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1. INTRODUCTION 
This is a report to the Technical Committee for Thermometry of EURAMET (EURAMET TC-T) on the 
hybrid comparison of the ITS-90 realization in the triple point of argon (83.8058 K) and triple point of 
mercury (234.3156 K) through the calibration of SPRT between Laboratory of Metrology and Quality 
(MIRS/UL-FE/LMK), acting as Issuing NMI, and „Faculty of Mechanical Engineering and Naval 
Architecture, Laboratory for Process Measurement“ (FSB-LPM) as Applicant NMI. 

1.1. Issuing NMI: 

 

University of Ljubljana, Faculty of Electrical Engineering 

Laboratory of Metrology and Quality (MIRS/UL-FE/LMK), 

 

Address: Tržaška cesta 25, SI-1000 Ljubljana, Slovenia 

 

Contact person: 

Prof. dr. Jovan Bojkovski (Coordinator) 

Tel.: +386 1 4768 798, 

GSM: +386 51 388 659 

e-mail: jovan.bojkovski@fe.uni-lj.si 

1.2. Applicant NMI: 

 

Faculty of Mechanical Engineering and Naval Architecture,  

Laboratory for Process Measurement (FSB-LPM)  

 

Address: Ivana Lučića 5, 10000 Zagreb, Croatia 

 

Contact person:  

Ivan Matas, mag. ing. mech. 

GSM: +385 98 9709 836 

e-mail: ivan.matas@fsb.unizg.hr 

2. COMPARISON PROTOCOL 

2.1. Protocol 

Protocol of this hybrid comparison was prepared according to the relevant guidelines [1-3] and followed 
the outline from protocol of EURAMET.T-K9 comparison [4]. According to the protocol, Applicant NMI 
took care about the transport of the transfer standard between both laboratories. The Applicant NMI had 
hand-carried thermometer from the Issuing NMI and returned it to the Issuing NMI after completion of 
measurements. The transfer standard was handled with extreme care during transport and was 
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inspected and cleaned after every travel. A stability check of the transfer standard, consisting of a triple 
point of water check, was carried out in both participating laboratories before starting any other 
measurements in the triple points and after all the measurements. The calibration procedure in each 
participating laboratory followed internal laboratory procedure for realisation of the fixed points. The 
calibration of the SPRT was conducted from higher to lower temperatures, first at mercury triple point 
(Hg TP, 234.3156 K) and then at the argon triple point (Ar TP, 83.8058 K). Before and after each 
calibration point, the R(TPW) value of the SPRT was measured. Minimum of 3 realizations of the triple 
point of argon and triple point of mercury plateau had to be achieved at each participating laboratory. 
The resistance of SPRT during the whole duration of the one plateau of the triple point of argon and 
mercury had to be recorded. Heat Flux (Immersion) profile for each fixed-point cell using the transfer 
standard (SPRT) for bottom 5 cm was determined. The reported values of 𝑅(𝐹𝑃௜) and 𝑅(𝑇𝑃𝑊) were 
corrected for self-heating and for the hydrostatic head. The resistance ratio 𝑊(𝐹𝑃௜) values determined 
at each participating laboratory were compared.  

The complete agreed technical protocol is included in the Appendix I. 

2.2. Calculation of the reference value and associated uncertainty  

 

The reference value of the resistance ratio 𝑊(𝐹𝑃௜) was calculated as average of the values obtained by 
Issuing NMI during first (𝑊(𝐹𝑃௜)ଵ) and second set of measurements (𝑊(𝐹𝑃௜)ଶ), according to the 
equation (1).  

𝑊(𝐹𝑃௜)௥௘௙ = 𝑊(𝐹𝑃௜)ଵ +𝑊(𝐹𝑃௜)ଶ2  (1) 

The temperature difference ΔT between the fixed-point realization performed at the Issuing NMI and 
Applicant NMI is calculated as: 

∆𝑇(௥௘௙ି௅௉ெ) = 𝑊(𝐹𝑃௜)௥௘௙ −𝑊(𝐹𝑃௜)௅௉ெ𝑑𝑊௥/𝑑𝑇 + 𝑑𝑟𝑖𝑓𝑡 (2) 

Where drift is a term used to account for uncertainty associated with the travel, handling, or stability of 
the SPRT. Its expected value is assumed to be zero, with an associated uncertainty that will be 
discussed below. 

The associated uncertainty of the reference value included the uncertainty of the realisation and the drift 
of the transfer standard and was calculated according to the equation (3): 𝑈[𝑊(𝐹𝑃௜)௥௘௙] = ඥ𝑈[𝑊(𝐹𝑃௜)ଵ]ଶ + 𝑈[𝑊(𝐹𝑃௜)ଶ]ଶ + 𝑈(𝑑𝑟𝑖𝑓𝑡)ଶ (3) 

 

The drift of the transfer standard was calculated from the shift of the resistance ratio 𝑊(𝐹𝑃௜) obtained 
at each fixed point between first and second measurement at Issuing NMI: 

𝑈(𝑑𝑟𝑖𝑓𝑡) = 12√3 |𝑊(𝐹𝑃௜)ଶ −𝑊(𝐹𝑃௜)ଵ|𝑑𝑊௥/𝑑𝑇  (4) 

Where 𝑑𝑊௥/𝑑𝑇 represents the sensitivity of the reference function Wr defined in the ITS-90. 
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3. DESCRIPTION OF THE EQUIPMENT AND RESULTS 

3.1. Transfer standard 

The transfer standard used for this hybrid comparison was quartz sheathed long-stem SPRT and was 
provided by „Issuing NMI“. The technical data of the transfer standard are presented in Table 1. 

 

Table 1. Technical data sheet of transfer standard 

Manufacturer Hart Scientific 
Model 5681 
Dimensions (diameter and length) Φ = 7 mm, L = 520mm 
Nominal resistance 25,5 Ω 
Serial number: 1408 
Measuring range: -196 to 661 °C 

 

3.2. Results  

 

Results of both laboratories were reported in the measurement reporting worksheet according to the 
protocol. Measurement reporting worksheets of both laboratories can be seen in Appendix II. The 
summary of the measurement results obtained at fixed points is presented in Tables 3, 4 and 5. The 
standard uncertainties presented in this report are denoted by u. The corresponding expanded 
uncertainties, defining an interval estimated to have a level of confidence of 95.45 %, are denoted by U.  

Uncertainty budgets of both participating laboratories are shown in Appendix III. 

 

Table 2. Results of the measurements at TPW 

No. and date of 
measurement 

Participating 
laboratory 

R (TPW), on receipt R (TPW), final U (TPW) 

Ω Ω mK 

1st measurement, 
Jul 2 – Jul 4, 2024 

MIRS/UL-FE/LMK 25.41284068 25.41314048 0.15 

Aug 18 – Aug 23, 2024 FSB-LPM 25.4131567 25.4131527  0.46 

2nd measurement, 
Sep 9 – Sep 12, 2024 

MIRS/UL-FE/LMK 25.41315858 25.41315098 0.15 
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Table 3. Results of both participating laboratories at the TP Hg 

No. and date of 
measurement 

Participating 
laboratory 

R (Hg) W (Hg) No. of 
real. U  

Ω - - mK 
1st measurement, 
Jul 2 – Jul 4, 2024 

MIRS/UL-FE/LMK 21.45262564 0.844156472 3 0.21 

Aug 18 – Aug 23, 2024 FSB-LPM 21.45265393 0.844155444 3 1.54 
2nd measurement, 

Sep 9 – Sep 12, 2024 
MIRS/UL-FE/LMK 21.45267771 0.844157163 3 0.21 

 

Table 4. Results of both participating laboratories at the TP Ar 

No. and date of 
measurement 

Participating 
laboratory 

R (Ar) W(Ar) No. of 
real. U  

Ω - - mK 
1st measurement 

Jul 2 – Jul 4, 2024 
MIRS/UL-FE/LMK 5.487474913 0.21593103 3 0.26 

Aug 18 – Aug 23, 2024 FSB-LPM 5.487542739 0.215933113 3 1.85 
2nd measurement, 

Sep 9 – Sep 12, 2024 
MIRS/UL-FE/LMK 5.487524347 0.215932648 3 0.26 

 

4. RESULTS OF THE COMPARISON 
 

The results of the comparison are presented in Table 5 and graphically on Figure 1.  

Table 5. Results of the comparison 

 
W (Ar) U (Ar) W (Hg) U (Hg) 

- mK - mK 

MIRS/UL-FE/LMK 
reference value 

0.215932 0.276871 0.844157 0.215739783 

FSB-LPM 0.215933 1.852 0.844155 1.536 

deviation/mK -0.29383 1.872582 0.340304 1.551076934 

 

Figure 1 shows the difference between reference values determined by coordinating laboratory 
MIRS/UL-FE/LMK and values obtained at FSB-LPM. Determined deviations at both fixed points are well 
within the combined uncertainty limits that include the uncertainty of the realizations from both 
participating laboratories (presented in Table 5) and uncertainty due to the drift of the transfer standard. 
The combined uncertainty was calculated according to the equation (3). 
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Figure 1. Deviation of FSB-LPM results from the reference value (LMK) 
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APPENDIX I – Technical protocol 
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APPENDIX II – Measurement reporting worksheets 
 
1st measurement at MIRS/UL-FE/LMK, Jul 2 – Jul 4, 2024
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2nd measurement at MIRS/UL-FE/LMK, Sep 9 – Sep 12, 2024 
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Measurement at FSB-LPM, Aug 18 – Aug23, 2024 
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APPENDIX III – Uncertainty budgets 
 

The following tables contain detailed uncertainties supplied by each participating laboratory using the 
“Appendix B: Suggested Uncertainty Budget for the Determination of the W-Value of an SPRT” from the 
original technical protocol. The columns named “Type” provide indication about the classification of the 
uncertainty (either Type A or Type B). 
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