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Introduction 
This document describes the merge of the results from the keycomparisons CCT.K5 

and CCT.K5.1 with the objective of having one set of results for the KCDB. As 

reference documents the final reports of CCT.K5 and CCT.K5.1 are used. After a 

short outline of the calculation of the degrees of equivalence for NRC via the bilateral 

comparison K5.1  the KCDB results for K5 are short description of the  

Results from CCT.K5.1 
The results from the bilateral CCT.K5.1 between the NRC and the PTB are presented 

in Table 7 and 8 of that final report [1]. These results are copied and presented below 

in Tables 1 and 2. From this starting point one is able to determine the differences 

between the radiance temperatures of the NRC and the PTB per lamp. 

 
Table 1 Differences between the radiance temperatures of lamp C598 measured at the NRC and the PTB. 

I(C598) dT(NRC_I-PTB) dT(NRC_II-PTB) dT(NRC_average-PTB) ucombined 

[A] [K] [K] [K] [K], k=1 

5.027 0.16 0.04 0.10 0.24 

5.298 0.15 0.02 0.09 0.26 

5.808 0.03 -0.09 -0.03 0.28 

5.981 0.11 -0.04 0.03 0.29 

6.116 0.08 -0.04 0.02 0.30 

7.054 0.12 -0.02 0.05 0.33 

8.092 0.27 0.02 0.15 0.39 

9.210 0.25 -0.05 0.10 0.45 

10.393 0.58 0.07 0.33 0.48 

11.635 0.39 -0.18 0.10 0.53 

12.930 0.54 -0.08 0.23 0.60 

 
Table 2 Differences between the radiance temperatures of lamp 644C measured at the NRC and the PTB. 

I(644C) dT(NRC_I-PTB) dT(NRC_II-PTB) dT(NRC_average-PTB) ucombined 

[A] [K] [K] [K] [K], k=1 

5.185 0.14 -0.02 0.06 0.24 

5.457 0.24 0.11 0.18 0.26 

5.966 0.05 -0.06 0.00 0.28 

6.141 -0.05 -0.15 -0.10 0.29 

6.276 0.11 -0.01 0.05 0.30 

7.223 0.10 0.01 0.06 0.33 

8.276 0.17 -0.05 0.06 0.39 

9.411 0.18 -0.09 0.04 0.45 

10.617 0.32 -0.05 0.14 0.48 

11.880 0.29 -0.02 0.14 0.53 

13.197 0.31 -0.13 0.09 0.60 

 



The lamp currents represent the nominal temperatures from the silverpoint to 1700°C. 

For determination of the difference between the NRC and the PTB the average value 

is taken. Furthermore the associated uncertainty is calculated using the uncertainty set 

of one lamp and the standard deviation associated with the mean of the two lamp 

values. In formulae the average difference and associated uncertainty are given by: 

 

tNRC-PTB (tnom) ≡ tNRC-PTB (tnom, k)  

      ≡ ∑k tNRC-PTB (k, tnom) / ∑k and     (1)



     utNRC-PTB (tnom))
2
 ≡ stdev

2
(tNRC-PTB (k, tnom)) / ∑k  + u

2
(tNRC-PTB (k, tnom)). (2) 

 

More explicitly the average difference and uncertainty are calculated according to the 

following expressions: 

 

tNRC-PTB (tnom) ≡ ½tNRC-PTB (C598, tnom) + ½tNRC-PTB (644C, tnom)  and (3) 

 

     u
2
(tNRC-PTB (tnom)) ≡  ½ [stdev(tNRC-PTB (C598, tnom), tNRC-PTB (644C, tnom))]

 2
  

                             + [½ u(tNRC-PTB (C598, tnom)) + ½ u(tNRC-PTB (644C, tnom))]
2
. (4) 

 

Using these equations the average difference between the NRC and the PTB is 

calculated using the data from Tables 1 and 2. The results are presented below.  

 

Table 3 Average differences tNRC-PTB (tnom) between the radiance temperatures of lamps C598 and 644C 

measured at the NRC and the PTB.  

tnom tNRC-PTB u(tNRC-PTB) 

[°C] [K] [K], k=2 

961 0.08 0.48 

1000 0.14 0.53 

1064 -0.02 0.56 

1084 -0.04 0.59 

1100 0.04 0.60 

1200 0.06 0.66 

1300 0.11 0.79 

1400 0.07 0.90 

1500 0.24 0.98 

1600 0.12 1.06 

1700 0.12 1.22 

 



Merge the bilateral K5.1 results to the KCDB set of K5 
The final step of merging the results of the bilateral comparison and the initial 

keycomparison is realized by determining the new equivalence data for NRC based on 

the entry of PTB and the determined difference from the bilateral. In equation the 

calculation is summarized as: 

 

DNRC(tnom) ≡ DPTB(tnom) +tNRC-PTB (tnom)  and    (5) 

 

u
2
(DNRC(tnom)) ≡ u

2
(DPTB(tnom)) + u

2
(tNRC-PTB (tnom)).   (6) 

 

In this stage the uncertainty is based on the sum of squares of u(DPTB(tnom)) and 

u(tNRC-PTB (tnom)) as both are determined individually. More information on the 

sources of uncertainty, along the full uncertainty budgets, is needed in order to further 

reduce the combined uncertainty, i.e., removing double counted type A sources of 

uncertainty. 

 
Table 4 The final results from the PTB in the CCT-K5 key comparison, DPTB(tnom) as function of the nominal 

temperature. The values are used to determine the K5.1 equivalent data from the NRC within the set of CCT-K5.  

tnom DPTB ucombined 

[°C] [K] [K], k=2 

961 0.051 0.169 

1000 -0.054 0.183 

1064 -0.046 0.205 

1084 -0.001 0.213 

1100 -0.035 0.211 

1200 0.033 0.220 

1300 0.024 0.283 

1400 0.000 0.352 

1500 -0.025 0.394 

1600 0.001 0.433 

1700 -0.100 0.480 

 

Based on Eqs. 5 and 6 the differences of the NRC in the set of CCT-K5 can now be 

calculated using the values of the PTB. Table 4 presents the results from PTB in the 

comparison. The final results for the NRC are calculated using the data of Table 3 and 

4. These final results are presented in Table 5.   

 



Table 5 The final results from the NRC K5.1 bilateral comparison within the set of CCT-K5, DNRC(tnom) as 

function of the nominal temperature tnom (left, 5a). For comparison the earlier results are also presented (right, 5b). 

Note the increase of the uncertainty of the K5.1 data due to linkage through PTB and other transfer standards used. 

tnom DNRC  from K5.1 u(DNRC) 

 [°C] [K] [K], k=2 

961 0.13 0.51 

1000 0.08 0.56 

1064 -0.06 0.60 

1084 -0.04 0.63 

1100 0.00 0.64 

1200 0.09 0.70 

1300 0.13 0.83 

1400 0.07 0.97 

1500 0.21 1.06 

1600 0.12 1.15 

1700 0.02 1.31 
 

 

tnom DNRC  from K5 u(DNRC) 

[°C] [K] [K], k=2 

961 0.31 0.26 

1000 0.25 0.25 

1064 0.15 0.29 

1084 0.12 0.30 

1100 0.08 0.30 

1200 -0.12 0.33 

1300 -0.19 0.42 

1400 -0.73 0.50 

1500 -0.85 0.56 

1600 -1.02 0.64 

1700 -1.34 0.74 

 

The improvement of the results of the NRC is clearly visible in Fig. 1 where both 

results are presented in one graph. The results of Table 5a will be used in the 

determination of the KCDB degrees of equivalence matrix.  
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Figure 1 The degrees of equivalence DNRC (tnom) as function of the nominal temperatures for the case of the initial 

comparison CCT-K5 (closed symbols) and the bilateral comparison (open symbols).  

For completeness of this report also the general overview of the CCT-K5 

keycomparison results are presented in Fig. 2. The red dots indicate the degrees of 

equivalence at 11 nominal temperatures for each participant. The blue lines indicate 

the outer values of the associated uncertainty values.  
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Figure 2 The degrees of equivalences for all participants as function of the nominal temperatures; here the new 

results from bilateral CCT-K5.1 are embedded as well. The red dots indicate individual measurements whereas the 

blue lines indicated the outer values of the associated uncertainties (k=2).  
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The KCDB results at 961°C 
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Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 



The KCDB results at 1000°C 
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CCT-K5 : Nominal temperature, T90 = 1273 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 

 



The KCDB results at 1064°C 
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CCT-K5 : Nominal temperature, T90 = 1337 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 

 



The KCDB results at 1084°C 
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CCT-K5 : Nominal temperature, T90 = 1357 K
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The KCDB results at 1100°C 
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CCT-K5 : Nominal temperature, T90 = 1373 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 

 



The KCDB results at 1200°C 
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CCT-K5 : Nominal temperature, T90 = 1473 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 

 



The KCDB results at 1300°C 
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CCT-K5 : Nominal temperature, T90 = 1573 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 

 



The KCDB results at 1400°C 
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CCT-K5 : Nominal temperature, T90 = 1673 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 

 



The KCDB results at 1500°C 
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CCT-K5 : Nominal temperature, T90 = 1773 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 

 



The KCDB results at 1600°C 
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CCT-K5 : Nominal temperature, T90 = 1873 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 

 



The KCDB results at 1700°C 
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CCT-K5 : Nominal temperature, T90 = 1973 K
Degrees of equivalence, Di, and expanded uncertainties (k = 2), Ui, expressed in K 
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