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1. Introduction 

Magnetic field probes are widely utilized in the measurement of non-ionizing radiation magnetic fields 

emanating from high voltage lines, high voltage power transformers, welding or induction heating 

equipment [1] and in electromagnetic compatibility (EMC) testing (IEC 62233 [2] and IEC 62311 [3]) 

and other applications in the frequency range of 5 Hz – 1 GHz. Therefore, the calibration of magnetic 

field probes is of fundamental importance for the traceability of the magnetic field measurements. They 

must be calibrated by National Metrology Institutes (NMIs) or accredited calibration laboratories in 

accordance with international standards such as IEEE Std. 1309 [4] and IEEE Std. 1308 [5]. The NMIs 

should participate in international inter-laboratory comparisons in order to demonstrate the international 

equivalence of their measurement standards and the calibration and measurement certificates they 

issue and to support their CMCs in the CIPM KCDB. 

It has been discussed to organize a comparison on Magnetic Field Strength Measurements during the 

EURAMET TC-EM Subcommittee Radiofrequency and Microwave (SC-MW) meeting, including an 

EMC meeting, organized as a virtual (online) meeting on 20-21 April 2021.  

The comparison was conducted in accordance with the Technical Protocol of “Comparison of Magnetic 

Field Strength Measurements for Frequencies up to 30 MHz, EURAMET Project No:  1538, 

EURAMET.EM.RF – S46”, given in Appendix A, which was prepared by the TÜBİTAK UME and 

approved by the participants. 

2. Organisation of the Comparison 

2.1. Pilot Institute 

This comparison was piloted by TÜBİTAK UME. The pilot laboratory is responsible for preparing the 

technical protocol, determining the stability of the travelling standard, calculating the results and 

preparing the comparison report. 

2.2. Participating Institutes 

The participating institutes are listed in Table 1. 

Table 1. List of participants 

Acronym 

of Institute 
Country Contact Person Shipping Address 

TÜBİTAK 
UME 

Türkiye 
Osman Şen 

osman.sen@tubitak.gov.tr 
Tel: +90 262 679 50 00 

TÜBİTAK Ulusal Metroloji Enstitüsü (UME) 
TÜBİTAK Gebze Yerleşkesi  

Barış Mah. Dr. Zeki Acar Cad. No:1 41470 
Gebze-Kocaeli, Türkiye 

CMI 
Czech 

Republic 

Tomáš Pavlíček 
tpavlicek@cmi.cz 

Tel: +420 266 020 185 

Český metrologický institut 
Radiová 1136/3 CZ-10200 

Praha, Czech Republic 

PTB Germany 
Franziska Weickert 

Franziska.weickert@ptb.de 
Tel: +47 592 2510 

Physikalisch-Technische Bundesanstalt 
2.51 Magnetische Messtechnik 

Bundesallee 100 
38116 Braunschweig, Germany 

mailto:osman.sen@tubitak.gov.tr
mailto:tpavlicek@cmi.cz
mailto:Franziska.weickert@ptb.de
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Acronym 

of Institute 
Country Contact Person Shipping Address 

INRIM  Italy 
Gabriella Crotti 
g.crotti@inrim.it 

Tel: +39 011 3919826 

Istituto Nazionale di Ricerca Metrologica 
Strada delle Cacce, 91 

10135 Torino, Italy 

GUM Poland 
Arkadiusz Podgórni 

arkadiusz.podgorni@gum.gov.pl 
Tel : +48 22 581 9452 

Central Office of Measures (GUM), 
Microwaves, Electromagnetic Field and 
Electromagnetic Compatibility Section 

Electricity and Magnetism Laboratory, 00-
139 Warszawa, Poland 

SASO  
NMCC 

Saudi Arabia 
Saleh Almojaewel 

s.mojaewel@saso.gov.sa  
Tel: +966 11 252 97 30 

Saudi Standards, Metrology and Quality 
Organization of The Kingdom of Saudi 

Arabia (SASO) 
Riyadh 11471, P.O. Box 3437 

Kingdom of Saudi Arabia 

RISE Sweden 
Mats Cedheim 

mats.cedheim@ri.se 
Tel : +46 10 516 60 86 

Research Institutes of SWEDEN (RISE) 
Mats Cedheim/Hus 15 

Brinellgatan 4, 504 62 Borås 
Sweden 

METAS Switzerland 
Frédéric Pythoud 

frederic.pythoud@metas.ch 
Tel: +41 58 387 03 35 

Federal Institute of Metrology (METAS), 
Laboratory EMC, Lindenweg 50 
3003 Bern-Wabern, Switzerland 

NPL 
United 

Kingdom 

Stuart Harmon 
stuart.harmon@npl.co.uk 

Tel: +44 20 8943 6908 

National Physical Laboratory (NPL) 
Hampton Road, Teddington, Middlesex, 

TW11 0LW, UK 

 

2.3. Unexpected Incidents 

According to the comparison protocol, a part of the comparison measurements circle was supposed to 

be performed in the sequence of GUM – RISE – TÜBİTAK UME, but due to customs problems in 

Poland, the aforementioned part was performed in the sequence of GUM – RISE – SASO NMCC – 

TÜBİTAK UME as given in Table 2. Due to this delay caused by the customs problems, the 

measurements were completed on 11 May 2023 instead of 03 March 2023.  

2.4. Comparison Schedule 

The time schedule for the comparison is given in Table 2. The circulation of the travelling standard was 

organized to monitor the performance of the travelling standard. Each laboratory had two weeks to carry 

out the measurements. 

Table 2. The time schedule for the comparison 

Participant Country Measurement Dates 

TÜBİTAK UME Türkiye 
03 January 2022 – 11 January 2022 
(Measurement and Stability Control) 

CMI Czech Republic 02 February 2022 – 17 February 2022 

mailto:g.crotti@inrim.it
mailto:arkadiusz.podgorni@gum.gov.pl
mailto:mats.cedheim@ri.se
mailto:frederic.pythoud@metas.ch
mailto:stuart.harmon@npl.co.uk
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Participant Country Measurement Dates 

METAS Switzerland 21 March 2022 – 25 March 2022 

TÜBİTAK UME Türkiye 
18 April 2022 – 21 April 2022 

(Stability Control) 

PTB Germany 11 May 2022 – 18 May  2022 

NPL United Kingdom 27 June  2022– 08 July  2022 

TÜBİTAK UME Türkiye 
01 August 2022 – 03 August 2022 

(Stability Control) 

GUM Poland 27 September 2022 – 30 September 2022 

RISE Sweden 15 October 2022 – 16 October 2022 

SASO NMCC Saudi Arabia 12 December 2022 – 25 December 2022 

TÜBİTAK UME Türkiye 
16 January 2023 – 18 January 2023 

(Stability Control) 

INRIM Italy 16 February 2023 – 15 March 2023 

TÜBİTAK UME Türkiye 
09 May 2023 – 11 May 2023 

(Stability Control) 

 

3. Travelling Standard and Measurement Instructions 

3.1. Description of the Standard 

The travelling standards were supplied by TÜBİTAK UME. These standards were chosen for their high 

accuracy and stability over time. The photos and the general specifications of the travelling standards 

are presented in Figure1 and Table 3 respectively. 

 

 

(a) 

 

(b) 

Figure 1. The photo of the travelling standards, a) ELT 400, b) HF3061 with NBM-550 
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Table 3. The general specifications of the travelling standard 

Name 
Manufacturer / 

Model Number 

Serial 

Number 
General Specifications 

Magnetic Field Probe 
(Low frequency) 

Narda Safety Test 
Solutions / 

ELT Probe 100 cm2  
M-1859 

 Frequency Range: 10 Hz – 400 kHz 

 Measurement Range: 0.5 T – 160 mT  

 Noise Level: 0,24 T (320 T – HIGH 
range) 

Low Frequency Field 
Meter 

ELT – 400 O-0450  Power Supply: 9 V/2000 mA 

Magnetic Field Probe 
(High frequency) 

Narda Safety Test 
Solutions / 
HF3061  

D-0934 

 Frequency Range: 300 kHz – 30 MHz 
 Measurement Range: 0,012 A/m – 16 A/m 
 Noise Level: 0,01 A/m 

High Frequency Field 
Meter 

NBM 550 B-1002  Power Supply: 9 V/1.5 A 

 

3.2. Measured Quantities and Conditions of the Measurement 

The correction factor defined below is determined for each frequency given in Table 4. The correction 

factors are obtained using the following equation; 

Correction Factor (dB) =  20 ×  log
10

(
Actual Field (µT or A/m)

Indicated Field (µT or A/m)
) 

 

Table 4. Measurement frequencies & levels for magnetic field probes 

Measurement 

Frequency 

Level for Magnetic 

Field Measurements 

Measurement 

Range for ELT – 400  

Relevant Travelling 

Standard 

53 Hz 

10 T 320 T – Low  

ELT Probe 100 cm2 

100 T 320 T – High  

300 T 320 T – High 

1000 T 80 mT – Low  

2000 T  80 mT – Low 

400 Hz 10 T 320 T – Low 

10 kHz 10 T 320 T – Low 

100 kHz 10 T 320 T – Low 

300 kHz 3 T 320 T – Low 

500 kHz 0.15 A/m - 

HF3061 with NBM-550 

5 MHz 0.15 A/m - 

10 MHz 0.15 A/m - 

20 MHz 0.15 A/m - 

30 MHz 0.15 A/m - 
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3.3. Deviations from the Protocol 

With the approval of the participants, the weighted mean method was used instead of the arithmetic 

mean method in order to calculate the reference value. 

4. Methods of Measurement 

The measurements were performed according to participants’ measurement procedure. The detailed 

measurement methods used by the participants were given in the comparison reports of the participants 

in Annex B. 

5. Stability of Standards 

The stability measurements of the travelling standards were performed periodically by TÜBİTAK UME 

throughout the comparison to monitor their stability. The measured stability results are shown in Figure 

2 to Figure 4. 

 

Figure 2. Stability measurement results of the travelling standard (ELT400, Frequency response) 

 

 

 

Figure 3. Stability measurement results of the travelling standard (ELT400, Linearity response) 
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Figure 4. Stability measurement results of the travelling standard (NBM-550, Frequency response)                                        

All the stability measurements were performed exactly in the same measurement setup including the 

Helmholtz coil, resistor, 6 ½ multimeter, TEM Cell, power meter etc. The observed deviation values 

from the mean value were in any case less than ± 0.1 dB. It can be concluded that the stability of the 

standards are considered to be satisfactory. Based on the low drift of the magnetic field probes, no 

additional correction factors were added to the participant’s results in the process of obtaining the 

reference values. 

6. Results of the Participating Institutes 

The measurement results of the participating institutes (𝑥𝑖) and their standard uncertainties (𝑢(𝑥𝑖)) are 

presented for each frequency in Table 5 to Table 18. 

 

 

Table 5. Results of the participating institutes at 53 Hz and 10 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.09 0.045 

CMI 0.12 0.02 

PTB 0.12 0.00285 

INRIM 0.13 0.015 

GUM 0.154 0.016 

SASO NMCC 0.172 0.370 

RISE No Data No Data 

METAS 0.15 0.055 

NPL 0.1340 0.0085 
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Table 6. Results of the participating institutes at 53 Hz and 100 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.17 0.045 

CMI 0.13 0.02 

PTB 0.14 0.00275 

INRIM 0.13 0.015 

GUM 0.159 0.0175 

SASO NMCC 0.257 0.370 

RISE No Data No Data 

METAS 0.16 0.065 

NPL 0.1313 0.0085 

 

 

 

 

 

 

 

Table 7. Results of the participating institutes at 53 Hz and 300 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.17 0.045 

CMI 0.13 0.02 

PTB 0.14 0.0031 

INRIM 0.14 0.015 

GUM 0.156 0.017 

SASO NMCC No Data No Data 

RISE No Data No Data 

METAS 0.15 0.065 

NPL 0.1336 0.0085 
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Table 8. Results of the participating institutes at 53 Hz and 1000 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.09 0.045 

CMI 0.06 0.02 

PTB -0.007 0.0055 

INRIM 0.07 0.015 

GUM 0.072 0.0445 

SASO NMCC No Data No Data 

RISE No Data No Data 

METAS 0.05 0.065 

NPL 0.0600 0.0085 

 

 

 

 

 

 

 

Table 9. Results of the participating institutes at 53 Hz and 2000 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.00 0.045 

CMI 0.06 0.02 

PTB No Data No Data 

INRIM 0.08 0.015 

GUM 0.077 0.0445 

SASO NMCC No Data No Data 

RISE No Data No Data 

METAS 0.04 0.065 

NPL 0.0692 0.0085 
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Table 10. Results of the participating institutes at 400 Hz and 10 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.09 0.045 

CMI 0.09 0.02 

PTB 0.15 0.00285 

INRIM 0.08 0.015 

GUM 0.113 0.016 

SASO NMCC 0.172 0.370 

RISE No Data No Data 

METAS 0.14 0.055 

NPL 0.0895 0.0085 

 

 

 

 

 

 

 

Table 11. Results of the participating institutes at 10 kHz and 10 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.09 0.045 

CMI 0.10 0.02 

PTB 0.08 0.00455 

INRIM 0.10 0.015 

GUM 0.190 0.024 

SASO NMCC 0.172 0.370 

RISE 0.05 0.21 

METAS 0.13 0.07 

NPL 0.1014 0.011 
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Table 12. Results of the participating institutes at 100 kHz and 10 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.00 0.05 

CMI 0.02 0.025 

PTB 0.25 0.01 

INRIM 0.09 0.02 

GUM No Data No Data 

SASO NMCC 0.172 0.370 

RISE -0.26 0.21 

METAS 0.11 0.07 

NPL 0.0781 0.052 

 

 

 

 

 

 

 

Table 13. Results of the participating institutes at 300 kHz and 3 µT 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.09 0.075 

CMI 0.09 0.14 

PTB No Data No Data 

INRIM 0.24 0.125 

GUM No Data No Data 

SASO NMCC 0.424 0.37 

RISE -0.24 0.21 

METAS 0.19 0.175 

NPL No Data No Data 
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Table 14. Results of the participating institutes at 500 kHz and 0.15 A/m 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 1.06 0.13 

CMI 1.35 0.175 

PTB 0.71 0.305 

INRIM 0.83 0.305 

GUM No Data No Data 

SASO NMCC 0.506 0.29 

RISE 0.93 0.21 

METAS 1.56 0.285 

NPL No Data No Data 

 

 

 

 

 

 

 

Table 15. Results of the participating institutes at 5 MHz and 0.15 A/m 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME -0.18 0.235 

CMI 0.43 0.195 

PTB -0.13 0.305 

INRIM -0.07 0.32 

GUM No Data No Data 

SASO NMCC -0.175 0.29 

RISE -0.03 0.21 

METAS 0.72 0.285 

NPL No Data No Data 
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Table 16. Results of the participating institutes at 10 MHz and 0.15 A/m 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME -0.09 0.235 

CMI 0.38 0.32 

PTB 0.00 0.305 

INRIM 0.04 0.34 

GUM No Data No Data 

SASO NMCC 0.086 0.29 

RISE -0.25 0.21 

METAS 0.83 0.285 

NPL No Data No Data 

 

 

 

 

 

 

 

Table 17. Results of the participating institutes at 20 MHz and 0.15 A/m 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.09 0.235 

CMI 0.46 0.305 

PTB 0.17 0.31 

INRIM 0.18 0.40 

GUM No Data No Data 

SASO NMCC 0.086 0.29 

RISE -0.04 0.21 

METAS 0.84 0.285 

NPL No Data No Data 
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Table 18. Results of the participating institutes at 30 MHz and 0.15 A/m 

Participating 

Institute 

Correction Factor 

(dB) 

Standard Uncertainty (k=1) 

(dB) 

TÜBİTAK UME 0.09 0.235 

CMI 0.27 0.39 

PTB 0.09 0.31 

INRIM 0.14 0.445 

GUM No Data No Data 

SASO NMCC 0.086 0.29 

RISE -0.77 0.21 

METAS 0.97 0.305 

NPL No Data No Data 

 

7. The Comparison Reference Value (CRV) 

The Comparison Reference Value (CRV) for each frequency was determined according to Reference 

[6, 7]. Outlying results were not taken into account in the calculation of the CRV. The outlier values 

were specified by using the Median of Absolute Deviations (MAD) which is defined in Equation 2. 

𝜎 ≈ 𝑆(𝑀𝐴𝐷)  ≡ 𝑘1 𝑚𝑒𝑑𝑖𝑎𝑛 |𝑥𝑖 − 𝑥𝑚𝑒𝑑| (2) 

Where; 

𝑘1 is a multiplier obtained in Reference [6]  

𝑥𝑖 is the result of each participant, 

𝑥𝑚𝑒𝑑 is the median value of the measurement results. 

If the condition given in Equation 3 is met for any result (𝑥𝑖,), this value is defined as an outlier. 

|𝑥𝑖 − 𝑥𝑚𝑒𝑑|  > 1.5 × 𝑆(𝑀𝐴𝐷) (3) 

When calculating the CRV, the result of the outlier institute which met the criterion given in Equation 3 

was not taken into account. The Comparison Reference Value (𝑥𝐶𝑅𝑉) and its uncertainty (𝑢(𝑥𝐶𝑅𝑉)) were 

calculated using Equations 4, 5 and 6. 

𝑥𝐶𝑅𝑉 =  

𝑥1
𝑢(𝑥1)2⁄ + ⋯ + 𝑥𝑁

𝑢(𝑥𝑁)2⁄

1
𝑢(𝑥1)2⁄ + ⋯ + 1

𝑢(𝑥𝑁)2⁄
 (4) 

 

 

 

1

𝑢(𝑥𝑅𝐸𝐹)2
=

1

𝑢(𝑥1)2
+ ⋯ +

1

𝑢(𝑥𝑁)2
 (5) 

 

 

𝑢(𝑥𝐶𝑅𝑉) = √𝑢(𝑥𝑑𝑟𝑖𝑓𝑡)
2

+ 𝑢(𝑥𝑅𝐸𝐹)2 (6) 
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Where; 

𝑥𝑖 is the participant result which passes the 𝑆(𝑀𝐴𝐷) test, 

𝑢(𝑥𝑖 ) is the participant uncertainty value (k=1) which passes the 𝑆(𝑀𝐴𝐷) test, 

𝑁 is the number of participants. 

𝑥𝑑𝑟𝑖𝑓𝑡 is uncertainty value due to the stability of the comparison device 

While calculating the comparison measurement uncertainties, the uncertainty values of the comparison 

device (obtained from the standard deviation of the stability measurements) given in Table 19 were 

taken into account (See Equation 6). 

The expanded uncertainty of the Comparison Reference Values (𝑈(𝑥𝐶𝑅𝑉)) was calculated by: 

𝑈(𝑥𝐶𝑅𝑉) = 2 × 𝑢(𝑥𝐶𝑅𝑉) (7) 

The Comparison Reference Values (𝑥𝐶𝑅𝑉) and their corresponding standard uncertainties (𝑢(𝑥𝐶𝑅𝑉)) and 

expanded uncertainties 𝑈(𝑥𝐶𝑅𝑉) are presented in Table 19 for each frequency. 

Table 19. Comparison Reference Values and corresponding uncertainties 

Measurement 

Frequencies 
Field Level 

𝒙𝑪𝑹𝑽 

(dB) 

Uncertainty 
Value about 
Comparison 
Device (dB)  

𝒖(𝒙𝑪𝑹𝑽) 

(dB) 

𝑼(𝒙𝑪𝑹𝑽) 

(dB) 

53 Hz 

10 µT 0.1226 0.00 0.0026 0.0052 

100 µT 0.1393 0.00 0.0025 0.0050 

300 µT 0.1396 0.00 0.0028 0.0056 

1000 µT 0.0622 0.00 0.0068 0.0136 

2000 µT 0.0702 0.00 0.0068 0.0136 

400 Hz 10 µT 0.0922 0.00 0.0063 0.0126 

10 kHz 10 µT 0.0852 0.00 0.0039 0.0078 

100 kHz 10 µT 0.0610 0.00 0.0141 0.0282 

300 kHz 3 µT 0.1296 0.04 0.0693 0.1386 

500 kHz 0,15 A/m 1.0219 0.06 0.1039 0.2078 

5 MHz 0,15 A/m -0.1103 0.06 0.1356 0.2712 

10 MHz 0,15 A/m -0.0819 0.04 0.1286 0.2572 

20 MHz 0,15 A/m 0.0668 0.04 0.1310 0.2620 

30 MHz 0,15 A/m 0.0944 0.05 0.1630 0.3260 
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8. Degrees of Equivalence (𝑫𝒊) 

The results of the comparison are reported as the degree of equivalence between the participant’s 

result and the Comparison Reference Values (xCRV). The degree of equivalence of each participant 

(𝐷𝑖), was calculated according to Equation 8. 

𝐷𝑖 = 𝑥𝑖 − 𝑥𝐶𝑅𝑉 (8) 
 

Where; 

 𝑥𝑖 is the result of the participants 

 xCRV is the Comparison Reference Value. 

The expanded uncertainty of the degree of equivalence for a participant’s result 𝑈(𝐷𝑖) was calculated 

using Equation 9 and Equation 10. Equation 10 was used in the case where the participant result failed 

in the 𝑆(𝑀𝐴𝐷) test and did not contribute to the Comparison Reference Value (𝑥𝐶𝑅𝑉). 

 

𝑈(𝐷𝑖) = 2 x √𝑢(𝑥𝑖)
2 − 𝑢(𝑥𝐶𝑅𝑉)2  (9) 

  

𝑈(𝐷𝑖) = 2 x √𝑢(𝑥𝑖)
2 + 𝑢(𝑥𝐶𝑅𝑉)2 (10) 

 

Where 𝑢(𝑥𝑖) is the uncertainty of the result of the participant (𝑘 =1) and u(𝑥𝐶𝑅𝑉) is the uncertainty of 

the Comparison Reference Value. 

The degrees of equivalence of the participants for each comparison point are presented in Table 21 to 

Table 34 and Figure 5 to Figure 18 where the limit lines demonstrate the calculated 𝑼(𝐷𝑖) at each point. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 20. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 53 Hz and 10 µT 
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Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME -0.033 0.091 

CMI -0.003 0.040 

PTB -0.003 0.002 

INRIM 0.007 0.030 

GUM 0.031 0.032 

SASO NMCC 0.049 0.773 

RISE – – 

METAS 0.027 0.111 

NPL 0.011 0.016 

 

 

 

 

 

 

 

Figure 5. Degrees of equivalence for 53 Hz and 10 µT 
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Table 21. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝐷𝑖)) for 53 Hz and 100 µT 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME 0.031 0.090 

CMI -0.009 0.040 

PTB 0.001 0.002 

INRIM -0.009 0.030 

GUM 0.020 0.035 

SASO NMCC 0.118 0.773 

RISE – – 

METAS 0.021 0.131 

NPL -0.008 0.016 

 

 

 

 

 

 

 

Figure 6. Degrees of equivalence for 53 Hz and 100 µT 
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Table 22. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 53 Hz and 300 µT 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME 0.030 0.091 

CMI -0.010 0.040 

PTB 0.000 0.003 

INRIM 0.000 0.030 

GUM 0.016 0.034 

SASO NMCC – – 

RISE – – 

METAS 0.010 0.131 

NPL -0.006 0.016 

 

 

 

 

 

 

 

 

Figure 7. Degrees of equivalence for 53 Hz and 300 µT 
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Table 23. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 53 Hz and 1000 µT 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME 0.028 0.091 

CMI -0.002 0.038 

PTB -0.069 0.018 

INRIM 0.008 0.027 

GUM 0.010 0.088 

SASO NMCC – – 

RISE – – 

METAS -0.012 0.130 

NPL -0.002 0.010 

 

 

 

 

 

 

 

Figure 8. Degrees of equivalence for 53 Hz and 1000 µT 
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Table 24. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 53 Hz and 2000 µT 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME -0.070 0.091 

CMI -0.010 0.038 

PTB – – 

INRIM 0.010 0.027 

GUM 0.007 0.088 

SASO NMCC – – 

RISE – – 

METAS -0.030 0.130 

NPL -0.001 0.010 

 

 

 

 

 

 

 

Figure 9. Degrees of equivalence for 53 Hz and 2000 µT 
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Table 25. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 400 Hz and 10 µT 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME -0.002 0.090 

CMI -0.002 0.038 

PTB 0.058 0.014 

INRIM -0.012 0.027 

GUM 0.021 0.030 

SASO NMCC 0.080 0.773 

RISE – – 

METAS 0.048 0.110 

NPL -0.003 0.012 

 

 

 

 

 

 

 

Figure 10. Degrees of equivalence for 400 Hz and 10 µT 
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Table 26. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 10 kHz and 10 µT 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME 0.005 0.090 

CMI 0.015 0.039 

PTB -0.005 0.005 

INRIM 0.015 0.029 

GUM 0.105 0.049 

SASO NMCC 0.087 0.773 

RISE -0.035 0.430 

METAS 0.045 0.141 

NPL 0.016 0.021 

 

 

 

 

 

 

 

Figure 11. Degrees of equivalence for 10 kHz and 10 µT 

  



  27/144 

 
EURAMET.EM-S46 Draft A Report 

Table 27. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 100 kHz and 10 µT 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME -0.061 0.097 

CMI -0.041 0.041 

PTB 0.189 0.035 

INRIM 0.029 0.029 

GUM – – 

SASO NMCC 0.111 0.772 

RISE -0.321 0.431 

METAS 0.049 0.138 

NPL 0.017 0.101 

 

 

 

 

 

 

 

Figure 12. Degrees of equivalence for 100 kHz and 10 µT   
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Table 28. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 300 kHz and 3 µT 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME -0.040 0.061 

CMI -0.040 0.248 

PTB – – 

INRIM 0.110 0.212 

GUM – – 

SASO NMCC 0.294 0.786 

RISE -0.370 0.453 

METAS 0.060 0.329 

NPL – – 

 

 

 

 

 

 

 

Figure 13. Degrees of equivalence for 300 kHz and 3 µT 
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Table 29. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 500 kHz and 0.15 A/m 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME 0.038 0.162 

CMI 0.328 0.289 

PTB -0.312 0.596 

INRIM -0.192 0.596 

GUM – – 

SASO NMCC -0.516 0.561 

RISE -0.092 0.376 

METAS 0.538 0.626 

NPL – – 

 

 

 

 

 

 

 

Figure 14. Degrees of equivalence for 500 kHz and 0.15 A/m 
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Table 30. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 5 MHz and 0.15 A/m 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME -0.070 0.398 

CMI 0.540 0.484 

PTB -0.020 0.569 

INRIM 0.040 0.604 

GUM – – 

SASO NMCC -0.065 0.533 

RISE 0.080 0.332 

METAS 0.830 0.651 

NPL – – 

 

 

 

 

 

 

 

Figure 15. Degrees of equivalence for 5 MHz and 0.15 A/m 
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Table 31. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 10 MHz and 0.15 A/m 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME -0.008 0.407 

CMI 0.462 0.715 

PTB 0.082 0.575 

INRIM 0.122 0.657 

GUM – – 

SASO NMCC 0.168 0.540 

RISE -0.168 0.343 

METAS 0.912 0.645 

NPL – – 

 

 

 

 

 

 

 

Figure 16. Degrees of equivalence for 10 MHz and 0.15 A/m 
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Table 32. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 20 MHz and 0.15 A/m 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME 0.023 0.404 

CMI 0.393 0.686 

PTB 0.103 0.585 

INRIM 0.113 0.794 

GUM – – 

SASO NMCC 0.019 0.538 

RISE -0.107 0.340 

METAS 0.773 0.647 

NPL – – 

 

 

 

 

 

 

 

Figure 17. Degrees of equivalence for 20 MHz and 0.15 A/m 
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Table 33. The degrees of equivalence (𝑫𝒊), its uncertainties (𝑼(𝑫𝒊)) for 30 MHz and 0.15 A/m 

Participating Institute 
𝑫𝒊 

(dB) 

𝑼(𝑫𝒊) 
(dB) 

TÜBİTAK UME -0.004 0.354 

CMI 0.176 0.883 

PTB -0.004 0.551 

INRIM 0.046 0.876 

GUM – – 

SASO NMCC -0.008 0.501 

RISE -0.864 0.542 

METAS 0.876 0.714 

NPL – – 

 

 

 

 

 

 

 

 

Figure 18. Degrees of equivalence for 30 MHz and 0.15 A/m 
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9. Conclusion 

EURAMET.EM.RF-S46 (EURAMET Project 1538) comparison which aimed at evaluating the deviation 

from CRV of measurements of the magnetic field probe was conducted with 9 participants.  

The transfer standard was the Magnetic Field probe set, Narda ELT – 400 and HF3061 with NBM – 

550 and it was circulated without a major problem from January 2022 to May 2023.  

The CRV was determined by using the weighted mean of the measurement results of the participants 

except the outlier values. In the calculations, the values used in the comparison report were obtained 

by converting the decibel values to linear values.  

For the comparison results in the frequency range of 53 Hz – 30 MHz, with the exception of a few 

participants, most of the results supplied by the participants show good agreement with the CRV within 

the expanded uncertainty.   

Probable reasons in participants where there is deviation from the CRV may be as follows; 

 Very low uncertainty value 

 Different calibration environments 

The comparison results were very consistent with each other, thus confirming the quality of their 

measurements as well as the stability of the travelling standard. This comparison results will lead some 

participants to improve their calibration setups and revise their uncertainty budgets. 
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ANNEX A. Technical Protocol 
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ANNEX B. Participants Measurement Results and Uncertainty Budget 

B.1. TÜBİTAK UME Measurement Results and Uncertainty Budgets 
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B.2. CMI Measurement Results and Uncertainty Budgets 
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B.3. PTB Measurement Results and Uncertainty Budgets 
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B.4. INRIM Measurement Results and Uncertainty Budgets 
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B.5. GUM Measurement Results and Uncertainty Budgets 
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B.6. SASO NMCC Measurement Results and Uncertainty Budgets 
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