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One page summary 
Four GEC high-stability vacuum Tungsten-strip lamps were used as transfer standards for radiance 
temperature measurements at specific currents corresponding to nominal temperatures Tnom. To shorten 
the measurement time significantly the set of transfer standards was split in two sets of two lamps for 
simultaneous comparisons in two loops. The pilot of each loop measured on both lamp sets in order to 

establish a linkage mechanism between both loops. The established link t (Tnom) is described in detail in 
the CCT-K5 final report. Using this link the four key comparison reference values, TR (k, Tnom), were 

calculated at each nominal temperature Tnom, that is, one value for each individual lamp k, with k  
{C564, C681} or k  {C860, C864} for loop 1 and loop 2, respectively. 
 
The key comparison reference value TR (k, Tnom) is calculated for each nominal temperature Tnom on the 
basis of the median of measured radiance temperatures Ti (k, Tnom). For each participant i, either from 
loop 1 or loop 2, the difference from the key comparison reference value is calculated for each lamp k in 
the loop. As a result two differences are calculated, Di (C564, Tnom) = Ti (C564, Tnom) - TR (C564, Tnom) 
and Di  (C681, Tnom) = Ti (C681, Tnom) - TR (C681, Tnom) for loop 1 and similarly for loop 2. For each 
difference the associated uncertainty Ui  Ui (Di (k, Tnom)) is calculated based on the sum of squares of  
Ui (Ti (k, Tnom)) and Ui (TR (k, Tnom)).   
 
Consequently four different combinations determine the difference between two participants. For 
participants in the same loop this condenses to the average of two differences. Again, for loop 1  
Dij (loop 1, Tnom) = ¼ Dij (C564, Tnom) + ¼ Dji (C564, Tnom) + ¼ Dij (C681, Tnom) + ¼ Dji (C681, Tnom).  
                             = ½ Dij (C564, Tnom) + ½ Dij (C681, Tnom),  
                                                                                              where Dij (k, Tnom) = Di (k, Tnom) - Dj (k, Tnom). 

 
The degree of equivalence of each temperature Ti with respect to the key comparison reference value is 

given by a pair of terms: the average difference Di = k Di(k, Tnom) / k 1 and associated uncertainty Ui, its 
expanded uncertainty at 95 % confidence, both expressed in K. The uncertainty Ui includes the 
uncertainties in the original laboratory calibrations, the standard deviation of the average difference, the 
key comparison reference values and, when applicable, the link between the loops. 
 
For the difference between two inter-loop participants the four different combinations cannot be 

condensed and even an additional term arises describing the difference t (Tnom) between the two loops, 

that is Dij (inter-loop, Tnom) = Di (loop i, Tnom) - Dj (loop j, Tnom)  t (Tnom), where the  sign relates to 
either adding or subtracting the differences between the loops depending on whether participant j is in 
loop 1 or loop 2. In this latter case the uncertainties will be larger as they include the uncertainty of 

established link U (t (Tnom)). 
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Finalize CCT-K5 from two-to-one entry 

Resumé 

Two sets of two GEC high-stability vacuum tungsten-strip lamps were used as transfer 

standards during the comparison. The each set circulated in a loop of participants. The 

pilot and co-pilot of the comparison measured on both lamp sets. The main issue to solve 

in this comparison was to identify the linkage mechanism between two sets of 

measurements performed on four lamps. 

 
The link was realized through the pilot institutes of each loop, as they are the only 

participants that measured all four lamps. Using the link the median as representative 

value for the KCRV was calculated on the basis of a single contribution from each 

institute for each nominal temperature. 

 

Based on the calculated KCRV, one then can determine the differences from the 

participant entries with respect to the KCRV and, together with the KCRV, the difference 

between two participants. The KCRV is global, that is, one set of values as a function of 

the nominal temperature, without a lamp- or loop-dependence. The set of differences per 

participant δti(k,tnom), however, is still specified either from loop 1 or from loop 2. The 

latter is important when calculating the uncertainty associated with the difference between 

two participants, as one has to take the uncertainty of the loop difference into account as 

well. Based on this argument, one can distinguish interloop and intraloop 

intercomparisons. 

 

In the agreed draft B each participant has two entries per nominal temperature. From these 

entries the difference between two participants, either interloop or intraloop, was 

calculated. The result is in total 4 combinations of differences since both participants have 

measured 2 lamps. 

From 4-to-1 or 2-to-1? 

The issue raised is how to condense either the participant result to a single one or the 

difference between two participants to a single value. Very straight forward is to simply 

average out the four differences that can be calculated between two participants. This was 

brought forward at the CCT-WG5 meeting May 2007 and was unanimously accepted.   
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Single entry solution for KCDB 

The differences between the participants through the KCRVs are already determined and 

reported in the agreed draft B. The results are presented in the tables. Now the average 

values are calculated accordingly to fill the KCDB. Based on the formulas from page 26 

the average differences and associated uncertainties are calculated along the following 

route.  

 

First, the average difference is calculated, 



tnm (tnom)  k tnm (k, tnom) / k 1,  

based on 2 and 4 differences for the intra- and the inter-loop, respectively. 

 

The uncertainty associated with this average difference is composed of two items. One is 

based on the standard deviation associated with the average,  

stdev(tnm (k, tnom))/ k 1, and the other is based on the average of already calculated 

uncertainties, u(tnm (k, tnom)). The combination is calculated as:  

 

 u(tnm (tnom))
2
  stdev

2
(tnm (k, tnom))/k 1 + u(tnm (k, tnom))

2
. 

 

More explicitly the average difference and uncertainty for each loop combination are 

calculated according to the following expressions: 

 

Intra-loop in loop 1

tnm (loop 1, tnom)  ½tnm (C564, tnom) + ½tnm (C681, tnom)  and 

 

u
2
(tnm(loop1, tnom))   ½ [stdev(tnm (C564, tnom), tnm (C681, tnom))]

2
 

+ [½u(tnm (C564, tnom) + ½u(tnm (C681, tnom))]
2
. 

 

Intra-loop in loop 2 

tnm (loop 2, tnom)  ½tnm (C860, tnom) + ½tnm (C864, tnom)  and 

 

u
2
(tnm(loop2, tnom))  ½[stdev(tnm (C860, tnom), tnm (C864, tnom))]

2
 

+ [½u(tnm (C860, tnom)) + ½u(tnm (C864, tnom))]
2
. 

 

Inter-loop between loops 1 and 2 

tnm (loop 1/2, tnom)  ¼tnm (C564/C860, tnom) + ¼tnm (C564/C864, tnom)  

+¼tnm (C681/C860, tnom) + ¼tnm (C681/C864, tnom) and 
 

u
2
(tnm(loop1/2, tnom))  ¼[stdev(tnm (C564/C860, tnom), tnm (C564/C864, tnom),  

tnm (C681/C860, tnom), tnm (C681/C864, tnom)) ]
2
 

+[¼u(tnm (C564/C860, tnom)) + ¼u(tnm (C564/C864, tnom))  

    + ¼u(tnm (C681/C860, tnom)) + ¼u(tnm (C681/C864, tnom)]
2
. 

 

 

Although the pilot laboratories NPL and VSL have measured the lamp sets several times 

during the intercomparison only their first contribution to the set of measurement data is 

used for the KCDB database, NPL1 and VSL1 respectively. The results are presented 

below. 
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Final results 

Nominal temperature 961C 
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CCT-K5 : Nominal temperature, T 90 = 1234 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1000C 
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CCT-K5 : Nominal temperature, T 90 = 1273 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1064C 
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CCT-K5 : Nominal temperature, T 90 = 1337 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0
V

S
L

N
P

L

C
S

IR
O

 

K
R

IS
S

 

N
IM

 

N
M

C
 

N
R

L
M

 

V
N

II
M

 

N
IS

T
 

N
R

C
 

C
E

N
A

M
 

IN
M

 

IM
G

C
 

P
T

B
 

D
i
 /
 K



CCT-K5 final report: From final results to KCDB values 

May 2008   18 

Nominal temperature 1084C 
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CCT-K5 : Nominal temperature, T 90 = 1357 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1100C 
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CCT-K5 : Nominal temperature, T 90 = 1373 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1200C 
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CCT-K5 : Nominal temperature, T 90 = 1473 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1300C 
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CCT-K5 : Nominal temperature, T 90 = 1573 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1400C 
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CCT-K5 : Nominal temperature, T 90 = 1673 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1500C 
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CCT-K5 : Nominal temperature, T 90 = 1773 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1600C 
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CCT-K5 : Nominal temperature, T 90 = 1873 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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Nominal temperature 1700C 
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CCT-K5 : Nominal temperature, T 90 = 1973 K

Degrees of equivalence, D i , and expanded uncertainties (k  = 2), U i , expressed in K 
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