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APPENDIX 1 - THE PROTOCOL FOR THE COMPARISON

PROTOCOL FOR THE EUROMET PROJECT 658 —

‘THE EXAMINATION OF BASE PARAMETERS FOR ITS-90

SCALE REALISATION IN RADIATION THERMOMETRY’
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1. Organisation
The project will be coordinated by:

National Physical Laboratory
Queens Road

Teddington

Middlesex

TWI11 OLW

United Kingdom

Contacts:

Helen McEvoy Graham Machin

Phone: +44 20 8943 6183 Phone: +44 20 8943 6742

Fax: +44 20 8943 6755 Fax: +44 20 8943 6755

E-mail: helen.mcevoy@npl.co.uk E-mail: graham.machin@npl.co.uk

2. Participants

The participants in the project are:

Institute Contact person

1) BNM-INM/Cnam, France Mohamed Sadli

Tel: +33 (0)1 40 27 25 96
E-mail: sadli@cnam.fr

1) PTB, Berlin, Germany Jiirgen Hartmann

Tel: +49 30 3481451

E-mail: dr.j.hartmann@ptb.de

ii1) NM-Van Swinden Eric van der Ham

Laboratorium B.V, The Tel:+31 15 2691 586

Netherlands E-mail: EvdHam@Nmi.nl

iv) TUBITAK-UME, Turkey Sevilay Ugur and Humbat Nasibov

Tel: +90 262 646 6355

E-mail: sevilay.ugur@ume.tubitak.gov.tr
humbat.nasibov(@ume.tubitak.gov.tr

v) CNR-IMGC, Italy Mauro Battuello

Tel: +39 0113977338

E-mail: m.battuello@imgc.cnr.it

vi) CEM, Spain Vicente Chimenti and Jorge Perez Garcia

Tel: +34 91 8074714

E-mail: vchimenti@mfom.es
jpgarcia@mfom.es
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3. Project end date

The project is due to be completed by October 2005
4. Circulation scheme

The two transfer thermometers will be circulated according to the following schedule:

Institute Time periods
NPL 1 July 2003 to 30 September 2003
VSL 1 October 2003 to 30 November 2003
PTB 1 December 2003 to 28 February 2004
CEM 1 March 2004 to 30 April 2004
UME 1 May 2004 to 30 June 2004
BNM-INM/Cnam 1 July 2004 to 30 September 2005
IMGC 1 October 2004 to 30 November 2004

In the last week of each period the laboratory that is completing the measurements should
arrange for the thermometers should be transferred to the next institute. The laboratory
completing the measurements is also responsible for paying the transport costs for the
transfer to the next institute. The institute receiving the thermometers should confirm to the
coordinating laboratory by e-mail or fax that they have arrived safely. To make sure that the
thermometers have not been damaged during transport, if possible a quick check should be
made of the output of the thermometers when viewing a stable blackbody source at about
1000 °C (Ag point, Au point or variable temperature blackbody). A suitable working distance
should be chosen, e.g. 700 mm. The results of the check, and the working distance, should
also be e-mailed or faxed to the coordinator. At the end of the circulation IMGC should
return the LP3 to PTB. The supplying laboratories should then confirm the performance of
their instrument.

5. Transfer instruments

The two transfer thermometers are an IKE LP3, provided by PTB, and a VEGA TSP2.11
thermometer, provided by IMGC. Technical information about the thermometers is given in
Appendix 1.

6. Initial measurements

6.1 Stabilisation: The stabilisation time for the thermometers is given in Appendix 1. It is
recommended that the thermometers are left for at least 2 hours after switch-on before
measurements are made to ensure that they are sufficiently stable. The thermometers should
be left on for the duration of the measurements.

6.2 Lens cleaning Superficial dust should be blown off the front lens of the thermometers
using clean air or other means, but otherwise the lens should NOT be cleaned. The protective
lens caps should be placed on the front of each thermometer in-between measurements, and
great care should be taken not to touch the front lens.

6.3 Positioning: The thermometers should be set up and aligned according to local
procedures, with reference to the instruction manuals supplied with the thermometers.
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7. Problems

Should any problems arise with the operation of the instruments, both the coordinator and the
institute supplying the thermometer should be contacted.

8. Required measurements

The following gives information about the parameters to be measured for each thermometer.
Each institute shall measure as many of the parameters as possible. Measurements should be
made according to the usual method at each laboratory, but following the specific instructions
given below. During the measurements of each of the parameters the ambient temperature
(tamb) and relative humidity (RH,mp) should be recorded.

Please note:

All the measurements with the LP3 thermometer are to be made at a wavelength of 650 nm.

All the measurements with the VEGA instrument are to be made at a wavelength of 900 nm.

8.1 Size-of-source effect

The size-of-source effect (SSE) should be measured using the indirect method i.e. by
obscuring the central portion of the field-of-view of the thermometer by means of a
blackened disc or spot placed in front of the source.

Measurements should be made using spot sizes of 3.0 mm diameter and 6.0 mm diameter
and all available apertures that are of a suitable diameter.

If a laboratory wishes additional measurements may be made using the direct method
according to the local procedure.

The measurements with the LP3 should be made at a wavelength of 650 nm and at a working
distance of 700 mm from the source;

The measurements with the VEGA should be made at a wavelength of 900 nm and at a
working distance of 550 mm from the source. Measurements should be made by firstly
focussing the VEGA thermometer so that the target is in correct visual focus and then finding
the position of optimum SSE by making small adjustments of the focus ring.

The results should be presented in the form of a table giving the SSE for each aperture size.
The table should include columns for the following information: aperture size (mm), ‘on
spot’ signal, ‘off spot’ signal, background signal, SSE, the individual uncertainty components
in determining the SSE (uy, uy, us ), the total combined uncertainty Ussg, (tamb) and (RHamp).

If measurements have also been made using the direct method, a second table should give
these results: aperture size (mm), signal, background signal, SSE, the individual uncertainty
components in determining the SSE (uy, uy, us ), the total combined uncertainty Ussg, (tamb)
and (RHymp).
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8.2 Linearity

Linearity measurements should be made using the laboratory’s usual local procedure,
normally a radiance doubling method or a double-aperture technique, and covering as wide a
range of signal levels as possible. The non-linearity (NL) should be calculated using the
equation: NL =1 — [{(S;-So) + (S2-So)}/ (S112-So)] where Sy is the background signal, S; is
the first signal component, S, is the second signal component and S, is the sum of the two
signal components. The signals should be expressed in terms of photocurrent. The
measurements of the VEGA thermometer should be made at a working distance of 550 mm
from the source; the measurements with the LP3 should be made at a working distance of
670 mm from the source.

The results should be presented in the form of a table giving the following information: Sy,
Si, S,, Sy, NL, all the individual uncertainty components in determining the NL (u;, uy,

u3...), the total combined uncertainty, Unr, (tamb) and (RHamp).

8.3 Spectral responsivity / limiting effective wavelength

The spectral responsivity and the limiting effective wavelength should be determined, for
each thermometer if possible, using local procedures. The limiting effective wavelength
should be determined for a reference temperature of 1337.33 K. The methods used to
determine the parameters should be clearly described.

Measurements should be made with the instruments at two different distances from the
facility to investigate the sensitivity of the facility to distance. Measurements should be made
as follows:

With the LP3 measurements should be made at a wavelength of 650 nm and at working
distances of 670* mm and 900* mm;

With the VEGA thermometer measurements should be made at a wavelength of 900 nm and
at working distances of 550* mm and 900* mm.

*(Note that if, due to the design of the facility, these distances are not practicable, two other
distances may be chosen provided that they are significantly different. In this case, the chosen
distances must be stated with the results).

The mean effective wavelength, E, should also be calculated for the following

temperatures: 1000 K, 1337 K, 1500 K, 2000 K, 2500 K, 3000 K and 3500 K.

The results of the spectral responsivity measurements should be presented in the form of a
table or graph giving the spectral responsivity versus the wavelength. A second table should
give the following information: limiting effective wavelength (nm), the individual uncertainty
components in determining the spectral responsivity (u;, U, us...), the individual components
in determining the limiting effective wavelength (u;, uy, us...), the total combined uncertainty
of the spectral responsivity measurements, Usg, the total combined uncertainty for the
limiting effective wavelength determination, Ujesr, (tamp) and (RHamp)
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For the mean effective wavelength the results should be in the form of a table giving the

following information: T (K), A

o » the individual uncertainty components in determining

Zﬁ. (u1, Uz, us...) and the total combined uncertainty UZ),/, .

8.4 Calculation of the emissivity of a selection of blackbody cavities

A selection of cavities of different designs is given in Appendix 2. The diffuse wall
emissivity for each of the cavities is also given in Appendix 2. Using the software available at
their institute participants should calculate, for each cavity,

a) the isothermal emissivity;

b) the non-isothermal emissivity, assuming a linear temperature gradient of 10 °C along the
length of the cavity, with the rear of the cavity being hotter. For the calculation assume a
temperature of 962 °C for the rear of the cavity and a wavelength of 0.9 um.

Brief information should be given about any assumptions made during the calculations.

The results should be presented in the form of a table giving the calculated isothermal and
non-isothermal emissivity of each of the cavity designs, the individual uncertainty
components of the determination and the total combined uncertainty Upy,.

9. Reporting of the results

The following information should be sent to the coordinator within one month of completing
the measurements. Please supply both a paper copy and an electronic version.

9.1 Description of the equipment

All the equipment used for measuring each of the parameters should be described along with
details of the measurement methods, calculations and any assumptions that have been made.
The electronic version should be in the form of a Word document.

9.2 Results

The results should be supplied in the form of an Excel spreadsheet / workbook and presented
as described in Section 8.

9.3. Uncertainties

The individual uncertainty components for each of the measured parameters should be listed
along with the total combined uncertainty of the measurements. All uncertainties should be
expressed as k=2; i.e. providing a level of confidence of approximately 95%.
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Appendix 1 [of protocol]

Technical information about the thermometers

a) LP3

Wavelengths: 650 nm and 950 nm (for this comparison measurements will be made at
650 nm only)

Temperature range: 1000 K to 3200 K
Target size: (0.5 mm at 400 mm and 1.7 mm at 1000 mm)?

Working distance: this should be measured from the target to the front of the housing of the
radiation thermometer

Warm up time: 1 hour from switch-on

Output: the output is in terms of both photocurrent and temperature. For this comparison
only the photocurrent values should be used

Temperature coefficient N/A

Background measurements: these should be performed by placing the lens cap on the front
of the radiation thermometer

a) VEGA

Wavelength: 900 nm
Temperature range: 873 K to 3173 K at 900 nm
Target size: 1.2 x 1.5 mm at 550 mm and 2 x 2.7 mm at 1000 mm

Working distance: this should be measured from the target to the front of the objective
housing of the radiation thermometer

Warm up time: 40 minutes from switch-on
Output: the output is in terms of a voltage

Temperature coefficient: N/A. The operating temperature of the detector and filter is 22.0
(x0.1)°C

Background measurements: these should be performed by placing the lens cap on the front
of the radiation thermometer
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Appendix 2

Sample cavities for the calculation of emissivity

i) Design A
L1
< >
120 © D1 Al

The assumed diffuse wall emissivity for this cavity is 0.92. Calculations are to be performed
for the following values of L1, D1 and Al.

Design L1 (mm) D1 (mm) Al (mm)
A-1 97 7 3
A-2 27 3 3
ii) Design B
L2
< >

The assumed diffuse wall emissivity for this cavity is 0.80. Calculations are to be performed
for the following values of L2, D2 and A2.

Design L2 (mm) D2 (mm) A2 (mm)
B-1 27 3 3
B-2 97 7 3
B-3 322 75 75
B-4 322 75 50

Page 111 of 215



NPL Report ENG 2
iii) Design C
»

L3

60 °

D3

The assumed wall emissivity for this cavity is 0.80. Calculations are to be performed for the

following values of L3, D3 and A3.

Design L3 (mm) D3 (mm) A3 (mm)
C-1 27 3 3
C-2 97 7 3
C-3 322 75 75
C-4 322 75 50
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APPENDIX 2 — THE FITTING DATA FOR THE LP3 SSE MEASUREMENTS

Table 115 — fitting information for the NPL SSE data — 3 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm
5 0.000180 0.000184 0.000004
6 0.000235 0.000233 -0.000002
7 0.000285 0.000279 -0.000006
9 0.000366 0.000367 0.000001
12 0.000483 0.000487 0.000004
15 0.000593 0.000595 0.000002
18 0.000694 0.000691 -0.000003
20 0.000752 0.000750 -0.000002
25 0.000879 0.000881 0.000002
30 0.000994 0.000994 0.000000
40 0.001180 0.001180 0.000000
50 0.001325 0.001325 0.000000
Root mean square residual = 0.000004
Chebyshev polynomial coefficients Index Chebyshev
(NPL, 3 mm diameter spot): coefficient
0 1.69972889E-03
1 5.54576764E-04
2 -9.24479856E-05
3 1.58003398E-05
4 -2.75706506E-06

Table 116 — fitting information for the NPL SSE data — 6 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm

7 0.000050 0.000050 0.000000
9 0.000124 0.000125 0.000001
12 0.000240 0.000239 -0.000001
15 0.000349 0.000350 0.000001
18 0.000452 0.000452 0.000000
20 0.000518 0.000514 -0.000004
25 0.000643 0.000647 0.000004
30 0.000758 0.000756 -0.000002
40 0.000947 0.000947 0.000000
50 0.001103 0.001103 0.000000

Root mean square residual = 0.000003
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Chebyshev polynomial coefficients

(NPL, 6 mm diameter spot):

Index Chebyshev
coefficient

0 1.30253049E-03

1 5.20348373E-04

2 -7.44092126E-05

3 1.25845362E-05

4 -5.22258113E-07

5 -6.29808572E-06

Table 117 — fitting information for the PTB SSE data — 3mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm
13 0.000560 0.000549 -0.000011
20 0.000780 0.000794 0.000014
25 0.000920 0.000937 0.000017
34 0.001170 0.001141 -0.000029
46 0.001340 0.001346 0.000006
59 0.001540 0.001547 0.000007
70 0.001760 0.001756 -0.000004
Root mean square residual = 0.000023
Index Chebyshev
Chebyshev polynomial coefficients coefficient
(PTB, 3 mm diameter spot): 0 2.42734839E-03
1 5.69594883E-04
2 -6.08892501E-05
3 3.39004567E-05

Table 118 — fitting information for the PTB SSE data — 6 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm

13 0.000300 0.000297 -0.000003

20 0.000510 0.000513 0.000003

25 0.000640 0.000643 0.000003

34 0.000840 0.000840 0.000000

46 0.001060 0.001051 -0.000009

59 0.001250 0.001259 0.000009

70 0.001460 0.001457 -0.000003

Root mean square residual = 0.000008
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Index Chebyshev
coefficient

0 1.85332736E-03

1 5.56485250E-04

2 -4.96067388E-05

3 2.33873981E-05

Table 119 — fitting information for the CEM SSE data — 3 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm
10.4 0.00042 0.000402 -0.000018
14.1 0.00051 0.000530 0.000020
19.5 0.00069 0.000702 0.000012
24.1 0.00083 0.000836 0.000006
28.9 0.00098 0.000963 -0.000017
33.8 0.00109 0.001081 -0.000009
39.1 0.00121 0.001198 -0.000012
49.1 0.00137 0.001395 0.000025
59.0 0.00157 0.001569 -0.000001
69.3 0.00175 0.001744 -0.000006
100.0 0.00237 0.002371 0.000001
Root mean square residual = 0.0000019
Chebyshev polynomial coefficients Index Chebyshev
(CEM, 3 mm diameter spot): coefficient

0 2.88841103E-03

1 9.33455492E-04

2 -5.89622351E-05

3 5.10752605E-05

4 7.94052804E-07

Table 120 - fitting information for the CEM SSE data — 6mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm
14.1 0.00042 0.000426 0.000006
19.5 0.00059 0.000590 0.000000
24.1 0.00074 0.000710 -0.000030
28.9 0.00080 0.000820 0.000020
33.8 0.00091 0.000920 0.000010
39.1 0.00102 0.001017 -0.000003
49.1 0.00118 0.001184 0.000004
59.0 0.00136 0.001344 -0.000016
69.3 0.00151 0.001519 0.000009
100.0 0.00211 0.002110 0.000000
Root mean square residual = 0.000019
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Chebyshev polynomial coefficients
(CEM, 6 mm diameter spot):

Index

Chebyshev
coefficient

2.60515050E-03

8.05532076E-04

-2.23503910E-05

3.61420321E-05

AW |—[O

-1.23232008E-05

Table 121 - fitting information for the UME data — 3 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual

mm
4 0.000121 0.000123 0.000002
6 0.000230 0.000231 0.000001
8 0.000339 0.000331 -0.000008
10 0.000419 0.000422 0.000003
15 0.000613 0.000622 0.000009
20 0.000799 0.000791 -0.000008
30 0.001071 0.001074 0.000003
40 0.001307 0.001306 -0.000001
52 0.001482 0.001482 0.000000
Root mean square residual = 0.000008

Chebyshev polynomial coefficients
(UME, 3 mm diameter spot):

Index Chebyshev
coefficient

0 1.84411680E-03

1 6.69387551E-04

2 -1.09576642E-04

3 1.03701846E-05

4 -1.01609467E-05

Table 122 — fitting information for the UME data — 6 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm

8 0.000102 0.000105 0.000003

10 0.000190 0.000185 -0.000005

15 0.000365 0.000368 0.000003

20 0.000534 0.000532 -0.000002

30 0.000806 0.000808 0.000002

40 0.001020 0.001019 -0.000001

52 0.001200 0.001200 0.000000

Root mean square residual = 0.000004
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Index Chebyshev
coefficient

0 1.46043136E-03

1 5.43569531E-04

2 -7.73511291E-05

3 3.81004116E-06

Table 123 — fitting information for the INM data — 3 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual

mm
5.7 0.000210 0.000210 0.000000
8.0 0.000318 0.000319 0.000001
10.0 0.000408 0.000407 -0.000001
12.5 0.000511 0.000510 -0.000001
16.3 0.000649 0.000651 0.000002
21.2 0.000811 0.000811 0.000000
27.6 0.000989 0.000988 -0.000001
35.8 0.001180 0.001180 0.000000
Root mean square residual = 0.000001

Chebyshev polynomial coefficients
(INM, 3 mm diameter spot):

Index Chebyshev
coefficient

0 1.49239251E-03

1 4.79160438E-04

2 -5.09748505E-05

3 5.78129745E-06

Table 124 — fitting information for the INM data — 6 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm

8.0 0.000088 0.000090 0.000002

10.0 0.000180 0.000177 -0.000003

12.5 0.000280 0.000280 0.000000

16.3 0.000420 0.000421 0.000001

21.2 0.000580 0.000581 0.000001

27.6 0.000760 0.000759 -0.000001

35.8 0.000950 0.000950 0.000000

Root mean square residual = 0.000002
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Chebyshev polynomial coefficients
(INM, 6 mm diameter spot):

Index Chebyshev
coefficient

0 1.12202086E-03

1 4.26061732E-04

2 -4.09729375E-05

3 4.13792781E-06

Table 125 — fitting information for the IMGC data — 3 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual

mm
8 0.000410 0.000415 0.000005
10 0.000537 0.000530 -0.000007
12 0.000636 0.000636 0.000000
15 0.000778 0.000779 0.000001
20 0.000981 0.000984 0.000003
25 0.001161 0.001155 -0.000006
30 0.001293 0.001301 0.000008
35 0.001429 0.001430 0.000001
40 0.001552 0.001547 -0.000005
50 0.001761 0.001760 -0.000001
60 0.001962 0.001962 0.000000
70 0.002159 0.002163 0.000004
80 0.002369 0.002364 -0.000005
90 0.002563 0.002565 0.000002
100 0.002766 0.002766 0.000000
Root mean square residual = 0.000005

Chebyshev polynomial coefficients
(IMGC, 3 mm diameter spot):
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coefficient

0 3.48214161E-03

1 1.10312040E-03

2 -1.25368041E-04

3 6.64544442E-05

4 -2.51098875E-05

5 5.64983817E-06
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Table 126 — fitting information for the IMGC data — 6 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual

mm
10 0.000224 0.000222 -0.000002
12 0.000327 0.000328 0.000001
15 0.000467 0.000471 0.000004
20 0.000676 0.000676 0.000000
25 0.000853 0.000845 -0.000008
30 0.000985 0.000991 0.000006
35 0.001123 0.001119 -0.000004
40 0.001229 0.001236 0.000007
50 0.001457 0.001454 -0.000003
60 0.001664 0.001663 -0.000001
70 0.001865 0.001867 0.000002
80 0.002061 0.002061 0.000000
90 0.002251 0.002251 0.000000
100 0.002467 0.002467 0.000000
Root mean square residual = 0.000005

Chebyshev polynomial coefficients
(IMGC, 6 mm diameter spot):

Index

Chebyshev
coefficient

2.93997115E-03

1.05723373E-03

-1.08594344E-04

5.52567103E-05

-1.83003727E-05

1.01698718E-05

AN [WIN|—O

1.37744380E-06
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APPENDIX 4 — THE FITTING DATA FOR THE VEGA SSE MEASUREMENTS

Index Chebyshev
coefficient

0 1.65019379E-02

1 3.65005899E-03

2 -9.51100947E-04

3 6.22735144E-04

4 -1.79692926E-04

5 -4.31644870E-06

6 -1.47882909E-04

Table 154 — the Chebyshev coefficients for the NPL data with the 3 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm
5 0.002669 0.002704 0.000035
6 0.003615 0.003557 -0.000058
7 0.004246 0.004259 0.000013
9 0.005328 0.005328 0.000000
10 - 0.005741 -
12 0.006397 0.006411 0.000014
15 0.007151 0.007189 0.000038
18 0.007884 0.007830 -0.000054
20 0.008222 0.008204 -0.000018
25 0.008882 0.008933 0.000051
30 0.009355 0.009332 -0.000023
35 - 0.009568 -
40 0.010019 0.010022 0.000003
50 0.011241 0.011241 0.000000

Table 155 — the fitted results for the NPL measurements with the 3 mm diameter spot

Index Chebyshev

coefficient
0 2.08848714E-02
1 3.06065592E-03
2 -1.02472456E-03
3 1.98966283E-04
4 -9.56139827E-05
5 1.42513276E-04
6 -7.92904998E-05
7 9.15442581E-06
8 8.68894563E-05

Table 156 - the Chebyshev coefficients for the IMGC data with the 3 mm diameter spot
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NPL Report ENG 2

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm
10 0.005886 0.005918 0.000032
12 0.006526 0.006460 -0.000066
15 0.007227 0.007250 0.000023
18 - 0.007912 -
20 0.008226 0.008266 0.000040
25 0.008896 0.008884 -0.000012
30 0.009332 0.009288 -0.000044
35 0.009706 0.009668 -0.000038
40 0.009999 0.010119 0.000120
50 0.011225 0.011129 -0.000096
60 0.011757 0.011816 0.000059
70 0.012114 0.012090 -0.000024
80 0.012364 0.012370 0.000006
90 0.012573 0.012572 -0.000001
100 0.012741 0.012741 0.000000

Table 157 - the fitted results for the IMGC measurements with the 3 mm diameter spot

Index Chebyshev
coefficient

0 9.61662625E-03

1 3.04243861E-03

2 -6.78437027E-04

3 4.50139443E-04

4 -6.96284015E-05

5 -1.65552718E-06

6 -4.03071365E-05

Table 158 - the Chebyshev coefficients for the NPL data with the 6 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm

7 0.000519 0.000529 0.000010
9 0.001558 0.001538 -0.000020
10 - 0.001955 -

12 0.002670 0.002659 -0.000011
15 0.003417 0.003483 0.000066
18 0.004159 0.004119 -0.000040
20 0.004502 0.004469 -0.000033
25 0.005093 0.005136 0.000043
30 0.005585 0.005568 -0.000017
35 - 0.005888 -

40 0.006282 0.006284 0.000002
50 0.007511 0.007511 0.000000

Table 159 - the fitted results for the NPL measurements with the 6 mm diameter spot
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Index Chebyshev

coefficient
0 1.36458313E-02
1 3.13670471E-03
2 -1.04870763E-03
3 2.07896491E-04
4 -9.82985263E-05
5 1.51530088E-04
6 -8.38709154E-05
7 1.30494282E-05
8 8.88318760E-05

NPL Report ENG 2

Table 160 - the Chebyshev coefficients for the IMGC data with the 6 mm diameter spot

Aperture diameter / SSE (raw data) SSE (fitted data) Residual
mm
10 0.002143 0.002172 0.000029
12 0.002800 0.002743 -0.000057
15 0.003544 0.003562 0.000018
18 - 0.004241 -
20 0.004562 0.004601 0.000039
25 0.005238 0.005228 -0.000010
30 0.005683 0.005637 -0.000046
35 0.006056 0.006026 -0.000030
40 0.006377 0.006489 0.000112
50 0.007623 0.007527 -0.000096
60 0.008168 0.008230 0.000062
70 0.008536 0.008509 -0.000027
80 0.008788 0.008795 0.000007
90 0.009002 0.009001 -0.000001
100 0.009190 0.009190 0.000000

Table 161 - the fitted results for the IMGC measurements with the 6 mm diameter spot
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