six glass filters each have been specially maectufed to check the quality of the realisation of
the filters and the homogeneity of the transmittaride filters of the first set were made of BK 7
glass, 5 mm thick, with a nominal transmittance92% and the filters of the second one were
made of NG 5 glass, 5 mm thick, with a nominal $raiitance of 10%. All these filters were
measured at 700 nm in 5 small areas of 2 x Z mne at the centre and the 4 others on the
summits of a square of 1 cm side centred on therfilThe homogeneity was checked by
comparing transmittance of the central area todh#te other areas. For the BK 7 type filters the
variation was usually of the same order of magmittichn the uncertainty of measurement (few
parts in 16). For the NG 5 type filters the variation was ubuia the range of 1 to 2 parts in .0
much larger than the uncertainty but never the ksseptable according to the spot size
recommended for the comparison. Some extra measuatsrhave been also carried out on one or
two filters to check the homogeneity at other wamegths, or over a much larger area than the
central part of the filters (x 15 mm). The cleanmgthod was also checked. The results of all
these tests being satisfactory, order for theddiiers necessary for the comparison was placed.

3.2. Description of the standards

The filter set to check the photometric scale isstibuted by 5 neutral coloured glass filter plates
50 mm x 50 mm with nominal transmittance, at thevelength of 546 nm, of approximately
92%, 56%, 10%, 1% and 0.1%. Each filter is ideatifby a reference engraved in a corner
outside the area used for measurement. This refedesms two parts. One is a letter indicating the
type of glass (see table below) the other is thalseumber of the filter. The main characteristics
of the filters are summarised in the following TeaBt



Table 3 — Filter characteristics.

Nominal transmittance Type of glass Nominal thickness Reference
@ 546 nm in % mm
92 BK 7 4.0 A
56 NG 11 1.5 B
10 NG 5 3.9 C
1 NG 4 3.9 D
0.1 NG 3 3.1 E

The manufacturing tolerances are for :
Size : 50 x50 (+0/-0.3) mm
Flatness : better than 5 pm over a central dianoét8® mm
Parallelism : better than 0.02 mm except for therfof transmittance 92% (<0.1 mm)

The delivery of 30 sets of filters arrived at thedeof July 1999 and measurements
started in September of the same year on 20 setisd@CCPR comparison.

3.3. Measurements before dispatching

At the pilot laboratory, measurements before didpag the filters have been carried out on the
reference spectrophotometer of the laboratory. ddraplete description of the experiment is
detailed in the following paragraph.

3.4. LNE-INM experimental set-up

Facility

The LNE-INM reference spectrometer for transmissi@asurements is composed primarily of a
source, a monochromator, an optical mount and ecttet(Figure 1). The QTH lamp is used on
the full spectral range from 380 to 1000 nm. Thagm of the filament is formed at the entrance
slit of the monochromator with two lensé&9.(Between the lenses, where the beam is collimated
non-fluorescent filtersK) are used to suppress higher orders. These fdtersolored filters from
the SFK filter collection, from Schott. They arendapass filters with a half width at half the
maximum ranging between 25 nm to 60 Aro.reduce the “in band” straylight, the apertuié (

is adjusted to avoid having light outside the gi@gtiThe “out band” stray was checked using long
pass, sharp cut-off, coloured glass filters atatsgiwavelengths.

The wavelength is controlled by a high resoluti@bid Yvon single grating monochromator
(THR). The focal distance of the spherical mirrofgshe Czerny-Turner mount is 1500 mm and
the numerical aperture is F/12. For the spectragjga380 nm to 700 nm, the grating is an
holographic grating with 2000 groves per mm givingand pass of 0.5 nm at the exit slit of the
monochromator. For the spectral range 700 nm t® 100, the grating is an engraved grating
with 1200 groves per mm giving a band pass of @8 The resolution obtained with the stepper
motor is 0.002 nm with the holographic grating &etter than 0.0035 nm between 800 and 1400
nm.

Two spherical mirrorsN) are used to relay the light to the detector awdidachromatics
aberrations and back reflections. Between the msifrthe light beam is collimated and goes
through the filter to be measured. The beam spatherfilters was 20 mm diameter circle as
recommended in the protocol. The filter holder isumted on a translation stage, to allow the
measurement of the reference beam (100%) and dlo& (0%).



The detector part is composed of an integratingespl{SI) and a detector. The detector is
associated with the grating. For the holographatigg, on the visible range, a photomultiplier

S20 is used. For the ruled grating, on the IR raagglicon photodiode is used.

All the optical mounts at the exit slit of the mahoomator is housed in a temperature controlled
black box. For the “before” measurements, the aestamperature in the box was 22 + 1 °C; for
the “after” measurements the average temperatutreeibox was 22.5 + 0.6 °C.

Ba;rlld-pass Czerny — Turner Filter 0%
liters Monochromatc holder Tested
Aperture filtor
Entrance | Exit *
AT b
T~ 7 7 X
= —
Lamp Hg' v - Al m V';
r

100%

N
Lam % CJ] AN
Integrated/v Detector
HeNe sphere
Laser

Figure 1 — Schematic drawing of the reference spewiter.

Filter sets “D” and “E” have been measured usirsge@ down method with an NG 5 filter in the
reference beam. The transmittance of this filtes approximately 10%.

For each filter and each wavelength, a set of tsteeessive measurements was taken and the
mean value and the standard deviation were caémlil# second set of measurements identical
to the first one was taken another day. If onehaf $tandard deviations was larger than the
expected value or the discrepancy between both uresagnts was too large, a third and
eventually a fourth set of measurements was takiea.final result is the mean value of at least
two sets of measurements.



Typical uncertainties
The uncertainties are absolute uncertainties

Table 4 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 6,16E-05 4,11E-04 1,52E-04 1,04E-05 6,54E-07
400 6,15E-05 6,61E-05 2,96E-05 4,13E-06 1,60E-06
500 6,15E-05 6,60E-05 2,92E-05 6,28E-06 1,67E-06
600 6,15E-05 6,68E-05 4,23E-05 9,88E-06 2,41E-06
700 6,15E-05 7,02E-05 3,48E-05 1,73E-05 4,01E-06
800 6,84E-05 1,22E-04 1,15E-04 2,21E-05 9,52E-06
900 6,83E-05 1,21E-04 8,09E-05 2,28E-05 8,33E-06
1000 6,83E-05 8,72E-05 6,24E-05 1,71E-05 7,05E-06

Table 5 : Type B uncertainties

A(hm) | Filter “A”  Filter“B”  Filter“C”  Filter D"  Filter “E”
380 6,20E-05  4,12E-04  152E-04  1,110E-05  1,00E-06
400 6,20E-05  6,70E-05  3,00E-05  500E-06  2,00E-06
500 6,20E-05  670E-05  3,00E-05  7,00E-06  2,00E-06
600 6,20E-05  670E-05  4,30E-05  1,00E-05  3,00E-06
700 6,20E-05  7,10E-05  3,50E-05  1,80E-05  5,00E-06
800 6,90E-05  1,23E-04  115E-04  2,30E-05  1,00E-05
900 6,90E-05  1,22E-04  810E-05  2,30E-05  9,00E-06
1000 6,90E-05  880E-05  630E-05  1,80E-05  800E-06

3.5. Circulation of the filters

Before the circulation of the filters, an up-to@dechnical protocol was written to take into
account the new rules of key comparisons proceddmesex A, p69). The basic organisation of
the comparison and the measurements to be cautedsagreed by the working group, were not
modified. The selection of filter sets to each la&bory was done at random and is summarized in
Table 6.



Table 6 — Identification of the set of filters sémthe laboratories.

Laboratory acronym Filter set identification
CSIR Set 01
NMIA Set 17

MIKES Set 16
INRIM Set 02
IFA Set 05
KRISS Set 07
MSL Set 19
NIST Set 06
NMi Set 08
NPL Set 04
NRC Set 18
NMIJ/AIST Set 09
OMH Set 12
NMC-A*STAR Set 10
PTB Set 03
SMU Set 11
UME Set 13
VNIIOFI Set 14

The filters were sent to the participating labori@® in May 2000 but due to some difficulties
with customs, several sets of filters arrived salvereeks later and even, in one case, several
months later. Fifteen laboratories completed thasueements and sent back the filters before the
end of the year 2000.

For various reasons, during the comparison, sorberddories encountered difficulties and
withdrew their participation to the comparison. $&éaboratories are :

* CSIR, National Metrology Laboratory (South Africa)The filters were sent back
without results.

* INRIM, Instituto Nazionale di Ricerca Metrologic#aly) - For practical reasons,
the laboratory was unable to carry out the measemnésrin time. As INRIM is also a
member of EUROMET, it has asked to move from thePRG:omparison to the
EUROMET comparison.

« OMH, Orszagos Méréstigyi Hivatal (Hungary) - Juserakending its results this
laboratory discovered a problem in its measurememd cancelled out its
participation in the CCPR key comparison. As ialso a member of EUROMET, it
has asked to take part in the EUROMET comparisdin &vnew set of filters.

* UME, Ulusal Metroloji Enstitiist (Turkey) - This latatory has sent back the filters
with its results only in April 2001. It was not asle to include them in the return
measurements. As UME is a member of EUROMET, #slte has been transferred
to the EUROMET comparison.

The final number of laboratories having taken pathe comparison is 15.
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3.6. Measurements after return of the filters

The measurements after return of the filters hdaeexl with the available filters in January
2001. But due to some difficulties in the staftloé pilot laboratory, they were completed only in
December 2001. In order to check the stabilityhef filters, they were carried out exactly in the
same way as the measurements before dispatchingitimait any cleaning.

3.7. Stability of the filters
The stability of the filters during the compariseras checked by calculating the absolute
deviation of the transmittance of the filter aceogpto the equation :

Deviation = transmittance after — transmittancieise (2)

The uncertainties taken into account for this stady only the uncertainties determined by type
A methods of the measurements carried out by LNE-:IBecause measurements have been
done in exactly the same conditions in both casest of the uncertainties determined by type B
methods cancelled out or have a negligible effa@tte results for the filters used in the

comparison are given in Figure 2 to Figure 6. Nuca¢wvalues are reported in Annex B.1 and
Annex B.2, respectively, on p84 and 85.

Filter A
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Figure 2 — Stability of type A filters during theraparison
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Variation "After" - "Before"

Variation "After" - "Before"

Filter B
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Figure 3 — Stability of type B filters during theraparison
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Figure 4 — Stability of type C filters during theraparison
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Variation "After" - "Before"

Filter D
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Figure 5 — Stability of type D filters during theraparison
Filter E

3E-5

950

2E-5 ¢

1E-5 -

0E+0 +

-1E-5 4

-2E-5 4

-3E-5 T T T T T

350 450 550 650 750 850
Wavelength (nm)

Figure 6 Stability of type E filters during theraparison
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As it can be seen from the preceding graphs, di#ligy of the filters was rather poor. Moreover,

for the coloured glass filters (filters B to E),ethdrift was wavelength dependent. As a
consequence, for many results, the uncertaintytaltiee drift of the filters during the comparison
is the major cause of uncertainty, much larger tlia® measurement uncertainty of the
measurements reported by the laboratories. A fisgrdj which exhibited a very small drift, give

results with an uncertainty much smaller than theeutainty value for the majority of the filters

leading to difficulties in the data processing.

3.8. LNE - INM transmittance value
The transmittance value adopted by the LNE-INM fthe filter was the mean value of
measurements before and after the circulationefilters.

4. Facilities, measurement methods and conditionand uncertainties from the
participating laboratories

Each participating laboratory has returned itsgmaission measurements with a brief description
of the experimental set up and a detailed unceiairbudget. These documents have been
compiled together in two files, a “tables of fads” and a “table of uncertainties”. The files
have been sent to all the participants for vetiftcaand validation. In the following, a résumé of
these information is reported.
For each participating lab, we report:

The make and type of the spectrophotometer:

The description of the measuring technique.

The description of calibration laboratory condison

If applicable, comments on filters.

The Type A and Type B uncertainties for each fited each wavelength.
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4.1. IFA
Assigned set: #5

Make and Type of the spectrophotometer:

The measurements have been done in a purposepedtrophotometer. This spectrophotometer
features a single beam, single monochromator witmt8rchangeable diffraction gratings.
Although this is a single grating monochromatorawtlight is lower than 100 p.p.m. of the
detector signal. A 1200 g/mm grating has been @ethe calibration in the UV/Visible spectral
range (380, 400, 500, 600, 700 and 800 nm wavdiehgivhile a 600 g/mm grating has been
used for the calibration in the near IR spectramval (900 and 1000 nm). Long wave pass filters
have been used in both intervals to eliminate se#cvder wavelength radiation. Filter change is
automatic during monochromator slewing as wellrasiigg changes.

A tungsten lamp has been used for the whole speeatmge. Similarly only one silicon detector
has been used in order to cover the wavelengtherang

Description of the measuring technique

Samples were illuminated by a parallel beam impiggnormally. The spot size was 23 mm
diameter. Measurements have been done at a nobandividth of 3.4 nm in the UV/VIS range
for the filters identified as A05, BO5 and CO5; amdm for the filters DO5 and EO5. In the near
IR (900 and 1000 nm wavelengths), the measurenhants been done at a nominal bandwidth of
3 nm for all the filters.

The spectral transmittance of the filters has ltermined by comparing the detector response
with and without filter in the beam. The calibratiprocedure consists in recording the detector
response to the calibration beam without filter,eaery wavelength; and then to record the
detector response, for the same wavelengths, wremiroduce the filter in the beam. The
spectral transmittance is determined then, asdtie of the detector responses. A detector is used
to monitor the power temporal drift of the caliboat beam.

Each filter has been measured in four differenitwrss. Every position was obtained by rotating
the filter by 90° about the optical axis. This gdare has been repeated three times, resulting a
number of 12 independent measurements for eaeh filt

Description of calibration laboratory conditions

Filter temperature is supposed to be that of tHére#éion enclosure. This temperature was
always between 23°C and 25°C.

Comments on filters
No cleaning of the filters has been done
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Uncertainties

The uncertainties are absolute uncertainties

Table 7 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 5,40E-04 2,70E-04 1,10E-04 1,30E-05 1,60E-05
400 6,20E-05 3,10E-04 9,10E-05 1,40E-05 1,20E-05
500 4,00E-05 2,20E-04 5,50E-05 6,90E-06 5,40E-06
600 9,50E-05 2,70E-04 1,10E-05 4,60E-06 2,80E-06
700 7,20E-05 2,20E-04 1,80E-05 3,70E-06 3,60E-06
800 2,40E-05 1,70E-04 1,90E-05 9,00E-06 9,90E-06
900 6,70E-05 1,20E-04 1,60E-05 1,50E-06 1,20E-06
1000 4,10E-05 2,40E-04 2,20E-05 1,50E-06 1,90E-06
Table 8 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 2,34E-03 7,53E-04 8,66E-05 1,52E-05 4,74E-05
400 2,80E-03 1,57E-03 2,11E-04 2,65E-05 3,82E-05
500 4,98E-04 3,34E-04 2,14E-05 6,67E-06 8,42E-06
600 6,94E-04 4,21E-04 6,20E-05 7,38E-06 5,31E-06
700 2,30E-03 1,38E-03 3,19E-04 4,99E-05 9,33E-06
800 6,00E-04 3,62E-04 9,61E-05 2,33E-05 1,41E-06
900 2,10E-03 9,93E-04 1,99E-04 2,40E-05 9,93E-06
1000 2,00E-03 1,28E-03 8,11E-05 2,09E-05 1,18E-05
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4.2. KRISS
Assigned set: #7
Make and Type of the spectrophotometer:

The spectrophotometer is a self-built spectrophetem The main characteristics of the
equipment are listed below:

Beam geometry and size : Circular parallel bearh 2@t mm diameter
Type of the spectrophotometer : Single beam spealcttometer
Monochromator : Double grating monochromator

Light source : Tungsten lamp, Xe arc lamp(380 ~ A®)
Detector : Silicon photodiode

The bandwidth was 2nm for all the measurements.

The following figure describes the principle of thguipment.

Xe Lamp () Tungsten
Lamp

Shutter Si Photodiode

Double Ej

Monochromator

Circular
Aperture
— e L[]

U
Beam . .
. Sample Off- Axis Parabolic
Splitter Mirror

Si Photodiode

(

Figure 7 - The experimental arrangement for thetsgktransmittance measurement.

Description of calibration laboratory conditions

Temperature :23+1°C
Humidity :50+10

Comments on filters
During measurement edges of the DO7 filter was émaknd AQ7 filter was partly contaminated.
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Uncertainties

The uncertainties are absolute uncertainties.

Table 9 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,30E-04 1,80E-04 5,00E-05 2,00E-06 1,00E-07
400 1,20E-04 5,00E-05 1,50E-05 1,00E-06 8,00E-07
500 9,00E-05 6,00E-05 2,20E-05 2,00E-06 1,00E-06
600 8,00E-05 1,00E-04 1,80E-05 5,00E-06 1,40E-06
700 1,10E-04 1,00E-04 3,10E-05 1,00E-05 3,40E-06
800 1,20E-04 8,00E-05 3,00E-05 1,10E-05 3,50E-06
900 1,20E-04 9,00E-05 2,00E-05 1,20E-05 3,70E-06
1000 1,00E-04 6,00E-05 2,10E-05 1,00E-05 4,00E-06
Table 10 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 2,25E-04 4,88E-04 9,12E-05 2,24E-06 1,73E-07
400 1,84E-04 1,31E-04 4,56E-05 6,93E-06 7,55E-07
500 1,32E-04 9,22E-05 9,59E-06 3,46E-06 6,63E-07
600 7,55E-05 4,58E-05 1,88E-05 4,90E-06 7,75E-07
700 1,02E-04 6,63E-05 6,28E-05 1,62E-05 5,06E-06
800 9,00E-05 7,55E-05 3,08E-05 1,02E-05 6,75E-06
900 1,06E-04 6,32E-05 2,10E-05 1,06E-05 4,34E-06
1000 1,25E-04 5,29E-05 negligible 8,31E-06 3,63E-06
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4.3. MIKES
Assigned set: #16

Make and Type of the spectrophotometer:

The spectrometer (Figure 8) is an automated sibgdan instrument with collimated normal-
incidence beam geometry. The light source is afiflmhent 150-W quartz-tungsten-halogen
lamp for the measurements at visible and NIR wangtles and a 150-W xenon-arc light source
for the UV and short-wavelength visible measurement

The monochromator is a diffraction grating appasatith three interchangeable gratings for the
UV, visible, and NIR wavelength ranges. It is atFasymmetrical circuit using spherical mirror
objectives of 600-mm focal length. The gratingstfee UV, visible, and NIR ranges are replicas
with 1200, 1200, and 600 lines/mm, respectivelyd aith dimensions of 100 mm 100 mm.
The working ranges are from 200 nm to 500 nm, 381000 nm, and 700 nm to 2000 nm for
the UV, visible, and NIR replicas, respectively.

The narrow bandwidth light beam emerging from trenathromator is collimated and directed
towards the detector unit by a 90-degree off-agisapolic mirror. The beam size is 20 mn22
mm at the vicinity of the parabolic mirror andfitsal shape is defined by an iris diaphragm.

The detector unit includes a 110-mm-diameter avegagphere with an input-port diameter of 20
mm. An interchangeable detector is mounted to thput port of the averaging sphere. A silicon
photodiode is used for measurements at visible lagéhs and an InGaAs photodiode is used
for measurements at NIR wavelengths. The activa afehe photodiodes is 100 rArand each
detector includes a low-noise transimpedance ammplifFor short visible wavelengths, the
averaging sphere detector was replaced with a langa silicon trap detector and a
transimpedance amplifier.

Source and input
optics enclosure

Light source
© cylindrical
Mirror Interface |, |
‘ ________________________ \ cards
| \ Computer
Spherical (—
MIror  OSE mim Monochromator (MC)
N Mc M
control
[ — unit IEEE-488
i Bus

k‘]’ ____________ . [ Averaging
l E ") sphere
OPM . detector DVM o

Light tight enclosure

Figure 8 - Schematic of spectrometer for transmittameasurements. OSF, order-sorting filter;
M1, M2, flat mirrors; CSM1, CSM2, collimating splieal mirrors; LA, limiting apertures (iris
diaphragm), OPM, off-axis parabolic mirror; SHU,ngae-holder unit; DVM, digital volt
meter.

Description of the measuring technique

The bandpass of the instrument was set to 1.0 nmthfe measurements at the visible
wavelengths and to 2.0 nm at the NIR wavelengtbsr ihdividual sets of measurements were

19



carried out on the filters. From one set to theentthe filters are rotated clockwise by 90. For
one orientation of the filters at a wavelengthisgitthe sequence mtimes (p, g, I, I lo. Ip)-

Symbolslp, |5 andlg denote respectively the signal readings for thieader dark current, for the

beam intensity through an empty space, and forasigrading for the transmitted beam through
filter. The number of passes was usually chosema$. Two consecutive readings were taken
for each individual sample so that the detectoosupe times were equal for the partial and full

beam intensity. The average value of the tgjcreadings is denoted bTysj (=1, 2). The signal-
reading data were processed by taking the averalgess of twolp, readings and the closdgf

readings on both sides I:g‘j readings, giving mean valuds and 4. Then the transmittanck

was computed for each filter according to
T = |_sj -1 b .

i =
|oj_|b

The transmittance values for thgpasses were then averaged to obTain

Description of calibration laboratory conditions

When received, the filters were clean except fdew minor stains and some dust particles
attached to the surfaces of the filters. We usédbsash to remove the dust particles. No efforts
were made to remove the dirt stains. The ambiempéeature of the laboratory wastA3°C.
Comments on filters

When received, the filters were clean except fdew minor stains and some dust particles
attached to the surfaces of the filters. We usédbsash to remove the dust particles. No effort
were made to remove the dirt stains.
Uncertainties
The uncertainties are absolute uncertainties.

Table 11 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,00E-04 1,00E-04 2,00E-05 5,00E-07 5,00E-07
400 5,00E-05 1,00E-04 3,00E-05 5,00E-07 5,00E-07
500 1,50E-04 5,00E-05 5,00E-06 1,50E-06 2,00E-06
600 1,00E-04 1,00E-04 2,50E-05 1,50E-06 1,00E-06
700 1,00E-04 5,00E-05 2,50E-05 2,50E-06 2,50E-06
800 1,00E-04 5,00E-05 1,50E-05 2,00E-06 1,50E-06
900 5,00E-05 5,00E-05 3,00E-05 2,50E-06 2,50E-06
1000 5,00E-05 5,00E-05 3,50E-05 3,00E-06 3,00E-06
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Table 12 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 6,00E-04 6,00E-04 1,30E-04 1,40E-05 4,00E-06
400 4,00E-04 4,00E-04 9,00E-05 5,00E-06 2,00E-06
500 3,00E-04 3,00E-04 7,00E-05 7,00E-06 2,00E-06
600 3,00E-04 3,00E-04 7,00E-05 9,00E-06 2,00E-06
700 3,00E-04 3,00E-04 1,20E-04 2,10E-05 5,00E-06
800 3,00E-04 3,00E-04 1,10E-04 2,50E-05 8,00E-06
900 4,00E-04 3,00E-04 9,00E-05 2,00E-05 8,00E-06
1000 4,00E-04 3,00E-04 7,00E-05 1,50E-05 7,00E-06
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4.4. MSL
Assigned set: #19

Make and Type of the spectrophotometer:

The MSL Reference Spectrophotometer is a singleakiaatrument based on a McPherson 2051
spectrometer consisting of a prism predisperser arahe-metre focal-length Czerny-Turner
single-grating monochromator with an effective ayer of f/8.7. Entrance and exit slits of the
latter are variable from 0.005-2.0 mm correspondingandwidths of 0.008-3.3 nm. The three
gratings are of 600 lines/mm and blazed for pedicieficy at 300, 500 and 1250 nm
respectively. Beam shaping is achieved with mirnoo$ lenses and off-axis paraboloids have
been used throughout for this purpose. All optmahponents are mounted on a custom-made,
vibration-isolated optical table. In the source notight sources available include tungsten-
halogen projection lamps for high-intensity visiblight, tungsten-filament ribbon lamps for a
lower-noise source, a deuterium lamp for UV, amdcaHeNe laser for alignment.

&~—_Tungsten source and

LIGHT SOURCE ROOM alignment laser

OAPM (710mm)~__,

Off axis parabolic mirror (OAPM)

hutt
Shutter: //{NOmm)

Moveable chopper-. ~L

(ZT 777 7777777 | [T I I I I 77777777777 A

I ‘7 ~Predisperser

McPherson 2051
Monochromator

Collimator- ’( ﬁ

/YJ

OAPM (195mm)~ Baffle~_

Six position rotating __ /7" |\
SAMPLE AND sample changer \
DETECTOR ROOM |/

Si, trap or
PbS detector |
and shutter

PMT, Integratin:

()
XA
sphere and shufter” £ /=
\

Four position
rofatin &
OAPM (345mm)

Figure 9 - Schematic diagram of the MSL ReferermecBophotometer

Description of the measuring technique

Four sets of measurements were made on each ifitevhich the filter was rotated about
horizontal and vertical axes.

The MSL reference spectrophotometer was set uplaie pa well-collimated beam of 18 mm
diameter and 1 nm bandwidth on the filters at nbintadence (see Figure 9). The source used was
a tungsten-filament ribbon lamp, except for the sneaments on filters D and E at 380 nm for
which a tungsten-halogen projection lamp was uskd.sample carousel holds up to six artefacts,
each up to 50 mm square, in holders which can betbenslated and tilted in two axes normal to
the beam, so that the artefacts under test maypiieec on and set normal to the incident beam.
The area of sample illuminated is defined by an 300 mm before the sample. The detectors are
coupled to locally-made current-to-voltage conwsrtggain adjustable from 1Go 1¢ ohm)
whose output is measured with a HP 3458 DVM underputer control.

At each wavelength setting the complete time-symmeequence of measurements of the flux
transmitted by each filter and by the referenceitipopswas made before incrementing the

22



wavelength. For each measurement of transmitteshsitty the DVM is programmed to take 10
readings, each averaged over 200 PLC (power lickeg) and to return the mean and standard
deviation. All such measurements are preceded byeasurement, identical in form, of the
detector dark current, taken with the shutter doSéhe measurement sequence used is time-
symmetric and may be written as N repetitions of
{D,1,,D,1,,...,D,1,,D,1,,D,1,,D,1,,,... D,1,} then{D,1,, D}where|_ is a transmitted

intensity, n=0 denotes the reference position dxin<5 denotes filters under test, and where
D is a dark current measurement. TypicaNy4 repetitions are used. After dark current
subtraction a linear temporal fit is made to ther® readings for each filter using a common
slope for all filters to correct for linear drift lamp intensity and detector-chain response.

Description of calibration laboratory conditions

The spectrophotometer room was maintained at 22.8% during the measurements. On arrival
the filters were dusty and there was some evideheefine haze on the surface; after consulting
with the pilot laboratory, they were cleaned witly ditrogen and then with iso-propyl alcohol
and lens tissue.

Comments on filters

Filters arrived last night. Package does not apfreaave been opened. We opened them under
clean conditions and what does concern us greatlyei amount of dust on the filters. The dust is
equally spread on both surfaces of all 5 filterd arcludes large flecks up to 50 microns in size.
It extends right to the edge of each filter (thgelof both surfaces that were in the slots in the
box are equally dusty) and hence appears to hankedbon them prior to despatch. There are
certainly no finger prints on them nor can we seg solvent smears but there is some evidence
of a fine haze on the surface in addition to tharser dust. We will remove this dust before
measuring their transmittance as we can only preghiat they were dust free when measured in
your laboratory. Although we will try, in our judgeent it will probably not be possible to clean
them adequately with dry nitrogen. We will then @dw use alcohol and lens tissue; before doing
so we would like comment from you as to whethersiveuld do this.

Reply to comments on filters

| have received your e-mail telling me the problgmn have with the filters for the comparison.

At present time | have no explanation for that,batdy something wrong has happened during
the rather long period after the end of the measends and departure of the filters due to
customs and sending difficulties. Up to now, | hageeived 13 over 18 receipt confirmations
and fortunately only Canada and you have the saot@degm with dust and haziness. According

to our study on the cleaning, it seems to me béitethe quality of the comparison you clean the
filters according to your method which is compaeatd our process of cleaning. And according
to the protocol you will mention in your report tbkeaning of the filters.

Uncertainties
The uncertainties are absolute uncertainties.
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Table 13 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,83E-04 8,10E-05 6,00E-06 6,00E-06 6,00E-06
400 1,83E-04 1,21E-04 1,90E-05 6,00E-06 6,00E-06
500 1,83E-04 1,23E-04 1,80E-05 6,00E-06 6,00E-06
600 1,84E-04 1,21E-04 1,50E-05 6,00E-06 6,00E-06
700 1,84E-04 1,27E-04 3,20E-05 6,00E-06 6,00E-06
800 1,84E-04 1,15E-04 3,00E-05 6,00E-06 6,00E-06
900 1,84E-04 1,00E-04 2,00E-05 6,00E-06 6,00E-06
1000 1,84E-04 9,00E-05 1,50E-05 6,00E-06 6,00E-06
Table 14 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 5,10E-05 5,43E-04 9,80E-05 6,00E-06 5,00E-06
400 5,10E-05 1,26E-04 5,00E-05 1,50E-05 5,00E-06
500 5,00E-05 1,21E-04 3,20E-05 1,90E-05 5,00E-06
600 5,00E-05 1,23E-04 2,70E-05 1,90E-05 5,00E-06
700 5,00E-05 1,18E-04 6,90E-05 4,70E-05 9,00E-06
800 5,00E-05 1,33E-04 4,30E-05 5,20E-05 1,30E-05
900 5,00E-05 1,41E-04 3,40E-05 4,00E-05 1,10E-05
1000 5,00E-05 1,43E-04 2,60E-05 3,20E-05 1,00E-05
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4.5. NIST
Assigned set: #6

Make and Type of the spectrophotometer:

The instrument is custom-made using a McPhersorl 20Bm-grating 1 m monochromator.
Light from a 150 W quartz-tungsten-halogen incandeslamp is focused by a spherical mirror
onto the entrance slit of the monochromator. Thieaace slit is 1 mm wide, while the exit
aperture is a 1 mm diameter circle. The grating6@0 lines/mm and is blazed at 200 nm. The
slit, aperture, and grating yield a triangular baitth of 1.5 nm. The light exiting the
monochromator is collimated by an off-axis parabaiirror, reduced in diameter by an iris, and
is incident upon the sample carriage. Light passiimough the sample carriage is focused by a
spherical mirror into an averaging sphere attadbedl silicon photodiode. The current from the
photodiode is amplified and read by a digital vater.

Description of the measuring technique

After cleaning with an air bulb, each sample wasinted in a holder on the sample carriage with
the identification number facing the incident beamd upright. The sample was centered on the
incident beam and aligned normal to the beam byneftecting a laser beam collinear with the
axis of the incident beam. The maximum deviati@mf normal was 0.2°. The diameter of the
incident beam was 20 mm.

The sample carriage consists of three incidenttipasi for the beam: clear, sample, and light
trap. At each wavelength, ten signals were medduoen the clear, trap, sample, trap, and clear
positions, in order. Net signals for the clear aathple positions were obtained by subtracting
the signals from the light trap position. The gmddransmittance of the sample was given by
the net sample signal divided by the average metrdignal. Measurements were performed at
wavelengths of 380, 400, 500, 600, 700, 800, 900,100 nm.

The spectral transmittance of each sample was meghthwee times, then the sample was rotated
90° about its normal and measured three more tifigs was done to remove any effects from
the slight polarization of the incident beam. Theasurements were repeated on three different
days for each sample over a period of 2 weeks. aMeage spectral transmittance for each
rotation was calculated from the nine separatessdhen these were averaged to yield the final
spectral transmittance for unpolarized incidenttligThe standard deviations listed above are the
maximum from the two sample rotations.

Description of calibration laboratory conditions

The entire spectrophotometer is contained in at-ligiht box with a slight overpressure of
filtered air. The temperature inside the box reradiat 23 °C, while the relative humidity varied
between 24 % and 58 %.

Comments on filters

Filter AO6 was accidentally dropped, resulting ichap in the lower left-hand corner. The chip
was outside the 20 mm diameter area of the filiear avhich the spectral transmittance was
measured.
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Uncertainties

The uncertainties are absolute uncertainties

Table 15 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 3,00E-04 9,00E-04 7,00E-05 2,00E-05 2,00E-05
400 3,00E-04 3,00E-04 5,00E-05 2,00E-05 3,00E-05
500 2,00E-04 3,00E-04 5,00E-05 <1,00E-05 < 1,08E-0
600 4,00E-04 3,00E-04 4,00E-05 1,00E-05 0,00E+00
700 3,00E-04 3,00E-04 9,00E-05 2,00E-05 1,00E-05
800 2,00E-04 1,00E-04 4,00E-05 1,00E-05 1,00E-05
900 3,00E-04 3,00E-04 3,00E-05 1,00E-05 1,00E-05
1000 3,00E-04 1,00E-04 3,00E-05 1,00E-05 1,00E-05

Table 16 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 < 1,00E-04 7,94E-04 1,21E-04 2,24E-05 < 1,08E-0
400 <1,00E-04 < 1,00E-04 9,80E-05 <1,00E-05 <$9H;05
500 <1,00E-04  2,65E-04 8,66E-05 1,00E-05 < 1,08E-0
600 < 1,00E-04 2,65E-04 6,93E-05 <1,00E-05 < 1,08E
700 < 1,00E-04 2,65E-04 1,44E-04 3,46E-05 < 1,08E-0
800 <1,00E-04  2,83E-04 1,34E-04 2,83E-05 1,73E-05
900 <1,00E-04  2,65E-04 9,54E-05 1,73E-05 < 1,08E-0
1000 < 1,00E-04 2,83E-04 7,42E-05 1,73E-05 1,73E-05
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4.6. NMi
Assigned set: #8
Make and Type of the spectrophotometer:

The measurements have been performed using a dgudliemg monochromator in additive
dispersion (Type: 2035, McPherson, f = 350).
The operational details were:

Wavelength range: 380 - 1000 nm

Grating type: ruled

F- number: 4

Lines/mm: 1200

Inverse linear dispersion: 1.0 nm/mm
Slit width: 2 mm
Bandwidth: 2nm

Spot size at filter: 4,4 mm

For the measurements, a Tungsten Halogen lamp seak Tlype Osram Xenophot HLX 250 W.
Due to the low power at 380 nm combined with th& teansmittance of the filter an additional
Argon-Maxi-Arc source was used in the range fron® 38n to 500 nm. Both sources were
imaged on the entrance slit of the monochromatargua quartz lens. A shutter and a order
selection filter was placed at the entrance slit.

The monochromator was calibrated using low presspeetral lamps, Cs and He-filled.

The exit slit is imaged by three mirrors on théeefi{s). The mirrors increase the F-number from
the monochromator to 8 on the filters; the imagenfthe exit slit is increased with a factor 2,2.
The light transmitted through the filter is imagedh a flat mirror and a quartz lens on a silicon
detector, Type S1337-1010BQ, Hamamatsu. The fdt@ositioned on a translation stage which
allows horizontal and vertical displacement anétioh around the vertical axis. Part of the light
from the exit slit is directed, using a beam sgpliton a monitor detector of the same type as the
latter. The monitor detector is used to compensfatedrift of the source.

The photocurrents of both detectors were measusat uwo Keithley 486 Picoampmeters,
which were calibrated by the Electrical DepartmehtNMi/VSL in September 1999 and re-
calibrated in September 2000. No drift between ¢hbébrations and the re-calibrations was
observed.

Description of the measuring technique

Before a transmittance measurement the monochromats calibrated using the Cs spectral
lamp. After the measurements this calibration weecked with both the Cs and He lamps.

The filter dimensions were 50 mm by 50 mm with igkhess variation from 1,5 mm to 4,0 mm.
The filter should be measured with a spot of 4,4.rAniorizontal, vertical and rotational scan
over the filter was performed to measure the inhgeneity of the filter and the influence of the
angle of incidence. These variables are takengowat as uncertainties.

The final measurements were taken in mostly 13, riane period of several days. The
transmittance of the filters was measured by m&agmearly monochromatic light with and
without the filter in its path.
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Description of calibration laboratory conditions
The ambient conditions during the measurements:wer€25,0 = 0,5) °C and rh = (45 + 10) %.

Uncertainties
The uncertainties are absolute uncertainties.

Table 17 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,92E-04 3,67E-05 2,91E-05 3,17E-07 2,08E-08
400 1,46E-04 1,27E-04 8,21E-05 5,86E-06 2,56E-07
500 1,56E-04 6,83E-05 8,50E-05 1,32E-05 1,32E-06
600 1,19E-04 7,91E-05 3,60E-05 4,65E-06 7,90E-07
700 1,65E-04 1,21E-04 1,06E-04 3,11E-05 2,00E-06
800 9,20E-05 4,62E-05 9,25E-05 1,83E-05 1,38E-06
900 7,37E-05 6,03E-05 6,45E-05 1,32E-05 8,79E-07
1000 9,21E-05 5,45E-05 3,10E-05 4,48E-06 1,08E-06

Table 18 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,96E-04 1,02E-03 3,75E-04 2,37E-05 1,48E-06
400 1,10E-04 4,05E-04 1,85E-04 1,30E-05 1,28E-06
500 2,27E-04 4,29E-04 1,77E-04 2,13E-05 3,30E-06
600 1,40E-04 4,19E-04 1,76E-04 2,78E-05 5,24E-06
700 2,21E-04 4,29E-04 3,08E-04 6,41E-05 1,70E-05
800 1,59E-04 4,01E-04 2,89E-04 7,81E-05 3,21E-05
900 1,69E-04 3,46E-04 1,98E-04 5,45E-05 2,79E-05
1000 1,60E-04 3,13E-04 1,52E-04 4,13E-05 2,35E-05
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4.7. NMIA
Assigned set: #17

Make and Type of the spectrophotometer:

The system used consisted of a GCA/McPherson md@8d 0.5 m double-grating
monochromator with a model 608M1 quartz prism @eediser. The grating blaze wavelength
was 500 nm. The slits were set for a spectral wattd of 2 nm at all wavelengths. Two
detectors were used, either an EMI 9558QB photoptielt or a Hamamatsu model S1337-
1010BQ silicon photodiode attached to the exitaflihe monochromator.

The source was a 1 kW FEL quartz halogen lamp tuabaut 3000 K. White light from the
lamp is imaged by mirrors into a small integratisghere. The sphere inlet aperture has a
diameter of 12 mm and the filter is 120 mm fronsthperture. Light from another aperture in
the sphere is directed onto the monochromator mceralit.

The filter is placed in the beam at normal incidemdere it has a cross section diameter of 20
mm at the centre of the filter. The convergencéhefbeam is /7. The total irradiance of the
tested area of the filters was 7.5 mW/cm2. Howewathin a typical 50 second measurement
cycle the filter was in the beam about 40% of theetso the time averaged irradiance was about

3 mW/cmza.

50 mm sphere
A

20 mm
4 T
12 mm
aperture

] \\‘
< /
Imaging mirrors

Beam diameter

A

Monochromator
entrance slit

Stray light control baffles not shown Quartz halogen
lamp at 3000 K

Figure 10 — Optical system for measuring the spedtansmittances of the CCPR
comparison filters with the McPherson monochromator

Description of the measuring technique

As flux levels entering the monochromator were libwas necessary to integrate signals for

lengthy periods, typically 5 — 15 seconds. It wihsrefore necessary to set a particular

wavelength and then take a background (zero) rgaatid then a series of alternate filter-out and

filter-in readings to interpolate out any lamp drif

During each of the three series of tests the §iligere placed in the holder and removed four

times for measurements at different groups of wengths. Between each series the holder was
re-positioned and the wavelength scale was revedditt as well. Therefore, the estimation of the

measurement repeatability cannot be readily segghfedm the measurement reproducibility and

the random uncertainties reported represent batiesk.
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Description of calibration laboratory conditions

During the measurements the laboratory temperatase22 + 0.5 °C. The relative humidity was
approximately 50%.

Comments on filters

The filters were tested as they arrived withoutacleg. During the tests there was some
accumulation of dust and marks out side the test &iom holders. At the end of the tests these
were removed by wiping lightly with a lint free ketissue. No solvents were used.
Uncertainties
The uncertainties are absolute uncertainties.

Table 19 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,32E-04 3,50E-05 4,50E-05 5,60E-05 2,70E-05
400 1,19E-04 4,80E-05 2,50E-05 2,10E-05 2,20E-05
500 6,30E-05 3,60E-05 1,20E-05 7,00E-06 7,00E-06
600 4,50E-05 3,00E-05 1,20E-05 7,00E-06 1,00E-05
700 5,60E-05 4,50E-05 2,70E-05 1,60E-05 1,30E-05
800 1,11E-04 8,40E-05 1,23E-04 1,23E-04 1,83E-04
900 3,80E-05 5,30E-05 8,70E-05 8,00E-05 9,60E-05
1000 2,80E-05 3,30E-05 7,20E-05 4,50E-05 4,80E-05

Table 20 : Type B uncertainties

A(mm) | Filter“A”  Filter*B”  Filter*C”  Filter D" Filter “E”
380 2,83E-05  7,51E-04  1,27E-04  182E-05  1,73E-05
400 2,83E-05  8,00E-05  1,10E-04  3,20E-05  1,76E-05
500 2,83E-05  6,26E-05  3,20E-05  2,96E-05  1,81E-05
600 2,83E-05  6,26E-05  2,50E-05  2,96E-05  1,84E-05
700 2,83E-05  6,26E-05  3,71E-05  548E-05  3,08E-05
800 2,83E-05  206E-04  2,23E-04  819E-05  3,91E-05
900 2,83E-05  6,08E-05  2,83E-05  1,81E-05  1,74E-05
1000 2,83E-05  566E-05  2,24E-05  1,75E-05  1,74E-05
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4.8. NMIJ
Assigned set: #9

Make and Type of the spectrophotometer:

Double beam: Sector mirror

Monochrometer: Prism and grating double Littrownochrometer

Light Source: Tungsten halogen lamp

Beam splitting: Mechanical chopper

Beam size: 4.5 mm (horizontal) x 10.5 mm (venjiedlsample
Detector: Head-on type photomultiplier (Hamamd&8r5) with 150

mm integrating sphere (Bagpat 380-800 nm,
PbS photodiode with 60mpintegrating sphere at 900-1000 nm
Signal processing:  The signal of detector is digia by an A/D converter.

Optical bench
Py
Prism grating ul
B ; Light |
Sample
L room
\/) H—H | f«.jgj (
N/ g
‘\D _///\ |_l
- Double
Sector mirror aperture
Chopper Detector

Figure 11 — Schematic diagram of the facility at M

Description of the measuring technique

T: =(Sample — dark)/(Reference — dark), one-misigeal averaging
To: =T with blocking sample beam
Tio¢ =T with blank sample
1. Measurement: of Twoo, T, Tioo, T, Tioo, T, Tioo, To were measured in

sequence to check the drift.
Tioo, To, T, Tioo, To, T, Tiog, To, T, TigoWere measured in
NIR (PbS detector) region.

2. Apparent transmittance T': T'ZE13(Ti-To,a9/(T100,ar T 0,a9]/3, Wwhere T oy is average of
two To and Tio0 aviS the average of two adjacenbd
T’:[Zi:1,3 (Ti‘Ti,O)/(Tloo,a\rT i,O)]/3 in NIR.

3. Measurement result T T’=TAT , whereAT is the nonlinearity of detectors.

4. Number of runs: Twelve measurements at eackeleagth were made

Description of calibration laboratory conditions
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Temperature in sample room: 23.0£0.5°C
Humidity: 45+5%

Comments on filters
No cleaning was made.

Uncertainties
The uncertainties are absolute uncertainties.

Table 21 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,09E-04 2,30E-04 4,10E-05 5,00E-06 2,00E-06
400 6,80E-05 7,20E-05 3,10E-05 6,00E-06 7,00E-06
500 7,50E-05 6,00E-05 1,50E-05 5,00E-06 6,00E-06
600 6,30E-05 6,40E-05 2,00E-05 2,40E-05 8,00E-06
700 3,10E-05 6,80E-05 4,30E-05 1,20E-05 8,00E-06
800 7,70E-05 1,30E-04 3,10E-05 1,90E-05 7,00E-06
900 1,37E-04 1,01E-04 1,09E-04 3,50E-05 1,07E-04
1000 8,60E-05 8,50E-05 9,10E-05 1,22E-04 8,50E-05
Table 22 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 7,79E-05 1,18E-03 2,24E-04 3,26E-05 3,19E-05
400 8,39E-05 1,08E-04 1,31E-04 3,65E-05 3,22E-05
500 7,91E-05 6,97E-05 5,60E-05 3,26E-05 3,24E-05
600 7,89E-05 6,88E-05 4,58E-05 3,32E-05 3,20E-05
700 7,91E-05 6,92E-05 1,52E-04 4,85E-05 3,30E-05
800 7,99E-05 1,10E-04 8,02E-05 3,63E-05 3,22E-05
900 5,93E-04 5,93E-04 5,92E-04 5,88E-04 5,87E-04
1000 5,05E-04 5,06E-04 5,01E-04 5,00E-04 4,96E-04
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4.9. NPL
Assigned set: #4

Make and Type of the spectrophotometer:

The facility is automated and controlled by a PCHéidenhain ROD800 rotary encoder is fitted
to the spindle of the output grating table, andeéheoder readings are used in the calibration of
the wavelength scale.

The monochromator is a double grating Jobin-YvonDHRmonochromator, with additive
dispersion from a Czerny-Turner mounting. Threegpaf gratings are used to cover the spectral
regions 200 nm - 1000 nm, 500 nm - 2000 nm, 108000 nm. The dispersions in the middle of
these ranges are 1.2, 2.4 and 4.8 mrit-mith respective blaze wavelengths of 250 nm, 10®0
and 2000 nm.

The light emerging from the monochromator is cadited with reflective optics. A four-leafed
aperture is used to define the patch size

1 Alignment Source
laser
o
-
Detector and Sample

integrating carriage
sphere Filter whee!

" Double
monochromator

Figure 12 Schematic of facility with the PMT andhepe assembly. Ancillary optics
used to produce focussed radiation at the samelalso shown.

The facility has two sources, Polaron 25G tungsiiginon lamp, region of use 300 nm to 4000
nm and a Cathodeon RO7 deuterium lamp, region®208 nm to 350 nm.
The facility has 4 detectors:
" a Thorn-EMI 9558QA S20 photomultiplier tube behiadbaffled 100 mm diameter
Spectralon integrating sphere, region of use 20@AY0 nm ;
. a Hamamatsu S1337 silicon photodiode, region o208€enm to 1000 nm;
" a Germanium Power Devices GAP5000 InGaAs detertgipn of use 900 nm to 1500
nm;
. a liquid nitrogen cooled Judson J10D InSb detewitr a cold filter, region of use 1000
nm to 2800 nm.

Description of the measuring technique

Measurements were carried out using time-symmatgasurement sequences. The comparison
artefacts (A04, B04, C04, D04, E04) were measuetative to air. EO4 was measured relative to
D04 at 380 nm and 400 nm and its transmittancediveldo air calculated using T(E04) =
T(E04/D04) x T(D04).

The measurement sequences comprised the followidiyidual measurement settings: S —
sample in beam, R — reference (air or D0O4) in bdamdark (shutter closed). For each setting an
average of 70 DVM readings was taken.
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The normal sequence used was {D [(R S) x 9] R D}, for measurements of D04 and E04/D04
at 380 nm and 400 nm, the sequence {D [(R S R B)}»was used. There was no change of
amplifier gain setting within a measurement segaenc

Grating pair | were used for measurements from 880to 600 nm, and grating pair Il for
measurements from 700 nm to 1000 nm. The photgpfietitube and integrating sphere was
used for measurements at 380 nm and 400 nm, andiliben photodiode was used for
measurements at 500 nm — 1000 nm.

Measurements were carried out with the sample edtéty 2 about the vertical axis (the
monochromator plane is horizontal) and the trartamie at normal incidence was calculated
using the standard expressions in the literatune.spectral bandwidth used was 1 nm.

Description of calibration laboratory conditions
The temperature in the sample compartment was £22)8C. The humidity was (20.51.5) %

Comments on filters
Small mark on filter E. May need to be cleaned.

Uncertainties
The uncertainties are absolute uncertainties
Table 23 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 3,90E-05 1,05E-04 2,60E-05 3,00E-06 1,10E-07
400 4,80E-05 6,90E-05 3,20E-05 4,00E-06 4,00E-07
500 3,20E-05 5,50E-05 1,70E-05 3,00E-06 5,00E-07
600 1,60E-05 8,10E-05 2,90E-05 6,00E-06 1,10E-06
700 4,80E-05 5,40E-05 7,00E-06 6,00E-06 7,00E-07
800 1,10E-05 3,80E-05 1,20E-05 5,00E-06 3,00E-07
900 7,50E-05 9,30E-05 9,00E-06 4,00E-06 7,00E-07
1000 1,17E-04 1,25E-04 6,00E-06 3,00E-06 9,00E-07

Table 24 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”

380 3,50E-05 1,49E-04 4,70E-05 2,00E-06 1,70E-07
400 5,00E-05 4,10E-05 2,80E-05 5,00E-06 4,00E-07
500 2,60E-05 2,60E-05 1,20E-05 5,00E-06 2,20E-06
600 2,60E-05 2,50E-05 1,10E-05 2,00E-06 8,00E-07
700 4,20E-05 3,50E-05 2,90E-05 1,40E-05 4,50E-06
800 3,30E-05 4,10E-05 2,20E-05 1,20E-05 7,30E-06
900 2,80E-05 3,10E-05 1,50E-05 7,00E-06 4,90E-06
1000 2,90E-05 2,60E-05 1,10E-05 8,00E-06 5,30E-06
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4.10. NRC
Assigned set: #18

Make and Type of the spectrophotometer:

The NRC Reference spectrophotometer was used ioceimparison. The instrument is shown
schematically in Figure 13. It is a single-beastimment with a highly-collimated beam design
using all-reflective optics and a prism-grating molmromator in conjunction with a deuterium
and tungsten-halogen source to cover the speetnger200 nm to 2500 nm. The detectors and
linear PMT and silicon photodiode detectors, reSpely a Hamamatsu R6872 PMT and a large
area Hamamatsu S1337 silicon diode (S6337) whiate wpecially selected for their excellent
linearity and uniformity characteristics. To minma interreflection effects, the Hamamatsu
R6872 PMT is used behind a Suprasil (50 mm dianeifuser and the Hamamatsu S6337 is
slightly tilted. The PMTs are thermoelectricallpoted to 258 K to increase measurement
sensitivity and to lower dark current noise. Tinedrity of all five of these detection systems has
been tested over more than 3 decades using theadR@ated high-precision variable aperture

Sample
Compartment Filter Wheel
/ ——— Aperture
...'/ Cary 14 Monochromator
Alignment j
LASER
PMT

Shutter
Polarizer

b /‘ @

Source

Optical Chopper

Figure 13 Schematic diagram of the NRC Refereneetggphotometer

Description of the measuring technique

The filters were mounted in the usual NRC samplddrp an automated 6-position filter wheel.
A precision aperture was fabricated for this conguar to limit the beam size to that specified in
the technical protocol. In general, four filteren measured in any given measurement cycle at
a given set of experimental conditions, with 2 ofeam positions for the 100% reference
readings. For the higher density filters, this geaure was modified; a reference beam
attenuation technique was used to enhance the meeasuat precision and accuracy: for filter D-
18 at a wavelength of 380 nm only, a calibratedcaptensity (OD) 1.0 filter was used in the
reference beam position; for filter E-18, at thevelangths of 380, 400, 500, 600, 700 and 800
nm, a calibrated OD 2.0 filter was used in theneiee beam position.
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The sample readings were always performed in a-$iyn@ametrical sequence with respect to the
open beam or calibrated filter reading to correctlinear system drift and the average result of
these two readings was used for each measuremel® cyrhe short-term repeatability was
assessed from the standard deviation of 8 repeasumn@ment cycles, typically recorded over a
total elapsed time of 20 minutes. The long-termraducibility and influence of sample
nonuniformity were assessed from the standard tlemiaof 4 independent runs taken over
several weeks in which the filter was repositioaad/or the detection system was changed.

All five filters were calibrated at the eight spgemil wavelengths from 380 nm to 1000 nm, with a
bandwidth of 1.0 nm. The measurements were peddrusing a tungsten-halogen lamp, and a
minimum of two different types of characterised fauetectors. The characterised
photodetectors that were used, included three osiliphotodiodes (Hamamatsu S1337,
Hamamatsu S6337, EG&G UV444BQ) and two PMTs (Hansunm&6872 and Hamamatsu
P928). Only the silicon photodiode detectors wesed at wavelengths of 900 nm and 1000 nm.

Description of calibration laboratory conditions

The relative humidity during the measurements daffem a minimum of about 35% to a
maximum of about 50%, with an average around 42B& NNRC Reference Spectrophotometer
has an RTD element installed in the sample commartm This temperature was monitored
during the filter measurements and was 23,7°C £°@.5The laboratory is equipped with an
electronic air cleaner and a positive air flow eyst Prior to each measurement run, a jet of
purified nitrogen gas was used to blow the dusth@fsurfaces of the filters.

Comments on filters

Filter A18 — Okay.

Filter B18 — With the filter reference number irettop right hand corner, the right hand side of
the filter contains many pits; one pit is in theddie of the area to be used for measurement.
There is also a grease film on the top edge, bisidrithe measurement area.

Filter C18 — There is a film covering a large aoédhe filter on both side. It is located near the
top edge and probably outside the measurement area.

Filter D18 — There is a film on the top edge of thedent face and a wide film on the bottom
edge of the back face. The incident face also hadarge pit on the top right of the measurement
area.

Filter E18 — There is a faint film on the top eddehe incident face but outside the measurement
area. Otherwise this filter looks okay.

No attempts were made to clean the surfaces diltiies at any time.

Uncertainties
The uncertainties are absolute uncertainties.
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Table 25 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 2,39E-04 2,01E-04 2,22E-05 6,21E-07 3,94E-08
400 2,35E-04 1,25E-04 3,95E-05 5,17E-06 3,09E-07
500 1,34E-04 8,75E-05 3,01E-05 7,01E-06 6,17E-07
600 1,29E-04 1,22E-04 5,02E-05 7,02E-06 6,22E-07
700 5,39E-05 6,75E-05 6,85E-05 1,50E-05 2,58E-06
800 5,41E-05 7,23E-05 3,20E-05 1,00E-05 3,74E-06
900 4,34E-05 1,00E-04 1,02E-05 2,15E-06 3,51E-06
1000 3,45E-05 1,10E-04 8,25E-06 4,03E-06 3,50E-06
Table 26 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 2,05E-04 3,95E-04 8,07E-05 1,62E-06 5,10E-07
400 2,05E-04 1,63E-04 3,62E-05 7,55E-06 2,68E-07
500 8,12E-05 5,59E-05 2,54E-05 3,88E-06 4,29E-07
600 7,28E-05 5,59E-05 2,97E-05 6,17E-06 6,71E-07
700 6,48E-05 5,42E-05 3,76E-05 8,74E-06 2,84E-06
800 6,48E-05 5,59E-05 3,02E-05 8,52E-06 4,07E-06
900 7,21E-05 6,24E-05 2,41E-05 6,57E-06 3,55E-06
1000 7,21E-05 5,77E-05 1,79E-05 4,72E-06 3,42E-06
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4.11. PTB
Assigned set: #3

Make and Type of the spectrophotometer:

A self-built reference spectrophotometer was usetsisting of lamp section, single pass double
monochromator (Jobin Yvon HRD1, focal length f =6 Gn), beam forming chamber, and
detection chamber (see Figure 14).
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Figure 14 Sketch of the spectrophotometer set-uptfie measurement of regular
transmittance

In this study a tungsten halogen lamp was usedh®rtransmittance measurements, a HeNe-
Laser for alignment, and for checking of the wamgtd calibration the laser and a mercury

spectral lamp. From 380 nm up to 800 nm, the 12@Imm grating was used, giving at spectral
bandwidth of 1,0 nm. For the wavelength 900 andd1®®, the 600 lines/mm grating was used,

corresponding to a 2,1 nm bandwidth.

The beam was formed to be parallel with a diamefe20 mm at the sample. The residual

divergence was in horizontal directiéh= 0,15° and for the vertical directiagh = 0,65°.

Normal incidence was used.

In the spectral range up to 800 nm a photomultiglegector (EMI 9558), above 800 nm a cooled

PbS detector (Hamamatsu 1908) was used.

Description of the measuring technique

The samples were fed into a computer controlledpgadimolder which is able to carry five filters
and has a sixth position for a reference filterfar the determination of the 100% signal,
respectively. One cycle at a specific wavelengthsiis of the reading of the 100% value, the
reading for up to five filters and the reverse g The mean of both values for each of the six
positions is calculated in order to cope for atdyffthe lamp radiation. A complete measurement
consists of up to 100 cycles at maximum. The nunolberycles of the individual measurements
is given in the row name of the result tables (tables 2 to 6).

The samples were not cleaned, only dust stemmorg the wooden sample box was blown off
by clean and dry nitrogen gas.
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Description of calibration laboratory conditions

The temperature during the measurements was clecttoy the climatic system of the laboratory
to be 23 °Ct 1 °C. The relative humidity also was controlledthis system and stabilised to lie
below 55%.

Comments on filters

Sample A (BK7, thickness 4,0 mm) shows a distinegsrpatic effects of about 0,06 cm/m
stemming from a non-perfect parallelism of the @cek. This results in a higher uncertainty with
respect to the effect ‘beam displacement’. Sudtiaa fs not well suited for calibrations at a high
level of precision.

The NG-type neutral density filters (especially ptas C, D and E) have a steep absorption edge
below 400 nm. The edge is also known to shift waimperature. Both aspects are in contrast to
demand for spectral flathess and independence @&oritonmental influences, which should be
required from calibration standard. Precise calibns at the wavelength of 380 nm cannot be
expected to be performed for the NG-type filtersl dahis particular wavelength should be
excluded from the comparison.

Uncertainties
The uncertainties are absolute uncertainties

Table 27 : Type A uncertainties

A(hm) | Filter “A”  Filter“B”  Filter“C”  Filter D" Filter “E”
380 510E-05  3,20E-05  3,30E-06  7,50E-07  2,00E-07
400 6,40E-05  6,80E-05  1,10E-05  1,70E-06  1,10E-06
500 6,10E-05  500E-05  7,80E-06  1,50E-06  1,20E-06
600 510E-05  6,10E-05  580E-06  1,50E-06  1,20E-06
700 580E-05  500E-05  1,30E-05  2,90E-06  1,40E-06
800 1,40E-04  120E-04  350E-05  7,70E-06  2,90E-06
900 1,10E-04  6,50E-05  2,70E-05  2,30E-05  2,20E-05
1000 580E-05  4,90E-05  140E-05  9,50E-06  9,10E-06
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Table 28 : Type B uncertainties

A(m) | Fitera”  Fiter*B”  Filter“C’  Filter*D”  Filter “E”
380 4,93E-04  7,21E-04  942E-05  291E-06  1,51E-07
400 4,89E-04  6,13E-04  218E-04  1,72E-05  1,41E-06
500 4,89E-04  6,01E-04  211E-04  271E-05  2,01E-06
600 4,86E-04  6,11E-04  210E-04  271E-05  2,00E-06
700 4,86E-04  582E-04  394E-04  6,34E-05  1,60E-05
800 4,86E-04  6,43E-04  397E-04  1,11E-04  2,75E-05
900 1,80E-03  2,62E-04  1,35E-04  3,51E-05  1,80E-05
1000 1,80E-03  2,94E-04  1,05E-04  3,16E-05  1,06E-05
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4.12. SMU
Assigned set: #11

Make and Type of the spectrophotometer:

* Double beam UV-VIS spectrophotometer CARY 4E by i&ar(the spectral transmittance
primary standard equipment of SMU)

* Wavelength range: (175-900) nm

e Monochromator: double out-of plane Littrow monoamnedor

e Grating: 70x45 mm, 1200 limes/mm, blazed at 250 nm
(blaze angle 8.5°, reciprocal dispersion 0.98 nm)m

* High-order rejection: filter (WG320, OG530,RG780)

* Beam splitting system: chopper (30 Hz)

* Detection system: high performance R928 PMT

e Sources: tungsten halogen visible source with quairtdows
deuterium arc UV source

* Diameter of the illum. area: 5.1 mm

* Collimating optics: spherical mirrors

* Beam details: Polarisation: identical reference sandple beam (beams

partially polarised only)

Vertical F number 7.2

Horizontal F number 9

Maximum vertical angle of incidence on sample  7.61
Maximum horizontal angle of incidence on samp23.
Image sizes at centre of sample compartment:

full height slit (5 nm SBW) 13.35 mm x 5.1 mm wide

Description of the measuring technique

5 sets of measurements have been done. For eathesBtfilters are measured, starting with the
filter A and ending with the filter E. Within thees 10 consecutive measurements are performed
per filter. Each measurement consist in a measureofdhe instrument zero, the reference and
the filter.

Description of calibration laboratory conditions
Ambient temperature: (23 £ 2)°C
Relative humidity: (50 £ 10) %
Comments on filters

The filter reference N° A11 was cleaned with ethdparity UV) before measurements.
In case of accidental pollution during measuremahtiters (reference N° A11, B11, C11, D11
and E11) were cleaned with a special paper focapglass or with brush for optics.
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Uncertainties

The uncertainties are absolute uncertainties.
Table 29 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,66E-05 5,34E-05 9,79E-06 2,21E-06 4,76E-07
400 2,88E-05 7,60E-05 1,19E-05 4,55E-06 7,91E-07
500 5,22E-05 6,95E-05 2,04E-05 3,10E-06 8,61E-07
600 4,52E-05 4,99E-05 2,83E-05 6,08E-06 1,43E-06
700 3,90E-05 4,82E-05 3,12E-05 4,08E-06 4,43E-06
800 3,89E-05 3,61E-05 2,62E-05 4,07E-06 3,74E-06
900 9,75E-05 4,92E-05 2,58E-05 1,13E-05 5,25E-06
1000 1,66E-05 5,34E-05 9,79E-06 2,21E-06 4,76E-07

Table 30 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,40E-04 1,43E-04 3,55E-05 3,11E-06 2,01E-06
400 1,40E-04 1,40E-04 9,21E-05 1,30E-05 2,91E-06
500 1,40E-04 1,40E-04 9,00E-05 1,90E-05 4,31E-06
600 1,40E-04 1,40E-04 8,20E-05 1,90E-05 4,50E-06
700 1,40E-04 1,40E-04 1,20E-04 4,16E-05 1,20E-05
800 1,40E-04 1,40E-04 1,20E-04 4,80E-05 1,90E-05
900 1,40E-04 1,40E-04 9,60E-05 3,70E-05 1,80E-05
1000 1,40E-04 1,43E-04 3,55E-05 3,11E-06 2,01E-06

42



4.13. NMC-A*STAR
Assigned set: #10

Make and Type of the spectrophotometer:

The reference spectrophotometer used for this cosgma is an automated single beam
spectrometer developed at NMC-A*STAR. A Czerny-Tarrdouble monochromator with focal
length 240mm and an effective aperture of f/4 iedum this system. Order-sorting filters are
placed in front of the entrance slit to provideth@der rejection. A tungsten ribbon lamp is used
as the radiation source. Spherical mirrors are ssddcus the source radiation on the entrance
slit and to collimate the exit beam from the morroamator. The collimation of the beam so
obtained is about 0.013 rad. The detection unitpreas an averaging sphere and a 100 mm?
silicon photodiode (or a photomultiplier) with awlonoise transimpedance amplifier. The
photomultiplier is used only for filters D10, E10veavelengths 380 nm, 400 nm where the signal
becomes too noisy for Si-photodiode. DC mode isduk® the signal amplification and
measurement. The solid angle of collection of thetesn subtends about 0.004 sr at the filter
position. Figure 15 shows the optical configuratm set-up of the spectrometer.
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Figure 15 — The reference spectrometer at NMC-A*RTA
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Description of the measuring technique

In this comparison a circular aperture with 20-mranteter is used. The bandwidth of the
monochromator used is 1 nm.

For filters of low optical densities, the transmiitte against air is obtained directly by measuring
the ratio of signals with and without the filter tine beam path. For filters with higher optical
densities the step-down method is used to mininnmeertainty induced by detector nonlinearity.
In this method, the relative transmittance of test ffilter relative to a reference filter (of low
optical density) is measured first. This is donentasuring the ratio of the two signals obtained
with the two filters in the beam path separatelye Transmittance value of the test filter against
the air is then calculated by multiplying the relattransmittance value with the known (or
measured) transmittance value of the referencer filh this comparison filters A10, B10 and
C10 are measured directly. D10 is measured rel&biv@l0. Likewise, E10 is measured relative
to D10.

The data acquisition is performed automaticallyofwing the sequence

lg lolalila lolalila lolalila lolalily lolg
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where } is the dark current when shutter is closgdhé signal current with the test filter moved
out of the beam and the signal current with the test filter moved intee beam. Totally 19
current readings are obtained from one measurergach current reading is the average of 15
readings repeatedly taken within 10 seconds. Thera 15 seconds time interval between
adjacent current readings to eliminate the fatigffiect of the detector system.
The dark currents on both sides of the signal atsrare averaged and subtracted from these
signal currents, yielding a sequence of 9 adjusigdal currents. The transmittance of the filter
is thus

T= 1/ loave
where }.aveis the average of's before and after each | Fourt values are obtained and the final
value is the average of these four.

Description of calibration laboratory conditions

The ambient temperature in the calibration laboyei® 23+ 2°C and the relative humidity is 60
+ 10% r.h. Filters A10 and B10 were cleaned wiitphbl and lint-free lens tissue before the
measurement due to accidental contamination to thefaces. No cleaning was done on filters
C10, D10 and E10. Only dry nitrogen was used toorendust before the measurement
Comments on filters

| should highlight is that filters A10 and B10 htadbe re-cleaned in our lab before measurement
because they were accidentally contaminated by sdalnparticles sprayed from the nozzle of the
nitrogen gas cylinder we used for removing dust.
Uncertainties
The uncertainties are absolute uncertainties.

Table 31 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 8,00E-05 1,40E-04 1,00E-05 1,00E-06 1,00E-07
400 1,00E-04 5,00E-05 2,00E-05 8,00E-06 1,20E-06
500 6,00E-05 5,00E-05 4,00E-05 2,00E-06 5,00E-07
600 6,00E-05 7,00E-05 2,00E-05 4,00E-06 1,30E-06
700 4,00E-05 4,00E-05 1,00E-05 1,10E-05 2,90E-06
800 2,00E-05 7,00E-05 2,00E-05 8,00E-06 4,70E-06
900 2,00E-05 3,00E-05 1,00E-05 5,00E-06 3,40E-06
1000 3,00E-05 3,00E-05 2,00E-05 3,00E-06 2,40E-06
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Table 32 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,02E-04 1,91E-03 3,90E-04 1,50E-05 6,93E-07
400 1,12E-04 1,41E-04 1,59E-04 2,05E-05 1,72E-06
500 1,04E-04 7,48E-05 6,93E-05 1,28E-05 1,83E-06
600 1,04E-04 7,14E-05 4,58E-05 9,17E-06 1,24E-06
700 1,02E-04 8,06E-05 2,30E-04 7,52E-05 1,98E-05
800 9,80E-05 1,55E-04 8,77E-05 3,20E-05 1,20E-05
900 9,80E-05 1,16E-04 6,93E-05 2,24E-05 9,83E-06
1000 9,54E-05 7,42E-05 4,58E-05 1,16E-05 5,28E-06
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4.14. VNIIOFI
Assigned set: #14

Make and Type of the spectrophotometer:

The system consists of a Jobin-Yvon model HRDImOd®uble-grating monochromator. A
1200 g/mm grating has been used for the calibratidche UV/Visible spectral range (380, 400,
500, 600 and 700 nm wavelengths), while a 600 gfreting has been used for the calibration
at wavelengths 800 , 900 and 1000 nm. The sktewet for a spectral bandwidth of 1 nm at all
wavelengths. The foreoptic consists of a sphemcaicave mirror and two flat mirrors. The
150W tungsten strip lamp run at about 2850 K hanhesed as a source. This lamp has been
used for the whole spectral range.

The narrow bandwidth light beam emerging from trenathromator is collimated and directed
towards the detector unit by a off-axis parabolicron. The sample-holder unit includes a
translation stage which is equipped with a DC matod control unitThe beam size on the
sample is defined by a diaphragm with a diamet&0ofm. Only one silicon photodiode S1337
type (Hamamatsu company) has been used in ordevtr the wavelength range.

34‘
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Figure 16 Schematic of facility for transmittamoeasurements at VNIIOFI.

1- Lamps unit, 2- foreoptic unit; 3- double gragtimonochromator ; 4- filter wheel; 5-
collimator with off-axis parabolic mirror; 6- set circular apertures; 7- sample-holder
unit; 8- integrating sphere; 9- detector.

Description of calibration laboratory conditions
During the measurements, the conditions were:
temperatureSC ................. 232
humidity, %.................... 8&10
Comments on filters

The filters were cleaned by very pure alcohol apdcgl optical paper, because they were
touched by officers at the customs.
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Uncertainties

The uncertainties are absolute uncertainties.
Table 33 : Type A uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,40E-04 1,50E-04 1,40E-04 1,50E-04 1,50E-04
400 1,00E-04 1,20E-04 1,40E-04 1,40E-04 1,40E-04
500 8,00E-05 1,00E-04 1,00E-04 1,40E-04 1,40E-04
600 8,00E-05 8,00E-05 1,20E-04 1,20E-04 1,30E-04
700 7,00E-05 8,00E-05 1,00E-04 1,10E-04 1,20E-04
800 6,00E-05 9,00E-05 9,00E-05 1,00E-04 1,20E-04
900 7,00E-05 1,30E-05 9,00E-05 1,30E-04 1,40E-04
1000 9,00E-05 1,00E-04 1,10E-04 1,20E-04 1,50E-04
Table 34 : Type B uncertainties

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 2,81E-04 2,89E-04 2,84E-04 2,91E-04 2,93E-04
400 2,75E-04 2,77TE-04 2,75E-04 2,77E-04 2,75E-04
500 2,63E-04 2,66E-04 2,73E-04 2,65E-04 2,73E-04
600 2,67E-04 2,71E-04 2,93E-04 2,90E-04 2,90E-04
700 2,44E-04 2,52E-04 2,52E-04 2,63E-04 2,54E-04
800 2,41E-04 2,82E-04 2,75E-04 2,84E-04 2,84E-04
900 2,66E-04 2,75E-04 2,66E-04 2,75E-04 2,66E-04
1000 2,75E-04 2,58E-04 2,75E-04 2,84E-04 2,77E-04
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5. Determination of the key comparison value
Method with individual drift uncertainty and outlger

5.1. Choice of the reference value:
The choice of the way to compute the Key CompariReference Value (KCRV) is not trivial.
Starting from 1999 until recently, the debate hasrblong and passionate between the different
Metrological National Institutes to agree on thlghtimethod to realise the calculation.
Five different methods have been discussed:

Arithmetic mean

Classical weighted mean

Weighted mean with limited weights

Median

Median based on Monte-Carlo resampling.
After many years of work, the Consultative Comneitfier Photometry and Radiometry Key
Comparison Working Group (CCPR KC-WG) publishedualglines to ensure that the reports of
CCPR comparisons are prepared in fair and unifomnmar. The last version of this document
have been published in March, 2006. It specifies$ the default method for calculating KCRV is
the weighted mean with cut-off. When this documanived, the Pre-draft A process was
completed for the key comparison K6 and all theigigating laboratories were already agreed
on the same way of calculation of the KCRV, theghie2d mean with cut-off.

5.2. Calculation of the weighted mean
The method we used is the weighted mean with duffbe cut-off valuepcu.or is the mean of
uncertainty of the participating labs that are uritie median. The detail of the calculations we
used is presented here. For convenience for thiereae tried to follow the same notations than
those of the example given in the Appendix B. & @Guidelines for CCPR Comparison Report
Preparation (Rv.1, March 2006). Few differencesstexietween our method and the one
described in this document. The mains differences a
= We use absolute uncertainties here, where theselative in the reference document. As
matter of fact, transmissions measurement areddinedative measurements. For the sake
of clarity, it is a tradition in this field, to ex@ss the uncertainty in absolute value, to
avoid to use of relative uncertainties of relativeasurements.
= The way we deal with the transfer uncertainty congo (laqq) is slightly different than
the proposition done by the CCPR Key comparisonkingrgroup. Because filters are
very sensitive to pollution and even if all the gaation have been taken to minimise this
component, this transfer uncertainty componentigh.hThis particularity implies a
specific treatment that is detailed in the follog/ipages.

Notations

N Number of participant NMIs, not counting the pilab (from p.10, we havél =
14).

Ix,i Spectral transmission of the filter ty@gX varies from A to E), set

u(zx i) Total absolute uncertainti£1) of zx ; reported by the NMI.

Txir Spectral transmission of the filter typg(X varies from A to E), sat measured by

the Pilot.
ris the roundr = 1 to 2, wherea=1 is the measurement before dispatching.
r=2 is the measurement after dispatching.
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u(z xi;)  Total absolute uncertainti£1) of 7' x i, reported by the Pilot.
u(z "xi) Reproducibility (type A) of Pilot measurements fox .

Pilot Measurements

The pilot measurements of all the filters involniedhe comparisons far= 1 and 2 are
reported in Annex B

Annex B.1., Pilot lab transmission measurements for r = 1 (p 84)

Annex B.2, Pilot lab transmission measuremehnts for r = 2 (p 85)

The adopted value for the pilot lab transmissiorasneements is the average of round 1 and
round 2

1
T;,i = E (T>F<> iat T>F<> i ,2) (2)
All the values are in

Annex B.3, Pilot lab adopted transmissibg; (p 86)
The uncertainties associated are in Annex B.4 amkA B.5, where:

Annex B.4, Pilot lab total uncertainty on adoptexhsmission ('x ) gp87)

Annex B.5, Pilot lab “type A” uncertainty on adogteansmissiom (7" x.) (p88)

NMI Measurements

The participant laboratories measurements are teggpar annex C.
Annex B.6, NMI absolute transmission measuremenigp89)
Annex B.7, NMI total absolute uncertainties on saimssionu(zx ;) (p90)

Additional uncertainties

The additional uncertainties arise from artefaate tb transportation or different measurement
conditions between Pilot and participants that ciffeomparison results. No problem was
identified during the procedure that could suggestcorporate an additional uncertainty.

Drift uncertainty

As it was showed in 83.7, p.11, the stability of fiters during the comparison can be accessed
by the difference between transmittance measuramieefiore and after the dispatching. We
plotted this difference for all the filters (segiie 2 to Figure 6, p.11-13). It appears that tiifé d

is quite smooth and reasonably taken into accoynthe mean value of the measurement
“before” and “after” at the pilot laboratory.

After discussion within the participants, it wasegted that the uncertaintyiw xi, associated to
possible drift of the filteiX,i is estimated to be within the difference “before*after” with a
rectangular probability distribution.

_2_\])§|T>Tj,l_r;i,2| 3)

udriftX |
For the pilot lab, the drift uncertainty is the eage of all the filters.
1 N
Ugrifix 0 = NZ Ugrifex i 4)
i=1
All the results concerningyir; are reported in Annex B.8 and Annex B.9, p. 91-92

Determination of the cut-off
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The cut-off value is calculated by
Ucut-off = averagefi(zx )} for u(zx,) < medianf(zx,)}; i = 0 toN. (5)
N
where for the pilot labu(z, ,o):%ZU(T;i) (6)
i=1
When the uncertainty(zx ;) of the NMI is under the cut-off value, it is adfad by the cut-off.
After this operation, the uncertainties of the Nbécomeugj (rx,)
In Annex B.10 (p. 93) is reported theg (zx,). The caption of the cell is in bold when the
uncertainty of the participant lab has been adglbtethe cut-off.

Determination of the weight

For each NMli for each filterX, the difference between NMI measurement and th&t Rib
measurement (as the average of the two rounds)es gy:

Ay; =Ty, _T>F(>,i (7

and its uncertainty, far=1toN by

u(AX]i ) = \/uz(rxli )+ u2(rER )+ u2,, ., without cut-off adjustment (8)

uadj(AX,i ) = \/ ui,» (rx,i )+ uz(rf;ff)+ Ugi x With cut-off adjustment 9)
For the pilot labi(=0), we have

Ay =0 (20)

u(AX ]0) = \/ uz(r;’ ]0)+ Ugin x o Without cut-off (11)

Upg (4 0) = JUZ{TE o)+ Uzix 0 With cut-off (12)

whereug,, x , comes from (4) anﬂ(r§ ‘0) from (6).

Ax,i, U(dx;) anduagfdx,) are reported respectively in Annex B.11, Annex Bah?l Annex B.13
(p94-96)

In the following calculations, the index is abandoned to lighten the notations, but theeea
should keep in mind that the calculations are doneach of the five filters.

The weightsw; for the NMIi is determined by:

u?(4
\Ni — . adj( i (13)
zuzﬁij AI)
i=0
Results are reported in Annex B.14 (p97)
5.3. Key Comparison Reference Value (KCRV)
The KCRYV is given by
N
Aecry = Z\NiAi (14)
i=0

The uncertainty of the KCRV (weighted mean with-off} is given by
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The results are reported in the following table

Table 35 Axcry for the five filters:

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,024E-03  1,540E-03  1,211E-04 -1,599E-06 1,020E
400 1,148E-03  1,093E-03  -3,117E-05 -1,185E-05 4%4d@9
500 8,494E-04  9,756E-04  1,156E-04  8,555E-06  2,9BBIE-
600 7,970E-04  7,611E-04 1,777E-04  4,101E-05 8,Z1BE-
700 4,225E-04  3,424E-04  9,633E-05  3,374E-05 7,0M0E-
800 6,383E-04  2,010E-04  1,455E-05 6,546E-06 1,53BE-
900 5,228E-04  7,263E-05  8,838E-06 -4,104E-06 -E18F
1000 4,211E-04  1,051E-04 -1,840E-06 -3,835E-06 1E506

Table 36 u(Akcry) for the five filters

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,129E-04  1,637E-04  3,114E-05 3,689E-06 2,31QE-
400 9,043E-05 1,187E-04  2,835E-05 4,792E-06  1,20BE-
500 6,858E-05  1,139E-04  2,193E-05 4,187E-06  1,1MGE-
600 6,969E-05 6,358E-05  1,765E-05  4,668E-06  1,4BBIE-
700 6,926E-05 5,251E-05 2,987E-05  1,090E-05 4,1BIE-
800 4,380E-05  5,879E-05  2,755E-05 8,918E-06  3,880E-
900 6,047E-05 5,819E-05 1,978E-05 6,348E-06  3,0I6GE-
1000 6,443E-05 6,384E-05 1,555E-05 5,411E-06 2,90BE

Uncertainties are absolute uncertainties

(15)
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6. Degrees of equivalence (DoE)

Knowing theAkcry , the unilateral DoE of NMilis given by:
Di =4 = Accry

Results are reported in Annex B.15 and Annex BpB&{99).

(16)

(17)

A graphical representation of the unilateral degrekequivalence with k=2 is proposed in the

followings pages.
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Unilateral DoE of CCPR-K6 Participants

Values reported here are absolute

Uncertainties are calculated with k=2
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Unilateral DoE of CCPR-K6 Participants
Filter “B™*

Values reported here are absolute

Uncertainties are calculated with k=2
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Figure 18 — DoE between laboratories and the KC&\filter B

54



Unilateral DoE of CCPR-K6 Participants

Values reported here are absolute
Uncertainties are calculated with k=2
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Unilateral DoE of CCPR-K6 Participants
Filter “D*
Values reported here are absolute *Nominal trartante value : 1%
Uncertainties are calculated with k=2
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Figure 20 — DoE between laboratories and the KC&\filter D
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Unilateral DoE of CCPR-K6 Participants
Filter “E™
Values reported here are absolute *Nominal trartante value : 0,1%
Uncertainties are calculated with k=2
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7. Checking of the results

7.1. Consistency check

In a first step, the consistency of the dispersadnthe Degrees of Equivalence with the
uncertainties was checked by means of a test defigen the chi-squared test.

The observed “test value” is

N Di2
i=0Ui2
whereU; is the expanded uncertainty with= 2 and the summation is over all participantsaor

given filter type and wavelength. The consisterfogok is defined as failing if
Q>25. (29)

Q= (18)

The results of the test were satisfactory for thers “D” and “E” but not for “A”, “B” and “C”.
Looking in detail at each participant’s contributito Q, it appears that when the test failed the
failure was usually because of only one NMI measand.

During May 2006, the pilot, being aware of thessuls, invited 8 participating NMIs to check
their results and associated uncertainties. 7 Nidfdied. As the corrections proposed by the
NMIs were minor and had no significant effects ba KCRV or on the results of th€” test,
the pilot lab decided not to integrate these modifons in the results.

After that, it has been decided to reject from tadculation of the KCRV participants who
increase th&) value drastically. As a matter of fact, it appetduat, for each wavelength where
the test fails, the suppression of only one pgrdict allows the test to pass for all the filterd an
for all the wavelengths. Ten wavelengths out ofyf@nd four laboratories out of fifteen were
affected by this rejection.

The draft A-1, presenting these proposals for gterination of the KCRV and the calculation
of DoE was circulated July 20, 2006. From the amsweceived on this draft, it appears that the
method for determining the KCRV and the DoE neemsesimprovements. The major difficulty
in applying the consistency check was due to tlife afrthe filters during the measurement. As
has been indicated previously, this drift was inegal larger than the uncertainty reported by the
laboratories for their measurements and was ateagly dependent on the individual filters. So,
for the majority of the laboratories, the uncergiof the comparison was dominated by the
uncertainty due to the stability of the filters.ddese the laboratories which had received very
stable filters had a very low uncertainty compatedhe laboratories which had received less
stable filters, this led to difficulties in the uska consistency check. The failure in the obsi#rve
Q value by the data of one particular laboratorylddoe the result of two possible causes :

1. A deviation from the KCRYV that is too large

2. A measurement uncertainty that is too small.
In the first case, it might be reasonable to exeltek results from the calculation of the KCRV as
it is an “obvious outlier” and can be removed adaay to the CCPR guidelines. For the second
case the exclusion of the results is less justdials there could be other factors which contribute
to the small uncertainty value such as the “goadbisity of the filter during the comparison.

To take into account this effect, two new methamtsdetermining the KCRV were proposed. The
first one was based on the use of the largestabgerved for one type of filter at one wavelength
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assuming a rectangular distribution, applied to latioratories. In this case, the uncertainty
component related to the drift of the filters i&da to the same for all laboratories. As this
uncertainty component is a very important parthaf total uncertainty, all the laboratories have
about the same total uncertainty using this metifahalysis.

The second method was based on accéptable uncertaintydefined in a way similar to the
way in which the cut-off uncertainty is determin&dr the laboratory which has a rabgU; that

is responsible for the failure in th@ test, its uncertainty is to be changed to ancéptable
uncertainty U’; given by

D.

i = m (20)

where Med Q) is the median contribution among all the paracits in theQ value.

The draft A2, taking into account the correctioaguested by some participants and presenting
the results obtained by the two new methods praptmeidentifying the outliers, was circulated
March 16, 2007. The status of the CCPR-K6 key coigpa was presented at the meeting of the
Working Group on Key Comparisons of the CCPR (WG}KR June 18, 2007. From the
discussion arrising from these two events, it wasiakd that the results of the KCRV could be
improved by removing some outliers, but the method determining the outliers was not
considered to be satisfactory.

7.2. Identification of outliers

After discussion with some of the interested papéints it was decided to use a very simple and
very conservative test for removing outliers frame talculation of the KCRV. The retained test
was that the unilateral DoB; should be greater than five time the uncertaimtyhe DoE U;.

D, 25*U, (21)

Applying this criterion led to the removal from thalculation of the KCRYV reference value four
wavelengths for one filter and for one laboratoAnrfex B.17, p100). This is schematically
presented in table 36.

Table 37 : Outliers

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”

380 SMU

400 SMU

500 SMU

600 SMU

700

800

900

1000

In Table 6Figure 2, page 11, showing the stabihtythe filters A during the comparison, it
appears that the filter A of the set 11, used byJ3Md a strange behaviour, indicating probably

59



a poor quality filter. For the wavelengths betw@&&0 nm and 600 nm its stability is very good
and it is very poor for the other wavelengths. t8e,uncertainties of the comparison for this filter
are very small for wavelengths between 380 nm ad@ ®m and very large for the other
wavelengths, since the stability of the filter ismajor component of the uncertainty of the
comparison.

The use of a weighted mean, even with a cut off,determining the reference value of the
comparison give a strong importance to the measmesmwith a low uncertainty, on this

reference value. The figure “Unilateral DoE of CCRR Participants, Filter A”, page 51, for

wavelengths 380 nm, 400 nm, 500 nm and 600 nm, shioat 2/3 of the laboratories are below
the reference value of the comparison, pointingtbat this reference value is probably not the
most representative of the measurements carriedyumost of the laboratories. So it seems
reasonable to exclude from the calculation of tegerence value of the comparison some
measurements of a filter which seems to be of paoatity.

8. Final value of the KCRV

The cut-off is recalculated with the remaining \euWe follow the same procedure as the one
described in 85.2 (p48). This second calculatiengléntified as version #2 in the annex. The

cells are filled in pink to identify the values thzave been rejected from the calculation of the

KCRV.

The calculations are identical, excepted for sdwgprantities where we have to take into account

the fact that a measurement is not available angmidrese quantities are expressed below. The
excluded measurement is labelled

Determination of the cut-off

The cut-off value is calculated by
Ucutoff = averagedl( 7x )} for u(zx ;) < medianfu(zx)}; 1 = 0 toN, i = h. (21)

N

where for the pilot Iabu(rx D)=%Zu(r;i) (22)
i=1

When the uncertainty(7x;) of the NMI is under the cut-off value, it is adjad by the cut-off.

After this operation, the uncertainties of the Nibdicomeus,g; (7x,). This operation is done for the

measuremertt too if it is necessary.

In Annex B.18 (p101), we reported thgy (7x;). The caption of the cell is in bold when the

uncertainty of the participant has been adjustethbycut-off.

Determination of the weight

Ay (difference between NMI measurement and the P#it tneasurement) ana(4y;) are
unchanged.

AS Uag(4x,) is dependent of the cut-off, its value has chdnged is updates in Annex B.19
(p102).

In the following calculations, the index X is abandd to simplify the notations, but the reader
should keep in mind that the calculations are peréal for each of the five filters.
The weights wi for the NMI i are determined by:

U (Ai)

W, :NdJ_
= gu;f,j(ﬁi)

izh

(23)
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There is no weight for the cakeResults are reported in Annex B.20(p103).

Key Comparison Reference Value (KCRV)
The final KCRV is given by

N
Aecry = _Z_O:VViAi
izh
The uncertainty of the KCRV (weighted mean with-off} is given by
. u*(4)

; u:dj (Ai )

izh

S RiaIE—
Z:O: U;ci (Ai )
i%h

The final KCRYV is detailed in Table 38 and Table 39

U(AKCRV) =

Table 38 Axcry for the five filters, version #2:

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 4,357E-04 1,540E-03 1,211E-04 -1,599E-06 1,08QE
400 3,701E-04 1,093E-03 -3,117E-05 -1,185E-05 4%449
500 3,234E-04 9,756E-04 1,156E-04 8,555E-06 2,9 E-
600 3,075E-04 7,611E-04 1,777E-04 4,101E-05 8,BE-
700 4,225E-04 3,424E-04 9,633E-05 3,374E-05 7,6E-
800 6.383E-04  2,010E-04  1,455E-05 6,546E-06  1,52RE-
900 5,228E-04 7,263E-05 8,838E-06 -4,104E-06 -Ei1BF
1000 4,211E-04 1,051E-04 -1,840E-06 -3,835E-06 1XE506

Table 39 u(Akcry) for the five filters, version #2

A (nm) Filter “A” Filter “B” Filter “C” Filter “D” Filter “E”
380 1,058E-04 1,637E-04 3,114E-05 3,689E-06 2,3E-
400 8,210E-05  1,187E-04  2,835E-05  4,792E-06  1,200E-
500 6,338E-05 1,139E-04  2,193E-05 4,187E-06  1,10E-
600 6,302E-05 6,358E-05 1,765E-05 4,668E-06 1,4%E-
700 6,926E-05 5,251E-05 2,987E-05 1,090E-05 4, 1R E-
800 4,380E-05 5,879E-05 2,755E-05 8,918E-06 3,580E-
900 6,047E-05 5,819E-05 1,978E-05 6,348E-06  3,0IGKE-
1000 6,443E-05 6,384E-05 1,555E-05 5,411E-06 2,903E

Uncertainties are absolute uncertainties

(24)

(25)
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9. Final degrees of equivalence
Knowing theAkcry , the unilateral DoE of NMi is given by equation (16) and the uncertainty
by equation (17) for all the participants.

Results are reported in Annex B.21 and Annex BiA®4-105)
A graphical representation of the unilateral degrekeequivalence with k=2 is proposed in the

followings pages.
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Values reported here are absolute
Uncertainties are calculated with k=2
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Unilateral DoE of CCPR-K6 Particpants
Filter “B™* ( Final)

Values reported here are absolute

Uncertainties are calculated with k=2
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64



Unilateral DoE of CCPR-K6 Particpants
Filter “C™ (Final)

Values reported here are absolute
Uncertainties are calculated with k=2
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Unilateral DoE of CCPR-K6 Participants
Filter “D™ ( Final)

Values reported here are absolute
Uncertainties are calculated with k=2
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Unilateral DoE of CCPR-K6 Particpants
Filter “E™ (Final)
Values reported here are absolute *Nominal trartante value : 0,1%
Uncertainties are calculated with k=2
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10. Conclusion

The present Draft-B presents the Key Comparisoriieate Values (KCRV) of the comparison

and the degree of equivalence of the participaaset on a weighted mean with cut-off and the
removal of very few values considered as outli@isis is based on a two steps calculation
procedure.

The first step, already presented in the Draft Atl ®raft A2 (chapter 5 and 6), is directly
derived from the “guidelines for CCPR Comparisorp®e Preparation”. All the data of all the
participating laboratories are included in the gkdtion of the KCRV using the method of the
weighted mean.

The second step, is basically the same as thequ®wne and it is also indicated as possible in
the “Guidelines for CCPR Comparison Report Prepamatin that step the outliers, determined
by using a criterion based on the deviation from HKCRV and the associated uncertainty, are
excluded from the KCRV calculation but the KCRVabkvays calculated using the weighted
mean.

Following the proposals of some participants to twmparison, two new methods for
determining the KCRV have been developed in thé &2

The comments are open on this proposal.
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ANNEX A

Spectral Regular Transmittance

Technical Protocol

1. Introduction

1.1 The metrological equivalence of national measient standards will be determined by a set
of key comparisons chosen and organised by the utatise Committees of the CIPM
working closely with the Regional Metrology Orgaatisns (RMOS).

1.2 At its meeting in March 1997, the Consultat@emmittee for Photometry and radiometry,
CCPR, identified several key comparisons in thé&dfigf optical radiation metrology. In
particular, it decided that a key comparison ofcgaé regular transmittance shall be carried
out, with the BNM-INM (France) acting as pilot labtory.

1.3 This technical protocol has been drawn up bynall working group comprising the Institut
National de Metrologie, France (BNM-INM), the Healki University of Technology,
Finland (MIKES), the Measurement Standard Laboyathew Zealand (MSL), the National
Institute of Standard and Technology, USA (NISTe National Physical Laboratory, UK
(NPL), and the Physikalisch-Technische Bundesan§&armany (PTB).

1.4 The procedures outlined in this document cdher technical procedure to be followed
during measurement of the transfer standard filt&fe procedure, which followed the
guidelines established by the BIPMs based on current best practise in the uséaofiard
filters and d;[akes account of the experience gafrmd the previous comparisons organised
in this field'.

% T.J. Quinn, « Guidelines for key comparison caroet by Consultative Committees », BIPM, Parisjdrch 1999

4 K.L. Eckerle, J. Bastie, J. Zwinkels, V. SapritsRy Ulyanov, « Comparison of regular transmittascales of four
national standardizing laboratories », Color reseand application, volume 18, number 1, Februagsl

J.F. Verrill, « Intercomparison of spectrophotoricetneasurements of regular transmittance », Regntract N°.
MAT1-CT940021, November 1996.
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2. Organisation

2.1 Participants

2.1.1

2.1.2

2.1.3

2.1.4

2.1.5

The list of participants was drafted by tiletpaboratory starting from the present list of
CCPR member and observer laboratories, the answerpreliminary questionnaire, and
taking into account the RMOs.

Traditionally, only members laboratories agparticipants in a key comparison.
Nevertheless, for practical reasons, observer &boes have been included in the
circulation of the artefacts for this comparisomei results could be included in the
comparison or considered separately accordingetadgision of the CCPR in this matter.

All participants must be able to demonstiagiependent traceability to the realisation of
the quantity, or make clear the route of tracefbilb the quantity via another named
laboratory.

By their declared intention to participatethins key comparison, the laboratories accept
the general instructions and the technical pro®ewaitten down in this document and
commit themselves to follow the procedures strictly

Once the protocol and list of participants heen agreed, no change to the protocol or list
of participants may be made without prior agreenoéiadl participants.

2.2 Participants’ details

2.2.1

CCPR members
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BNM-INM |Mr Jean Bastie Phone : 33 140 27 20 25
BNM-INM/CNAM Fax:33142 7137 36
292 rue Saint Martin E-mail : bastie@cnam.fr
75003 Paris
France

CSIR Ms Natasha van Tonder Phone : + 27 12 841 3618
CSIR - National Metrology Laboratory Fax:+ 27 12 841 2131
PO Box 395 E-mail : nvtonder@csir.co.za
Pretoria 0001
South Africa

CSIRO Dr Jim Gardner Phone : + 612 9413 7323
CSIRO - National Measurement Laboratonyfax : + 612 9413 7474
PO Box 218 E-mail : jlg@tip.csiro.au
Lindfield NSW 2070
Australia

HUT Dr Farshid Manoocheri Phone : + 358 9 451 2337
HUT - Metrology Research Institute Fax : + 358 9 451 2222
Otakaari 5 A E-mail :
PO Box 3000 farshid.manoocheri@hut.fi
FIN-02015 HUT
Finland

IEN Dr Maria Luisa Rastello Phone : + 39 11 3919 219
IEN Fax :+ 3911 34 63 84
Strada delle Cacce, 91 E-mail : rastello@ft.ien.it
10135 Torino
Italy

IFA Dr Alicia Pons Phone : + 34 91 561 8806
CSIC - Instituto de Fisica Aplicada Fax:+ 3491411 7651
C/Serrano 144 E-mail : apons@fresno.csic.e
28006 Madrid
Spain

KRISS Dr Young Boong Chung Phone : + 82 42 868 5200
KRISS Fax : + 82 42 868 5022
Optics Lab.—Division of Quantum Metrolog¥-mail : optobit@kriss.re.kr
PO Box 102, Yusong
Taejon 305-600
Republic of Korea

MSL Dr John Clare Phone : + 64 4 569 0000

MSL — Industrial Research
PO Box 31 310
Lower Hutt

New Zealand

Fax : + 64 4 569 0003
E-mail : j.clare@irl.cri.nz

n
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NIST Dr Edward A. Early Phone : + 1 301 975 2343
NIST — Optical Technology Division Fax:+ 1301 840 8551
Mail Stop 8442 E-mail :
Gaithersburg, MD 20899-8442 edward.early@nist.gov
USA

NPL Dr Julie Taylor Phone : + 44 81 943 6539
National Physical Laboratory Fax : + 44 81 943 6283
Queens Road E-mail : Julie.taylor@npl.co.u
Teddington Middlesex TW11 OLW
United Kingdom

NRC Dr Joanne Zwinkels Phone : + 1 613 993 9363
NRCC - Institute for National MeasuremeRaix : + 1 613 952 1394
Standards E-mail :
1500 Montreal Road, Bldg. M-36 joanne.zwinkels@nrc.ca
Ottawa, Ontario
Canada K1A OR6

NRLM Dr Akihiro Mito Phone : + 81 298 61 4069
NRLM — Composition Measurement Sectiphax : + 81 298 61 4135
Thermophysical Metrology Department | E-mail : mito@nrim.go.jp
1-4 Umezono, 1-Chome, Tsukuba-shi
Ibaraki 305-8563
Japon

OMH Dr Gyula Dézsi Phone : + 36 1 45 85 833
Notional Office of Measures, Optical sectioRax : + 36 1 214 3157
Németrolgyi ut 37 — 39 E-mail : gdezsi@omh.hu
Budapest
H — 1124 Hungary

PTB Dr Alfred Schirmacher Phone : + 49 531 592 4231
PTB — Laboratorium fur Bildoptik undrax: + 49 531 592 4272
Spektrometrie 4.21S 9292
Bundesallee 100 E-mail :
D — 38116 Braunschweig alfred.schirmacher@ptb.de
Germany

SMU Dr Peter Nemecek Phone : + 421 7 602 94 278
SMU - Laboratory for thermometry apéax:+ 4217 654 29 592
optical radiometry E-mail :
Karloveska 63 nemecek@smu.savba.sk
842 55 Bratislava
Slovakia

VNIIOFI Dr Andrej Belousov Phone : +7 95437 33 11

VNIIOFI — GOSSTANDART
Radiometric and photometric laboratory
Ozernaya 46

119361 Moscow

Fax :+ 7 95437 37 00
E-mail : rpl@glasnet.ru

Russia
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2.2.2 CCPR observers

NMi Dr Charles A. Schrama Phone : + 31 15 2961 738
NMi Van Swinden Laboratorium Fax : + 31 15 2612 971
Temperature and radiation E-mail : cschrama@nmi.nl
PO Box 654
2600 AR Delft
The Netherlands

PSB Dr Xu Gan Phone : + 65 77 29 663
PSB — National Measurement Centre Fax :+ 65 77 83 798
1 Science Park Drive, PSB Building E-mail : xugan@psb.gov.sg
Singapore 118221
Singapore

UME Dr Ugur Kucuk Phone : + 90 262 646 6355
TUBITAK-UME Fax : + 90 262 646 5914
PO Box 21, Gebze 41470 E-mail :
Kocaeli ugur@linux.ume.tubitak.gov.tr
Turkey

Since the technical protocol was written before tloenparison, some information related to
participating laboratories and contact persons lwnaaged. The updated information are given
in the report itself in Table 2 (p 4).

2.3 Form of comparison

2.3.1

2.3.2

2.3.3

234

2.3.5

2.3.6

The comparison will principally be carriedt drough the calibration group of transfer
standard filters. Each participant will use a safeset of filters to minimise the time
needed for the completion of the comparison.

A full description of the transfer standaittfs is given in section 3 of this protocol.

The comparison will take the form of a stamparison, carried out in one single phase.
The artefacts (filters) will initially be calibradeby the pilot laboratory. They will then
distributed to participants who will perform thelibeation. They will be returned to the
pilot laboratory to carry out a repeat calibratiorcheck their stability.

BNM-INM will act as the pilot laboratory. Atesults are to be communicated directly to
the pilot laboratory as soon as possible and cytaiithin 6 weeks of completion of the
measurements by a laboratory.

Each laboratory has 3 months for calibraéind transportation. With its confirmation to
participate, each laboratory has confirmed tha @apable to perform the measurements
in the allocated time.

If for some reasons, the measurement faadityot ready or customs clearance takes too
much time in a country, the participant laboratonyst contact the pilot laboratory
immediately. It may be possible for the participamtontinue to take part by sending the
calibrated filters back to the pilot laboratoryaat agreed later date. However, in view of
the large amount of work for the pilot laboratotlyis may not be possible. If this is the
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case, the participant and their results may havbetexcluded from the final report.
Exclusion may also occur if the results are noilalse in time to prepare the draft report.

2.3.7 Revised Timetable

Activity Date

Invitation to participate 30 November 1998
Receipt of request to participate End of March 1999
Participants filters received Beginning of May 2000
Filters returned to BNM End of July 2000

Draft A comparison report circulated December 2000

Draft B comparison report submitted to CCPR Ap@ioQ

2.4 Handling the artefacts

2.4.1 The standard filters should be examined imately upon receipt at final destination.
The condition of the filters and associated paakgghould be noted and communicated
to the pilot laboratory. Please use the fax forre-onail form in appendix A4 and AS5.

2.4.2 The standard filters should only be handlesalthorised persons and stored in such a
way as to prevent damage.

2.4.3 No cleaning of any filter should be normallgne. Dust could be removed with a very
soft brush or with a stream of dry nitrogen or diy02. In case of accidental
contamination, cleaning will be carried out withca@hol and special optical paper.
Cleaning must be indicated in the measurement repod documented using the
appropriate form in appendix A.2. If a filter appealamaged, a replacement will be
available from the pilot laboratory.

2.4.4 After the measurements, the filters shoulddpackaged in their original transit cases or
any other appropriate case for transportation. Enghat the content of the package is
complete before shipment. A copy of the provisioredults should be included in the
package.

2.5 Transport of artefacts

2.5.1 Itis of outmost importance that the artefdoet transported in a manner in which they will
not be lost, damaged or handled by unauthorisexbpsr
2.5.2 Artefacts should be marked as “fragile”.

2.5.3 The artefacts should be accompanied by aldaitustoms carnet (where appropriate) or
documentation identifying the items uniquely.

2.5.4 Transportation is each laboratory’s respalitsibEach participating laboratory covers the

costs for its own measurements, transportationsayccustoms charges as well as for any
damages that may have occurred within its coufiting overall costs for the organisation
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of the comparison are covered by the pilot labayatbhe pilot laboratory is not liable for
any loss or damage of the artefacts during tramapomn.

3. Description of the standards

3.1 The filter set to check the photometric scaleamprised of 5 neutral coloured glass filter
plates 50 mm x 50 mm with nominal transmittancdstha wavelengths of 546 nm, of
approximately 92%, 56%, 10%, 1% and 0.1%. Ther§ltare contained in a wooden box

specially designed for transportation.

3.2 Each filter is identified by a reference engevin a corner outside the area used for
measurement. This reference has two parts. Ondeea indicating the type of glass (see
table below); the other is the serial number offiter.

3.3 The main characteristics of the filters are mamsed in the following table:

Nominal Type of glass Nominal thickness Reference
transmittance % mm
92 BK 7 4.0 A
56 NG 11 1.5 B
10 NG 5 3.9 C
1 NG 4 3.9 D
0.1 NG 3 3.1 E

3.4 The manufacturing tolerances are :

Size : 50 x50 (+0/-0.3) mm
Flatness : better than 5 um over a central dianoét8®@ mm
Parallelism : better than 0.02 mm except for therfof transmittance 92% (<0.1 mm)
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4. Measurement instructions

4.1 Traceability

Temperature measurements should be made usingtéradtional Temperature Scale of 1990
(ITS-90)

4.2 Measurand

421

4.2.2

The measurand is the spectral transmittah¢beofilters. The measurement should be
performed in suitable laboratory accommodation ta@med at a temperature of 23+2°C.
The exact temperature of the laboratory duringtime of the measurements should be
reported.

The filter transmittance has to be measuretbpgendently several times. The exact
number of measurements should be that normally bgetie participating laboratory to
obtain the reported accuracy of their specific meament facility. The exact number of
measurements used should be stated in the measurespert but only the mean or final
declared value each filter of the set is requicedé included.

4.3 Measurement instructions

4.3.1

4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

Before measurement each filter should beectsd for damage or contamination. Any
damage or cleaning should be documented usingptir®priate form in appendix AS5.

The spectral transmittance measurement offitte¥s should be performed at the
following wavelengths : 380, 400, 500, 600, 700),8800 and 1000 nm.

The beam geometry must be a parallel beamengssible. For instruments that do not
use a parallel beam, the departure from parallellshbe stated. The beam size will
probably be different for the different instrumer2®mm diameter or 20mm square might
be considered an ideal compromise between theictomdl requirements of adequate flux
and good uniformity.

The angle of incidence on the filter showdnbrmal or near normal and should be stated
in the report.

The bandwidth used for the measurement shmailstated in the report. 1 nm might be
considered the norm for this wavelength range. Hewethere is no need for an agreed
value of bandwidth because of the spectral netitrafithe filters.

Any information obtained relating to the useany results obtained by a participant
during the course of the comparison shall be sehtto the pilot laboratory who will be

responsible for co-ordinating how the informatiohosld be disseminated to other
participants. No communication whatsoever regardimg details of the comparison other
than the general conditions described in this patshall occur between any of the
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participants or any party external to the comparigdthout the written consent of the
pilot laboratory. The pilot laboratory will, in tay seek permission of all the participants.
This is to ensure that no bias from whatever actaleneans can occur.

5. Measurement uncertainty

5.1 Measurement uncertainty shall be estimatedrdopto the 1ISO Guide to the expression of
uncertainty in measurement. In order to achievaraph comparability, a list containing the
principal influence parameters for calibration giestral transmittance is given below. An
example table which should be completed by padrip is included as appendix A3. The
participating laboratories are encouraged to foltbis breakdown as closely as possible, and
adapt it to their instruments and procedures. Othdditional parameters may be felt
appropriate to include dependent on specific measent facilities and these should be
added with an appropriate explanation and or ratereAs well as the value associated with
the uncertainty, participants should give an indiicaas to the basis of their estimate. All
values should be given for a coverage factor of k=1

5.2 Type A

5.2.1

5.2.2

Repeatability of measurements.

The repeatability of measurements can be determimealculating the standard deviation
of a set of measurements without realignment cosgjpning of the filter. It characterises
mainly the noise and the stability of the experitaéset-up.

Reproducibility of measurements.

The reproducibility of measurements can be detezthim calculating the standard
deviation of a set of measurement with realignnaet repositioning of the filter between
each individual measurement. It characterises th@evprocess of the measurement. It is
this value which has to be taken into account lier uncertainty evaluated according the
type A method.

5.3 Type B

5.3.1 Main uncertainty components.

The 3 main components of uncertainty usually deitezthby type B method are :

» The non linearity of the detector over the dynarmaiecge of the detector used for the
measurements

» The uncertainty of the wavelength setting of thenaahromator

» The stray light.

The uncertainties related to these effects havbetalearly stated in the uncertainty

budget provided with the results of the comparison.

5.3.2 Other uncertainty components.

The other uncertainty components which can bempttie uncertainty budget if necessary
are :
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The beam displacement effect and the defocusirertetfue to introduction of the
filter in the beam.

The inter-reflection between the filter and the imas optical and mechanical
components of the experimental set-up.

The obliquity effect due to the residual non palam of the beam, a non parallel
beam or the imperfect alignment of the filter.

The effect of the polarisation of the light

The drift of the detector and/or of the sourcesrduthe measurements.

Any other uncertainty components specific to thepaaptus used for the
measurements as explained in § 5.1.

6. Reporting of results

6.1 On completion of the measurements by the paatiog laboratory, the provisional results of

these measurements should be sent to the pilatady with the filters.

6.2 The Final results should be communicated topilet laboratory at the latest within six

weeks.

6.3 In completing the description of the particifsameasurement facility, appendix A.2, it would

be useful for a schematic diagram of the facilityoe included.

6.4 The measurement report forms in appendix A.2, A.3 of this document will be sent by e-

mail to all participating laboratories. It would bppreciated if the report form (in particular
the results sheet) could be completed by computdrsent back electronically to the co-
ordinator.In any case, the signed report must also be sent paper form by mail. In of
any differences, the paper forms are consideréea tihe definitive version.

6.5 Following receipt of all measurement reportarfrthe participating laboratories, the pilot

7.

laboratory will analyse the results and preparnesa draft report on the comparison. This will
be circulated to the participants for comments,itaadts and corrections. Subsequently, the
procedure outlined in the BIPM Guidelines will ldldéwed.

Determination of the reference value

To be completed following discussion by Key comgami working group.
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A.1 Measurement results

The attached measurement summary should be comipfeteeach filter. For clarity and
consistency the following list describes what sddu¢ entered under the appropriate heading in

the table.

Wavelength

Spectral transmittance

Bandwidth

Standard Deviation

Number of runs

Uncertainty

The assigned centre wavelength of the measuredirapec
transmittance.

The value of the spectral transmittance of theeffilas
measured by the participating laboratory.

The spectral bandwidth of the instrument used foe t
measurement defined as the Full Width at Half thaihium.
The standard deviation of the number of measuresnaade
to obtain the assigned transmittance of the filter.

The number of independent measurements made tm dbéa
specified standard deviation.

The total uncertainty of the measurement of spkctra
transmittance including both Type A and B for a e@ge
factor of k=1.

Table of measurement results

Reference of he filter :

Ambient temperature :

Wavelength

nm transmittance

Spectral

Bandwidth Standard
nm deviation

Number of
runs

Uncertainty

380
400
500
600
700
800
900
1000

Laboratory :

Date :

Signature :
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A.2 Description of the measurement facility.

This form should be used as a guide. It is antieghdhat many of the questions will require more
information than the space allocated, please ys&rate sheets of paper as appropriate.

Make and type of the spectrophotometer

Description of calibration laboratory conditions : e.g. temperature, humidity, cleaning of
the filter if it has be done due to accidental polltion etc

Laboratory :

Date : Signature :

80



A.3 Uncertainty of measurement

Parameter Type A Type B Uncertainty in
spectral
transmittance
Repeatability U;
Non linearity U,
Wavelength setting Us
Beam displacement Uy
Inter-reflection Us
Obliquity effect Us
Polarisation Uz
Drift Usg
Others Ug
RMS total

The table is a suggested layout for the presentatiaincertainties for the calibration of each
filter. However, it should be noted that since timeertainties are wavelength dependent this
table can only present a range for the variousrpaters. The summary table associated with the
results (appendix A.1.) should take account ofwtagelength dependent parameters.

The RMS total refers to the usual expression geage root of the sum of the squares of all the
individual uncertainty terms.

Laboratory :

Date : Signature :
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A.4 Receipt confirmation

To: Jean Bastie
BNM-INM / CNAM
292 rue Saint Martin
75003 Paris
France
Fax:+ 331427137 36
E-mail : bastie@cnam.fr
From : (participating laboratory)
We confirmed having received the standards of tRVBKey comparison “regular spectral

transmittance”.

Date : Signature :

A.5 Inspection of the transfer standards

Has the filter transportation package been openedgitransit ? e.g; Customs.....Y / N

If yes please give details...............

Is there any damage to the transportation package.? / N

If yes please give details....................

Are there any visible signs of damage to the §lter.....Y / N

Laboratory:
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IFA KRISS MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S NMC /N I1IOFI
Filtre A 380 9,110E-1 9,123E-1 9,122E-1 9,120E-1 9,104E-1 9,121E9108E-1 9,122E-1 9,118E-1 9,114E-1 9,086E-1 9,070E-1 20E41 9,118E-1
A (nm) 400 9,128E-1 9,142E-1 9,139E-1 9,136E-1 9,125E-1 9,137E4,129E-1  9,140E-1 9,135E-1 9,130E-1 9,104E-1 9,084E-1 3741 9,137E-1
500 9,160E-1 9,168E-1 9,168E-1 9,163E-1 9,152E-1 9,169E4,156E-1 9,166E-1 9,166E-1 9,159E-1 9,142E-1 9,116E-1 64F41 9,163E-1
600 9,177E-1  9,181E-1 9,181E-1 9,176E-1 9,170E-1 9,181E4172E-1 9,179E-1 9,177E-1 9,174E-1 9,165E-1 9,137E-1 78E41 9,177E-1
700 9,184E-1 9,191E-1 9,190E-1 9,187E-1 9,182E-1 9,189E4,181E-1 9,190E-1 9,186E-1 9,184E-1 9,172E-1 9,162E-1 874l 9,186E-1
800 9,189E-1 9,196E-1 9,193E-1 9,195E-1 9,191E-1 9,192E4189E-1 9,197E-1 9,192E-1 9,191E-1 9,182E-1 9,180E-1 91¥41 9,194E-1
900 9,194E-1 9,200E-1 9,201E-1 9,200E-1 9,195E-1 9,197E49,193E-1 9,201E-1 9,198E-1 9,196E-1 9,189E-1 9,185E-1 97&41 9,198E-1
1000 9,198E-1 9,203E-1  9,206E-1  9,203E-1  9,197E-1  9,1B9E9,193E-1  9,203E-1  9,203E-1  9,200E-1  9,187E-1  9,188E-1199E-1  9,201E-1
Filtre B 380 4,055E-1 3,978E-1 4,040E-1 4,023E-1 4,008E-1 4,064E4,040E-1 4,041E-1 4,037E-1 4,057E-1 4,040E-1 4,047E-1 5101 4,049E-1
A (nm) 400 6,043E-1 5,981E-1 6,022E-1 6,019E-1 6,007E-1 6,048E4,031E-1 6,033E-1 6,029E-1 6,046E-1 6,030E-1 6,038E-1 33E6lL 6,034E-1
500 6,186E-1 6,127E-1 6,168E-1 6,164E-1 6,149E-1 6,197E4175E-1 6,176E-1 6,174E-1 6,190E-1 6,174E-1 6,185E-1 79E4l 6,175E-1
600 6,074E-1 6,011E-1 6,056E-1 6,050E-1 6,033E-1 6,082E4,063E-1 6,063E-1 6,062E-1 6,078E-1 6,061E-1 6,074E-1 674E6L 6,065E-1
700 6,361E-1 6,301E-1 6,339E-1 6,337E-1 6,321E-1 6,365E4,348E-1 6,348E-1 6,348E-1 6,361E-1 6,347E-1 6,358E-1 53E3l 6,350E-1
800 5760E-1 5,692E-1 5,740E-1 5,732E-1 5,715E-1 5,761E8,745E-1 5,744E-1 5,745E-1 5,758E-1 5,743E-1 5,756E-1 52E71 5,749E-1
900 5,013E-1 4,936E-1 4,995E-1 4,982E-1 4,966E-1 5,018E4,996E-1 4,995E-1 4,998E-1 5,013E-1 4,994E-1 5,009E-1 04E€l 5,002E-1
1000 4,533E-1 4,452E-1 4,516E-1 4,500E-1 4,484E-1 4,588E4,514E-1 4,514E-1 4,516E-1 4,534E-1 4,512E-1 4,528E-1523E-1 4,521E-1
Filtre C 380 2,198E-2 2,120E-2 2,077E-2 2,097E-2 2,117E-2 2,184E2150E-2 2,145E-2 2,130E-2 2,130E-2 2,103E-2 2,076E-2 33E12 2,155E-2
A (nm) 400 9,690E-2 9,471E-2 9,352E-2 9,409E-2 9,454E-2 9,657E®@574E-2 9,555E-2 9,502E-2 9,496E-2 9,446E-2 9,349E-2 16E®  9,619E-2
500 9,328E-2 9,147E-2 9,021E-2 9,089E-2 9,116E-2 9,299E2199E-2 9,195E-2 9,148E-2 9,175E-2 9,086E-2 9,030E-2 74E12 9,223E-2
600 7,814E-2 7,669E-2 7,553E-2 7,622E-2 7,646E-2 7,786E-2693E-2 7,694E-2 7,658E-2 7,702E-2 7,600E-2 7,562E-2 99E& 7,722E-2
700 1,631E-1 1,607E-1 1,591E-1 1,599E-1 1,604E-1 1,625E4,613E-1 1,613E-1 1,607E-1 1,611E-1 1,599E-1 1,591E-1 12E61 1,619E-1
800 1519E-1 1,496E-1 1,481E-1 1,488E-1 1,494E-1 1,513E4501E-1 1,501E-1 1,496E-1 1,499E-1 1,488E-1 1,480E-1 O1ESl 1,506E-1
900 1,044E-1 1,024E-1 1,013E-1 1,019E-1 1,023E-1 1,039E,029E-1 1,029E-1 1,025E-1 1,028E-1 1,018E-1 1,013E-1 29Eal 1,033E-1
1000 7,789E-2  7,639E-2  7,533E-2 7,584E-2 7,622E-2 7,752Ev,671E-2 7,668E-2 7,636E-2 7,663E-2 7,576E-2 7,537E-267ZE-2 7,701E-2
Filtre D 380 3,520E-4 3,860E-4 3,579E-4 3,320E-4 3,930E-4 3,617E3509E-4 3,768E-4 3,936E-4 3,941E-4 3,849E-4 3,558E-4 26E84 3,933E-4
A (nm) 400 5096E-3 5,416E-3 5,122E-3  5,074E-3  5,443E-3 5,125E8142E-3 5,345E-3 5,321E-3 5,477E-3 5,360E-3 5,126E-3 68E43 5,470E-3
500 8,288E-3  8,740E-3 8,347E-3 8,282E-3 8,813E-3 8,359E8361E-3 8,672E-3 8,627E-3 8,852E-3 8,682E-3 8,352E-3 61ES 8,857E-3
600 8,203E-3  8,654E-3  8,245E-3  8,191E-3  8,725E-3  8,252E&278E-3 8,561E-3 8,509E-3 8,759E-3 8,567E-3  8,255E-3 61E73  8,758E-3
700 2,621E-2 2,730E-2 2,629E-2 2,618E-2 2,749E-2 2,634E2635E-2 2,708E-2 2,697E-2 2,754E-2 2,708E-2 2,635E-2 54E72 2,750E-2
800 3,188E-2 3,319E-2  3,201E-2 3,190E-2  3,352E-2 3,198ER209E-2 3,289E-2 3,275E-2 3,343E-2 3,292E-2 3,206E-2 39E®  3,338E-2
900 2,230E-2 2,333E-2 2,239E-2 2,231E-2 2,345E-2 2,246E2246E-2 2,306E-2 2,296E-2 2,349E-2 2,310E-2 2,243E-2 46GE®R  2,344E-2
1000 1,651E-2 1,735E-2 1,659E-2 1,653E-2 1,743E-2 1,665E41,664E-2 1,713E-2 1,705E-2 1,748E-2 1,715E-2  1,662E-2742E-2  1,743E-2
Filtre E 380 1,650E-5 5,207E-6 1,542E-5 9,832E-6 1,648E-5 1,238E-B481E-5 1,089E-5 1,189E-5 1,650E-5 1,955E-5 1,138E-5 14Eb  1,430E-5
A (nm) 400 3,317E-4  3,190E-4 3,451E-4 3,088E-4 3,508E-4 3,059E3I247E-4 3,276E-4 2,928E-4 3,477E-4 3,207E-4 2,877E-4 73EA  3,353E-4
500 9,279E-4  9,055E-4 9,495E-4 8,504E-4 9,800E-4 8,566E9193E-4 9,201E-4 8,301E-4 9,442E-4 8,962E-4 8,145E-4 58E34 9,319E-4
600 9,866E-4 9,611E-4 1,014E-3 9,082E-4 1,045E-3  9,243E9794E-4 9,752E-4 8,879E-4 1,009E-3 9,581E-4 8,707E-4 5774  9,933E-4
700 5,005E-3 4,907E-3 5,111E-3 4,698E-3 5,224E-3 4,749E8977E-3 4,968E-3 4,631E-3 5,079E-3 4,866E-3 4,554E-3 6668 5,021E-3
800 9,621E-3 9,460E-3 9,803E-3 9,124E-3 9,987E-3 9,193E®569E-3 9,551E-3 8,966E-3 9,757E-3  9,402E-3  8,862E-3 58ES3 9,634E-3
900 8,392E-3 8,245E-3 8,554E-3 7,945E-3 8,732E-3 8,005E8344E-3 8,330E-3 7,809E-3 8,516E-3 8,194E-3 7,713E-3 3ZEx3 8,409E-3
1000 7,101E-3  6,968E-3  7,234E-3  6,705E-3 7,396E-3 6,75E7,055E-3 7,048E-3 6,573E-3 7,211E-3 6,922E-3  6,496E-3051E-3  7,110E-3
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IFA KRISS MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S NMC VN [1IOFI
Filtre A 380 9,104E-1 9,111E-1 9,128E-1 9,119E-1 9,133E-1 9,133E49,107E-1  9,113E-1 9,122E-1 9,111E-1 9,129E-1 9,069E-1 31¥d1 9,128E-1
A (nm) 400 9,121E-1  9,131E-1 9,147E-1 9,137E-1  9,152E-1 9,153E4,124E-1 9,131E-1 9,140E-1 9,127E-1 9,145E-1 9,087E-1 47&41 9,142E-1
500 9,150E-1 9,156E-1 9,172E-1 9,163E-1 9,172E-1 9,176E4154E-1 9,159E-1 9,166E-1 9,152E-1 9,171E-1 9,116E-1 7241 9,166E-1
600 9,165E-1 9,171E-1 9,187E-1 9,181E-1 9,190E-1 9,192E4,171E-1 9,171E-1 9,181E-1 9,167E-1 9,187E-1 9,135E-1 88E4l 9,180E-1
700 9,176E-1 9,186E-1 9,197E-1 9,193E-1 9,193E-1 9,196E9,184E-1 9,187E-1 9,188E-1 9,179E-1 9,192E-1 9,147E-1 96E41 9,192E-1
800 9,187E-1  9,196E-1 9,203E-1 9,203E-1 9,196E-1 9,204E4,195E-1 9,197E-1 9,191E-1 9,188E-1 9,198E-1 9,143E-1 91¥41 9,200E-1
900 9,190E-1 9,200E-1 9,206E-1 9,207E-1 9,198E-1 9,208E4,199E-1 9,200E-1 9,195E-1 9,192E-1 9,199E-1 9,144E-1 01¥2l 9,205E-1
1000 9,194E-1  9,204E-1  9,210E-1  9,211E-1 9,202E-1 9,211E9,198E-1 9,202E-1  9,200E-1  9,195E-1  9,203E-1  9,149E-1208E-1  9,206E-1
Filtre B 380 4,077E-1  3,985E-1 4,044E-1 4,034E-1 4,010E-1 4,067E4,051E-1 4,044E-1 4,044E-1 4,078E-1 4,054E-1 4,066E-1 61£0l 4,048E-1
A (nm) 400 6,069E-1 6,002E-1 6,023E-1 6,033E-1 6,012E-1 6,059E4,042E-1 6,040E-1 6,035E-1 6,069E-1 6,053E-1 6,065E-1 50E6L 6,042E-1
500 6,211E-1 6,140E-1 6,174E-1 6,178E-1 6,158E-1 6,204E4,188E-1 6,185E-1 6,186E-1 6,214E-1 6,197E-1 6,203E-1 94E41 6,184E-1
600 6,090E-1 6,017E-1 6,055E-1 6,057E-1 6,037E-1 6,084E4,070E-1 6,064E-1 6,058E-1 6,094E-1 6,073E-1 6,083E-1 73E6lL 6,066E-1
700 6,369E-1 6,298E-1 6,337E-1 6,340E-1 6,321E-1 6,367E4,349E-1 6,343E-1 6,353E-1 6,369E-1 6,355E-1 6,360E-1 523l 6,343E-1
800 5766E-1 5,680E-1 5,735E-1 5,733E-1 5,714E-1 5,765E8,744E-1 5,740E-1 5,753E-1 5,762E-1 5,747E-1  5,754E-1 51&71 5,742E-1
900 5,015E-1 4,924E-1 4,988E-1 4,980E-1 4958E-1 5,017E4,992E-1 4,988E-1 5,002E-1 5,014E-1 4,993E-1 5,004E-1 98E9l 4,991E-1
1000 4,532E-1 4,438E-1 4,505E-1 4,495E-1 4,475E-1 4,585E4,509E-1 4,505E-1 4,517E-1 4,532E-1 4,509E-1 4,521E-151%-1 4,508E-1
Filtre C 380 2,198E-2 2,121E-2 2,079E-2 2,097E-2 2,115E-2 2,183E2150E-2 2,146E-2 2,124E-2 2,134E-2 2,114E-2 2,083E-2 34E12 2,167E-2
A (nm) 400 9,711E-2  9,487E-2 9,368E-2 9,429E-2 9,464E-2 9,674E®2591E-2 9,574E-2 9,500E-2 9,513E-2 9,507E-2 9,372E-2 36GE®  9,643E-2
500 9,373E-2 9,159E-2 9,032E-2 9,107E-2 9,133E-2 9,328E2228E-2 9,238E-2 9,162E-2 9,188E-2 9,144E-2 9,034E-2 93E12 9,288E-2
600 7,851E-2 7,660E-2 7,539E-2 7,623E-2 7,646E-2 7,800E2704E-2 7,718E-2 7,663E-2 7,701E-2 7,632E-2 7,548E-2 95E& 7,773E-2
700 1,636E-1 1,605E-1 1,590E-1 1,598E-1 1,604E-1 1,628E4,615E-1 1,617E-1 1,608E-1 1,611E-1 1,604E-1 1,590E-1 12E61 1,625E-1
800 1523E-1 1,492E-1 1,482E-1 1,487E-1 1,495E-1 1,516E4,503E-1 1,506E-1 1,498E-1 1,500E-1 1,493E-1 1,481E-1 OOESl 1,511E-1
900 1,045E-1 1,022E-1 1,013E-1 1,018E-1 1,024E-1 1,033E4,029E-1 1,031E-1 1,026E-1 1,028E-1 1,020E-1 1,012E-1 28E@1 1,036E-1
1000 7,795E-2  7,611E-2 7,524E-2  7,569E-2  7,620E-2 7,7D1Ev,663E-2 7,671E-2 7,632E-2 7,666E-2 7,577E-2  7,525E-2661E-2 7,714E-2
Filtre D 380 3,489E-4 3,910E-4 3,593E-4 3,464E-4 3,895E-4 3,575E3I521E-4 4,028E-4 3,927E-4 3,887E-4 3,874E-4 3,567E-4 87E8  3,898E-4
A (nm) 400 5126E-3 5,414E-3 5,117E-3 5,074E-3 5500E-3 5,148E8133E-3 5,364E-3 5,322E-3 5,468E-3 5,361E-3 5,176E-3 63E43  5,485E-3
500 8,309E-3 8,783E-3 8,342E-3 8,311E-3 8,882E-3 8,352E8®364E-3 8,682E-3 8,635E-3 8,858E-3 8,673E-3 8,383E-3 6HESB  8,881E-3
600 8,195E-3  8,669E-3  8,237E-3  8,192E-3 8,763E-3  8,233E8®248E-3 8,557E-3 8,510E-3  8,740E-3  8,564E-3  8,265E-3 4GE/3 8,767E-3
700 2,624E-2 2,732E-2 2,629E-2 2,622E-2 2,757E-2 2,632E2634E-2 2,707E-2 2,697E-2 2,753E-2 2,704E-2 2,637E-2 51E2 2,747E-2
800 3,190E-2  3,319E-2 3,199E-2 3,187E-2 3,345E-2 3,201E207E-2 3,287E-2 3,272E-2 3,343E-2 3,284E-2 3,207E-2 38Ex® 3,333E-2
900 2,230E-2 2,332E-2 2,237E-2 2,230E-2 2,351E-2 2,244E2245E-2 2,306E-2 2,293E-2 2,350E-2 2,304E-2 2,244E-2 45E® 2,341E-2
1000 1,650E-2 1,733E-2 1,656E-2 1,650E-2 1,748E-2 1,663E41,662E-2 1,713E-2 1,700E-2 1,746E-2 1,710E-2 1,661E-2742E-2 1,741E-2
Filtre E 380 2,461E-5 1,070E-5 1,801E-5 9559E-6 1,276E-5 1,118ER768E-5 1,217E-5 1,056E-5 1,596E-5 1,663E-5 1,137E-5 35E%5 1,333E-5
A (nm) 400 3,322E-4  3,216E-4 3,476E-4 3,034E-4 3,538E-4 3,067E3267E-4 3,273E-4 2,928E-4 3,423E-4 3,190E-4 2,884E-4 OUE3# 3,347E-4
500 9,259E-4  9,044E-4 9,512E-4 8591E-4 9,851E-4 8,721E91197E-4 9,160E-4 8,331E-4 9,471E-4 8,959E-4 8,184E-4 34E24 9,330E-4
600 9,879E-4  9,625E-4 1,014E-3 9,161E-4 1,050E-3 9,192EQ796E-4 9,795E-4 8,886E-4 1,013E-3 9,557E-4 8,709E-4 1284 9,872E-4
700 5,009E-3 4,903E-3 5,116E-3 4,726E-3 5,234E-3 4,749E8977E-3 4,967E-3 4,628E-3 5,087E-3 4,864E-3 4,559E-3 76EB  5,025E-3
800 9,621E-3  9,463E-3  9,795E-3  9,122E-3 9,985E-3  9,193E®571E-3 9,549E-3 8,951E-3 9,762E-3 9,382E-3  8,862E-3 48ES3 9,634E-3
900 8,387E-3  8,248E-3 8,541E-3 7,941E-3 8,707E-3 8,002E®345E-3 8,338E-3 7,788E-3 8,521E-3 8,172E-3  7,706E-3 22ZEx3 8,416E-3
1000 7,090E-3  6,963E-3  7,222E-3  6,697E-3 7,366E-3  6,@7E<,050E-3 7,040E-3 6,561E-3 7,208E-3 6,901E-3  6,489E-3027E-3  7,109E-3
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IFA KRISS MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S NMC VN 1IOFI
Filtre A 380 9,107E-1  9,117E-1  9,125E-1 9,120E-1 9,119E-1 9,127E49,108E-1 9,118E-1 9,120E-1 9,112E-1 9,108E-1 9,070E-1 26E41 9,123E-1
A (nm) 400 9,124E-1 9,136E-1  9,143E-1 9,136E-1 9,139E-1 9,145E4,126E-1 9,136E-1 9,137E-1 9,129E-1 9,125E-1 9,086E-1 4211  9,139E-1
500 9,155E-1 9,162E-1 9,170E-1 9,163E-1 9,162E-1 9,173E4155E-1 9,162E-1 9,166E-1 9,156E-1 9,157E-1 9,116E-1 68E41 9,165E-1
600 9,171E-1 9,176E-1  9,184E-1 9,179E-1 9,180E-1 9,187E4171E-1 9,175E-1 9,179E-1 9,170E-1 9,176E-1  9,136E-1 83E4l 9,179E-1
700 9,180E-1 9,188E-1 9,194E-1 9,190E-1 9,188E-1 9,192E9,183E-1 9,188E-1 9,187E-1 9,182E-1 9,182E-1 9,155E-1 92F11 9,189E-1
800 9,188E-1 9,196E-1 9,198E-1 9,199E-1 9,193E-1 9,198E4,192E-1 9,197E-1 9,192E-1 9,190E-1 9,190E-1  9,161E-1 91¥41 9,197E-1
900 9,192E-1 9,200E-1 9,203E-1 9,203E-1 9,197E-1 9,202E94,196E-1  9,200E-1 9,196E-1 9,194E-1 9,194E-1 9,164E-1 99¥11 9,202E-1
1000 9,196E-1  9,203E-1  9,208E-1  9,207E-1  9,200E-1  9,2D5E9,195E-1  9,203E-1 9,201E-1 9,197E-1 9,195E-1  9,169E-1204E-1  9,204E-1
Filtre B 380 4,066E-1 3,981E-1 4,042E-1 4,028E-1 4,009E-1 4,065E4,046E-1 4,043E-1 4,040E-1 4,067E-1 4,047E-1 4,056E-1 5660l 4,049E-1
A (nm) 400 6,056E-1 5,991E-1 6,022E-1 6,026E-1 6,009E-1 6,054E4,036E-1 6,036E-1 6,032E-1 6,057E-1 6,041E-1 6,051E-1 41&E60l 6,038E-1
500 6,198E-1 6,134E-1 6,171E-1 6,171E-1 6,154E-1 6,200E4,181E-1 6,180E-1 6,180E-1 6,202E-1 6,185E-1 6,194E-1 8744l 6,180E-1
600 6,082E-1 6,014E-1 6,055E-1 6,054E-1 6,035E-1 6,083E4,067E-1 6,064E-1 6,060E-1 6,086E-1 6,067E-1 6,078E-1 70E6L 6,065E-1
700 6,365E-1 6,300E-1 6,338E-1 6,338E-1 6,321E-1 6,366E4,348E-1 6,346E-1 6,351E-1 6,365E-1 6,351E-1 6,359E-1 52E3l 6,347E-1
800 5763E-1 5,686E-1 5,738E-1 5,733E-1 5,715E-1 5,763EH,744E-1 5,742E-1 5,749E-1 5,760E-1 5,745E-1  5,755E-1 5ZE71 5,746E-1
900 5014E-1 4,930E-1 4,991E-1 4,981E-1 4962E-1 5,017E4,994E-1 4,992E-1 5,000E-1 5,013E-1 4,994E-1 5,006E-1 01E€l 4,997E-1
1000 4,532E-1 4,445E-1 4,510E-1 4,498E-1 4,479E-1 4,587E4,512E-1 4,509E-1 4,517E-1 4,533E-1 4,511E-1 4,525E-1519E€-1 4,515E-1
Filtre C 380 2,198E-2 2,121E-2 2,078E-2 2,097E-2 2,116E-2 2,183E2150E-2 2,145E-2 2,127E-2 2,132E-2 2,108E-2 2,079E-2 33E12 2,161E-2
A (nm) 400 9,700E-2  9,479E-2 9,360E-2 9,419E-2 9,459E-2 9,665E2582E-2 9,565E-2 9,501E-2 9,504E-2 9,476E-2 9,360E-2 26E®  9,631E-2
500 9,351E-2 9,153E-2 9,026E-2 9,098E-2 9,124E-2 9,313E2214E-2 9,216E-2 9,155E-2 9,181E-2 9,115E-2 9,032E-2 83E12 9,255E-2
600 7,832E-2 7,664E-2 7,546E-2 7,622E-2 7,646E-2 7,793E2698E-2 7,706E-2 7,660E-2 7,702E-2 7,616E-2 7,555E-2 97TE® 7,747E-2
700 1,634E-1 1,606E-1 1,591E-1 1,599E-1 1,604E-1 1,627E4,614E-1 1,615E-1 1,608E-1 1,611E-1 1,601E-1 1,591E-1 12E61 1,622E-1
800 1,521E-1 1,494E-1 1,481E-1 1,488E-1 1,494E-1 1,514E4502E-1 1,503E-1 1,497E-1 1,499E-1 1,490E-1 1,481E-1 O1ESl 1,509E-1
900 1,044E-1 1,023E-1 1,013E-1 1,018E-1 1,024E-1 1,036E4,029E-1 1,030E-1 1,025E-1 1,028E-1 1,019E-1 1,012E-1 29E@1 1,034E-1
1000 7,792E-2  7,625E-2  7,529E-2  7,576E-2  7,621E-2 7,726E<,667E-2 7,669E-2 7,634E-2 7,664E-2 7,576E-2  7,531E-2666E-2 7,707E-2
Filtre D 380 3,505E-4 3,885E-4 3,586E-4 3,392E-4 3,912E-4 3,596E3515E-4 3,898E-4 3,932E-4 3,914E-4 3,862E-4 3,562E-4 578 3,915E-4
A (nm) 400 5111E-3 5,415E-3 5,119E-3 5,074E-3 5471E-3 5,137E8138E-3 5,354E-3 5,322E-3 5,473E-3 5,360E-3 5,151E-3 66E43 5,477E-3
500 8,298E-3 8,762E-3 8,345E-3  8,296E-3  8,847E-3 8,356E8®362E-3 8,677E-3 8,631E-3 8,855E-3 8,678E-3 8,367E-3 63E&  8,869E-3
600 8,199E-3 8,662E-3 8,241E-3 8,192E-3  8,744E-3 8,242E8®263E-3 8,559E-3 8,509E-3 8,749E-3 8,566E-3  8,260E-3 54E/3 8,763E-3
700 2,623E-2 2,731E-2 2,629E-2 2,620E-2 2,753E-2 2,633E2634E-2 2,708E-2 2,697E-2 2,753E-2 2,706E-2 2,636E-2 52E72 2,749E-2
800 3,189E-2 3,319E-2 3,200E-2 3,188E-2 3,348E-2 3,200E208E-2 3,288E-2 3,274E-2 3,343E-2 3,288E-2 3,207E-2 38E®  3,336E-2
900 2,230E-2 2,332E-2 2,238E-2 2,231E-2 2,348E-2 2,245E2245E-2 2,306E-2 2,295E-2 2,349E-2 2,307E-2 2,243E-2 46E®X  2,342E-2
1000 1,650E-2 1,734E-2 1,657E-2 1,652E-2 1,746E-2 1,664E1,663E-2 1,713E-2 1,703E-2 1,747E-2 1,712E-2 1,661E-2742E-2 1,742E-2
Filtre E 380 2,055E-5 7,953E-6 1,672E-5 9,695E-6 1,462E-5 1,178EB624E-5 1,153E-5 1,122E-5 1,623E-5 1,809E-5 1,137E-5 24E®5 1,382E-5
A (nm) 400 3,319E-4  3,203E-4 3,463E-4 3,061E-4 3,523E-4 3,063E3257E-4 3,275E-4 2,928E-4 3,450E-4 3,199E-4 2,880E-4 87E24  3,350E-4
500 9,269E-4 9,049E-4 9,503E-4 8,548E-4 9,826E-4 8,643E91195E-4 9,181E-4 8,316E-4 9,456E-4 8,961E-4 8,164E-4 96E¥4  9,325E-4
600 9,872E-4 9,618E-4 1,014E-3 9,121E-4 1,047E-3 9,218E@795E-4 9,773E-4 8,882E-4 1,011E-3 9,569E-4 8,708E-4 83E7#  9,903E-4
700 5,007E-3 4,905E-3 5,113E-3 4,712E-3 5,229E-3 4,749E4977E-3 4,968E-3 4,629E-3 5,083E-3 4,865E-3 4,556E-3 7M4EB 5,023E-3
800 9,621E-3 9,461E-3 9,799E-3  9,123E-3 9,986E-3 9,193E®570E-3  9,550E-3 8,958E-3 9,760E-3 9,392E-3 8,862E-3 53ES3 9,634E-3
900 8,389E-3 8,247E-3 8,548E-3 7,943E-3 8,719E-3 8,003E8®344E-3 8,334E-3 7,798E-3 8,518E-3 8,183E-3 7,710E-3 2/&ES3 8,413E-3
1000 7,096E-3  6,965E-3  7,228E-3  6,701E-3 7,381E-3 6,H1E+,053E-3 7,044E-3 6,567E-3  7,209E-3 6,911E-3  6,492E-3039E-3  7,110E-3
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IFA KRISS MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU ¢ NMC VN 1IOFI
Filtre A 380 2,890E-4 1,191E-4 3,141E-4 2,806E-4 2,737E-4 2,366E-4958E-4 3,170E-4 2,922E-4 1,745E-4 2,836E-4 2,842E-4 31E% 4,069E-4
A (nm) 400 1,399E-4 2,631E-4 1973E-4 1,284E-4 2,278E-4 1,801E#425E-4 2,036E-4 2,439E-4 2,320E-4 1,218E-4 1,627E-4 13EA  2,325E-4
500 1,604E-4 1,029E-4 1,221E-4 1,022E-4 1,237E-4 1,302E#4358E-4 1510E-4 1,720E-4 1,181E-4 1,059E-4 1,378E-4 34EA 1,832E-4
600 1549E-4 1,273E-4 1969E-4 1573E-4 1,397E-4 2,226E#212E-4 1,052E-4 1950E-4 1,444E-4 1,180E-4 1,095E-4 68EX  1,152E-4
700 1,084E-4 1,231E-4 1,819E-4 1,118E-4 1,067E-4 8,899EHB742E-4 1,433E-4 1551E-4 1592E-4 1,099E-4 1,176E-4 47E34 1,949E-4
800 7,831E-5 7,628E-5 2,152E-4 7,183E-5 7,050E-5 7,418EB119E-4 7,868E-5 7,215E-5 7,978E-5 2,969E-4 1,090E-4 38E®H  7,445E-5
900 7,226E-5 6,931E-5 7,080E-5 7,345E-5 7,229E-5 7,502E5K019E-4 7,598E-5 7,421E-5 7,152E-5 2,788E-4 9,129E-5 86E1  6,984E-5
1000 7,236E-5 7,175E-5 2,089E-4  7,166E-5 7,260E-5 8,%Z1E8,050E-5 8,415E-5 7,893E-5 8,571E-5 1919E-4 8,365E-5165E-5 7,847E-5
Filtre B 380 4,265E-4 4,437E-4 4,295E-4 4,491E-4 4,301E-4 4,165E4508E-4 5,605E-4 4,403E-4 4,308E-4 5,833E-4 4,207E-4 62E64 4,344E-4
A (nm) 400 1,160E-4 1,568E-4 1,223E-4 1,812E-4 1,759E-4 2,363E4207E-4 2,080E-4 2,438E-4 1,136E-4 1594E-4 2,566E-4 34E4 1,932E-4
500 1,316E-4 1,186E-4 1,199E-4 1,147E-4 1,352E-4 1,209E4136E-4 1,030E-4 9,197E-5 1,096E-4 1,063E-4 8,805E-5 77E64 1,423E-4
600 1,153E-4 8,209E-5 8,153E-5 1,339E-4 1,267E-4 1,299E4502E-4 9,804E-5 1,029E-4 1439E-4 1,309E-4 1,303E-4 48EH4 1,127E-4
700 1,320E-4 1,162E-4 9,615E-5 1,118E-4 1,180E-4 1,067E4150E-4 1,095E-4 9,606E-5 9,306E-5 8,797E-5 1,020E-4 47E2A 1,321E-4
800 1,239E-4 1,233E-4 1,428E-4 1,234E-4 1,999E-4 1,248E#4233E-4 1,230E-4 1,239E-4 1,249E-4 1,248E-4 1,257E-4 34E2A 1,244E-4
900 1,217E-4 1,241E-4 1,225E-4 1,224E-4 1,236E-4 1,303E4218E-4 1,215E-4 1,224E-4 1,231E-4 1,220E-4 1,283E-4 42E2A 1,243E-4
1000 9,544E-5 9,035E-5 8,759E-5 8,836E-5 8,846E-5 9,R1E8,842E-5 8,851E-5 8,922E-5 8,954E-5 8,856E-5 8,820E-5017%-5 8,867E-5
Filtre C 380 1549E-4 1532E-4 1,529E-4 1544E-4 1533E-4 1,534E#4563E-4 1538E-4 1545E-4 1530E-4 1564E-4 1566E-4 35EX4 1,557E-4
A (nm) 400 6,995E-5 5,191E-5 5,920E-5 5,616E-5 5,185E-5 4,475EH657E-5 6,485E-5 4,471E-5 4,064E-5 4,264E-5 5,321E-5 29E66  4,799E-5
500 3,644E-5 3,289E-5 4,207E-5 3,364E-5 3,601E-5 4,174E3546E-5 3,692E-5 3,608E-5 4,536E-5 3,721E-5 3,370E-5 27E6  3,530E-5
600 4902E-5 4,674E-5 5462E-5 4,766E-5 4,889E-5 5430E&H361E-5 5,248E-5 4,847E-5 5913E-5 4,841E-5 5168E-5 0Ik6  5454E-5
700 4,662E-5 3,992E-5 4,289E-5 6,839E-5 6,124E-5 5197E4383E-5 4,319E-5 4539E-5 5/153E-5 4,262E-5 4,418E-5 34E®H 4,727E-5
800 1,149e-4 1,150E-4 1,151E-4 1,152E-4 1,152E-4 1,150E#4151E-4 1,151E-4 1,152E-4 1,152E-4 1,151E-4 1,158E-4 67E¥4 1,153E-4
900 8,093E-5 9,119E-5 8,113E-5 8,104E-5 8,102E-5 8,109EH095E-5 8,104E-5 8,121E-5 8,102E-5 8,102E-5 8,113E-5 92E6b 8,102E-5
1000 6,251E-5 6,271E-5 6,250E-5 6,257E-5 6,262E-5 6,Z59E6,260E-5 6,248E-5 6,253E-5 6,257E-5 6,253E-5 6,246E-5252E-5 6,259E-5
Filtre D 380 1,473E-5 1,444E-5 1524E-5 1,615E-5 1,478E-5 1,919E-B170E-5 2,291E-5 1,705E-5 1,222E-5 1,944E-5 1,336E-5 07ES  1,163E-5
A (nm) 400 8,529E-6 1,339E-5 1,371E-5 8,880E-6 1,135E-5 1,120E-3511E-5 9,002E-6 9,765E-6 1,078E-5 1,209E-5 1,301E-5 66E®% 1,007E-5
500 1,078E-5 1,411E-5 7,887E-6 9,199E-6 8,769E-6 1,080E-B127E-5 9,654E-6 1,141E-5 9,264E-6 1,054E-5 1,446E-5 50ES 1,026E-5
600 1517E-5 1,584E-5 1,336E-5 1,475E-5 1,396E-5 1,723E-B170E-5 1,520E-5 1,206E-5 1411E-5 1,352E-5 1,404E-5 76E6&6 1,202E-5
700 2,726E-5 4,858E-5 2,408E-5 3,730E-5 2306E-5 2,499ER718E-5 2470E-5 2,358E-5 2,421E-5 2,491E-5 2480E-5 8%6 2,541E-5
800 2,616E-5 2,589E-5 2,615E-5 2,560E-5 7,934E-5 4,534EB570E-5 2,594E-5 2,643E-5 2,671E-5 2,610E-5 2,608E-5 21E66 2,613E-5
900 2,301E-5 2,310E-5 2,305E-5 2,302E-5 2,312E-5 2,320E5/348E-5 2,307E-5 2,299E-5 2,328E-5 2,310E-5 2,294E-5 35E4H  2,294E-5
1000 1,734E-5 1,732E-5 1,728E-5 1,731E-5 1,737E-5 1,7&5E41,728E-5 1,741E-5 1,729E-5 1,736E-5 1,728E-5 1,731E-5955E-5 1,738E-5
Filtre E 380 9,114E-6 6,563E-6 8,969E-6 4,584E-6 6,862E-6 1,033E4796E-6 3,071E-6 5,059E-6 1,046E-5 9,357E-6 6,798E-6 67E% 1,001E-5
A (nm) 400 5154E-6 4,234E-6 4,225E-6 4,269E-6 6,621E-6 2,443E&347E-6 2,575E-6 4,881E-6 3,618E-6 4,837E-6 2,800E-6 67EM™ 5,679E-6
500 3,484E-6 2,265E-6 2,541E-6 3,209E-6 3,338E-6 2,479EB630E-6 2,966E-6 3,137E-6 5175E-6 3,944E-6 2,301E-6 95E®  3,057E-6
600 3,678E-6 1,662E-5 5,727E-6 4,355E-6 4,524E-6 3,842E&705E-6 3,661E-6 4,341E-6 4,458E-6 5,761E-6 4,474E-6 21E%  3,810E-6
700 1,027E-5 2541E-5 9,834E-6 9,044E-6 1577E-5 9,451E-B327E-6 8,320E-6 1,296E-5 9,349E-6 9,919E-6 9,803E-6 32E6b  7,835E-6
800 1,239E-5 1,133E-5 1,191E-5 1,174E-5 1,187E-5 1,093EH161E-5 1,398E-5 1,107E-5 1,299E-5 1,079E-5 1,156E-5 92E®  1,091E-5
900 9,350E-6 8,800E-6 8,770E-6 9,649E-6 8,508E-6 8527E®271E-6 9,559E-6 8,714E-6 9,085E-6 9,855E-6 9,336E-6 6GE# 8,618E-6
1000 7,463E-6  7,390E-6 7,575E-6 7,649E-6 7,733E-6 7,3B8E~,468E-6 7,532E-6 1,184E-5 7,431E-6 8,494E-6 7,462E-6678E-6  7,428E-6
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IFA KRISS MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU Sl NMC /N 1IOFI
Filter A 380 2,822E-4 1,019E-4 3,080E-4 2,737E-4 2,667E-4 2,282E-4892E-4 3,099E-4 2,855E-4 1,558E-4 2,768E-4 2,774E-4 52E84 4,022E-4
A (nm) 400 1,242E-4  2,558E-4 1,874E-4 1,092E-4 2,193E-4 1,692E4250E-4 1,941E-4 2353E-4 2,236E-4 1,048E-4 1,507E-4 27E2A  2,242E-4
500 1,479E-4 8,199E-5 1,041E-4 8,019E-5 1,069E-4 1,103E4195E-4 1,379E-4 1,604E-4 1,000E-4 8587E-5 1,233E-4 16E¥4 1,725E-4
600 1,399E-4 1,087E-4 1,864E-4 1,446E-4 1,246E-4 2,136E4034E-4 8532E-5 1,836E-4 1,268E-4 1,007E-4 9,053E-5 28E4  9,547E-5
700 8,795E-5 1,046E-4 1,710E-4 9,338E-5 8527E-5 6,420E-B622E-4 1,288E-4 1,416E-4 1,443E-4 9,083E-5 9,905E-5 61¥€66 1,791E-4
800 3,221E-5 2,954E-5 1,885E-4 2,083E-5 1,645E-5 2,856E-B665E-5 3,771E-5 2,164E-5 4,109E-5 2,749E-4 7,940E-5 07E6&  2,937E-5
900 2,314E-5 1,175E-5 1,795E-5 2,631E-5 2,161E-5 3,024EB694E-4 3,328E-5 2,811E-5 2,117E-5 2,575E-4 5,221E-5 26ES  1,449E-5
1000 2,026E-5 2,149E-5 1,826E-4 2,142E-5 2,013E-5 3,955E3,890E-5 4,735E-5 3,727E-5 5,098E-5 1,699E-4 4,789E-5982E-5 3,500E-5
Filter B 380 1,097E-4 1,613E-4 1,230E-4 1,774E-4 1,229E-4 5,307E-B841E-4 3,375E-4 1557E-4 1,208E-4 3,803E-4 8,739E-5 67E®4 1,383E-4
A (nm) 400 8,714E-5 1,418E-4 1,028E-4 1,684E-4 1,628E-4 2,267E-4010E-4 1,962E-4 2,335E-4 9,227E-5 1,450E-4 2,475E-4 21EA4  1,806E-4
500 1,124E-4 9,781E-5 1,001E-4 9,350E-5 1,157E-4 9,892EH227E-5 7,650E-5 6,273E-5 8,702E-5 8,153E-5 5,821E-5 30E%4 1,255E-4
600 9,294E-5 4,191E-5 4,632E-5 1,138E-4 1,071E-4 1,107E-4336E-4 7,140E-5 7,818E-5 1,263E-4 1,120E-4 1,117E-4 22E3 9,037E-5
700 1,112E-4 9,210E-5 6,497E-5 8,609E-5 9,474E-5 8,005E%H893E-5 8,321E-5 6,540E-5 6,094E-5 5,302E-5 7,334E-5 30E®4 1,119E-4
800 1,902E-5 1,421E-5 6,571E-5 1,458E-5 1,363E-4 2,252E-B453E-5 1,216E-5 1570E-5 2433E-5 2,203E-5 2,856E-5 51E% 2,110E-5
900 1,116E-5 2,440E-5 1,720E-5 1,650E-5 2,145E-5 4,459E-BO06E-5 7,316E-6 1,367E-5 1,833E-5 1,301E-5 4,155E-5 61E®H 2,622E-5
1000 3,354E-5 2,059E-5 8,389E-6 1,318E-5 1,407E-5 1,88E1,353E-5 1,414E-5 1,894E-5 1,809E-5 1,389E-5 1,320E-5278E-5 1,614E-5
Filter C 380 2,912E-5 1,836E-5 1,683E-5 2,692E-5 2,006E-5 2,009E$632E-5 2,302E-5 2,788E-5 1,481E-5 3,550E-5 3,758E-5 96GEG  3,345E-5
A (nm) 400 6,011E-5 4,235E-5 5,118E-5 4,756E-5 4,255E-5 3,336E4815E-5 5,769E-5 3,277E-5 2,662E-5 2,932E-5 4,423E-5 58E% 3,771E-5
500 2,163E-5 1,439E-5 2,993E-5 1,660E-5 2,051E-5 2,886EB995E-5 2,227E-5 2,113E-5 3,466E-5 2,301E-5 1,633E-5 23E15 1,925E-5
600 2,485E-5 1931E-5 3,453E-5 2,134E-5 2,298E-5 3,409E&289E-5 3,111E-5 2,233E-5 4,131E-5 2,190E-5 2,950E-5 41E% 3,407E-5
700 2,952E-5 1,761E-5 2,500E-5 5,781E-5 4,803E-5 3,825EH/657E-5 2,459E-5 2,835E-5 3,692E-5 2,379E-5 2,689E-5 78E6 3,070E-5
800 3,522E-6 5,469E-6 6,714E-6 8,418E-6 9,224E-6 5,859E®4903E-6 7,347E-6 8,558E-6 9,354E-6 7,165E-6 1,383E-5 04E/S  1,046E-5
900 2,065E-6 3,295E-5 5,722E-6 4,824E-6 4,112E-6 4,796E-B745E-6 4,756E-6 6,345E-6 4,264E-6 3,512E-6 6,025E-6 92E%  4,399E-6
1000 2,656E-6 5,563E-6 2,473E-6 3,891E-6 4,594E-6 4,M1E3,887E-6 2,032E-6 3,279E-6 3,438E-6 3,235E-6  1,647E-6082ZE-6  4,249E-6
Filter D 380 8,392E-6 9,939E-6 1,089E-5 1,175E-5 8,860E-6 1570E4344E-6 1,934E-5 1327E-5 5545E-6 1,629E-5 8,003E-6 874&% 4,181E-6
A (nm) 400 7,458E-6 1,261E-5 1,306E-5 7,813E-6 1,046E-5 1,040E-B449E-5 7,996E-6 8,764E-6 9,927E-6 1,135E-5 1,229E-5 02E® 9,169E-6
500 8,764E-6 1,263E-5 4,688E-6 6,725E-6 6,121E-6 8,773E®072E-6 7,310E-6 9,507E-6 6,812E-6 8,469E-6 1,302E-5 67E6b 8,062E-6
600 1,151E-5 1,215E-5 8,985E-6 1,085E-5 9,831E-6 1,387E4/066E-6 1,114E-5 6,912E-6 9,776E-6 9,167E-6 9,853E-6 98E®H  6,715E-6
700 2,102E-5 4,418E-5 1,660E-5 3,261E-5 1519E-5 1,787E-B059E-5 1,760E-5 1581E-5 1,570E-5 1,766E-5 1,763E-5 88E5 1,826E-5
800 1,233E-5 1,098E-5 1,237E-5 1,061E-5 6,898E-5 3,483E-BO67E-5 1,090E-5 1,233E-5 1,405E-5 1,247E-5 1,212E-5 04EH  1,229E-5
900 3,321E-6 3,344E-6 3,333E-6 3,186E-6 3,699E-6 3,830EH201E-6 3,342E-6 2,909E-6 4,403E-6 3,960E-6 2557E-6 0AE&H  2,705E-6
1000 2,603E-6 2,401E-6 2,358E-6 2,484E-6 2919E-6 3,326E2,337E-6 3,061E-6 2,366E-6 2,658E-6 2,255E-6 2,337E-6407E-6  2,999E-6
Filter E 380 9,087E-6 6,526E-6 8,943E-6 4,444E-6 6,831E-6 1,031E4742E-6 2,782E-6 4,817E-6 1,043E-5 9,332E-6 6,763E-6 88E®x 9,990E-6
A (nm) 400 4,899E-6 3,820E-6 3,880E-6 3,672E-6 6,383E-6 1,774EHKB898E-6 1,822E-6 4,611E-6 3,226E-6 4,360E-6 2,185E-6 08E46 5,376E-6
500 3,058E-6 1533E-6 1,893E-6 2,742E-6 2,877E-6 1816EB947E-6 2,447E-6 2574E-6 4,889E-6 3,573E-6 1537E-6 02E&  2,432E-6
600 2,774E-6  1,627E-5 5,194E-6 3,626E-6 3,741E-6 2,989EB809E-6 2,719E-6 3,569E-6 3,749E-6 5,220E-6 3,735E-6 61E%  2,943E-6
700 9,402E-6 2,498E-5 8,958E-6 8,105E-6 1510E-5 8,529E®076E-6 7,284E-6 1,226E-5 8,443E-6 9,003E-6 8,908E-6 3L 6,726E-6
800 7,294E-6 5,853E-6 6,078E-6 6,320E-6 6,303E-6 4,669E4283E-6 1,010E-5 5,409E-6 7,753E-6 4,876E-6 6,551E-6 674  4,429E-6
900 3,766E-6 2,727E-6 2,239E-6 3,903E-6 1571E-6 1,700E®501E-6 4,532E-6 2,155E-6 3,223E-6 5,257E-6 4,197E-6 38E®H 2,082E-6
1000 2,130E-6  2,141E-6 2,180E-6 2,395E-6 2,807E-6 2,085E2,282E-6 2,651E-6 7,716E-6 2,312E-6 3,944E-6 2,436E-6738E-6  2,284E-6

("X, 42) resausuel) pajdope uo Aureusoun v 8dAl, el 10]id

G'd XaANNV

88



IFA KRISS MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU ¢ NMC vyN IOFI

Filter A 380 9,123E-1 9,122E-1 9,125E-1 9,132E-1 9,135E-1  0,91323,113€-1 9,126E-1 9,121E-1 9,120E-1 9,142E-1 9,116E-1 (0EiB 9,103E-1
A (nm) 400 9,140E-1  9,139E-1  9,142E-1 9,147E-1 9,151E-1  0,91495,131¢-1 9,144E-1 9,137E-1 9,138E-1 9,161E-1 9,130E-1 8EI¥ 9,122E-1
500 9,169E-1 9,164E-1 9,170E-1 9,172E-1 9,174E-1  0,91723,161%¢-1 9,169E-1 9,167E-1 9,161E-1 9,187E-1 9,155E-1 2%Ei1T 9,156E-1

600 9,186E-1 9,178E-1 9,182E-1 9,186E-1 9,188E-1  0,91865,176%&-1 9,182E-1 9,181E-1 9,176E-1 9,204E-1 9,166E-1 SEIB 9,172E-1

700 9,197E-1 9,189E-1 9,191E-1 9,197E-1 9,197E-1  0,91932,188&-1 9,193E-1 9,191E-1 9,187E-1 9,217E-1 9,179E-1 6E1P 9,85E-1

800 9,203E-1 9,196E-1 9,201E-1 9,204E-1 9,204E-1  0,92042,196%-1 9,201E-1 9,198E-1 9,195E-1 9,231E-1 9,189E-1 S5E2D 9,193E-1

900 9,209E-1 9,201E-1 9,206E-1 9,208E-1 9,208E-1  0,92083,199¢-1 9,208E-1 9,202E-1 9,200E-1 9,200E-1 9,182E-1 1¥2 9,197E-1

1000 9,212E-1  9,204E-1  9,209E-1  9,212E-1 9,211E-1  0,92118,202E-1  9,211E-1 9,205E-1  9,202E-1  9,207E-1 XXXX 9,215E-9,201E-1

Filter B 380 4,042E-1 3,997E-1 4,095E-1 4,062E-1 4,036E-1  0,40826,060&-1 4,059E-1 4,042E-1 4,064E-1 4,050E-1 4,064E-1 8E@r 4,076E-1
A (nm) 400 6,054E-1 6,011E-1 6,040E-1 6,035E-1 6,021E-1 0,60638,048&-1 6,048E-1 6,040E-1 6,062E-1 6,062E-1 6,053E-1 6E@b 6,046E-1
500 6,198€E-1 6,159E-1 6,183E-1 6,174E-1 6,168E-1 0,62073,187&-1 6,188E-1 6,194E-1 6,205E-1 6,198E-1 6,193E-1 3E2D 6,193E-1

600 6,080E-1 6,035E-1 6,067E-1 6,055E-1 6,048E-1 0,60880,065&-1 6,069E-1 6,075E-1 6,086E-1 6,077E-1 6,075E-1 4&E@B 6,071E-1

700 6,361E-1 6,314E-1 6,348E-1 6,340E-1 6,327E-1 0,63682,348&-1 6,350E-1 6,352E-1 6,365E-1 6,357E-1 6,353E-1 2E3b 6,352E-1

800 5/757E-1  5,700E-1  5,745E-1 5,733E-1 5,719E-1  0,57689,745&-1 5,747E-1 5,747E-1 5,764E-1 5,756E-1 5,752E-1 8kE7b 5,745E-1

900 4,994E-1 4,940E-1 4,996E-1 4,981E-1 4,966E-1  0,50224,995E-1 4,994E-1 4997E-1 5,014E-1 4,992E-1 5,002E-1 O&6n 4,999E-1

1000 4,509E-1 4,452E-1 4,516E-1 4,499E-1 4,482E-1 0,45388,512E-1 4,515E-1 4,514E-1 4,533E-1 4,515E-1 XXXX 4,527E-4,518E-1

Filter C 380 2,150E-2 2,110E-2 2,174E-2 2,162E-2 2,151E-2  0,02189,183FE-2 2,164E-2 2,120E-2 2,123E-2 2,107E-2 2,076E-2 8E12 2,201E-2
A (nm) 400 9,670E-2 9,433E-2 9,379E-2 9,452E-2 9,471E-2  0,09656,609¢-2 9,589E-2 9,483E-2 9,502E-2 9,505E-2 9,325E-2 SES24 9,590E-2
500 9,350E-2 9,176E-2 9,035E-2 9,094E-2 9,151E-2  0,09340,214€-2 9,236E-2 9,198E-2 9,182E-2 9,162E-2 9,004E-2 SEIB 9,273E-2

600 7,830E-2 7,705E-2 7,577E-2 7,623E-2 7,675E-2 0,07823,704E-2 7,720E-2 7,702E-2 7,709E-2 7,643E-2 7,546E-2 1E71 7,768E-2

700 1,633E-1 1,607E-1 1,593E-1 1,602E-1 1,606E-1 0,16284,616E-1 1,615E-1 1,610E-1 1,610E-1 1,602E-1 1,5586E-1 2E6€I 1,629E-1

800 1519E-1 1,497E-1 1481E-1 1,487E-1 1,495E-1 0,15163,503E-1 1,504E-1 1,498E-1 1501E-1 1,493E-1 1477E-1 1ESD 1,507E-1

900 1,045E-1 1,025E-1 1,012E-1 1,018E-1 1,024E-1  0,10404,029E-1 1,029E-1 1,025E-1 1,029E-1 1,020E-1 1,009E-1 QEEB 1,035E-1

1000 7,790E-2  7,621E-2 7,529E-2 7,578E-2 7,623E-2  0,07750,670E-2  7,674E-2 7,632E-2 7,661E-2  7,592E-2 XXXX 7,6B6E-7,703E-2

Filter D 380 3,000E-4 3,760E-4 4,040E-4 3,570E-4 4,100E-4 0,000358,770E-4 3,750E-4 3,710E-4 3,866E-4 3,702E-4 3,616E-493(E-4 3,670E-4
A (nm) 400 5000E-3 5,338E-3 5,158E-3 5,125E-3 5,500E-3 0,005098,122E-3 5,345E-3 5,284E-3 5,473E-3 5,331E-3 5,118E-3513-3  5,404E-3
500 8,300E-3 8,803E-3 8,366E-3 8,290E-3 8,900E-3 0,008368,348E-3 8,676E-3 8,642E-3 8,854E-3 8,678E-3 8,349E-3866E-3 8,861E-3

600 8,200E-3  8,750E-3  8,305E-3  8,206E-3  8,820E-3 0,008298,267E-3  8,593E-3 8,571E-3 8,777E-3 8,578E-3  8,275E-3798E-3  8,804E-3

700 2,620E-2 2,741E-2 2,643E-2 2,626E-2 2,762E-2 0,026383,640E-2 2,710E-2 2,701E-2 2,753E-2 2,702E-2 2,628E-2754E-2 2,773E-2

800 3,180E-2 3,324E-2 3,202E-2 3,189E-2 3,347E-2 0,032093,211E-2 3,291E-2 3,278E-2 3,345E-2 3,292E-2  3,196E-2338E-2 3,337E-2

900 2,230E-2 2,329E-2 2,239E-2 2,229E-2 2,350E-2 0,022442,254E-2 2,307E-2 2,294E-2 2,351E-2 2,312E-2 2,235E-2344E-2 2,341E-2

1000 1,660E-2 1,727E-2 1,659E-2 1,651E-2 1,745E-2 0,088591,670E-2 1,710E-2 1,701E-2 1,747E-2  1,716E-2 XXXX IEFa1 1,741E-2

Filter E 380 1,000E-4 1,150E-5 1,800E-5 1,200E-5 2,000E-5 0,00D011 XXXX 1,200E-5 1,035E-5 1,322E-5 1,150E-5 1,870E-5 1,230E 1,140E-4
A (nm) 400 4,000E-4 3,183E-4 3,470E-4 3,100E-4 3,500E-4 0,00D302,770E-4 3,260E-4 2,920E-4 3,412E-4 3,191E-4 2,943E-4331E-4 3,016E-4
500 9,000E-4 9,094E-4 9,570E-4 8560E-4 9,900E-4 0,000868,110E-4 9,100E-4 8,300E-4 9,482E-4 8,995E-4 8,250E-4199%-4 9,195E-4

600 1,000E-3 9,809E-4 1,026E-3 9,160E-4 1,060E-3 0,000929,850E-4 9,720E-4 8,950E-4 1,015E-3 9,604E-4 8,888E-4873E-4 9,944E-4

700 5,000E-3 4,951E-3 5,141E-3 4,730E-3 5,250E-3 0,004758,950E-3 4,959E-3 4,635E-3 5,094E-3 4,859E-3 4,548E-3973E-3 5,074E-3

800 9,700E-3  9,471E-3 9,804E-3 9,132E-3 1,001E-2 0,009189,853E-3 9,537E-3 8,983E-3 9,770E-3  9,392E-3  8,823E-3561%-3  9,632E-3

900 8,400E-3 8,227E-3 8,552E-3 7,945E-3 8,730E-3 0,0068988,376E-3  8,324E-3 7,793E-3 8,518E-3 8,232E-3  7,668E-3326E-3 8,388E-3

1000 7,100E-3  6,926E-3  7,236E-3  6,708E-3  7,380E-3 0,00%726,952E-3 7,058E-3 6,561E-3  7,196E-3  6,923E-3 XXXX 7EB26  7,085E-3
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IFA KRISS MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S NMC VN 1IOFI
Filter A 380 2,400E-3 2,600E-4 6,000E-4 1,900E-4 3,000E-4 2,740E-4350E-4 1,340E-4 6,000E-5 3,200E-4 4,900E-4 1,400E-4 OCE3# 3,140E-4
A (nm) 400 2,800E-3  2,200E-4 4,000E-4 1,900E-4 3,000E-4 1,830E#4230E-4 1,080E-4 7,000E-5 3,100E-4 4,900E-4 1,400E-4 OOE% 2,930E-4
500 5,000E-4 1,600E-4 3,000E-4 1,900E-4 2,000E-4 2,752E€l900E-5 1,090E-4 5,000E-5 1,600E-4 4,900E-4 1500E-4 OCE4 2,750E-4
600 7,000E-4 1,100E-4 3,000E-4 1,900E-4 4,000E-4 1,837E®300E-5 1,010E-4 4,000E-5 1,600E-4 4,900E-4 1500E-4 OCE4 2,790E-4
700 2,300E-3 1,500E-4 3,000E-4 1,900E-4 3,000E-4 2,758E®€,300E-5 8,500E-5 7,000E-5 9,000E-5 4,900E-4 1500E-4 O0E¥4 2,540E-4
800 6,000E-4  1,500E-4 3,000E-4 1,900E-4 2,000E-4 1,841E#150E-4 1,110E-4 4,000E-5 9,000E-5 5,100E-4 1500E-4 OCE®4 2,480E-4
900 2,100E-3 1,600E-4 4,000E-4 1,900E-4 3,000E-4 1,842E4800E-5 6,090E-4 8,000E-5 8,000E-5 1,800E-3 1,600E-4 OCE®4 2,750E-4
1000 2,000E-3 1,600E-4 4,000E-4 1,900E-4 3,000E-4 1,8H2E4,000E-5 5,120E-4 1,300E-4 8,000E-5 1,800E-3 XXXX 1,080E 2,890E-4
Filter B 380 8,000E-4 5,200E-4 6,000E-4 5500E-4 1,200E-3 1,021E-B520E-4 1,200E-3 1,900E-4 4,400E-4 7,200E-4 1,500E-4 20EB 3,260E-4
A (nm) 400 1,600E-3 1,400E-4 4,000E-4 1,700E-4 3,000E-4  4,245E94400E-5 1,300E-4 9,000E-5 2,100E-4 6,100E-4 1,600E-4 OOE%  3,020E-4
500 4,000E-4 1,100E-4 3,000E-4 1,700E-4 4,000E-4 4,345E-A200E-5 9,200E-5 7,000E-5 1,300E-4 6,000E-4 1,600E-4 00Kt  2,850E-4
600 5,000E-4 1,100E-4 3,000E-4 1,700E-4 4,000E-4 4,262E@900E-5 9,400E-5 9,000E-5 1,300E-4 6,100E-4 1,500E-4 OCE®4 2,840E-4
700 1,400E-3 1,200E-4 3,000E-4 1,700E-4 4,000E-4 4,458E-A700E-5 9,700E-5 7,000E-5 9,000E-5 5,800E-4 1,500E-4 OGE&h  2,650E-4
800 4,000E-4 1,100E-4 3,000E-4 1,800E-4 3,000E-4 4,038E2220E-4 1,700E-4 6,000E-5 9,000E-5 6,500E-4 1,400E-4 OQE#4 2,960E-4
900 1,000E-3 1,100E-4 3,000E-4 1,700E-4 4,000E-4 3,516E8000E-5 6,020E-4 1,000E-4 1,300E-4 2,700E-4 1,400E-4 OCGE2A 2,750E-4
1000 1,300E-3 8,000E-5 3,000E-4 1,700E-4 3,000E-4 3,7E6,500E-5 5,130E-4 1,300E-4 1,300E-4 2,900E-4 XXXX 8,080E 2,760E-4
Filter C 380 1,400E-4 1,040E-4 1,300E-4 1,000E-4 1,400E-4 3,765E4350E-4 2,280E-4 6,000E-5 8,600E-5 9,400E-5 3,700E-5 OCEH 3,160E-4
A (nm) 400 2,300E-4  4,800E-5 9,000E-5 5,000E-5 1,100E-4 2,028E4120E-4 1,350E-4 5,000E-5 5,700E-5 2,200E-4 9,300E-5 OQE&4 3,090E-4
500 5900E-5 2,400E-5 7,000E-5 4,000E-5 1,000E-4 1,961E3l400E-5 5,800E-5 3,000E-5 3,700E-5 2,100E-4 9,200E-5 OCE® 2,910E-4
600 6,300E-5 2,600E-5 8,000E-5 3,000E-5 8,000E-5 1,799EA800E-5 5,000E-5 4,000E-5 5,900E-5 2,100E-4 8,700E-5 00E®  3,160E-4
700 3,200E-4  7,000E-5 1,200E-4 8,000E-5 1,700E-4 3,257E4600E-5 1,580E-4 3,000E-5 7,900E-5 3,900E-4 1,200E-4 OGE3# 2,720E-4
800 9,800E-5 4,300E-5 1,100E-4 5,000E-5 1,400E-4 3,033E4540E-4 8,600E-5 3,000E-5 4,500E-5 4,000E-4 1,200E-4 OCE®  2,890E-4
900 2,000E-4 2,900E-5 1,000E-4 4,000E-5 1,000E-4 2,081E94100E-5 6,020E-4 2,000E-5 2,800E-5 1,400E-4 1,000E-4 O0OE® 2,810E-4
1000 8,400E-5 2,100E-5 8,000E-5 3,000E-5 8,000E-5 1,50E+,600E-5 5,090E-4 2,000E-5 2,000E-5 1,100E-4 XXXX 5,080E 2,960E-4
Filter D 380 2,000E-5 3,000E-6 1,400E-5 8,000E-6 3,000E-5 2,367EH900E-5 3,300E-5 4,000E-6 1,700E-6 3,000E-6 3,800E-6 OQES® 3,270E-4
A (nm) 400 3,000E-5 7,000E-6 5,000E-6 1,600E-5 2,000E-5 1,426E8800E-5 3,700E-5 6,000E-6 9,100E-6 1,700E-5 1,400E-5 0QES  3,310E-4
500 9,600E-6 4,000E-6 7,000E-6 2,000E-5 1,000E-5 2,509E5000E-5 3,300E-5 6,000E-6 8,200E-6 2,700E-5 1,900E-5 00E® 2,990E-4
600 8,700E-6  7,000E-6 9,000E-6 2,000E-5 1,000E-5 2,820E8000E-5 4,100E-5 7,000E-6 9,500E-6 2,700E-5 2,000E-5 OQE&  3,140E-4
700 5,000E-5 1,900E-5 2,100E-5 4,800E-5 4,000E-5 7,123EH700E-5 5,000E-5 1,600E-5 1,700E-5 6,300E-5 4,200E-5 00E6&6 2,850E-4
800 2,500E-5 1,500E-5 2,500E-5 5,200E-5 3,000E-5 8,023E-B480E-4 4,100E-5 1,300E-5 1,300E-5 1,100E-4 4,800E-5 OGE®% 3,010E-4
900 2,400E-5 1,600E-5 2,000E-5 4,100E-5 2,000E-5 5,610E&200E-5 5,890E-4 8,000E-6 7,200E-6 4,200E-5 3,800E-5 0GE® 3,040E-4
1000 2,100E-5 1,300E-5 1,500E-5 3,300E-5 2,000E-5 4,150E4,800E-5 5,150E-4 9,000E-6 6,500E-6 3,300E-5 XXXX 1,2B0E 3,080E-4
Filter E 380 5,000E-5 2,000E-7 4,000E-6 8,000E-6 2,000E-5 1,485E-6xXXX 3,200E-5 2,000E-7 5,100E-7 2,500E-7 2,100E-6 7,000E-3,290E-4
A (nm) 400 4,000E-5 1,100E-6 2,000E-6 8,000E-6 3,000E-5 1,308EH900E-5 3,300E-5 1,000E-6 4,100E-7 1,800E-6 3,000E-6 OOGE16 3,090E-4
500 1,000E-5 1,200E-6 3,000E-6 8,000E-6 0,000E+0 3,553EH000E-5 3,300E-5 3,000E-6 7,500E-7 2,300E-6 4,400E-6 OCE®S 3,070E-4
600 6,000E-6 1,600E-6 2,000E-6 8,000E-6 0,000E+O0 5,296EH100E-5 3,300E-5 2,000E-6 9,200E-7 2,400E-6 4,700E-6 O0E®%  3,180E-4
700 1,000E-5 6,100E-6 6,000E-6 1,100E-5 1,000E-5 1,712E%H400E-5 3,400E-5 5,000E-6 3,800E-6 1,600E-5 1,300E-5 OGE®G 2,810E-4
800 1,000E-5 7,600E-6 8,000E-6 1,400E-5 2,000E-5 3,216E-B870E-4 3,300E-5 8,000E-6 5,500E-6 2,800E-5 1,900E-5 90E%S  3,080E-4
900 1,000E-5 5,700E-6 9,000E-6 1,300E-5 1,000E-5 2,796EH800E-5 5,970E-4 5,000E-6 5,400E-6 2,800E-5 1,800E-5 40E6 3,010E-4
1000 1,200E-5 5,400E-6 8,000E-6 1,200E-5 2,000E-5 2,354E5,100E-5 5,030E-4 6,000E-6 5,300E-6  1,400E-5 XXXX 5,860E 3,150E-4
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IFA KRISS MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S NMC VN 1IOFI

Filter A 380 6,133E-4 1,120E-3 -6,100E-4 9,500E-5 -2,922E-3 -1E230 1,180E-4 8,500E-4 -4,750E-4 3,500E-4 -4,250E-3 1,3%0E-1,065E-3 -1,038E-3
A (nm) 400 7,263E-4 1,110E-3 -7,650E-4 -1,350E-4 -2,770E-3 4{EEB 4,700E-4 9,100E-4 -5450E-4 2,850E-4 -4,055E-3 348 -1,040E-3 -5,000E-4
500 9,233E-4 1,195E-3 -3,150E-4 3,500E-5 -1,950E-3 -E150 2,690E-4 7,650E-4 -4500E-5 6,150E-4 -2,900E-3 8,167E-8,300E-4 -3,400E-4

600 1,183E-3 1,055E-3 -5,300E-4 -4,450E-4 -1,935E-3 HE1® 1,450E-4 7,250E-4 -4,500E-4 7,150E-4 -2,145E-3 747 -1,000E-3 -3,250E-4

700 7,800E-4 4,175E-4 -6,875E-4 -6,170E-4 -1,122E-3 &/ -3,641E-4 2,442E-4 -2,075E-4 4,542E-4 -1962E-3 @E43 -8,975E-4 -6,675E-4

800 2,050E-4 -3,500E-5 -9,950E-4 -7,500E-4 -4,750E-4 58Ft3 -5550E-4 -1,500E-5 7,500E-5 2,950E-4 -1,625E-3 5%8B3 6,000E-5 -6,250E-4

900 4,050E-4 1,000E-5 -5650E-4 -7,350E-4 -3,350E-4 4&F18 -6,420E-4 1,200E-4 2,550E-4 4,550E-4 -9,850E-4 4135 -3,950E-4 -7,150E-4

1000 3,750E-4  -6,500E-5 -4,000E-4 -8,200E-4 -4,750E-4 220E-3 -4,350E-4 1,530E-4 2,500E-4 4,150E-4 -1,610E-3 1(&93 -9,717E-4 -4,300E-4

Filter B 380 -2,175e-3 -7,650E-4 -3,650E-4 -1,095E-3 -1,500E-4 00BE-4 -1,070E-3 -2,850E-4 -6,250E-4 -2,065E-3 -1,490E-3,865E-3 -1,075E-3 8,950E-5
A (nm) 400 -2,645E-3 -2,055E-3 -1,030E-4 -1,435E-3 -4,950E-4 08QF-3 -1,095E-3 -7,200E-4 -6,300E-4 -2,320E-3 -2,271E-3,745E-3 -1,720E-3 -8,150E-4
500 -2,425E-3 -1,372E-3 -6,550E-4 -1,450E-3 -8,270E-4 400E-4 -1,280E-3 -9,300E-4 -1,140E-3 -2,420E-3 -2,330E-3,755E-3 -1,530E-3 -8,950E-4
600 -1,685E-3 -6,150E-4 5,000E-5 -6,600E-4 -4,750E-4 5@D4 -6,550E-4 -8,500E-5 3,600E-4 -1,685E-3 -1,285E-3,30@E-4 -6,000E-4 -8,500E-5

700 -8,742E-4 2,500E-4 1,800E-4 -2,775E-4 -1,300E-5 d&E58 -3,750E-5 4,525E-4 -5,208E-4 -8,250E-4 -8,155E-4 700E-4 7,250E-5 6,575E-4

800 -6,550E-4  1,220E-3  4,750E-4 -7,500E-5 6,333E-5 -4£440 9,000E-5 3,850E-4 -7,750E-4 -3,550E-4 -3,250E-4 2200 1,700E-4 7,050E-4

900 -1,500E-4 1,200E-3 7,350E-4 1,900E-4 7,747E-4 8,8D0E3,900E-4 7,000E-4 -4,550E-4 -2,150E-5 4,500E-5 5,000E-8,450E-4 1,050E-3

1000 1,700E-4 1,365E-3 1,050E-3 4,735E-4 9,333E-4 3,5%0E5,500E-4  9,300E-4 -5500E-5 2,000E-4 2,550E-4 6,900E-400CE-4  1,255E-3

Filter C 380 5,000E-6 -1,200E-5 -2,367E-5 -1,000E-6 1,650E-5 3560 -2,667E-6 -1,633E-5 5,650E-5 -4,600E-5 -1,095E-4 OOUE/5 -1,200E-5 -1,170E-4
A (nm) 400 -2,175e-4 -1,550E-4 -1,625E-4 -2,050E-4 -1,093E-4 650F-4 -1,730E-4 -1,915E-4 2,250E-5 -1,685E-4 -6,115E-2,280E-4 -2,095E-4 -2,460E-4
500 -4510E-4 -1,210E-4 -1,110E-4 -1,810E-4 -1,745E-4 962F-4 -2,900E-4 -4,270E-4 -1,410E-4 -1,345E-4 -5820E-3,650E-5 -1,870E-4 -6,490E-4

600 -3,760E-4  8,300E-5 1,365E-4 -1,800E-5 -5,667E-6 HE44 -1,154E-4 -2,365E-4 -5,100E-5 1,150E-5 -3,170E-4 4344 3,200E-5 -5,130E-4

700 -4,750E-4 1,975E-4 8,500E-5 1,075E-4 4,250E-5 -2,860E2,300E-4 -4,150E-4 -7,380E-5 -2,625E-5 -5358E-4 QR2@ -1,500E-6 -5,747E-4
800 -3,800E-4 3,900E-4 -8,000E-5 9,500E-5 -1,300E-4 &34 -1,575E-4 -4,250E-4 -2,400E-4 -6,500E-5 -5,200E-4,008E-5 3,000E-5 -5,650E-4

900 -1,650E-4 2,100E-4 -1,000E-6 1,100E-4 -3,700E-5 %780 -5,000E-6 -1,850E-4 -6,500E-5 3,500E-5 -1,800E-4 @56 7,000E-5 -2,900E-4

1000 -6,300E-5 2,745E-4  8,450E-5 1,470E-4 1,800E-5 5,45E7,800E-5 -3,900E-5 3,500E-5 -3,050E-5 -7,300E-6 1,}85E 1,130E-4 -1,280E-4

Filter D 380 3,137E-6 -4,933E-6 -1,401E-6 -1,436E-5 3,494E-6 4245 -1,170E-6 -2,600E-5 9,563E-7 5,381E-6 -2,520E-6 @7 -6,060E-6 3,469E-6
A (nm) 400 -3,029E-5 2,243E-6 5,148E-6 2,183E-8 -5,710E-5 -E£287 8,331E-6 -1,875E-5 -7,354E-7 8,878E-6 -5,783E-7 BP9 2,998E-6 -1,476E-5
500 -2,168E-5 -4,351E-5 4,331E-6 -2,901E-5 -6,903E-5 OES8 -3,459E-6 -1,068E-5 -8,543E-6 -5940E-6 8,814E-6 12BE-5 -7,838E-6 -2,335E-5

600 7,773E-6  -1,536E-5 8,585E-6 -8,479E-7 -3,794E-5 932 2,979E-5 3,255E-6 -1,146E-6 1,900E-5 3,491E-6 -1,696E1,561E-5 -8,442E-6

700 -3,249E-5 -2,568E-5 5,605E-6 -3,422E-5 -7,905E-5 @E99 6,093E-6 1,112E-5 -5,293E-6 1,730E-5 3,344E-5 -E630 2,863E-5 2,496E-5

800 -1,945E-5 3,764E-6 2,412E-5 2,563E-5 6,716E-5 -2,852E1,690E-5 1,166E-5 3,422E-5 -4,521E-6 8,159E-5 -1,221E41,485E-5 5,450E-5

900 -2,215E-6  4,154E-6 2,101E-5 1,360E-5 -6,296E-5 1,73E1,861E-5 3,040E-6 3,515E-5 -3,883E-6 6,448E-5 -4,261E41,702E-5 3,359E-5

1000 6,430E-6 2,059E-5 3,204E-5 2,664E-5 -5022E-5 28551E1,998E-5 2,354E-7 4,693E-5 1,817E-5 5200E-5 1,412E-8,0090E-7 2,374E-5

Filter E 380 -8,115E-6 -5,492E-6 -2,585E-6 2,730E-7 3,727E-6 1204 -2,866E-6 -1,285E-6 1,334E-6 5,340E-7 2,920E-6 5,702E-2,201E-6 9,738E-7
A (nm) 400 -4,957E-7 -2,630E-6 -2,478E-6 5,383E-6 -3,042E-6 19Ff7 -2,075E-6 2,367E-7 3,721E-8 5,395E-6 1,717E-6 9E3B -2,679E-6 5,713E-7
500 1,941E-6 1,093E-6 -1,700E-6 -8,628E-6 -5,117E-6 4UEBS -3,675E-7 4,123E-6 -2,987E-6 -2,955E-6 3,780E-7 10386 -7,548E-6 -1,090E-6

600 -1,342E-6 -1,401E-6 -6,104E-7 -7,943E-6 -4,962E-6 68{D6 -1,244E-7 -4,288E-6 -6,443E-7 -3,759E-6 2,327E-6,692E-7 -5530E-6 6,086E-6
700 -4,077E-6  3,645E-6 -5,680E-6 -2,780E-5 -1,037E-5 9BR29 -6,986E-9 2,738E-7 3,253E-6 -7,804E-6 1,660E-6 5@E6 -1,025E-5 -4,490E-6

800 -2,258E-7 -2,910E-6 8,465E-6 1,455E-6 1,277E-6 -&989 -2,293E-6 2,040E-6 1,487E-5 -5526E-6 2,015E-5 -&B88 9,647E-6 -3,815E-7

900 5,003E-6 -2,484E-6 1,347E-5 3,994E-6 2519E-5 3,460E-4,534E-7 -8,408E-6 2,033E-5 -4,700E-6 2,162E-5 6,861E-1,061E-5 -6,823E-6

1000 1,088E-5 4,781E-6 1,230E-5 7,695E-6 3,017E-5 7,641E5,165E-6 7,395E-6 1,186E-5 3,099E-6 2,052E-5 7,771E-6388E-5 1,518E-6

(@ X a-T Xdl) n
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IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU ¢ NMC VNIIOFI
Filter A 380 1,771E-4 3,233E-4 3,064E-4 1,761E-4 2,742E-5 8,434E3/680E-4 3,406E-5 2,454E-4 1,371E-4 1,010E-4 1,227E-320ES 3,074E-4 2,997E-4
A (nm) 400 2,097E-4 3,204E-4 3,126E-4 2,208E-4 3,897E-5 7,996E44619E-4 1,357E-4 2,627E-4 1,573E-4 8,227E-5 1,171E-369E1 3,002E-4 1,443E-4
500 2,665E-4 3,450E-4 2,264E-4 9,093E-5 1,010E-5 5,629E2064E-4 7,765E-5 2,208E-4 1,299E-5 1,775E-4 8,372E-458E®% 2,396E-4 9,815E-5
600 3,416E-4 3,046E-4 2,460E-4 1530E-4 1,285E-4 5,586E34190E-4 4,186E-5 2,093E-4 1,299E-4 2,064E-4 6,192E-456E% 2,887E-4 9,382E-5
700 2,252E-4 1,205E-4 2,180E-4 1,985E-4 1,781E-4 3,238EIH56E-4 1,051E-4 7,048E-5 5,990E-5 1,311E-4 5,665E-4 61424 2591E-4 1,927E-4
800 5918E-5 1,010E-5 2,170E-4 2,872E-4 2,165E-4 1,371E3B34E-4 1,602E-4 4,330E-6 2,165E-5 8,516E-5 4,691E-456E6B 1,732E-5 1,804E-4
900 1,169E-4 2,887E-6 2,255E-4 1,631E-4 2,122E-4 9,671E3¥21E-4 1,853E-4 3,464E-5 7,361E-5 1,313E-4 2,843E-4 94E13 1,140E-4 2,064E-4
1000 1,083E-4 1,876E-5 2,377E-4 1,155E-4 2,367E-4 1,3¥1E3,522E-4 1,256E-4 4,417E-5 7,217E-5 1,198E-4 4,648E-4129E-3 2,805E-4 1,241E-4
Filter B 380 6,279E-4 2,208E-4 2,766E-4 1,054E-4 3,161E-4 4,330BBH60E-5 3,089E-4 8,227E-5 1,804E-4 5961E-4 4,301E-484E3 3,103E-4 2,584E-5
A (nm) 400 7,347E-4 5,932E-4 4,130E-4 2973E-5 4,142E-4 1,429B34118E-4 3,161E-4 2,078E-4 1,819E-4 6,697E-4 6,557E-4 24EH 4,965E-4 2,353E-4
500 7,000E-4 3,960E-4 4,072E-4 1,891E-4 4,186E-4 2,387E24136E-4 3,695E-4 2,685E-4 3,291E-4 6,986E-4 6,726E-4 6654 4,417E-4 2,584E-4
600 4576E-4 1,775E-4 1,892E-4 1443E-5 1,905E-4 1,371B5418E-5 1,891E-4 2,454E-5 1,039E-4 4,864E-4 3,709E-4 96Ex4 1,732E-4 2,454E-5
700 2,524E-4 7,217E-5 1,092E-4 5,196E-5 8,011E-5 3,753EA@B54E-5 1,083E-5 1,306E-4 1,504E-4 2,382E-4 2,354E-4074&% 2,093E-5 1,898E-4
800 1,891E-4 3,522E-4 1,229E-4 1,371E-4 2,165E-5 1,828EL®85E-4 2,598E-5 1,111E-4 2,237E-4 1,025E-4 9,382E-551&E% 4,907E-5 2,035E-4
900 4,330E-5 3,464E-4 1432E-4 2,122E-4 5,485E-5 2,236E2640E-5 1,126E-4 2,021E-4 1,313E-4 6,207E-6 1,299E-543E4 1,862E-4 3,031E-4
1000 4,907E-5 3,940E-4 1,873E-4 3,031E-4 1,367E-4 2,684E1,025E-4 1,588E-4 2,685E-4 1,588E-5 5,774E-5 7,361E-292E-4 2,309E-4 3,623E-4
Filter C 380 1,443E-6 3,464E-6 1,028E-5 6,832E-6 2,887E-7 4,763EL10E-6 7,698E-7 4,715E-6 1,631E-5 1,328E-5 3,161E-523E5 3,464E-6 3,377E-5
A (nm) 400 6,279E-5 4,474E-5 5,907E-5 4,691E-5 5918E-5 3,156E4%63E-5 4,994E-5 5528E-5 6,495E-6 4,864E-5 1,765E-4 82E% 6,048E-5 7,101E-5
500 1,302E-4 3,493E-5 7,798E-5 3,204E-5 5,225E-5 5,037EBBH59E-5 8,372E-5 1,233E-4 4,0/0E-5 3,883E-5 1,680E-4 54E66 5,398E-5 1,874E-4 E
600 1,085E-4 2,396E-5 4,505E-5 3,940E-5 5,196E-6 1,636E46171E-5 3,331E-5 6,827E-5 1,472E-5 3,320E-6 9,151E-5714£15 9,238E-6 1,481E—4_§-'
700 1,371E-4 5,701E-5 6,535E-5 2,454E-5 3,103E-5 1,227B®27E-5 6,640E-5 1,198E-4 2,130E-5 7,578E-6 1,547E-4 64E4H% 4,330E-7 1,659E-4 x
800 1,097E-4 1,126E-4 7,090E-5 2309E-5 2742E-5 3,7530%55E-5 4,547E-5 1,227E-4 6,928E-5 1,876E-5 1,501E-4 60ES 8,660E-6 1,631E-4
900 4,763E-5 6,062E-5 4,095E-5 2,887E-7 3,175E-5 1,068EFH69E-4 1,443E-6 5,340E-5 1,876E-5 1,010E-5 5,196E-588E% 2,021E-5 8,372E-5
1000 1,819E-5 7,924E-5 3,396E-5 2,439E-5 4,244E-5 5,®6ELA74E-4 2,252E-5 1,126E-5 1,010E-5 8,805E-6 2,107E-6421E-5 3,262E-5 3,695E-5
Filter D 380 9,057E-7 1,424E-6 1,608E-6 4,046E-7 4,147E-6 1,009Et®17E-6 3,379E-7 7,504E-6 2,761E-7 1,553E-6 7,273E-7 34E5/ 1,749E-6 1,001E-6
A (nm) 400 8,743E-6 6,476E-7 4,583E-6 1,486E-6 6,301E-9 1,648E6M88E-6 2,405E-6 5,412E-6 2,123E-7 2,563E-6 1,669E-7 42E46 8,655E-7 4,261E-6
500 6,257E-6 1,256E-5 5,670E-6 1,250E-6 8,376E-6 1,993E23185E-6 9,986E-7 3,084E-6 2,466E-6 1,715E-6 2,544E-6 10E®6 2,263E-6 6,740E-6
600 2,244E-6 4,435E-6 3,739E-6 2,478E-6 2,448E-7 1,095E5%78E-6 8,601E-6 9,396E-7 3,309E-7 5,484E-6 1,008E-6 05E16 4,506E-6 2,437E-6
700 9,379E-6 7,414E-6 7,216E-6 1,618E-6 9,879E-6 2,282E5%/63E-6 1,759E-6 3,210E-6 1,528E-6 4,993E-6 9,652E-6 35E% 8,264E-6 7,206E-6
800 5,616E-6 1,087E-6 8,229E-6 6,963E-6 7,399E-6 1,939EBR33E-6 4,879E-6 3,365E-6 9,879E-6 1,305E-6 2,355E-525E% 4,288E-6 1,573E-5
900 6,395E-7 1,199E-6 6,205E-6 6,065E-6 3,925E-6 1,818EAP15E-6 5,373E-6 8,776E-7 1,015E-5 1,121E-6 1,861E-516E®% 4,913E-6 9,696E-6
1000 1,856E-6 5,944E-6 6,961E-6 9,248E-6 7,689E-6 1,450EF,393E-6 5,767E-6 6,794E-8 1,355E-5 5,246E-6 1,501E-276E-6 2,601E-7 6,854E-6
Filter E 380 2,343E-6 1,586E-6 6,911E-7 7,463E-7 7,882E-8 1,076E3¢476E-7 8,274E-7 3,710E-7 3,851E-7 1,542E-7 8,428E-7 46E® 6,355E-7 2,811E-7
A (nm) 400 1,431E-7 7,591E-7 5,804E-7 7,154E-7 1,554E-6 8,782E2228E-7 5,991E-7 6,833E-8 1,074E-8 1,558E-6 4,956E-7 30ES/ 7,734E-7 1,649E-7
500 5,604E-7 3,154E-7 1,180E-6 4,909E-7 2,491E-6 1A477EAGA75E-6 1,061E-7 1,190E-6 8,623E-7 8,530E-7 1,091E-7 0QE#6 2,179E-6 3,146E-7
600 3,875E-7 4,045E-7 9,146E-7 1,762E-7 2,293E-6 1,432EI$463E-6 3,591E-8 1,238E-6 1,860E-7 1,085E-6 6,717E-7 76E8 1,596E-6 1,757E-6
700 1,177E-6 1,052E-6 1,734E-6 1,640E-6 8,025E-6 2,995E2893E-9 2,017E-9 7,905E-8 9,390E-7 2,253E-6 4,791E-7 71E®% 2,959E-6 1,296E-6
800 6,518E-8 8,401E-7 1,431E-6 2,444E-6 4,200E-7 3,685E2578E-8 6,620E-7 5,889E-7 4,294E-6 1,595E-6 5,816E-6 52E/8 2,785E-6 1,101E-7
900 1,444E-6 7,170E-7 2,751E-6 3,888E-6 1,153E-6 7,272E9(87E-7 1,309E-7 2,427E-6 5,868E-6 1,357E-6 6,242E-6 84E% 3,064E-6 1,970E-6
1000 3,140E-6 1,380E-6 3,189E-6 3,552E-6 2,221E-6 8,79E2,197E-6 1,491E-6 2,135E-6 3,425E-6 8,945E-7 5,925E-®@43E-6 6,893E-6 4,382E-7
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IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMI1J NPL NRC PTB SMU < NMC VNIIOFI
Filter A 380 2,400E-3 2,600E-4 2,757E-4 6,000E-4 1,900E-4 3,000E24740E-4 1,654E-4 1,654E-4 1,654E-4 3,200E-4 4,900E-4 1,654E-4 1,654E-4 3,140E-4
A (nm) 400 2,800E-3 2,200E-4 1,934E-4 4,000E-4 1,900E-4 3,000EkB30E-4 1,447E-4 1,447E-4 1,447E-4 3,100E-4 4,900E-4 1,447E-4 1,500E-4 2,930E-4
500 5,000E-4 1,600E-4 1,342E-4 3,000E-4 1,900E-4 2,000E247/52E-4 1,190E-4 1,190E-4 1,190E-4 1,600E-4 4,900E-4 1,500E-4 1,200E-4 2,750E-4
600 7,000E-4 1,102E-4 1,474E-4 3,000E-4 1,900E-4 4,000E-4 1,837E-4,102E-4 1,102E-4 1,102E-4 1,600E-4 4,900E-4 1,500E-4 1,200E-4 2,790E-4
700 2,300E-3 1,500E-4 1,350E-4 3,000E-4 1,900E-4 3,000E24/58E-4 1,066E-4 1,066E-4 1,066E-4 1,066E-44,900E-4 1,500E-4 1,100E-4 2,540E-4
800 6,000E-4 1,500E-4 1,077E-4 3,000E-4 1,900E-4 2,000E-4 1,841E-4 1,150E-4 1,110E34077E-4 1,077E-4 5,100E-4 1,500E-4 1,077E-4 2,480E-4
900 2,100E-3 1,600E-4 1,137E-4 4,000E-4 1,900E-4 3,000E-4 1,842E-41,137E-4 6,090E-4 1,137E-4 1,137E-4 1,800E-3 1,600E-4 1,137E-4 2,750E-4
1000 2,000E-3 1,600E-4 1,128E-4 4,000E-4 1,900E-4 3,000E-4 1,842E-4,128E-4 5,120E-4 1,300E-4 1,128E-4 1,800E-3 Xxxx  1,128E-4 2,890E-4
Filter B 380 8,000E-4 5,200E-4 4,5559E-4 6,000E-4 5,500E-4 1,200Et021E-3 7,520E-4 1,200E-34,040E-4 4,400E-4 7,200E-4 4,040E-4 1,920E-3 4,040E-4
A (nm) 400 1,600E-3 1,400E-4 1,734E-4 4,000E-4 1,700E-4 3,000E445E-4 1,384E-4 1,384E-4 1,384E-4 2,100E-4 6,100E-4 1,600E-4 1,500E-4 3,020E-4
500 4,000E-4 1,100E-4 1,188E-4 3,000E-4 1,700E-4 4,000E48B45E-4 1,054E-4 1,054E-4 1,054E-4 1,300E-4 6,000E-4 1,600E-41,054E-4 2,850E-4
600 5,000E-4 1,100E-4 1,209E-4 3,000E-4 1,700E-4 4,000E4L62E-4 1,080E-4 1,080E-4 1,080E-4 1,300E-4 6,100E-4 1,500E-41,080E-4 2,840E-4
700 1,400E-3 1,200E-4 1,101E-4 3,000E-4 1,700E-4 4,000E4#458E-4 1,005E-4 1,005E-4 1,005E-4 1,005E-45,800E-4 1,500E-4 1,005E-4 2,650E-4
800 4,000E-4 1,314E-4 1,314E-4 3,000E-4 1,800E-4 3,000E-4 4,038E-4 2,220E-4 1,700E34314E-4 1,314E-4 6,500E-4 1,400E-4 1,700E-4 2,960E-4
900 1,000E-3 1,217E-4 1,237E-4 3,000E-4 1,700E-4 4,000E-4 3,516E-2,217E-4 6,020E-4 1,217E-4 1,300E-4 2,700E-4 1,400E-41,217E-4 2,750E-4
1000 1,300E-3 1,063E-4 1,063E-4 3,000E-4 1,700E-4 3,000E-4 3,177E-41,063E-4 5,130E-4 1,300E-4 1,300E-4 2,900E-4 xxxx 1,063E-4 2,760E-4
Filter C 380 1,400E-4 1,040E-4 1544E-4 1,300E-4 1,000E-4 1,400E3%65E-4 1,350E-4 2,280E-49,325E-5 9,325E-5 9,400E-5 9,325E-5 3,900E-4 3,160E-4
A (nm) 400 2,300E-4 6,877E-5 6,877E-5 9,000E-5 6,877E-5 1,100E-4 2,028E-4 1,120E-4 1,350E-46,877E-5 6,877E-5 2,200E-4 9,300E-5 1,600E-4 3,090E-4
500 5,900E-5 3,988E-5 3,988E-5 7,000E-5 4,000E-5 1,000E-4 1,961E-8,988E-5 5800E-5 3,988E-5 3,988E-5 2,100E-4 9,200E-5 8,000E-5 2,910E-48
600 6,300E-5 4,185E-5 5,182E-5 8,000E-5 4,185E-5 8,000E-5 1,799E-4 4,185E-5 5,000E-5 4,185E-5 5,900E-5 2,100E-4 8,700E-5 5,000E-5 3,160E-F—
700 3,200E-4 7,426E-5 7,426E-5 1,200E-4 8,000E-5 1,700E-4 3,257E-47,426E-5 1,580E-4 7,426E-5 7,900E-5 3,900E-4 1,200E-4 2,300E-4 2,720E—$?
800 9,800E-5 6,900E-5 1,153E-4 1,100E-4 6,900E-5 1,400E-4 3,033E-4 2,540E-4 8,600E-5,900E-5 6,900E-5 4,000E-4 1,200E-4 9,000E-5 2,890E-4~~
900 2,000E-4 5,747E-5 8,176E-5 1,000E-4 5,747E-5 1,000E-4 2,081E-4 9,100E-5 6,020E-46,747E-5 5,747E-5 1,400E-4 1,000E-4 7,000E-5 2,810E-4
1000 8,400E-5 3,994E-5 6,256E-5 8,000E-5 3,994E-5 8,000E-5 1,550E-4 7,600E-5 5,090E-43,994E-5 3,994E-5 1,100E-4 XXXX 5,000E-5 2,960E-4
Filter D 380 2,000E-5 6,563E-6 1,535E-5 1,400E-5 8,000E-6 3,000E-5 2,367E-5 5,900E-500E® 6,563E-6 6,563E-6 6,563E-6 6,563E-61,500E-5 3,270E-4
A (nm) 400 3,000E-5 1,044E-5 1,218E-5 1,044E-5 1,600E-5 2,000E-5 1,426E-5 3,800E-5 3,700E-B,044E-5 1,044E-5 1,700E-5 1,400E-5 2,200E-5 3,310E-4
500 9,600E-6 8572E-6 1,078E-5 8,572E-6 2,000E-5 1,000E-5 2,509E-5 3,000E-5 3,300E-8,572E-6 8,572E-6 2,700E-5 1,900E-5 1,300E-5 2,990E-4
600 9,522E-6 9,522E-6 1,498E-5 9,522E-6 2,000E-5 1,000E-5 2,820E-5 3,000E-5 4,100E-8,522E-6 9,522E-6 2,700E-5 2,000E-5 1,000E-5 3,140E-4
700 5,000E-5 2,910E-5 2,978E-5 2,910E-5 4,800E-5 4,000E-5 7,123E-5 5,700E-5 5,000E-3,910E-5 2,910E-5 6,300E-5 4,200E-5 7,600E-5 2,850E-4
800 2,500E-5 2,316E-5 3,127E-5 2,500E-5 5,200E-5 3,000E-5 8,023E-5 1,480E-4 00E®5 2,316E-5 2,316E-5 1,100E-4 4,800E-5 3,300E-5 3,010E-4
900 2,400E-5 1,767E-5 2,319E-5 2,000E-5 4,100E-5 2,000E-5 5,610E-5 8,200E-5 9084 1,767E-5 1,767E-5 4,200E-5 3,800E-5 2,300E-5 3,040E-4
1000 2,100E-5 1,329E-5 1,750E-5 1,500E-5 3,300E-5 2,000E-5 4,150E-5 4,800E-550E34 1,329E-5 1,329E-5 3,300E-5 Xxxx  1,329E-5 3,080E-4
Filter E 380 5,000E-5 7,779E-7 7,395E-6 4,000E-6 8,000E-6 2,000E-5 1,485E-6 XXXX 3,260E7,779E-7 7,779E-7 7,779E-7 2,100E-6 7,779E-7 3,290E-4
A (nm) 400 4,000E-5 1,590E-6 4,175E-6 2,000E-6 8,000E-6 3,000E-51,590E-6 2,900E-5 3,300E-5 1,590E-6 1,590E-6 1,800E-6 3,000E-6 2,100E-6 3,090E-4
500 1,000E-5 2,181E-6 3,116E-6 3,000E-6 8,000E-62,181E-6 3,553E-6 2,000E-5 3,300E-5 3,000E-®,181E-6 2,300E-6 4,400E-6 2,181E-6 3,070E-4
600 6,000E-6 2,203E-6 5,177E-6 2,203E-6 8,000E-6 2,203E-6 5,296E-6 2,100E-5 3,300E-52,203E-6 2,203E-6 2,400E-6 4,700E-6 2,203E-6 3,180E-4
700 1,000E-5 7,877E-6 1,112E-5 7,877E-6 1,100E-5 1,000E-5 1,712E-5 3,400E-5 3,400E-3,877E-6 7,877E-6 1,600E-5 1,300E-5 2,000E-5 2,810E-4
800 1,000E-5 9,741E-6 1,193E-5 9,741E-6 1,400E-5 2,000E-5 3,216E-5 1,870E-4 3,300E-§,741E-6 9,741E-6 2,800E-5 1,900E-5 1,290E-5 3,080E-4
900 1,000E-5 8,073E-6 9,086E-6 9,000E-6 1,300E-5 1,000E-5 2,796E-5 9,800E-570&% 8,073E-6 8,073E-6 2,800E-5 1,800E-5 1,040E-5 3,010E-4
1000 1,200E-5 7,199E-6 7,895E-6 8,000E-6 1,200E-5 2,000E-5 2,354E-5 5,100E-5 3064 7,199E-6 7,199E-6 1,400E-5 XxXxx  7,199E-6 3,150E-4

0T'd XaANNV



IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMI1J NPL NRC PTB SMU S NMC VNIIOFI
Filter A 380 1,623E-3 4,850E-4 0,000E+0 -1,000E-5 1,223E-3 1,624E5,100E-4 5,800E-4 8,570E-4 1,325E-4 7,850E-4 3,430E-352E-3 4,525E-4 -2,042E-3
A (nm) 400 1,587E-3 3,050E-4 0,000E+0 -7,250E-5 1,103E-3 1,235E4,450E-4 5,200E-4 7,940E-4 -3,250E-5 9,575E-4 3,628E-#58E-3 6,200E-4 -1,728E-3
500 1,405E-3 2,175E-4 0,000E+0 7,500E-6 8,525E-4 1,225E33250E-5 5,775E-4 6,185E-4 1,075E-4 5,075E-4 3,040E-3045E-3 3,750E-4 -8,850E-4
600 1,485E-3 1,875E-4 0,000E+0 -1,900E-4 7,325E-4 8,1#5E7,500E-6 5,075E-4 7,615E-4 2,500E-4 5,225E-4 2,793E-023E-3 2,150E-4 -6,695E-4
700 1,690E-3 5,375E-5 O0,000E+0 -2,588E-4 6,165E-4 9,268E9,375E-5 5,307E-4 4,646E-4 4,462E-4 5596E-4 3,506E-#84E-3 4,088E-4 -3,703E-4
800 1,498E-3 2,500E-6 0,000E+0 3,275E-4 5,250E-4 1,082BBR75E-4 3,895E-4 3,365E-4 6,575E-4 5,325E-4 4,118E-3 20E73 1,450E-3 -3,545E-4
900 1,673E-3 7,500E-5 O0,000E+0 2,525E-4 5,175E-4 1,132B58B75E-4 2,710E-4 7,740E-4 6,025E-4 5,625E-4 5,875E-4 50E/3 1,188E-3 -4,875E-4
1000 1,603E-3 4,250E-5 0,000E+0 1,250E-4 5,100E-4 1,182E5,350E-4 6,725E-4 8,525E-4 4,050E-4 4,625E-4 1,230E-3 xxxx 1,179E-3 -2,270E-4
Filter B 380 -2,387E-3 1,603E-3 0,000E+0 5,318E-3 3,418E-3 2,795E1,730E-3 1,391E-3 1,607E-3 1,825E-4 -3,125E-4 3,000E-#498E-4 2,233E-3 2,734E-3
A (nm) 400 -2,075E-4 1,963E-3 0,000E+0 1,764E-3 8,675E-4 1,1¥2E1,030E-3 1,205E-3 1,187E-3 7,750E-4 4,550E-4 2,086E-R93E-4 2,510E-3 7,285E-4
500 -4,250E-5 2,509E-3 0,000E+0 1,202E-3 2,800E-4 1,4318E5,900E-4 5,960E-4 8,040E-4 1,370E-3 2,350E-4 1,270E-313€E-5 1,665E-3 1,306E-3
600 -1,875e-4 2,128E-3 0,000E+0 1,165E-3 1,150E-4 1,293E5,475E-4 -1,205E-4 4,905E-4 1,430E-3 -4,750E-5 1,008E3099E-4 1,395E-3 6,065E-4
700 -4,104E-4 1,428E-3 0,000E+0 9,725E-4 1,212E-4 5,985E2,379E-4 -1,475E-5 3,863E-4 1,271E-4 -5500E-5 6,303EB657E-4 9,988E-4 5,507E-4
800 -5,975E-4 1,430E-3 0,000E+0 7,375E-4 7,500E-6 4,447B5,125E-4 1,020E-4 5,125E-4 -1,775E-4 3,575E-4 1,112EH295E-4 6,650E-4 -1,075E-4
900 -2,005E-3 1,035E-3 0,000E+0 4,825E-4 2,500E-5 3,823E4,910E-4 7,100E-5 2,710E-4 -3,325E-4 1,007E-4 -1,625E44570E-4 8,625E-4 2,660E-4
1000 -2,335E-3 6,925E-4 0,000E+0 5,750E-4 1,883E-4 2,667E2,275E-4 5,600E-5 5,690E-4 -2,275E-4 4,000E-5 4,375E-4xxxx 8,400E-4 2,935E-4
Filter C 380 -4,775E-4 -1,040E-4 0,000E+0 9,582E-4 6,545E-4 3,4/8E5,675E-5 3,317E-4 1,838E-4 -7,175E-5 -8,800E-5 -1,435E3,360E-5 1,490E-4 4,035E-4
A (nm) 400 -3,038E-4 -4,535E-4 0,000E+0 1,888E-4 3,325E-4 1,203E9,250E-5 2,655E-4 2,472E-4 -1,788E-4 -2,425E-5 2,892E3,563E-4 1,902E-4 -4,120E-4
500 -5,500E-6 2,365E-4 0,000E+0 8,950E-5 -3,550E-5 2,647E2,667E-4 3,000E-6 1,935E-4 4,295E-4 7,750E-6 4,740EA760E-4 1,650E-5 1,755E-4
600 -2,300E-5 4,055E-4 0,000E+0 3,083E-4 6,000E-6 2922E3,027E-4 5,630E-5 1,397E-4 4,195E-4 7,175E-5 2,690E-4218E-5 1410E-4 2,035E-4 &<
700 -5,250E-5 1,278E-4 0,000E+0 2,450E-4 3,287E-4 1,647E%,675E-4 1,825E-4 6,500E-5 2,081E-4 -6,687E-5 7,538E4H403E-4 -6,750E-6 7,017E-4 —
800 -1,700E-4 2,620E-4 0,000E+0 -5,000E-5 -5,250E-5 HEO®O 2,005E-4 7,775E-5 6,950E-5 1,450E-4 1,075E-4 2,900E3{932E-4 2,000E-5 -1,365E-4
900 6,250E-5 1,590E-4 0,000E+0 -3,950E-5 -4,500E-5 5,850E4,560E-4 -1,750E-5 -7,650E-5 7,500E-6 5,250E-5 1,180E3,812E-4 7,000E-5 1,700E-5
1000 -1,650E-5 -4,275E-5 0,000E+0 4,750E-6 1,850E-5 EMO 2,362E-4 3,100E-5 4,850E-5 -1,750E-5 -3,025E-5 1,584E xxxx -3,500E-6 -4,700E-5
Filter D 380 -5,046E-5 -1,251E-5 O0,000E+0 4,537E-5 1,779E-5 1,88E3,628E-6 2,550E-5 -1,479E-5 -2,217E-5 -4,813E-6 -8(59 5,380E-6 7,333E-6 -2,454E-5
A (nm) 400 -1,110E-4 -7,719E-5 0,000E+0 3,853E-5 5,128E-5 2,858E4,196E-5 -1,550E-5 -9,484E-6 -3,786E-5 9,051E-8 283 -3,276E-5 4,660E-5 -7,346E-5
500 1,520E-6 4,128E-5 O0,000E+0 2,144E-5 -6,444E-6 5,262E7,823E-6 -1,431E-5 -8,453E-7 1,105E-5 -1,238E-6 3,088E1,872E-5 1,092E-6 -7,996E-6
600 7,440E-7 8,828E-5 0,000E+0 6,399E-5 1,444E-5 7,559E815E-5 4,105E-6 3,399E-5 6,156E-5 2,780E-5 1,236E-529E% 4,448E-5 4,146E-5
700 -2,517E-5 1,031E-4 0,000E+0 1,344E-4 5,410E-5 9,332E5,798E-5 5,674E-5 2,174E-5 4,051E-5 -4,086E-6 -3,919E/A762E-5 1,562E-5 2,449E-4
800 -9,205E-5 5,554E-5 0,000E+0 2,119E-5 3,514E-6 -1,410B,731E-5 3,024E-5 3,447E-5 4,330E-5 1,818E-5 3,645EHB098E-4 -3,041E-7 1,432E-5
900 1,625E-6 -3,321E-5 0,000E+0 7,343E-6 -2,055E-5 2,1B6E1,045E-5 8,233E-5 1,254E-5 -5465E-6 1552E-5 5,255E8,290E-5 -1,423E-5 -1,503E-5
1000 9,559E-5 -6,753E-5 0,000E+0 1,718E-5 -3,631E-6 7E0@ -4,029E-5 6,735E-5 -2,921E-5 -1,576E-5 7,601E-7 265 -1,068E-5 -1,028E-5
Filter E 380 7,945E-5 3,547E-6 0,000E+0 1,282E-6 2,305E-6 5,380ES818E-7 XXXX 4,703E-7 -8,722E-7 -3,010E-6 -6,594E-6 2B8B-6 1,055E-6 1,002E-4
A (nm) 400 6,807E-5 -1,985E-6 0,000E+0 6,701E-7 3,930E-6 -2,336E2,078E-6 -4,871E-5 -1,462E-6 -7,945E-7 -3,772E-6 547 6,256E-6 4,435E-6 -3,343E-5
500 -2,690E-5 4,491E-6 0,000E+O 6,685E-6 1,243E-6 7,445E2,293E-6 -8,493E-6 -8,063E-6 -1,562E-6 2556E-6 3,484E8,552E-6 3,209E-7 -1,299E-5
600 1,276E-5 1,914E-5 O0,000E+0 1,212E-5 3,861E-6 1,285EFB36E-6 5,497E-6 -5346E-6 6,767E-6 4,046E-6 3,505E-6801E-5 9,046E-6 4,123E-6
700 -7,432E-6 4,598E-5 0,000E+0 2,761E-5 1,810E-5 2,120E8,276E-6 -2,700E-5 -8,545E-6 5,778E-6 1,138E-5 -6,165E8,003E-6 1,901E-6 5,141E-5
800 7,932E-5 9,822E-6 0,000E+0 4,905E-6 9,224E-6 2,397E%(311E-6 2,831E-4 -1,270E-5 2,467E-5 1,047E-5 -1,175E3[960E-5 8,517E-6 -2,244E-6
900 1,077E-5 -1,971E-5 0,000E+0 4,293E-6 1,771E-6 1,051E1,397E-5 3,162E-5 -9,937E-6 -5416E-6 -4537E-7 4,897E4,187E-5 -6,842E-7 -2,454E-5
1000 4,088E-6 -3,925E-5 0,000E+0 8,009E-6 6,678E-6 -@&576-2,540E-5 -1,006E-4 1,412E-5 -6,093E-6 -1,346E-5 JFL6 XXXX -1,245E-5 -2,425E-5

94
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IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMI1J NPL NRC PTB SMU S NMC VNIIOFI

Filter A 380 2,423E-3 4,272E-4 4,122E-4 6,970E-4 3,343E-4 9,341E5452E-4 3,209E-4 4,174E-4 3,223E-4 3,700E-4 1,350E-3 25E#4 4,391E-4 5,918E-4
A (nm) 400 2,811E-3 4,653E-4 3,676E-4 4,939E-4 2,226E-4 8,818E5#48E-4 2,217E-4 3,440E-4 2916E-4 3,910E-4 1,273E-378E34 4,028E-4 3,962E-4
500 5856E-4 3,890E-4 2,632E-4 3,303E-4 2,065E-4 6,069E3%612E-4 1583E-4 2,823E-4 1,685E-4 2591E-4 9,738E-456E% 2,903E-4 3,391E-4

600 7,914E-4 3,416E-4 2,868E-4 3,849E-4 2,711E-4 6,983EAL56E-4 1,235E-4 2,476E-4 2,284E-4 2903E-4 7,960E-4 21E84 3,437E-4 3,094E-4

700 2,313E-3 2,190E-4 2,564E-4 3,983E-4 2,767E-4 4,496B3¥441E-4 2,033E-4 1,696E-4 1,690E-4 2,148E-4 7,545E-4 24E64 2,976E-4 3,657E-4

800 6,038E-4 1,532E-4 2,415E-4 4,561E-4 2,888E-4 2430E3819E-4 2,116E-4 1,173E-4 5,037E-5 1,305E-4 7,455E-4 7QE€B 1,048E-4 3,081E-4

900 2,103E-3 1,605E-4 2,458E-4 4,323E-4 2,860E-4 3,159E3897E-4 2556E-4 6,109E-4 1,123E-4 1552E-4 1,840E-3 05EZ3 1,533E-4 3,441E-4

1000 2,003E-3 1,625E-4 2,561E-4 4,546E-4 3,043E-4 3,3D5E3,994E-4 1,374E-4 5,161E-4 1,533E-4 1,528E-4 1,867E-3 xxxx 2,984E-4 3,165E-4

Filter B 380 1,023E-3 5,875E-4 5,332E-4 6,215E-4 6,587E-4 1,207ELD26E-3 8,336E-4 1,249E-3 3,048E-4 7,507E-4 9,209E-4 5764 1,956E-3 3,550E-4
A (nm) 400 1,763E-3 6,258E-4 4,479E-4 4,141E-4 4,784E-4 3,701B54734E-4 3,449E-4 3,140E-4 3,093E-4 7,079E-4 9,072E-4 54E4 5,329E-4 4,233E-4
500 8,141E-4 4,224E-4 4,242E-4 3,685E-4 4,614E-4 4,800E4MP42E-4 3,876E-4 2,939E-4 3,422E-4 7,159E-4 9,050E-4 45E34 4,760E-4 4,046E-4

600 6,841E-4 2,130E-4 2,245E-4 3,039E-4 2,795E-4 4,362EAM43E-4 2,416E-4 1,206E-4 1,582E-4 5,191E-4 7,227E-4 39%EH# 2,397E-4 2,990E-4

700 1,427E-3 1,676E-4 1551E-4 3,113E-4 2,067E-4 4,111E4H650E-4 1,181E-4 1,827E-4 1,783E-4 2,618E-4 6,282E-4 40E74 1,384E-4 3,446E-4

800 4,428E-4 3,692E-4 1,795E-4 3,363E-4 1,819E-4 3,300EAR44E-4 2,240E-4 2,035E-4 2,322E-4 1,385E-4 6,571E-4 64E®4 1,776E-4 3,598E-4

900 1,001E-3 3,643E-4 1,892E-4 3,679E-4 1,794E-4 4,588E3/653E-4 1,385E-4 6,351E-4 1,656E-4 1,314E-4 2,706E-4 53E64 2,228E-4 4,101E-4

1000 1,301E-3 4,026E-4 2,075E-4 4,266E-4 2,185E-4 4,085E3,344E-4 1,721E-4 5,792E-4 1,323E-4 1,434E-4 2,995E-4 xxxx 2,455E-4 4,557E-4

Filter C 380 1,430E-4 1,057E-4 1548E-4 1,313E-4 1,036E-4 1415E3470E-4 1,398E-4 2,292E-4 6,814E-5 8,827E-5 1,053E-4 23E/% 3,906E-4 3,196E-4
A (nm) 400 2,459E-4 7,810E-5 7,883E-5 1,137E-4 9,091E-5 1,221E24109E-4 1,317E-4 1569E-4 6,014E-5 7,952E-5 2,836E-422E24 1,747E-4 3,193E-4
500 1,446E-4 4,476E-5 B8,635E-5 8,260E-5 6,787E-5 1,138E24159E-4 9,253E-5 1,380E-4 5,480E-5 6,386E-5 2,699E-4 034 9,882E-5 3,466E-4

600 1,279E-4 4,028E-5 6,866E-5 9,563E-5 3,718E-5 8,325ELB78E-4 5,455E-5 9,016E-5 4,812E-5 7,210E-5 2,301E-4 09E®4 6,196E-5 3,506E-4

700 3,494E-4 9,198E-5 8,174E-5 1,250E-4 1,035E-4 1,771E3881E-4 8,503E-5 1,998E-4 4,645E-5 8,753E-5 4,202E-4 78E24 2,347TE-4 3,201E-4

800 1,471E-4 1,206E-4 1353E-4 1,126E-4 5,764E-5 1,452E3480E-4 2,581E-4 1,500E-4 7,598E-5 4,964E-5 4,273E-4 11E2A4 9,201E-5 3,320E-4

900 2,056E-4 7,484E-5 9,145E-5 1,002E-4 5,130E-5 1,007E24668E-4 9,105E-5 6,044E-4 2,815E-5 3,007E-5 1,494E-4 14E4 7,288E-5 2,932E-4

1000 8,599E-5 8,217E-5 7,118E-5 8,367E-5 5,211E-5 8,030E2,139E-4 7,936E-5 5,091E-4 2,265E-5 2,212E-5 1,101E-4 xxxx 5,978E-5 2,983E-4

Filter D 380 2,171E-5 1,048E-5 1,543E-5 1,774E-5 1,480E-5 3,130E2B43E-5 5,916E-5 3,898E-5 1,386E-5 6,004E-6 1,658E-563E8% 1,587E-5 3,270E-4
A (nm) 400 3,213E-5 1,444E-5 1,302E-5 1,407E-5 1,781E-5 2,795EkB81E-5 4,527E-5 3,824E-5 1,062E-5 1,371E-5 2,044E-556E®% 2,558E-5 3,312E-4
500 1,443E-5 1,825E-5 1,218E-5 8,517E-6 2,270E-5 2,312E2%67E-5 3,136E-5 3,394E-5 1,151E-5 1,080E-5 2,841E-573E4% 1,697E-5 2,992E-4

600 1,460E-5 1,470E-5 1544E-5 1,296E-5 2,275E-5 1,779B35192E-5 3,179E-5 4,250E-5 9,843E-6 1,469E-5 2,853E-551E5 2,637E-5 3,141E-4

700 5504E-5 4,866E-5 3,064E-5 2,682E-5 5,886E-5 4,849E/8B67E-5 6,063E-5 5,311E-5 2,254E-5 2,367E-5 6,614E-517&6b 9,295E-5 2,857E-4

800 2,844E-5 1,862E-5 3,233E-5 2,875E-5 5,359E-5 7,768EB%/85E-5 1,485E-4 4,256E-5 2,046E-5 1919E-5 1,132E-463E% 3,539E-5 3,017E-4

900 2,424E-5 1,639E-5 2,401E-5 2,116E-5 4,131E-5 2,728E53%45E-5 8,234E-5 5,890E-4 1,324E-5 8,514E-6 4,611E-511ES$% 2,448E-5 3,042E-4

1000 2,124E-5 1,449E-5 1,883E-5 1,778E-5 3,397E-5 24B7E4,228E-5 4,840E-5 5,150E-4 1,643E-5 8,766E-6 3,632E-5 xxxx 1,410E-5 3,081E-4

Filter E 380 5,087E-5 6,718E-6 7,428E-6 9,825E-6 9,152E-6 2,116ELD42E-5 XXXX 3,212E-5 4,836E-6 1,045E-5 9,374E-6 7,082E7,448E-6 3,292E-4
A (nm) 400 4,030E-5 4,047E-6 4,215E-6 4,423E-6 8,938E-6 3,068E2215E-6 2,915E-5 3,305E-5 4,718E-6 3,606E-6 4,743E-6 16E® 4,077E-6 3,090E-4
500 1,047E-5 1972E-6 3,332E-6 3,581E-6 8,816E-6 3,234E5(B96E-6 2,009E-5 3,311E-5 4,046E-6 5,019E-6 4,251E-6 89E#% 3,890E-6 3,070E-4

600 6,622E-6 1,635E-5 5,257E-6 5,568E-6 9,078E-6 4,005BB&55E-6 2,119E-5 3,313E-5 4,096E-6 4,010E-6 5,785E-6 04E®% 3,514E-6 3,180E-4

700 1,378E-5 2,574E-5 1,125E-5 1,091E-5 1,585E-5 1,836ELP13E-5 3,454E-5 3,477E-5 1,328E-5 9,529E-6 1,837E-582E% 2,231E-5 2,811E-4

800 1,238E-5 9,630E-6 1,201E-5 1,034E-5 1,537E-5 2,097E3®49E-5 1,871E-4 3,451E-5 1,057E-5 9,638E-6 2,901E-510E&®G 1,624E-5 3,080E-4

900 1,078E-5 6,359E-6 9,494E-6 1,006E-5 1,362E-5 1,246E28B03E-5 9,806E-5 5,970E-4 8,005E-6 6,433E-6 2,916E-559E8% 1,131E-5 3,010E-4

1000 1,259E-5 5,971E-6 8,515E-6 9,020E-6 1,244E-5 2,1®9E2,373E-5 5,107E-5 5,030E-4 1,036E-5 5,851E-6 1571E-5 xxxx 9,416E-6 3,150E-4

("*p)n
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IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMI1J NPL NRC PTB SMU S NMC VNIIOFI

Filter A 380 2,423E-3 4,272E-4 4,122E-4 6,970E-4 3,343E-4 9,341E5452E-4 3,348E-4 4,285E-4 3,573E-4 3,700E-4 1,350E-3 46E24 4,508E-4 5,918E-4
A (nm) 400 2,811E-3 4,653E-4 3,676E-4 4,939E-4 2,226E-4 8,818E5#48E-4 2,344E-4 3,572E-4 3,179E-4 3,910E-4 1,273E-3 08EA4 4,028E-4 3,962E-4
500 5,856E-4 3,890E-4 2,632E-4 3,303E-4 2,065E-4 6,069E3%612E-4 1,857E-4 2,863E-4 2,002E-4 2591E-4 9,738E-4 56E% 2,903E-4 3,391E-4

600 7,914E-4 3,416E-4 2,868E-4 3,849E-4 2,711E-4 6,983EAL56E-4 1,568E-4 2514E-4 2505E-4 2903E-4 7,960E-4 21E84 3,437E-4 3,094E-4

700 2,313E-3 2,190E-4 2,564E-4 3,983E-4 2,767E-4 4,496B3441E-4 2,207E-4 1,814E-4 1,871E-4 2222E-4 7,545E-4 24E64 2976E-4 3,657E-4

800 6,038E-4 1,532E-4 2,423E-4 4,561E-4 2,888E-4 2430E3819E-4 2,116E-4 1,173E-4 1,120E-4 1,433E-4 7,455E-4 7QE€B 1,122E-4 3,081E-4

900 2,103E-3 1,605E-4 2,526E-4 4,323E-4 2,860E-4 3,159E3B97E-4 2,756E-4 6,109E-4 1,384E-4 1,750E-4 1,840E-3 0SEZ 1,626E-4 3,441E-4

1000 2,003E-3 1,625E-4 2,631E-4 4,546E-4 3,043E-4 3,3D5E3,994E-4 1,732E-4 5,161E-4 1,533E-4 1,723E-4 1,867E-3 xxxx 3,030E-4 3,165E-4

Filter B 380 1,023E-3 5,875E-4 5,332E-4 6,215E-4 6,587E-4 1,207ELD26E-3 8,336E-4 1,249E-3 4,691E-4 7,507E-4 9,209E-4 8474 1,956E-3 4,278E-4
A (nm) 400 1,763E-3 6,258E-4 4,479E-4 4,141E-4 4,784E-4 3,701B54734E-4 3,595E-4 3,176E-4 3,267E-4 7,079E-4 9,072E-4 54E4 5,329E-4 4,233E-4
500 8,141E-4 4,224E-4 4,242E-4 3,685E-4 4,614E-4 4,800E4M42E-4 3,952E-4 2,984E-4 3,512E-4 7,159E-4 9,050E-4 45E34 4,792E-4 4,046E-4

600 6,841E-4 2,130E-4 2,245E-4 3,039E-4 2,795E-4 4,362EAM43E-4 2,555E-4 1,318E-4 1,690E-4 5,191E-4 7,227E-4 39%EH# 2,432E-4 2,990E-4

700 1,427E-3 1,676E-4 1551E-4 3,113E-4 2,067E-4 4,111EAH650E-4 1,346E-4 1,846E-4 1,923E-4 2,656E-4 6,282E-4 40E74 1,454E-4 3,446E-4

800 4,428E-4 3,762E-4 1,799E-4 3,363E-4 1,819E-4 3,300EAR44E-4 2,240E-4 2,035E-4 2,599E-4 1,684E-4 6,571E-4 64E®4 1,776E-4 3,598E-4

900 1,001E-3 3,680E-4 1,892E-4 3,679E-4 1,794E-4 4,588E3/653E-4 1,661E-4 6,351E-4 1,796E-4 1,314E-4 2,706E-4 53E64 2,237E-4 4,101E-4

1000 1,301E-3 4,087E-4 2,154E-4 4,266E-4 2,185E-4 4,085E3,344E-4 1,916E-4 5,792E-4 1,323E-4 1,434E-4 2,995E-4 xxxx 2,553E-4 4,557E-4

Filter C 380 1,430E-4 1,057E-4 1548E-4 1,313E-4 1,036E-4 1,415B3470E-4 1,398E-4 2,292E-4 9,869E-5 9,535E-5 1,053E-4 30E®4 3,906E-4 3,196E-4
A (nm) 400 2,459E-4 9,233E-5 9,066E-5 1,137E-4 1,024E-4 1,221E24109E-4 1,317E-4 1569E-4 7,646E-5 8,834E-5 2,836E-422E24 1,747E-4 3,193E-4
500 1,446E-4 5,494E-5 8,759E-5 8,260E-5 6,787E-5 1,138E24159E-4 9,485E-5 1,380E-4 6,078E-5 6,557E-5 2,699E-4 034 9,882E-5 3,466E-4

600 1,279E-4 5,195E-5 6,866E-5 9,563E-5 4,727E-5 8,325ELB78E-4 6,279E-5 9,016E-5 4,967E-5 7,210E-5 2,301E-4 09E®4 6,196E-5 3,506E-4

700 3,494E-4 9,527E-5 9,892E-5 1,250E-4 1,035E-4 1,771E3881E-4 1,031E-4 1,998E-4 8,230E-5 8,753E-5 4,202E-4 78E24 2,347E-4 3,201E-4

800 1,471E-4 1,322E-4 1353E-4 1,126E-4 7,473E-5 1A452E3480E-4 2,581E-4 1,500E-4 9,815E-5 7,212E-5 4,273E-4 11E2A 9,201E-5 3,320E-4

900 2,056E-4 8,980E-5 9,145E-5 1,002E-4 6,584E-5 1,007E24668E-4 9,105E-5 6,044E-4 6,079E-5 5,851E-5 1,494E-4 14E4 7,288E-5 2,932E-4

1000 8,599E-5 8,891E-5 7,118E-5 8,367E-5 5,840E-5 8,30E2,139E-4 7,936E-5 5,091E-4 4,133E-5 4,104E-5 1,101E-4 xxxx 5,978E-5 2,983E-4

Filter D 380 2,171E-5 1,199E-5 1,543E-5 1,774E-5 1,480E-5 3,130E2B43E-5 5,916E-5 3,898E-5 1,480E-5 8,731E-6 1,758E-535E6b 1,587E-5 3,270E-4
A (nm) 400 3,213E-5 1,639E-5 1,302E-5 1,679E-5 1,781E-5 2,795EkB81E-5 4,527E-5 3,824E-5 1,363E-5 1,463E-5 2,044E-556E®% 2,558E-5 3,312E-4
500 1,443E-5 1977E-5 1,218E-5 9,850E-6 2,270E-5 2,312E2%67E-5 3,136E-5 3,394E-5 1,304E-5 1,108E-5 2,841E-573E4% 1,697E-5 2,992E-4

600 1,510E-5 1,606E-5 1544E-5 1,332E-5 2,275E-5 1,779B35192E-5 3,179E-5 4,250E-5 1,177E-5 1,471E-5 2,853E-551E5 2,637E-5 3,141E-4

700 5504E-5 5,342E-5 3,064E-5 3,354E-5 5,886E-5 4,849E/8B67E-5 6,063E-5 5,311E-5 3,315E-5 3,344E-5 6,614E-517&6b 9,295E-5 2,857E-4

800 2,844E-5 2,565E-5 3,233E-5 2,875E-5 5,359E-5 7,768EB%/85E-5 1,485E-4 4,256E-5 2,803E-5 2,712E-5 1,132E-463E% 3,539E-5 3,017E-4

900 2,424E-5 1,803E-5 2,401E-5 2,116E-5 4,131E-5 2,728E53%45E-5 8,234E-5 5,890E-4 2,059E-5 1,825E-5 4,611E-511E$% 2,448E-5 3,042E-4

1000 2,124E-5 1,475E-5 1,883E-5 1,778E-5 3,397E-5 24B7E4,228E-5 4,840E-5 5,150E-4 1,912E-5 1,453E-5 3,632E-5 xxxx 1,521E-5 3,081E-4

Filter E 380 5,087E-5 6,760E-6 7,428E-6 9,825E-6 9,152E-6 2,116ELD42E-5 XXXX 3,212E-5 4,894E-6 1,046E-5 9,402E-6 7,082E7,456E-6 3,292E-4
A (nm) 400 4,030E-5 4,207E-6 4,215E-6 4,423E-6 8,938E-6 3,068E2392E-6 2,915E-5 3,305E-5 4,877E-6 3,919E-6 4,743E-6 16E® 4,077E-6 3,090E-4
500 1,047E-5 2,684E-6 3,332E-6 3,581E-6 8,816E-6 3,901E5(B96E-6 2,009E-5 3,311E-5 4,046E-6 5421E-6 4,251E-6 89E#® 4,034E-6 3,070E-4

600 6,622E-6 1,642E-5 5,257E-6 5,644E-6 9,078E-6 4571EB@55E-6 2,119E-5 3,313E-5 4,198E-6 4,481E-6 5,785E-6 04E®% 3,736E-6 3,180E-4

700 1,378E-5 2,622E-5 1,125E-5 1,204E-5 1,585E-5 1,836ELP13E-5 3,454E-5 3,477E-5 1,460E-5 1,176E-5 1,837E-582E% 2,231E-5 2,811E-4

800 1,238E-5 1,140E-5 1,201E-5 1,174E-5 1,537E-5 2,097E3®R49E-5 1,871E-4 3,451E-5 1,194E-5 1,255E-5 2,901E-510E&®G 1,624E-5 3,080E-4

900 1,078E-5 8,551E-6 9,494E-6 1,006E-5 1,362E-5 1,246E2803E-5 9,806E-5 5,970E-4 1,021E-5 8,798E-6 2,916E-559E&% 1,131E-5 3,010E-4

1000 1,259E-5 7,637E-6 8,515E-6 9,020E-6 1,244E-5 2,1®9E2,373E-5 5,107E-5 5,030E-4 1,109E-5 7,614E-6 1571E-5 xxxx 1,034E-5 3,150E-4

("X p7yPen
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IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMI1J NPL NRC PTB SMU S NMC VNIIOFI

Filter A 380 2,273E-3 7,313E-2 7,854E-2 2,747E-2 1,194E-1 1530BE5229E-2 1,190E-1 7,269E-2 1,046E-1 9,751E-2 7,326E-3 66E2l 6,568E-2 3,811E-2
A (nm) 400 1,078E-3 3,932E-2 6,301E-2 3,490E-2 1,718E-1 1,095B3D91E-2 1,549E-1 6,670E-2 8,424E-2 5568E-2 5,251E-3 45E71 5,247E-2 5,424E-2
500 1,489E-2 3,375E-2 7,375E-2 4,682E-2 1,198E-1 1,387E3P14E-2 1,482E-1 6,232E-2 1,275E-1 7,609E-2 5,386E-3 35E3l 6,062E-2 4,441E-2

600 8,622E-3 4,627E-2 6,565E-2 3,645E-2 7,346E-2 1,107E2081E-2 2,196E-1 8,541E-2 8,608E-2 6,406E-2 8,521E-3 29E6l 4,571E-2 5,639E-2

700 9,642E-4 1,075E-1 7,842E-2 3,251E-2 6,737E-2 2552E4AZB54E-2 1,058E-1 1,566E-1 1,473E-1 1,044E-1 9,059E-3 11E# 5,823E-2 3,857E-2

800 6,547E-3 1,017E-1 4,066E-2 1,147E-2 2,861E-2 4,040Ek636E-2 5,331E-2 1,734E-1 1,903E-1 1,162E-1 4,295E-3 85E€B 1,896E-1 2,514E-2

900 9,542E-4 1,640E-1 6,617E-2 2,258E-2 5,160E-2 4,229E2780E-2 5,557E-2 1,131E-2 2,205E-1 1,378E-1 1,246E-3 0SE®B 1,597E-1 3,564E-2

1000 1,143E-3 1,736E-1 6,621E-2 2,218E-2 4,951E-2 4,1BD8E2,874E-2 1,528E-1 1,721E-2 1,951E-1 1,545E-1 1,316E-3 xxxx 4,994E-2 4,578E-2

Filter B 380 3,046E-2 9,233E-2 1,121E-1 8,252E-2 7,346E-2 2,188E3M29E-2 4,587E-2 2,042E-2 1,449E-1 5,656E-2 3,758E-2 18E® 8,331E-3 1,742E-1
A (nm) 400 4,655E-3 3,693E-2 7,209E-2 8,436E-2 6,320E-2 1,056H41399E-2 1,119E-1 1,434E-1 1,355E-1 2,886E-2 1,757E-2 24E@ 5,094E-2 8,073E-2
500 1,984E-2 7,368E-2 7,308E-2 9,684E-2 6,178E-2 5,708E5884E-2 8,421E-2 1,477E-1 1,066E-1 2566E-2 1,605E-2 0362 5,727E-2 8,032E-2

600 9,274E-3 9,565E-2 8,608E-2 4,699E-2 5,554E-2 2,281E22199E-2 6,649E-2 2,500E-1 1,519E-1 1,611E-2 8,311E-398E& 7,339E-2 4,853E-2

700 1,448E-3 1,050E-1 1,226E-1 3,043E-2 6,902E-2 1,745Et%24E-2 1,627E-1 8,651E-2 7,973E-2 4,181E-2 7,473E-3 3772 1,394E-1 2,483E-2

800 1,863E-2 2,582E-2 1,130E-1 3,230E-2 1,104E-1 3,355E2029E-2 7,283E-2 8,826E-2 5,409E-2 1,289E-1 8,462E-3 94E41 1,158E-1 2,822E-2

900 3,585E-3 2,653E-2 1,003E-1 2,655E-2 1,116E-1 1,707E2B46E-2 1,302E-1 8,908E-3 1,114E-1 2,080E-1 4,905E-2 21E® 7,179E-2 2,136E-2

1000 2,492E-3 2,527E-2 9,100E-2 2,320E-2 8,837E-2 2,593E3,775E-2 1,150E-1 1,258E-2 2,410E-1 2,053E-1 4,704E-2 xxxx 6,477E-2 2,032E-2

Filter C 380 5,607E-2 1,027E-1 4,787E-2 6,655E-2 1,069E-1 5,726BBD65E-3 5,866E-2 2,183E-2 1,177E-1 1,261E-1 1,033E-182E€l 7,516E-3 1,123E-2
A (nm) 400 1,595E-2 1,131E-1 1,173E-1 7,463E-2 9,188E-2 6,468E22167E-2 5,555E-2 3,918E-2 1,649E-1 1,235E-1 1,199E-2 554 3,159E-2 9,458E-3
500 2,550E-2 1,766E-1 6,947E-2 7,812E-2 1,157E-1 4,113Et2A43E-2 5,924E-2 2,797E-2 1,443E-1 1,240E-1 7,315E-3 28K 5,458E-2 4,436E-3

600 2,235E-2 1,356E-1 7,760E-2 4,001E-2 1,637E-1 5,279EtD37E-2 9,278E-2 4,501E-2 1,483E-1 7,038E-2 6,909E-3 94E® 9,529E-2 2,976E-3

700 8,994E-3 1,210E-1 1,122E-1 7,026E-2 1,026E-1 3,501E9%606E-3 1,033E-1 2,750E-2 1,621E-1 1,433E-1 6,218E-3 2772 1,993E-2 1,072E-2

800 4,486E-2 5,560E-2 5,303E-2 7,660E-2 1,739E-1 4,604B9603E-3 1,458E-2 4,316E-2 1,008E-1 1,867E-1 5,319E-3 22¢& 1,147E-1 8,810E-3

900 1,361E-2 7,134E-2 6,879E-2 5,733E-2 1,327E-1 5,678BBD83E-3 6,938E-2 1,575E-3 1,557E-1 1,680E-1 2,578E-291E® 1,083E-1 6,690E-3

1000 4,852E-2 4,538E-2 7,081E-2 5,124E-2 1,052E-1 5,5B3E/,839E-3 5,696E-2 1,384E-3 2,101E-1 2,130E-1 2,961E-2 xxxx 1,004E-1 4,031E-3

Filter D 380 3,631E-2 1,189E-1 7,183E-2 5,438E-2 7,808E-2 1,747E22116E-2 4,889E-3 1,126E-2 7,809E-2 2,245E-1 5,538E-2 97ES8l 6,792E-2 1,600E-4
A (nm) 400 2,526E-2 9,707E-2 1,539E-1 9,248E-2 8,223E-2 3,338EFB72E-2 1,272E-2 1,783E-2 1,402E-1 1,217E-1 6,241E-2 98E& 3,985E-2 2,377E-4
500 9,258E-2 4,932E-2 1,299E-1 1,986E-1 3,739E-2 3,605E2Z09E-2 1,960E-2 1,673E-2 1,134E-1 1569E-1 2,387E-2 50E12 6,691E-2 2,153E-4

600 1,039E-1 9,190E-2 9,944E-2 1,335E-1 4,578E-2 7,486E2B26E-2 2,345E-2 1,312E-2 1,710E-1 1,096E-1 2,911E-2 77£6& 3,408E-2 2,403E-4

700 4,861E-2 5,162E-2 1,568E-1 1,309E-1 4,251E-2 6,263E2Z714E-2 4,007E-2 5,223E-2 1,340E-1 1,317E-1 3,367E-2 10&2 1,705E-2 1,805E-3

800 1,226E-1 1,506E-1 9,480E-2 1,199E-1 3,452E-2 1,643EL284E-2 4,497E-3 5,472E-2 1,261E-1 1,348E-1 7,737E-3 23E®@ 7,913E-2 1,089E-3

900 8,801E-2 1,591E-1 8,972E-2 1,154E-1 3,029E-2 6,949EtB22E-2 7,625E-3 1,490E-4 1,220E-1 1,553E-1 2,432E-2 61E® 8,624E-2 5,588E-4

1000 7,688E-2 1,594E-1 9,778E-2 1,097E-1 3,005E-2 5,GD6EF,940E-2 1,481E-2 1,308E-4 9,487E-2 1,643E-1 2,629E-2 xxxx 1,499E-1 3,654E-4

Filter E 380 2,205E-3 1,249E-1 1,034E-1 5,911E-2 6,813E-2 1,274E5257E-2 XXXX 5530E-3 2,382E-1 5,211E-2 6,455E-2 1,138E4,027E-1 5,267E-5
A (nm) 400 9,634E-4 8,842E-2 8,807E-2 7,996E-2 1,958E-2 1,662E2334E-1 1,841E-3 1432E-3 6,578E-2 1,019E-1 6,957E-2 33E41 9,413E-2 1,638E-5
500 1,338E-2 2,037E-1 1,322E-1 1,144E-1 1,889E-2 9,648H4D83E-2 3,635E-3 1,339E-3 8,967E-2 4,995E-2 8,122E-2 014 9,019E-2 1,557E-5

600 5,449E-2 8,856E-3 8,644E-2 7,499E-2 2,899E-2 1,143BB1107E-2 5,322E-3 2,176E-3 1,355E-1 1,190E-1 7,140E-2 28E& 1,711E-1 2,362E-5

700 9,800E-2 2,706E-2 1,470E-1 1,283E-1 7,407E-2 5,520B5081E-2 1,559E-2 1,538E-2 8,720E-2 1,344E-1 5,514E-2 3ZEL 3,736E-2 2,354E-4

800 1,134E-1 1,338E-1 1,204E-1 1,261E-1 7,357E-2 3,949ELBA45E-2 4,962E-4 1,458E-2 1,218E-1 1,103E-1 2,064E-2 042 6,585E-2 1,831E-4

900 9,465E-2 1,505E-1 1,221E-1 1,088E-1 5,931E-2 7,084EL400E-2 1,144E-3 3,088E-5 1,056E-1 1,422E-1 1,294E-2 85E12 8,596E-2 1,215E-4

1000 6,375E-2 1,731E-1 1,393E-1 1,241E-1 6,528E-2 2,0B7EL,793E-2 3,871E-3 3,991E-5 8,203E-2 1,742E-1 4,094E-2 xxxx 9,451E-2 1,018E-4
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v1'd XaANNV



IFA KRISS LNE MIKES MSL NIST Nmi NMC VNIIOFI
Filter A 380 5,990E-4 -5393E-4 -1,024E-3 -1,034E-3 1,982E-4 999 -5,143E-4 -2,393E-4 0@r43 -5,718E-4 -3,066E-3
A (nm) 400 4,387E-4 -8,431E-4 -1,148E-3 -1,221E-3 -4,559E-5 BHS -7,031E-4 -1,906E-4479E-3 -5,281E-4 -2,876E-3
500 5556E-4 -6,319E-4 -8,494E-4 -8,419E-4 3,119E-6 746 -8,819E-4 -3,419E-4 9PFL3 -4,744E-4 -1,734E-3
600 6,880E-4 -6,095E-4 -7,970E-4 -9,870E-4 -6,445E-5 3EB5 -8,045E-4 -2,745E-4996E-3 -5,820E-4 -1,466E-3
700 1,267E-3 -3,688E-4 -4,225E-4 -6,813E-4 1,940E-4 083 -3,288E-4 3,084E2,061E-3 -1,378E-5 -7,928E-4
800 8,592E-4 -6,358E-4 -6,383E-4 -3,108E-4 -1,133E-4 2E44 -1,078E-5 743 2,082E-3 8,117E-4 -9,928E-4
900 1,150E-3 -4,478E-4 -5228E-4 -2,703E-4 -5263E-6 HDY 6,474E-5 6,494E1,228E-3 6,647E-4 -1,010E-3
1000 1,181E-3 -3,786E-4 -4,211E-4 -2,961E-4 8,895E-5 4Fi4 2,139E-4 7,581E-4 -6,481E-4 C
Filter B 380 -3,928E-3 6,248E-5 -1,540E-3 3,777E-3 1,877E-3 1,AB5E1,900E-4 -1F230 -7,902E-4 6,925E-4 1,194E-3 g
A (nm) 400 -1,301E-3 8,690E-4 -1,093E-3 6,700E-4 -2,260E-4 &4 -6,346E-5 %923 -9,642E-4 1,417E-3 -3,650E-4 2
500 -1,018E-3 1,534E-3 -9,756E-4 2,269E-4 -6,956E-4 4729 -2,856E-4 6,894E-4 3,309E-4 ('_2
600 -9,486E-4 1,366E-3 -7,611E-4 4,039E-4 -6,461E-4 $344 -2,136E-4 6,339E-4 -1,546E-4 2
700 -7,529E-4 1,085E-3 -3,424E-4 6,301E-4 -2,212E-4 ZE561 -1,045E-4 6,563E-4 2,083E-4 OO
800 -7,985E-4 1,229E-3 -2,010E-4 5,365E-4 -1,935E-4 ZFE407 4,115E-4 9,345E5,305E-4 4,640E-4 -3,085E-48
900 -2,078E-3 9,624E-4 -7,263E-5 4,099E-4 -4,763E-5 F097 4,184E-4 -X&381 -5,296E-4 7,899E-4 1,934E-4 =
1000 -2,440E-3 5,874E-4 -1,051E-4 4,699E-4 8,316E-5 E&A6 1,224E-4 7,349E-4  1,884E-4 (p
Filter C 380 -5,986E-4 -2,251E-4 -1,211E-4 8,371E-4 5,334E-4 X267 -6,432E-5 438 -1,547E-4 2,793E-5 2,824E-4 (g
A (nm) 400 -2,726E-4 -4,223E-4 3,117E-5 2,199E-4 3,637E-4 1,545E6,133E-5 3,204E3,251E-4 2,214E-4 -3,808E-4 —*
500 -1,211E-4 1,209E-4 -1,156E-4 -2,609E-5 -1511E-4 2E52 1,512E-4 E584 -3,916E-4 -9,909E-5 5,991E-5_g-I
600 -2,007E-4 2,278E-4 -1,777E-4 1,306E-4 -1,717E-4 1345 1,251E-4 F131 -2,698E-4 -3,669E-5 2,581E-5
700 -1,488E-4 3,142E-5 -9,633E-5 1,487E-4 2,324E-4 6,882E/,117E-5 -2,095E5,366E-4 -1,031E-4 6,053E-4 <
800 -1,846E-4 2,474E-4 -1,455E-5 -6,455E-5 -6,705E-5 %58 1,859E-4 2,7%64E4,078E-4 5,449E-6 -1,511E-4 =8
900 5,366E-5 1,502E-4 -8,838E-6 -4,834E-5 -5,384E-5 4956 4,472E-4 1042 -3,900E-4 6,116E-5 8,162E-6 C:D
1000 -1,466E-5 -4,091E-5 1,840E-6 6,590E-6 2,034E-5 ZXE&B4 2,381E-4 -1,660E-6 -4,516E-5 8
Filter D 380 -4,886E-5 -1,091E-5 1,599E-6 4,697E-5 1,939E-5 2,6888E2,030E-6 88 6,978E-6 8,932E-6 -2,294E-50
A (nm) 400 -9,919E-5 -6,535E-5 1,185E-5 5,037E-5 6,313E-5 4,852E3,011E-5 -1£785 -2,091E-5 5,844E-5 -6,162E-5_Ejh
500 -7,035E-6 3,273E-5 -8555E-6 1,288E-5 -1,500E-5 4486 -7,313E-7 48226 -2,728E-5 -7,462E-6 -1,655E-5Q)
600 -4,026E-5 4,727E-5 -4,101E-5 2,298E-5 -2,657E-5 F*458 1,215E-5 BEBB -2,572E-5 3,476E-6 4,505E-7 =
700 -5,891E-5 6,940E-5 -3,374E-5 1,007E-4 2,035E-5 5,957E2,424E-5 -7,294E1,114E-4 -1,813E-5 2,112E-4 Q
800 -9,859E-5 4,899E-5 -6,546E-6 1,464E-5 -3,032E-6 4BS 9,077E-5 2,990E4,164E-4 -6,850E-6 7,777E—68
900 5,728E-6 -2,911E-5 4,104E-6 1,145E-5 -1,645E-5 2,597E6,347E-6 5,666E7,880E-5 -1,012E-5 -1,093E-5
1000 9,942E-5 -6,370E-5 3,835E-6 2,101E-5 2,035E-7 -Ei®2-3,646E-5 -6,843E-6  -6,447E-6 |§
Filter E 380 7,840E-5 2,498E-6 -1,049E-6 2,338E-7 1,256E-6 4,332E1,630E-6 -7,642E-6276E-6  6,442E-9 9,914E-5
A (nm) 400 6,807E-5 -1,978E-6 6,444E-9 6,766E-7 3,936E-6 -2,3D9E2,071E-6 90H7 6,262E-6 4,441E-6 -3,343E-5
500 -2,985E-5 1,537E-6 -2,954E-6 3,731E-6 -1,711E-6 4460 -6,609E-7 927 5,598E-6 -2,633E-6 -1,594E-5
600 4,551E-6 1,093E-5 -8,210E-6 3,908E-6 -4,349E-6 4,685E8,743E-7 0BE6 9,800E-6 8,356E-7 -4,087E-6
700 -1,505E-5 3,836E-5 -7,620E-6 1,999E-5 1,048E-5 1,358E65,554E-7 -1E383 -1,562E-5 -5,719E-6 4,379E-5
800 6,389E-5 -5,613E-6 -1,543E-5 -1,053E-5 -6,210E-6 358 -2,075E-5 585 -5,503E-5 -6,917E-6 -1,768E-5
900 1,296E-5 -1,752E-5 2,187E-6 6,480E-6 3,958E-6 1,270E4,178E-5 5,135E3,968E-5 1,503E-6 -2,235E-5
1000 1,360E-5 -2,973E-5 9,511E-6 1,752E-5 1,619E-5 8,853E1,589E-5 2,363E-5 3,417E-6 -2,943E-6 -1,473E-5

G1'd XANNV



IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMI1J NPL NRC PTB SMU S NMmC VNIIOFI

Filter A 380 4,840E-3 8,211E-4 7,899E-4 1,374E-3 6,255E-4 1,853E938B24E-4 6,040E-4 8,041E-4 6,161E-4 7,012E-4 2,689E-3 5384 8,490E-4 1,160E-3
A (nm) 400 5618E-3 9,114E-4 7,106E-4 9,696E-4 4,035E-4 1,753EtD33E-3 4,104E-4 6,656E-4 5,617E-4 7,591E-4 2,540E-3 53E% 7,833E-4 7,697E-4
500 1,162E-3 7,637E-4 5,050E-4 6,437E-4 3,853E-4 1,205EfD70E-4 2,989E-4 5457E-4 3,216E-4 4,964E-4 1,942E-3 19E64 5,612E-4 6,618E-4

600 1,575E-3 6,655E-4 5525E-4 7,542E-4 5,199E-4 1,388EBB71E-4 2,316E-4 4,719E-4 4,384E-4 5598E-4 1,585E-3 992 6,699E-4 5,994E-4

700 4,623E-3 4,121E-4 4,909E-4 7,826E-4 5,330E-4 8,868E6421E-4 3,866E-4 3,134E-4 3,158E-4 4,064E-4 1,502E-3 2934 5,763E-4 7,161E-4

800 1,203E-3 2,872E-4 4,711E-4 9,060E-4 5,676E-4 4,742E#H64E-4 4,095E-4 2,089E-4 1,182E-4 2,450E-4 1,487E-3 37E13 1,869E-4 6,068E-4

900 4,204E-3 2,896E-4 4,736E-4 8,536E-4 5551E-4 6,165E/4670E-4 4,969E-4 1,214E-3 2,069E-4 2906E-4 3,678E-3 07E43 2,804E-4 6,742E-4

1000 4,004E-3 2,925E-4 4,943E-4 8,982E-4 5,919E-4 6,466Ef,862E-4 2,628E-4 1,022E-3 2,719E-4 2,849E-4 3,731E-3 xxxx 5,808E-4 6,169E-4

Filter B 380 2,009E-3 1,110E-3 9,948E-4 1,182E-3 1,260E-3 2,383E20D15E-3 1,622E-3 2,469E-3 6,092E-4 1,451E-3 1,801E-3 00E413 3,893E-3 6,602E-4
A (nm) 400 3,517E-3 1,228E-3 8,621E-4 7,915E-4 9,252E-4 6,988Et421E-3 6,524E-4 5,810E-4 5,791E-4 1,395E-3 1,798E-3 73EE 1,038E-3 8,107E-4
500 1,612E-3 8,127E-4 8,164E-4 6,999E-4 8,934E-4 9,31804610E-4 7,427E-4 5,435E-4 6,485E-4 1,413E-3 1,795E-3 44E@B 9,243E-4 7,756E-4

600 1,361E-3 4,037E-4 4,279E-4 5,923E-4 5,422E-4 8,617EB&#80E-4 4,675E-4 2,127E-4 2,930E-4 1,029E-3 1,439E-3 24EH 4,608E-4 5,824E-4

700 2,852E-3 3,159E-4 2,892E-4 6,125E-4 3,979E-4 8,145B94031E-4 2,207E-4 3,486E-4 3,433E-4 5,121E-4 1,251E-3 95E24 2,574E-4 6,801E-4

800 8,770E-4 7,287E-4 3,370E-4 6,611E-4 3,419E-4 6,483EB8B96E-4 4,304E-4 3,876E-4 4,540E-4 2,661E-4 1,308E-370E& 3,329E-4 7,089E-4

900 1,998E-3 7,184E-4 3,578E-4 7,253E-4 3,369E-4 9,092E64€98E-4 2,651E-4 1,264E-3 3,144E-4 2,322E-4 5,270E-4 17EHA 4,284E-4 8,109E-4

1000 2,599E-3 7,949E-4 3,965E-4 8,428E-4 4,166E-4 7,951E5,555E-4 3,279E-4 1,151E-3 2,293E-4 2,545E-4 5,843E-4 xxxx 4,755E-4 9,018E-4

Filter C 380 2,766E-4 1,984E-4 3,009E-4 2,522E-4 1,939E-4 2,735E/606E-4 2,700E-4 4,526E-4 1,345E-4 1,649E-4 1,977E-489E4 7,778E-4 6,350E-4
A (nm) 400 4,872E-4 1,486E-4 1,491E-4 2,172E-4 1,738E-4 2,348EA465E-4 2,548E-4 3,065E-4 1,136E-4 1,492E-4 5,632E-451E3% 3,429E-4 6,350E-4
500 2,851E-4 8,430E-5 1,661E-4 1,580E-4 1,268E-4 2,225EAQ92E-4 1,792E-4 2,718E-4 1,023E-4 1,191E-4 5377E-4 17E$4 1916E-4 6,916E-4

600 2,526E-4 7,732E-5 1,311E-4 1,868E-4 7,047E-5 1,614BE3434E-4 1,046E-4 1,756E-4 8,810E-5 1,382E-4 4,584E-4 76E% 1,169E-4 7,001E-4

700 6,950E-4 1,709E-4 1,559E-4 2,394E-4 1,939E-4 3467EB423E-4 1,628E-4 3,930E-4 9,696E-5 1595E-4 8,373E-451E4 4,638E-4 6,361E-4

800 2,861E-4 2,340E-4 2,618E-4 2,144E-4 1,082E-4 2,822EB823E-4 5,117E-4 2,920E-4 1,465E-4 9,598E-5 8,518E-422E34 1,707E-4 6,605E-4

900 4,075E-4 1,441E-4 1,744E-4 1,926E-4 9,642E-5 1,936B5807E-4 1,736E-4 1,208E-3 6,122E-5 6,298E-5 2,936E-4 52E% 1,349E-4 5,839E-4

1000 1,664E-4 1,598E-4 1355E-4 1,616E-4 9,770E-5 15U6E4,256E-4 1,526E-4 1,017E-3 4,644E-5 4,572E-5 2,158E-4 xxxx 1,113E-4 5,951E-4

Filter D 380 4,246E-5 1,973E-5 2950E-5 3,430E-5 2,818E-5 6,193B6%14E-5 1,180E-4 7,743E-5 2,651E-5 1,157E-5 3,213E-538E6 3,042E-5 6,540E-4
A (nm) 400 6,334E-5 2,764E-5 2,368E-5 2,714E-5 3,393E-5 5484E3%03E-5 8,989E-5 7,571E-5 2,041E-5 2570E-5 3,942E-586E% 5,000E-5 6,622E-4
500 2,736E-5 3,566E-5 2,257E-5 1,565E-5 4,447E-5 4,532E5354E-5 6,204E-5 6,726E-5 2,190E-5 1,975E-5 5,608E-5614&% 3,268E-5 5,983E-4

600 2,762E-5 2,816E-5 2917E-5 2,407E-5 4,437E-5 3,412B303E-5 6,277E-5 8,439E-5 1,850E-5 2,760E-5 5,616E-5874&® 5,176E-5 6,281E-4

700 1,068E-4 9,470E-5 5,525E-5 5,097E-5 1,147E-4 9,329EL¥49E-4 1,183E-4 1,028E-4 4,430E-5 4,611E-5 1,296E-4 453E&% 1,840E-4 5,707E-4

800 5253E-5 3,588E-5 6,089E-5 5,321E-5 1,049E-4 1538EI443E-4 2,961E-4 8,228E-5 3,963E-5 3,733E-5 2,253E-4 84k 6,734E-5 6,029E-4

900 4,580E-5 2,990E-5 4,531E-5 3,923E-5 8,108E-5 5,219E15118E-4 1,639E-4 1,178E-3 2,630E-5 1,900E-5 9,084E-554E4 4,632E-5 6,081E-4

1000 4,055E-5 2,626E-5 3,548E-5 3,323E-5 6,676E-5 4,8&81B,361E-5 9,597E-5 1,030E-3 3,150E-5 1,799E-5 7,154E-5 xxxx 2,597E-5 6,161E-4

Filter E 380 1,016E-4 1,257E-5 1,406E-5 1,906E-5 1,766E-5 4,205E2028E-5 XXXX 6,407E-5 8,463E-6 2,034E-5 1,813E-5 1,333E4,411E-5 6,583E-4
A (nm) 400 8,056E-5 7,732E-6 8,025E-6 8,462E-6 1,769E-5 6,131E3B39E-6 5,824E-5 6,605E-5 9,120E-6 6,875E-6 9,127E-6 69E% 7,735E-6 6,181E-4
500 2,078E-5 3,779E-6 6,142E-6 6,680E-6 1,744E-5 6,231EIG71E-5 4,011E-5 6,617E-5 7,668E-6 9,786E-6 8,100E-6 2% 7,393E-6 6,140E-4

600 1,285E-5 3,255E-5 1,001E-5 1,069E-5 1,787E-5 7,636ELR09E-5 4,225E-5 6,619E-5 7,597E-6 7,603E-6 1,111E-557E®% 6,426E-6 6,360E-4

700 2,605E-5 5,074E-5 2,063E-5 2,054E-5 3,039E-5 3,559E3%719E-5 6,849E-5 6,896E-5 2,550E-5 1,827E-5 3,561E-533E6 4,371E-5 5,621E-4

800 2,310E-5 1,821E-5 2,232E-5 1,949E-5 2,942E-5 4,099EBH38E-5 3,741E-4 6,845E-5 1,994E-5 1,870E-5 5,734E-520E% 3,124E-5 6,160E-4

900 2,033E-5 1,222E-5 1,757E-5 1,878E-5 2,628E-5 2,387E3H60E-5 1,960E-4 1,194E-3 1,545E-5 1,244E-5 5,789E-548E6 2,146E-5 6,020E-4

1000 2,422E-5 1,127E-5 1559E-5 1,669E-5 2,391E-5 4,&5E4,696E-5 1,019E-4 1,006E-3 1,981E-5 1,109E-5 3,065E-5 xxxx 1,793E-5 6,300E-4

¥ ¢ (go@)oun
9T 'd XaNNV

=



NMI IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S NMC VNIIOFI
Filter A 380 0,12 0,66 1,30 0,75 0,32 0,32 0,52 0,74 0,21 1,45 0,34 0,89 6,20 0,67 2,64
A (nm) 400 0,08 0,93 1,62 1,26 0,11 0,06 0,68 1,53 0,53 2,10 0,25 0,98 8,37 0,67 3,74

500 0,48 0,83 1,68 1,31 0,01 0,31 1,25 0,91 0,42 2,31 0,69 1,13 8,55 0,85 2,62
600 0,44 0,92 1,44 1,31 0,12 0,01 0,96 1,25 0,08 1,25 0,49 1,26 6,75 0,87 2,45
700 0,27 0,89 0,86 0,87 0,36 0,57 0,49 0,28 0,13 0,08 0,34 2,05 2,26 0,02 1,11
800 0,71 2,21 1,35 0,34 0,20 0,94 0,01 0,61 1,44 0,16 0,43 2,34 0,97 4,34 1,64
900 0,27 1,55 1,10 0,32 0,01 0,99 0,08 0,51 0,21 0,39 0,14 0,02 0,51 2,37 1,50
1000 0,30 1,29 0,85 0,33 0,15 1,10 0,27 0,96 0,42 0,06 0,15 2 0,2 XXXX 1,31 1,05
Filter B 380 1,95 0,06 1,55 3,20 1,49 0,49 0,09 0,09 0,03 2,23 1,28 0,69 0,72 0,18 1,81
A (nm) 400 0,37 0,71 1,27 0,85 0,24 0,11 0,06 0,17 0,16 0,55 0,46 0,55 0,58 1,37 0,45
500 0,63 1,89 1,20 0,32 0,78 0,51 0,30 0,51 0,32 0,61 0,52 0,16 1,01 0,75 0,43
600 0,70 3,39 1,78 0,68 1,19 0,62 0,24 1,89 1,27 2,28 0,79 0,17 1,81 1,38 0,27
700 0,26 3,43 1,18 1,03 0,56 0,31 0,12 1,62 0,13 0,63 0,78 0,23 2,76 2,55 0,31
800 0,91 1,69 0,60 0,81 0,57 0,37 0,49 0,23 0,80 0,83 0,59 0,70 1,85 1,39 0,44
900 1,04 1,34 0,20 0,57 0,14 0,34 0,60 0,01 0,16 1,29 0,12 0,45 1,35 1,84 0,24
1000 0,94 0,74 0,27 0,56 0,20 0,20 0,19 0,15 0,40 1,45 0,26 7 0,5 Xxxx 1,55 0,21
Filter C 380 2,16 1,13 0,40 3,32 2,75 0,83 0,09 0,78 0,14 1,43 1,27 0,69 1,30 0,04 0,44
A (nm) 400 0,56 2,84 0,21 1,01 2,09 0,65 0,15 1,16 0,91 1,30 0,05 0,57 1,38 0,65 0,60
500 0,42 1,43 0,70 0,17 1,19 0,68 0,35 0,63 0,29 3,07 0,91 0,67 2,16 0,52 0,09
600 0,79 2,95 1,36 0,70 2,44 0,71 0,33 1,16 0,22 2,74 0,77 0,20 1,37 0,31 0,04
700 0,21 0,18 0,62 0,62 1,20 0,20 0,11 0,53 0,08 1,15 1,02 0,03 2,19 0,22 0,95
800 0,65 1,06 0,06 0,30 0,62 0,20 0,29 0,12 0,19 0,89 0,97 0,32 1,76 0,03 0,23
900 0,13 1,04 0,05 0,25 0,56 0,26 0,84 0,15 0,07 0,02 0,69 0,34 2,00 0,45 0,01
1000 0,09 0,26 0,01 0,04 0,21 0,13 0,56 0,22 0,05 0,34 0,62 3 0,7 XXXX 0,01 0,08
Filter D 380 1,15 0,55 0,05 1,37 0,69 0,33 0,04 0,23 0,17 0,78 0,28 0,45 0,43 0,29 0,04
A (nm) 400 1,57 2,36 0,50 1,86 1,86 0,74 0,84 0,04 0,03 1,27 0,46 0,44 0,46 1,17 0,09
500 0,26 0,92 0,38 0,82 0,34 0,97 0,01 0,37 0,14 0,11 0,50 0,15 0,56 0,23 0,03
600 1,46 1,68 1,41 0,95 0,60 1,01 0,19 0,59 0,08 1,11 0,48 0,51 0,59 0,07 0,00
700 0,55 0,73 0,61 1,97 0,18 0,64 0,17 0,19 0,12 0,15 0,82 0,56 1,26 0,10 0,37
800 1,88 1,37 0,11 0,28 0,03 0,14 0,52 0,08 0,34 0,93 0,31 0,13 1,20 0,10 0,01
900 0,13 0,97 0,09 0,29 0,20 0,50 0,06 0,53 0,01 0,05 1,03 0,62 1,06 0,22 0,02
1000 2,45 2,43 0,11 0,63 0,00 0,07 0,44 0,74 0,02 0,38 0,26 7 0,5 XXXX 0,26 0,01
Filter E 380 0,77 0,20 0,07 0,01 0,07 0,10 0,08 XXXX 0,01 0,23 0,20 0,42 0,47 0,00 0,15
A (nm) 400 0,85 0,26 0,00 0,08 0,22 0,04 0,54 0,84 0,02 0,09 0,55 0,08 0,90 0,57 0,05
500 1,44 0,41 0,48 0,56 0,10 0,72 0,06 0,29 0,17 0,59 0,04 0,06 0,61 0,36 0,03
600 0,35 0,34 0,82 0,37 0,24 0,61 0,07 0,06 0,20 0,19 0,55 0,42 0,85 0,13 0,01
700 0,58 0,76 0,37 0,97 0,34 0,38 0,02 0,51 0,23 0,07 0,21 0,39 0,52 0,13 0,08
800 2,77 0,31 0,69 0,54 0,21 0,21 0,32 0,72 0,41 0,46 0,27 0,27 1,40 0,22 0,03
900 0,64 1,43 0,12 0,35 0,15 0,53 0,21 0,17 0,01 0,21 0,14 0,88 1,09 0,07 0,04
1000 0,56 2,64 0,61 1,05 0,68 0,20 0,34 0,89 0,02 0,17 0,36 9 0,6 XXxx 0,16 0,02
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NMI IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S NMC VNIIOFI

Filter A 380 2,400E-3 2,600E-4 2,757E-4 6,000E-4 1,900E-4 3,000E24740E-4 1,690E-4 1,690E-4 1,690E-4 3,200E-4 4,900E-4 1,690E-4 1,690E-4 3,140E-4

A (nm) 400 2,800E-3 2,200E-4 1,934E-4 4,000E-4 1,900E-4 3,000EF8B30E-4 1,453E-4 1,453E-4 1,453E-4 3,100E-4 4,900E-4 1,453E-4 1,500E-4 2,930E-4
500 5,000E-4 1,600E-4 1,342E-4 3,000E-4 1,900E-4 2,000E247/52E-4 1,146E-4 1,146E-4 1,146E-4 1,600E-4 4,900E-4 1,500E-4 1,200E-4 2,750E-4
600 7,000E-4 1,100E-4 1,474E-4 3,000E-4 1,900E-4 4,000Et837E-4 1,045E-4 1,045E-4 1,045E-4 1,600E-4 4,900E-4 1,500E-4 1,200E-4 2,790E-4
700 2,300E-3 1,500E-4 1,350E-4 3,000E-4 1,900E-4 3,000E24/58E-4 1,066E-4 1,066E-4 1,066E-4 1,066E-44,900E-4 1500E-4 1,100E-4 2,540E-4
800 6,000E-4 1,500E-4 1,077E-4 3,000E-4 1,900E-4 2,000E-4 1,841E-4 1,150E-4 1,110E34077E-4 1,077E-4 5,100E-4 1,500E-4 1,077E-4 2,480E-4
900 2,100E-3 1,600E-4 1,137E-4 4,000E-4 1900E-4 3,000E-4 1,842E-41,137E-4 6,090E-4 1,137E-4 1,137E-4 1,800E-3 1,600E-4 1,137E-4 2,750E-4
1000 2,000E-3 1,600E-4 1,128E-4 4,000E-4 1,900E-4 3,000E-4 1,842E-4,128E-4 5,120E-4 1,300E-4 1,128E-4 1,800E-3 XXXX  1,128E-4 2,890E-4

Filter B 380 8,000E-4 5,200E-4 4,559E-4 6,000E-4 5,500E-4 1,200Et21E-3 7,520E-4 1,200E-34,040E-4 4,400E-4 7,200E-4 4,040E-4 1,920E-3 4,040E-4

A (nm) 400 1,600E-3 1,400E-4 1,734E-4 4,000E-4 1,700E-4 3,000E4#245E-4 1,384E-4 1,384E-4 1,384E-4 2,100E-4 6,100E-4 1,600E-4 1,500E-4 3,020E-4
500 4,000E-4 1,100E-4 1,188E-4 3,000E-4 1,700E-4 4,000E4845E-4 1,054E-4 1,054E-4 1,054E-4 1,300E-4 6,000E-4 1,600E-41,054E-4 2,850E-4
600 5,000E-4 1,100E-4 1,209E-4 3,000E-4 1,700E-4 4,000E4R262E-4 1,080E-4 1,080E-4 1,080E-4 1,300E-4 6,100E-4 1,500E-41,080E-4 2,840E-4
700 1,400E-3 1,200E-4 1,101E-4 3,000E-4 1,700E-4 4,000E4458E-4 1,005E-4 1,005E-4 1,005E-4 1,005E-45,800E-4 1,500E-4 1,005E-4 2,650E-4
800 4,000E-4 1,314E-4 1,314E-4 3,000E-4 1,800E-4 3,000E-4 4,038E-4 2,220E-4 1,700E34314E-4 1,314E-4 6,500E-4 1,400E-4 1,700E-4 2,960E-4
900 1,000E-3 1,217E-4 1,237E-4 3,000E-4 1,700E-4 4,000E-4 3,516E-2,217E-4 6,020E-4 1,217E-4 1,300E-4 2,700E-4 1,400E-41,217E-4 2,750E-4
1000 1,300E-3 1,063E-4 1,063E-4 3,000E-4 1,700E-4 3,000E-4 3,177E-41,063E-4 5,130E-4 1,300E-4 1,300E-4 2,900E-4 XXXX 1,063E-4 2,760E-4 8.(:

Filter C 380 1,400E-4 1,040E-4 1,544E-4 1,300E-4 1,000E-4 1,400E34/65E-4 1,350E-4 2,280E-49,325E-5 9,325E-5 9,400E-5 9,325E-5 3,900E-4 3,160E-4 >

A (nm) 400 2,300E-4 6,877E-5 6,877E-5 9,000E-5 6,877E-5 1,100E-4 2,028E-4 1,120E-4 1,350E-4,877E-5 6,877E-5 2,200E-4 9,300E-5 1,600E-4 3,090E-42%
500 5,900E-5 3,988E-5 3,988E-5 7,000E-5 4,000E-5 1,000E-4 1,961E-43,988E-5 5,800E-5 3,988E-5 3,988E-5 2,100E-4 9,200E-5 8,000E-5 2,910E-4T
600 6,300E-5 4,185E-5 5,182E-5 8,000E-5 4,185E-5 8,000E-5 1,799E-4 4,185E-5 5,000E-5 4,185E-5 5,900E-5 2,100E-4 8,700E-5 5,000E-5 3,160E—4<
700 3,200E-4 7,426E-5 7,426E-5 1,200E-4 8,000E-5 1,700E-4 3,257E-47,426E-5 1,580E-4 7,426E-5 7,900E-5 3,900E-4 1,200E-4 2,300E-4 2,720E-4D
800 9,800E-5 6,900E-5 1,153E-4 1,100E-4 6,900E-5 1,400E-4 3,033E-4 2,540E-4 8,600E-%,900E-5 6,900E-5 4,000E-4 1,200E-4 9,000E-5 2,890E-4 (5
900 2,000E-4 5,747E-5 8,176E-5 1,000E-4 5,747E-5 1,000E-4 2,081E-4 9,100E-5 6,020E-%,747E-5 5,747E-5 1,400E-4 1,000E-4 7,000E-5 2,810E-40
1000 8,400E-5 3,994E-5 6,256E-5 8,000E-5 3,994E-5 8,000E-5 1,550E-4 7,600E-5 5,090E-43,994E-5 3,994E-5 1,100E-4 XXXX 5,000E-5 2,960E-4 =

Filter D 380 2,000E-5 6,563E-6 1,535E-5 1,400E-5 8,000E-6 3,000E-5 2,367E-5 5,900E-5 00E® 6,563E-6 6,563E-6 6,563E-6 6,563E-61,500E-5 3,270E-4 N

A (nm) 400 3,000E-5 1,044E-5 1,218E-5 1,044E-5 1,600E-5 2,000E-5 1,426E-5 3,800E-5 3,700E-B,044E-5 1,044E-5 1,700E-5 1,400E-5 2,200E-5 3,310E-4
500 9,600E-6 8572E-6 1,078E-5 8,572E-6 2,000E-5 1,000E-5 2,509E-5 3,000E-5 3,300E-8,572E-6 8,572E-6 2,700E-5 1,900E-5 1,300E-5 2,990E-4
600 9,522E-6 9,522E-6 1,498E-5 9,522E-6 2,000E-5 1,000E-5 2,820E-5 3,000E-5 4,100E-8,522E-6 9,522E-6 2,700E-5 2,000E-5 1,000E-5 3,140E-4
700 5,000E-5 2,910E-5 2,978E-5 2,910E-5 4,800E-5 4,000E-5 7,123E-5 5,700E-5 5,000E-3,910E-5 2,910E-5 6,300E-5 4,200E-5 7,600E-5 2,850E-4
800 2,500E-5 2,316E-5 3,127E-5 2,500E-5 5,200E-5 3,000E-5 8,023E-5 1,480E-4 00E®5 2,316E-5 2,316E-5 1,100E-4 4,800E-5 3,300E-5 3,010E-4
900 2,400E-5 1,767E-5 2,319E-5 2,000E-5 4,100E-5 2,000E-5 5,610E-5 8,200E-590&E&4 1,767E-5 1,767E-5 4,200E-5 3,800E-5 2,300E-5 3,040E-4
1000 2,100E-5 1,329E-5 1,750E-5 1,500E-5 3,300E-5 2,000E-5 4,150E-5 4,800E-550E34 1,329E-5 1,329E-5 3,300E-5 XXXX 1,329E-5 3,080E-4

Filter E 380 5,000E-5 7,779E-7 7,395E-6 4,000E-6 8,000E-6 2,000E-5 1,485E-6 XXXX 3,280E7,779E-7 7,779E-7 7,779E-7 2,100E-6 7,779E-7 3,290E-4

A (nm) 400 4,000E-5 1,590E-6 4,175E-6 2,000E-6 8,000E-6 3,000E-51,590E-6 2,900E-5 3,300E-5 1,590E-6 1,590E-6 1,800E-6 3,000E-6 2,100E-6 3,090E-4
500 1,000E-5 2,181E-6 3,116E-6 3,000E-6 8,000E-62,181E-6 3,553E-6 2,000E-5 3,300E-5 3,000E-@,181E-6 2,300E-6 4,400E-6 2,181E-6 3,070E-4
600 6,000E-6 2,203E-6 5,177E-6 2,203E-6 8,000E-6 2,203E-6 5,296E-6 2,100E-5 3,300E-52,203E-6 2,203E-6 2,400E-6 4,700E-6 2,203E-6 3,180E-4
700 1,000E-5 7,877E-6 1,112E-5 7,877E-6 1,100E-5 1,000E-5 1,712E-5 3,400E-5 3,400E-3,877E-6 7,877E-6 1,600E-5 1,300E-5 2,000E-5 2,810E-4
800 1,000E-5 9,741E-6 1,193E-5 9,741E-6 1,400E-5 2,000E-5 3,216E-5 1,870E-4 3,300E-8,741E-6 9,741E-6 2,800E-5 1,900E-5 1,290E-5 3,080E-4
900 1,000E-5 8,073E-6 9,086E-6 9,000E-6 1,300E-5 1,000E-5 2,796E-5 9,800E-570&% 8,073E-6 8,073E-6 2,800E-5 1,800E-5 1,040E-5 3,010E-4
1000 1,200E-5 7,199E-6 7,895E-6 8,000E-6 1,200E-5 2,000E-5 2,354E-5 5,100E-530E®4 7,199E-6 7,199E-6 1,400E-5 XXXX  7,199E-6 3,150E-4
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NMI IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S NMC VNIIOFI

Filter A 380 2,423E-3 4,272E-4 4,122E-4 6,970E-4 3,343E-4 9,341E5452E-4 3,367E-4 4,299E-4 3,590E-4 3,700E-4 1,350E-3 65E24 4,522E-4 5,918E-4
A (nm) 400 2,811E-3 4,653E-4 3,676E-4 4,939E-4 2,226E-4 8,818E5£48E-4 2,349E-4 3,575E-4 3,182E-4 3,910E-4 1,273E-3 13E24 4,028E-4 3,962E-4
500 5856E-4 3,890E-4 2,632E-4 3,303E-4 2,065E-4 6,069E3%612E-4 1,829E-4 2,845E-4 1976E-4 2591E-4 9,738E-4 56E% 2,903E-4 3,391E-4

600 7,914E-4 3,416E-4 2,868E-4 3,849E-4 2,711E-4 6,983EAR56E-4 1,529E-4 2,490E-4 2,480E-4 2903E-4 7,960E-4 21E8 3,437E-4 3,094E-4

700 2,313E-3 2,190E-4 2,564E-4 3,983E-4 2,767E-4 4,496E3441E-4 2,207E-4 1814E-4 1871E-4 2,222E-4 7,545E-4 24564 2,976E-4 3,657E-4

800 6,038E-4 1,532E-4 2,423E-4 4,561E-4 2,888E-4 2,430E3819E-4 2,116E-4 1,173E-4 1,120E-4 1,433E-4 7,455E-4 70EB 1,122E-4 3,081E-4

900 2,103E-3 1,605E-4 2,526E-4 4,323E-4 2,860E-4 3,159E3897E-4 2,756E-4 6,109E-4 1,384E-4 1,750E-4 1,840E-3 05EZ 1,626E-4 3,441E-4

1000 2,003E-3 1,625E-4 2,631E-4 4,546E-4 3,043E-4 3,3D5E3,994E-4 1,732E-4 5,161E-4 1533E-4 1,723E-4 1,867E-3 xxxx 3,030E-4 3,165E-4

Filter B 380 1,023E-3 5,875E-4 5,332E-4 6,215E-4 6,587E-4 1,207EFD26E-3 8,336E-4 1,249E-3 4,691E-4 7,507E-4 9,209E-4 8774 1,956E-3 4,278E-4
A (nm) 400 1,763E-3 6,258E-4 4,479E-4 4,141E-4 4,784E-4 3,701E5434E-4 3,595E-4 3,176E-4 3,267E-4 7,079E-4 9,072E-4 54E4 5,329E-4 4,233E-4
500 8,141E-4 4,224E-4 4,242E-4 3,685E-4 4,614E-4 4,800E4AM42E-4 3,952E-4 2,984E-4 3,512E-4 7,159E-4 9,050E-4 45E34 4,792E-4 4,046E-4

600 6,841E-4 2,130E-4 2,245E-4 3,039E-4 2,795E-4 4,362EA#443E-4 2,555E-4 1,318E-4 1,690E-4 5,191E-4 7,227E-4 3% 2,432E-4 2,990E-4

700 1,427E-3 1,676E-4 1551E-4 3,113E-4 2,067E-4 4,111E4650E-4 1,346E-4 1,846E-4 1,923E-4 2,656E-4 6,282E-4 40E74 1,454E-4 3,446E-4

800 4,428E-4 3,762E-4 1,799E-4 3,363E-4 1,819E-4 3,300H44R44E-4 2,240E-4 2,035E-4 2,599E-4 1,684E-4 6,571E-4 64E¥4 1,776E-4 3,598E-4

900 1,001E-3 3,680E-4 1,892E-4 3,679E-4 1,794E-4 4,588E3653E-4 1,661E-4 6,351E-4 1,796E-4 1,314E-4 2,706E-4 53E4 2,237E-4 4,101E-4

1000 1,301E-3 4,087E-4 2,154E-4 4,266E-4 2,185E-4 4,085E3,344E-4 1,916E-4 5,792E-4 1,323E-4 1,434E-4 2,995E-4 xxxx 2,553E-4 4,557E-4

Filter C 380 1,430E-4 1,057E-4 1548E-4 1,313E-4 1,036E-4 1415B3%70E-4 1,398E-4 2292E-4 9,869E-5 9,535E-5 1,053E-4 30E®4 3,906E-4 3,196E-4
A (nm) 400 2,459E-4 9,233E-5 9,066E-5 1,137E-4 1,024E-4 1,221E2409E-4 1,317E-4 1569E-4 7,646E-5 8,834E-5 2,836E-422E24 1,747E-4 3,193E-4
500 1,446E-4 5,494E-5 8,759E-5 8,260E-5 6,787E-5 1,138E24159E-4 9,485E-5 1,380E-4 6,078E-5 6,557E-5 2,699E-4 03E4 9,882E-5 3,466E-4

600 1,279E-4 5,195E-5 6,866E-5 9,563E-5 4,727E-5 8,325ELB78E-4 6,279E-5 9,016E-5 4,967E-5 7,210E-5 2,301E-4 09E®4 6,196E-5 3,506E-4

700 3,494E-4 9,527E-5 9,892E-5 1,250E-4 1,035E-4 1,771E3881E-4 1,031E-4 1,998E-4 8,230E-5 8,753E-5 4,202E-4 78E4 2,347TE-4 3,201E-4

800 1,471E-4 1,322E-4 1,353E-4 1,126E-4 7,473E-5 1,452E3480E-4 2,581E-4 1500E-4 9,815E-5 7,212E-5 4,273E-4 11E2A4 9,201E-5 3,320E-4

900 2,056E-4 8,980E-5 9,145E-5 1,002E-4 6,584E-5 1,007E24668E-4 9,105E-5 6,044E-4 6,079E-5 5,851E-5 1,494E-4 14E4 7,288E-5 2,932E-4

1000 8,599E-5 8,891E-5 7,118E-5 8,367E-5 5,840E-5 8,030E2,139E-4 7,936E-5 5,091E-4 4,133E-5 4,104E-5 1,101E-4 xxxx 5,978E-5 2,983E-4

Filter D 380 2,171E-5 1,199E-5 1,543E-5 1,774E-5 1,480E-5 3,130E2B43E-5 5,916E-5 3,898E-5 1480E-5 8,731E-6 1,758E-535E6b 1,587E-5 3,270E-4
A (nm) 400 3,213E-5 1,639E-5 1,302E-5 1,679E-5 1,781E-5 2,795EYB81E-5 4,527E-5 3,824E-5 1,363E-5 1,463E-5 2,044E-556E®% 2,558E-5 3,312E-4
500 1,443E-5 1977E-5 1,218E-5 9,850E-6 2,270E-5 2,312E2%67E-5 3,136E-5 3,394E-5 1,304E-5 1,108E-5 2,841E-573E4 1,697E-5 2,992E-4

600 1,510E-5 1,606E-5 1,544E-5 1,332E-5 2,275E-5 1,779B3392E-5 3,179E-5 4,250E-5 1,177E-5 1,471E-5 2,853E-551E%5 2,637E-5 3,141E-4

700 5504E-5 5,342E-5 3,064E-5 3,354E-5 5,886E-5 4,849EF8B67E-5 6,063E-5 5,311E-5 3,315E-5 3,344E-5 6,614E-5 176 9,295E-5 2,857E-4

800 2,844E-5 2,565E-5 3,233E-5 2,875E-5 5,359E-5 7,768EBB%85E-5 1,485E-4 4,256E-5 2,803E-5 2,712E-5 1,132E-4 63E% 3,539E-5 3,017E-4

900 2,424E-5 1,803E-5 2,401E-5 2,116E-5 4,131E-5 2,728E5%45E-5 8,234E-5 5,890E-4 2,059E-5 1,825E-5 4,611E-511E®& 2,448E-5 3,042E-4

1000 2,124E-5 1,475E-5 1,883E-5 1,778E-5 3,397E-5 2,4B7E4,228E-5 4,840E-5 5,150E-4 1,912E-5 1,453E-5 3,632E-5 xxxx 1,521E-5 3,081E-4

Filter E 380 5,087E-5 6,760E-6 7,428E-6 9,825E-6 9,152E-6 2,116EFD42E-5 XXXX 3,212E-5 4,894E-6 1,046E-5 9,402E-6 7,082E7,456E-6 3,292E-4
A (nm) 400 4,030E-5 4,207E-6 4,215E-6 4,423E-6 8,938E-6 3,068E2892E-6 2,915E-5 3,305E-5 4,877E-6 3,919E-6 4,743E-6 16E® 4,077E-6 3,090E-4
500 1,047E-5 2,684E-6 3,332E-6 3,581E-6 8,816E-6 3,901E5(P96E-6 2,009E-5 3,311E-5 4,046E-6 5421E-6 4,251E-6 89E#% 4,034E-6 3,070E-4

600 6,622E-6 1,642E-5 5,257E-6 5,644E-6 9,078E-6 4,571EB@55E-6 2,119E-5 3,313E-5 4,198E-6 4,481E-6 5,785E-6 046 3,736E-6 3,180E-4

700 1,378E-5 2,622E-5 1,125E-5 1,204E-5 1,585E-5 1,836EFP13E-5 3,454E-5 3,477E-5 1,460E-5 1,176E-5 1,837E-582E% 2,231E-5 2,811E-4

800 1,238E-5 1,140E-5 1,201E-5 1,174E-5 1,537E-5 2,097E3R49E-5 1,871E-4 3,451E-5 1,194E-5 1,255E-5 2,901E-510E6®G 1,624E-5 3,080E-4

900 1,078E-5 8,551E-6 9,494E-6 1,006E-5 1,362E-5 1,246E2B03E-5 9,806E-5 5,970E-4 1,021E-5 8,798E-6 2916E-559E% 1,131E-5 3,010E-4

1000 1,259E-5 7,637E-6 8,515E-6 9,020E-6 1,244E-5 2,1®9E2373E-5 5,107E-5 5,030E-4 1,109E-5 7,614E-6 1571E-5 xxxx 1,034E-5 3,150E-4
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NMI IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S| NMC VNIIOFI

Filter A 380 2,284E-3 7,347E-2 7,890E-2 2,760E-2 1,200E-1 1,537E5253E-2 1,183E-1 7,254E-2 1,041E-1 9,796E-2 7,360E-3 XxXxxx 6,559E-2 3,829E-2
A (nm) 400 1,079E-3 3,938E-2 6,311E-2 3,496E-2 1,721E-1 1,097E3D95E-2 1,546E-1 6,670E-2 8,421E-2 5576E-2 5,258E-3 xxxx 5255E-2 5,432E-2
500 1,477E-2 3,346E-2 7,311E-2 4,641E-2 1,188E-1 1,375E3B80E-2 1,514E-1 6,257E-2 1,297E-1 7,543E-2 5,339E-3 xxxX 6,009E-2 4,402E-2

600 8,496E-3 4,560E-2 6,469E-2 3,591E-2 7,238E-2 1,091E2237E-2 2,277E-1 8,581E-2 8,651E-2 6,312E-2 8,396E-3 XxXxx 4,504E-2 5,556E-2

700 9,642E-4 1,075E-1 7,842E-2 3,251E-2 6,737E-2 2,552E4B54E-2 1,058E-1 1,566E-1 1,473E-1 1,044E-1 9,059E-3 11EL 5,823E-2 3,857E-2

800 6,547E-3 1,017E-1 4,066E-2 1,147E-2 2,861E-2 4,040E1B36E-2 5,331E-2 1,734E-1 1,903E-1 1,162E-1 4,295E-3 85EB 1,896E-1 2,514E-2

900 9,542E-4 1,640E-1 6,617E-2 2,258E-2 5,160E-2 4,229E2780E-2 5,557E-2 1,131E-2 2,205E-1 1,378E-1 1,246E-3 0SE®B 1,597E-1 3,564E-2

1000 1,143E-3 1,736E-1 6,621E-2 2,218E-2 4,951E-2 4,1B8E2,874E-2 1,528E-1 1,721E-2 1,951E-1 1,545E-1 1,316E-3 xxxx 4,994E-2 4,578E-2

Filter B 380 3,046E-2 9,233E-2 1,121E-1 8,252E-2 7,346E-2 2,188E3D29E-2 4,587E-2 2,042E-2 1,449E-1 5,656E-2 3,758E-2 182 8,331E-3 1,742E-1
A (nm) 400 4,655E-3 3,693E-2 7,209E-2 8,436E-2 6,320E-2 1,056H41399E-2 1,119E-1 1,434E-1 1,355E-1 2,886E-2 1,757E-2 24E€2 5,094E-2 8,073E-2
500 1,984E-2 7,368E-2 7,308E-2 9,684E-2 6,178E-2 5,708E5B84E-2 8,421E-2 1,477E-1 1,066E-1 2566E-2 1,605E-2 0362 5,727E-2 8,032E-2

600 9,274E-3 9,565E-2 8,608E-2 4,699E-2 5,554E-2 2,281E22199E-2 6,649E-2 2,500E-1 1,519E-1 1,611E-2 8,311E-3 98E& 7,339E-2 4,853E-2

700 1,448E-3 1,050E-1 1,226E-1 3,043E-2 6,902E-2 1,745EtU24E-2 1,627E-1 8,651E-2 7,973E-2 4,181E-2 7,473E-3 3772 1,394E-1 2,483E-2

800 1,863E-2 2,582E-2 1,130E-1 3,230E-2 1,104E-1 3,355E2029E-2 7,283E-2 8,826E-2 5,409E-2 1,289E-1 8,462E-3 94E41 1,158E-1 2,822E-2

900 3,585E-3 2,653E-2 1,003E-1 2,655E-2 1,116E-1 1,707E2B46E-2 1,302E-1 8,908E-3 1,114E-1 2,080E-1 4,905E-2 21E® 7,179E-2 2,136E-2

1000 2,492E-3 2,527E-2 9,100E-2 2,320E-2 8,837E-2 2,593E3,775E-2 1,150E-1 1,258E-2 2,410E-1 2,053E-1 4,704E-2 xxXxx 6,477E-2 2,032E-2

Filter C 380 5,607E-2 1,027E-1 4,787E-2 6,655E-2 1,069E-1 5,726EBBD65E-3 5,866E-2 2,183E-2 1,177E-1 1,261E-1 1,033E-1 82E@l 7,516E-3 1,123E-2
A (nm) 400 1,595E-2 1,131E-1 1,173E-1 7,463E-2 9,188E-2 6,468E22167E-2 5,555E-2 3,918E-2 1,649E-1 1,235E-1 1,199E-2 554 3,159E-2 9,458E-3
500 2,550E-2 1,766E-1 6,947E-2 7,812E-2 1,157E-1 4,113EF2A43E-2 5,924E-2 2,797E-2 1,443E-1 1,240E-1 7,315E-3 28k 5,458E-2 4,436E-3

600 2,235E-2 1,356E-1 7,760E-2 4,001E-2 1,637E-1 5,279EtD37E-2 9,278E-2 4,501E-2 1,483E-1 7,038E-2 6,909E-3 94E® 9,529E-2 2,976E-3

700 8,994E-3 1,210E-1 1,122E-1 7,026E-2 1,026E-1 3,501E96B06E-3 1,033E-1 2,750E-2 1,621E-1 1,433E-1 6,218E-3 2®72 1,993E-2 1,072E-2

800 4,486E-2 5,560E-2 5,303E-2 7,660E-2 1,739E-1 4,604B9603E-3 1,458E-2 4,316E-2 1,008E-1 1,867E-1 5,319E-3 22E& 1,147E-1 8,810E-3

900 1,361E-2 7,134E-2 6,879E-2 5,733E-2 1,327E-1 5,678EBD83E-3 6,938E-2 1,575E-3 1,557E-1 1,680E-1 2,578E-291E® 1,083E-1 6,690E-3

1000 4,852E-2 4,538E-2 7,081E-2 5,124E-2 1,052E-1 5,563EF,839E-3 5,696E-2 1,384E-3 2,101E-1 2,130E-1 2,961E-2 XxxXxx 1,004E-1 4,031E-3

Filter D 380 3,631E-2 1,189E-1 7,183E-2 5,438E-2 7,808E-2 1,747TE22116E-2 4,889E-3 1,126E-2 7,809E-2 2,245E-1 5,538E-2 97ESl 6,792E-2 1,600E-4
A (nm) 400 2,526E-2 9,707E-2 1,539E-1 9,248E-2 8,223E-2 3,338EFB72E-2 1,272E-2 1,783E-2 1,402E-1 1,217E-1 6,241E-2 98E& 3,985E-2 2,377E-4
500 9,258E-2 4,932E-2 1,299E-1 1,986E-1 3,739E-2 3,605E2Z09E-2 1,960E-2 1,673E-2 1,134E-1 1,569E-1 2,387E-2 5012 6,691E-2 2,153E-4

600 1,039E-1 9,190E-2 9,944E-2 1,335E-1 4,578E-2 7,486E2B26E-2 2,345E-2 1,312E-2 1,710E-1 1,096E-1 2911E-2 774&£& 3,408E-2 2,403E-4

700 4,861E-2 5,162E-2 1,568E-1 1,309E-1 4,251E-2 6,263E2Z714E-2 4,007E-2 5,223E-2 1,340E-1 1,317E-1 3,367E-2 1062 1,705E-2 1,805E-3

800 1,226E-1 1,506E-1 9,480E-2 1,199E-1 3,452E-2 1,643Et284E-2 4,497E-3 5472E-2 1,261E-1 1,348E-1 7,737E-3 23E®@ 7,913E-2 1,089E-3

900 8,801E-2 1,591E-1 8,972E-2 1,154E-1 3,029E-2 6,949EFH22E-2 7,625E-3 1,490E-4 1,220E-1 1,553E-1 2,432E-2 61E® 8,624E-2 5,588E-4

1000 7,688E-2 1,594E-1 9,778E-2 1,097E-1 3,005E-2 5,6D6EF,940E-2 1,481E-2 1,308E-4 9,487E-2 1,643E-1 2,629E-2 xxxx 1,499E-1 3,654E-4

Filter E 380 2,205E-3 1,249E-1 1,034E-1 5,911E-2 6,813E-2 1,274E5257E-2 XXXX 5530E-3 2,382E-1 5,211E-2 6,455E-2 1,138E4,027E-1 5,267E-5
A (nm) 400 9,634E-4 8,842E-2 8,807E-2 7,996E-2 1,958E-2 1,662E23¥34E-1 1,841E-3 1432E-3 6,578E-2 1,019E-1 6,957E-2 33E11 9,413E-2 1,638E-5
500 1,338E-2 2,037E-1 1,322E-1 1,144E-1 1,889E-2 9,648E4D83E-2 3,635E-3 1,339E-3 8,967E-2 4,995E-2 8,122E-2 0154 9,019E-2 1,557E-5

600 5,449E-2 8,856E-3 8,644E-2 7,499E-2 2,899E-2 1,143B81107E-2 5,322E-3 2,176E-3 1,355E-1 1,190E-1 7,140E-2 28k& 1,711E-1 2,362E-5

700 9,800E-2 2,706E-2 1,470E-1 1,283E-1 7,407E-2 5,520ED81E-2 1,559E-2 1,538E-2 8,720E-2 1,344E-1 5514E-2 32ZEL 3,736E-2 2,354E-4

800 1,134E-1 1,338E-1 1,204E-1 1,261E-1 7,357E-2 3,949EF®BA45E-2 4,962E-4 1,458E-2 1,218E-1 1,103E-1 2,064E-2 0M4&£® 6,585E-2 1,831E-4

900 9,465E-2 1,505E-1 1,221E-1 1,088E-1 5,931E-2 7,084EL400E-2 1,144E-3 3,088E-5 1,056E-1 1,422E-1 1,294E-2 85E12 8,596E-2 1,215E-4

1000 6,375E-2 1,731E-1 1,393E-1 1,241E-1 6,528E-2 2,0B7E},793E-2 3,871E-3 3,991E-5 8,203E-2 1,742E-1 4,094E-2 xxxx 9,451E-2 1,018E-4

Z# UOISISA —'M
0¢'d XANNV
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NMI IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU SI NMC VNIIOFI
Filter A 380 1,188E-3 4,932E-5 -4,357E-4 -4,457E-4 7,868E-4 1,1B8E7,432E-5 1,443E-4 4,213E-4 -3,032E-4 3,493E-4 2,994E43217E-3 1,682E-5 -2,478E-3
A (nm) 400 1,217E-3 -6,512E-5 -3,701E-4 -4,426E-4 7,324E-4 &7#49 7,488E-5 1,499E-4 4,239E-4 -4,026E-4 5,874E-4 3,257E4,088E-3 2,499E-4 -2,098E-3
500 1,082E-3 -1,059E-4 -3,234E-4 -3,159E-4 5,291E-4 ¥046 -3,559E-4 2,541E-4 2951E-4 -2,159E-4 1,841E-4 2,737E3,622E-3 5,162E-5 -1,208E-3
600 1,178E-3 -1,200E-4 -3,075E-4 -4,975E-4 4,250E-4 050 -3,150E-4 2,000E-4 4,540E-4 -5,746E-5 2,150E-4 2,4B5E2,716E-3 -9,246E-5 -9,770E-4
700 1,267E-3 -3,688E-4 -4,225E-4 -6,813E-4 1,940E-4 5083 -3,288E-4 1,082E-4 4,206E-5 2,372E-5 1,371E-4 3,084E2,061E-3 -1,378E-5 -7,928E-4 c
800 8,592E-4 -6,358E-4 -6,383E-4 -3,108E-4 -1,133E-4 2E44 -1,078E-5 -2,488E-4 -3,018E-4 1,922E-5 -1,058E-4 7943 2,082E-3 8,117E-4 -9,928E-4 =:
900 1,150E-3 -4,478E-4 -5228E-4 -2,703E-4 -5,263E-6 HLS 6,474E-5 -2,518E-4 2,512E-4 7,974E-5 3,974E-5 6,494E1,228E-3 6,647E-4 -1,010E-3 2
1000 1,181E-3 -3,786E-4 -4,211E-4 -2,961E-4 8,895E-5 4Ei4 2,139E-4 2,514E-4 4,314E-4 -1,605E-5 4,145E-5 8,089E XXXX 7,581E-4 -6,481E-4 ('_[‘):
Filter B 380 -3,928E-3 6,248E-5 -1,540E-3 3,777E-3 1,877E-3 1,185E1,900E-4 -1,490E-4 6,748E-5 -1,358E-3 -1,853E-3 -1R230 -7,902E-4 6,925E-4 1,194E-3 £
A (nm) 400 -1,301E-3 8,690E-4 -1,093E-3 6,700E-4 -2,260E-4 7E994 -6,346E-5 1,120E-4 9,354E-5 -3,185E-4 -6,385E-4 9923 -9,642E-4 1,417E-3 -3,650E-4
500 -1,018E-3 1,534E-3 -9,756E-4 2,269E-4 -6,956E-4 4729 -2,856E-4 -3,796E-4 -1,716E-4 3,944E-4 -7,406E-4 #3984 -1,057E-3 6,894E-4 3,309E-4(Q
600 -9,486E-4 1,366E-3 -7,611E-4 4,039E-4 -6,461E-4 $344 -2,136E-4 -8,816E-4 -2,706E-4 6,689E-4 -8,086E-4 #£48 -1,071E-3 6,339E-4 —l,546E—4(_S
700 -7,529E-4 1,085E-3 -3,424E-4 6,301E-4 -2,212E-4 ZXE561 -1,045E-4 -3,572E-4 4,381E-5 -2,154E-4 -3,974E-4 @B4 -9,081E-4 6,563E-4 2,083E-4 g
800 -7,985E-4 1,229E-3 -2,010E-4 5,365E-4 -1,935E-4 X407 4,115E-4 -9,898E-5 3,115E-4 -3,785E-4 1,565E-4 9,145E5,305E-4 4,640E-4 -3,085E-4
900 -2,078E-3 9,624E-4 -7,263E-5 4,099E-4 -4,763E-5 F0O097 4,184E-4 -1,634E-6 1,984E-4 -4,051E-4 2,812E-5 -Z381 -5296E-4 7,899E-4 1,934E-4 —h
1000 -2,440E-3 5,874E-4 -1,051E-4 4,699E-4 8,316E-5 EE46 1,224E-4 -4,909E-5 4,639E-4 -3,326E-4 -6,509E-5 F324  XXXX 7,349E-4  1,884E-4 E
Filter C 380 5,986E-4 -2,251E-4 -1,211E-4 8,371E-4 5334E-4 X267 -6,432E-5 2,106E-4 6,276E-5 -1,928E-4 -2,091E-4 ABB -1,547E-4 2,793E-5 2,824E-4 E.
A (nm) 400 -2,726E-4 -4,223E-4 3,117E-5 2,199E-4 3,637E-4 1545E6,133E-5 2,967E-4 2,784E-4 -1,476E-4 6,923E-6 3,204E3,251E-4 2,214E-4 -3,808E-4 S
500 -1,211E-4 1,209E-4 -1,156E-4 -2,609E-5 -1511E-4 2B52 1,512E-4 -1,126E-4 7,791E-5 3,139E-4 -1,078E-4 F584 -3,916E-4 -9,909E-5 5,991E-5
600 -2,007E-4 2,278E-4 -1,777E-4 1,306E-4 -1,717E-4 1145 1251E-4 -1,214E-4 -3,794E-5 2,418E-4 -1,059E-4 181 -2,698E-4 -3,669E-5 2,581E-5 2
700 -1,488E-4 3,142E-5 -9,633E-5 1,487E-4 2,324E-4 6,882E/,117E-5 8,617E-5 -3,133E-5 1,118E-4 -1,632E-4 -2,095E5,366E-4 -1,031E-4 6,053E-4 (D
800 -1,846E-4 2,474E-4 -1,455E-5 -6,455E-5 -6,705E-5 %58 1,859E-4 6,320E-5 5,495E-5 1,304E-4 9,295E-5 2,764E4,078E-4 5,449E-6 -1,511E-4 O
900 5366E-5 1,502E-4 -8,838E-6 -4,834E-5 -5,384E-5 4966 4,472E-4 -2,634E-5 -8,534E-5 -1,338E-6 4,366E-5 142 -3,900E-4 6,116E-5 8,162E-6_5h
1000 -1,466E-5 -4,091E-5 1,840E-6 6,590E-6 2,034E-5 X4 2,381E-4 3,284E-5 5,034E-5 -1,566E-5 -2,841E-5 1582E XXXX -1,660E-6 -4,516E-5 Q)
=
Filter D 380 -4,886E-5 -1,091E-5 1,599E-6 4,697E-5 1,939E-5 2,38E2,030E-6 2,710E-5 -1,319E-5 -2,057E-5 -3,214E-6 -8H3 6,978E-6 8,932E-6 -2,294E-5 (:-;
A (nm) 400 -9,919E-5 -6,535E-5 1,185E-5 5,037E-5 6,313E-5 4,852E3,011E-5 -3,655E-6 2,362E-6 -2,602E-5 1,194E-5 -1E785-2,091E-5 5,844E-5 -6,162E-575"
500 -7,035E-6 3,273E-5 -8,555E-6 1,288E-5 -1,500E-5 4486 -7,313E-7 -2,287E-5 -9,400E-6 2,495E-6 -9,793E-6 48226 -2,728E-5 -7,462E-6 -1,655E-5Q
600 -4,026E-5 4,727E-5 -4,101E-5 2,298E-5 -2,657E-5 *458 1,215E-5 -3,690E-5 -7,012E-6 2,055E-5 -1,320E-5 &B6 -2,572E-5 3,476E-6 4,505E-7
700 -5,891E-5 6,940E-5 -3,374E-5 1,007E-4 2,035E-5 59%7E2,424E-5 2,300E-5 -1,200E-5 6,769E-6 -3,783E-5 -7,294E1,114E-4 -1813E-5 2,112E-4 ==
800 -9,859E-5 4,899E-5 -6,546E-6 1,464E-5 -3,032E-6 4EB9 9,077E-5 2,369E-5 2,793E-5 3,675E-5 1,163E-5 2,990E1,164E-4 -6,850E-6 7,777E-6
900 5728E-6 -2,911E-5 4,104E-6 1,145E-5 -1,645E-5 2597E6,347E-6 8,644E-5 1,664E-5 -1,361E-6 1,962E-5 5,666E7,880E-5 -1,012E-5 -1,093E-5
1000 9,942E-5 -6,370E-5 3,835E-6 2,101E-5 2,035E-7 -¥Ei®2-3,646E-5 7,118E-5 -2,537E-5 -1,192E-5 4,595E-6 4&DB5  XXXX -6,843E-6  -6,447E-6 (‘_Iz
Filter E 380 7,840E-5 2,498E-6 -1,049E-6 2,338E-7 1,256E-6 4,332E41,630E-6 XXXX -5,783E-7 -1,921E-6 -4,058E-6 -7,642E-6276E-6 6,442E-9 9,914E-5 @
A (nm) 400 6,807E-5 -1,978E-6 6,444E-9 6,766E-7 3,936E-6 -2,399E2,071E-6 -4,870E-5 -1,455E-6 -7,880E-7 -3,766E-6 SUE7 6,262E-6 4,441E-6 -3,343E-55
500 -2,985E-5 1537E-6 -2,954E-6 3,731E-6 -1,711E-6 4460 -6,609E-7 -1,145E-5 -1,102E-5 -4,516E-6 -3,987E-7 92B7 5,598E-6 -2,633E-6 -1,594E-514
600 4551E-6 1,093E-5 -8,210E-6 3,908E-6 -4,349E-6 4,685E8,743E-7 -2,713E-6 -1,356E-5 -1,443E-6 -4,165E-6 0BE-6 9,800E-6 8,356E-7 -4,087E-6MN)
700 -1,505E-5 3,836E-5 -7,620E-6 1,999E-5 1,048E-5 1,358E6,554E-7 -3,462E-5 -1,616E-5 -1,843E-6 3,757E-6 -123%3 -1,562E-5 -5,719E-6 4,379E-5
800 6,389E-5 -5,613E-6 -1,543E-5 -1,053E-5 -6,210E-6 358 -2,075E-5 2,677E-4 -2,814E-5 9,232E-6 -4,962E-6 5855 -5,503E-5 -6,917E-6 -1,768E-5
900 1,296E-5 -1,752E-5 2,187E-6 6,480E-6 3,958E-6 1,%0E4,178E-5 3,380E-5 -7,750E-6 -3,229E-6 1,733E-6 5,185E3,968E-5 1,503E-6 -2,235E-5
1000 1,360E-5 -2,973E-5 9,511E-6 1,752E-5 1,619E-5 8,853E1,589E-5 -9,105E-5 2,363E-5 3,417E-6 -3,953E-6 2,333E XXxXX -2,943E-6  -1,473E-5

TZ°d XANNV
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NMI IFA KRISS LNE MIKES MSL NIST Nmi NMIA NMIJ NPL NRC PTB SMU S| NMC VNIIOFI

Filter A 380 4,840E-3 8,171E-4 7,857E-4 1,371E-3 6,202E-4 1,851B9%90E-4 5,994E-4 8,004E-4 6,115E-4 6,965E-4 2,688E-3 06k& 8,454E-4 1,157E-3
A (nm) 400 5,618E-3 9,082E-4 7,065E-4 9,666E-4 3,961E-4 1,752EtD30E-3 4,035E-4 6,612E-4 5,566E-4 7,552E-4 2539E-3 81E8 7,795E-4 7,658E-4
500 1,161E-3 7,621E-4 5,026E-4 6,418E-4 3,822E-4 1,204EFD54E-4 2,932E-4 5,430E-4 3,165E-4 4,940E-4 1,941E-3 86E%4 5,591E-4 6,600E-4

600 1,574E-3 6,633E-4 5,498E-4 7,523E-4 5,171E-4 1,387EBBB54E-4 2,216E-4 4,679E-4 4,342E-4 5572E-4 1584E-3 55E24 6,677E-4 5,970E-4

700 4,623E-3 4,121E-4 4,909E-4 7,826E-4 5,330E-4 8,868EB421E-4 3,866E-4 3,134E-4 3,158E-4 4,064E-4 1502E-3 2934 5,763E-4 7,161E-4

800 1,203E-3 2,872E-4 4,711E-4 9,060E-4 5,676E-4 4,742E#664E-4 4,095E-4 2,089E-4 1,182E-4 2,450E-4 1,487E-3 37E43 1,869E-4 6,068E-4

900 4,204E-3 2,896E-4 4,736E-4 8,536E-4 5551E-4 6,165E/4670E-4 4,969E-4 1,214E-3 2,069E-4 2,906E-4 3,678E-3 07E43 2,804E-4 6,742E-4

1000 4,004E-3 2,925E-4 4,943E-4 8,982E-4 5,919E-4 6,466E7,862E-4 2,628E-4 1,022E-3 2,719E-4 2,849E-4 3,731E-3 XxxXxXx 5,808E-4 6,169E-4

Filter B 380 2,009E-3 1,110E-3 9,948E-4 1,182E-3 1,260E-3 2,383E2015E-3 1,622E-3 2,469E-3 6,092E-4 1,451E-3 1,801E-3 00Ei3 3,893E-3 6,602E-4
A (nm) 400 3,517E-3 1,228E-3 8,621E-4 7,915E-4 9,252E-4 6,988Er421E-3 6,524E-4 5,810E-4 5,791E-4 1,395E-3 1,798E-3 73E6 1,038E-3 8,107E-4
500 1,612E-3 8,127E-4 8,164E-4 6,999E-4 8,934E-4 9,318E410E-4 7,427E-4 5435E-4 6,485E-4 1,413E-3 1,795E-3 44EB 9,243E-4 7,756E-4

600 1,361E-3 4,037E-4 4,279E-4 5,923E-4 5,422E-4 8,617EB&#80E-4 4,675E-4 2,127E-4 2,930E-4 1,029E-3 1,439E-3 24EH% 4,608E-4 5,824E-4

700 2,852E-3 3,159E-4 2,892E-4 6,125E-4 3,979E-4 8,145B94031E-4 2,207E-4 3,486E-4 3,433E-4 5,121E-4 1,251E-3 95E24 2,574E-4 6,801E-4

800 8,770E-4 7,287E-4 3,370E-4 6,611E-4 3,419E-4 6,483EB896E-4 4,304E-4 3,876E-4 4,540E-4 2,661E-4 1,308E-3 70E8& 3,329E-4 7,089E-4

900 1,998E-3 7,184E-4 3,578E-4 7,253E-4 3,369E-4 9,092E8H98E-4 2,651E-4 1,264E-3 3,144E-4 2,322E-4 5270E-4 17EHS 4,284E-4 8,109E-4

1000 2,599E-3 7,949E-4 3,965E-4 8,428E-4 4,166E-4 7,961E5,555E-4 3,279E-4 1,151E-3 2,293E-4 2,545E-4 5,843E-4 xxxx 4,755E-4 9,018E-4

Filter C 380 2,766E-4 1,984E-4 3,009E-4 2,522E-4 1,939E-4 2,735E/606E-4 2,700E-4 4,526E-4 1,345E-4 1,649E-4 1977E-489E¥4 7,778E-4 6,350E-4
A (nm) 400 4,872E-4 1,486E-4 1,491E-4 2,172E-4 1,738E-4 2,348H44165E-4 2,548E-4 3,065E-4 1,136E-4 1,492E-4 5,632E-4 51E34 3,429E-4 6,350E-4
500 2,851E-4 8,430E-5 1,661E-4 1,580E-4 1,268E-4 2,225E4@92E-4 1,792E-4 2,718E-4 1,023E-4 1,191E-4 5377E-4 17TE& 1916E-4 6,916E-4

600 2,526E-4 7,732E-5 1,311E-4 1,868E-4 7,047E-5 1,614E3434E-4 1,046E-4 1,756E-4 8,810E-5 1,382E-4 4,584E-4 76E%4 1,169E-4 7,001E-4

700 6,950E-4 1,709E-4 1,559E-4 2,394E-4 1,939E-4 3,467EB423E-4 1,628E-4 3,930E-4 9,696E-5 1,595E-4 8,373E-451E4 4,638E-4 6,361E-4

800 2,861E-4 2,340E-4 2,618E-4 2,144E-4 1,082E-4 2,822B6823E-4 5,117E-4 2,920E-4 1,465E-4 9,598E-5 8,518E-4 22E34 1,707E-4 6,605E-4

900 4,075E-4 1,441E-4 1,744E-4 1,926E-4 9,642E-5 1,936B5807E-4 1,736E-4 1,208E-3 6,122E-5 6,298E-5 2,936E-4 52E%4 1,349E-4 5,839E-4

1000 1,664E-4 1598E-4 1,355E-4 1,616E-4 9,770E-5 1586E4,256E-4 1,526E-4 1,017E-3 4,644E-5 4,572E-5 2,158E-4 xxxx 1,113E-4 5,951E-4

Filter D 380 4,246E-5 1,973E-5 2950E-5 3,430E-5 2,818E-5 6,193B5%14E-5 1,180E-4 7,743E-5 2,651E-5 1,157E-5 3,213E-538E6 3,042E-5 6,540E-4
A (nm) 400 6,334E-5 2,764E-5 2,368E-5 2,714E-5 3,393E-5 5,484E3%03E-5 8,989E-5 7,571E-5 2,041E-5 2,570E-5 3,942E-586E% 5,000E-5 6,622E-4
500 2,736E-5 3,566E-5 2,257E-5 1,565E-5 4,447E-5 4,532E554E-5 6,204E-5 6,726E-5 2,190E-5 1,975E-5 5,608E-561E% 3,268E-5 5,983E-4

600 2,762E-5 2,816E-5 2,917E-5 2,407E-5 4,437E-5 3,412B803E-5 6,277E-5 8,439E-5 1,850E-5 2,760E-5 5,616E-587®% 5,176E-5 6,281E-4

700 1,068E-4 9,470E-5 5,525E-5 5,097E-5 1,147E-4 9,329EF¥49E-4 1,183E-4 1,028E-4 4,430E-5 4,611E-5 1,296E-4 45E® 1,840E-4 5,707E-4

800 5253E-5 3,588E-5 6,089E-5 5,321E-5 1,049E-4 1,538EI443E-4 2,961E-4 8,228E-5 3,963E-5 3,733E-5 2,253E-4 84k6 6,734E-5 6,029E-4

900 4,580E-5 2,990E-5 4,531E-5 3,923E-5 8,108E-5 5,219E15118E-4 1,639E-4 1,178E-3 2,630E-5 1,900E-5 9,084E-554E4 4,632E-5 6,081E-4

1000 4,055E-5 2,626E-5 3,548E-5 3,323E-5 6,676E-5 4,8&1B3,361E-5 9,597E-5 1,030E-3 3,150E-5 1,799E-5 7,154E-5 XxxXxx 2,597E-5 6,161E-4

Filter E 380 1,016E-4 1,257E-5 1,406E-5 1906E-5 1,766E-5 4,205E2D28E-5 XXXX 6,407E-5 8,463E-6 2,034E-5 1,813E-5 1,383E4,411E-5 6,583E-4
A (nm) 400 8,056E-5 7,732E-6 8,025E-6 8,462E-6 1,769E-5 6,131E3B39E-6 5,824E-5 6,605E-5 9,120E-6 6,875E-6 9,127E-6 6%E% 7,735E-6 6,181E-4
500 2,078E-5 3,779E-6 6,142E-6 6,680E-6 1,744E-5 6,231Et6l71E-5 4,011E-5 6,617E-5 7,668E-6 9,786E-6 8,100E-6 222 7,393E-6 6,140E-4

600 1,285E-5 3,255E-5 1,001E-5 1,069E-5 1,787E-5 7,636ELR09E-5 4,225E-5 6,619E-5 7,597E-6 7,603E-6 1,111E-557E4% 6,426E-6 6,360E-4

700 2,605E-5 5,074E-5 2,063E-5 2,054E-5 3,039E-5 3,559E3%/19E-5 6,849E-5 6,896E-5 2,550E-5 1,827E-5 3,561E-533Eth 4,371E-5 5,621E-4

800 2,310E-5 1,821E-5 2,232E-5 1,949E-5 2,942E-5 4,099E6H38E-5 3,741E-4 6,845E-5 1,994E-5 1,870E-5 5,734E-520E% 3,124E-5 6,160E-4

900 2,033E-5 1,222E-5 1,757E-5 1,878E-5 2,628E-5 2,387E5%H60E-5 1,960E-4 1,194E-3 1545E-5 1,244E-5 5,789E-548E6 2,146E-5 6,020E-4

1000 2,422E-5 1,127E-5 1,559E-5 1,669E-5 2,391E-5 4,35K4,696E-5 1,019E-4 1006E-3 1,981E-5 1,109E-5 3,065E-5 xxxx 1,793E-5 6,300E-4

AFor most of the laboratories, the uncertainty mtéible is dominated by the uncertainty due tosthbility of the artefact.
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