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Abstract 
This paper summaries a bilateral comparison of 

measurement of the diameters of two precision 
1.85 mm coaxial air lines. These dimensional 
measurements were made independently by two 
national metrology institutes: NMIJ and NPL. The 
laboratories also calculated the characteristic 
impedances and their uncertainties based on the 
measured diameter values and uncertainties. The 
difference between the characteristic impedances 
calculated by the two laboratories for both lines was 
less than 0.2 �. The uncertainty of this difference at a 
95 % level of confidence was 0.3 �.  

 
Introduction 

In 2007, a bilateral comparison was undertaken 
between NMIJ and NPL of diameter measurements of 
precision 3.5 mm coaxial air lines [1]. This comparison 
showed very good agreement between NMIJ and NPL 
for these diameter values [2]. 

However, coaxial lines with smaller diameters are 
needed to support industrial requirements for 
transmission lines supporting broadband signals 
extending well into the millimeter-wave region. This 
has led to a follow up comparison to [1], between 
NMIJ and NPL, which has concentrated on the 
1.85 mm line size. This follow-up comparison, which 
took place during 2009, involved making diameter 
measurements of the center and outer conductors of 
two precision unsupported coaxial air lines. Both air 
lines used for the comparison were insertable, 
unsupported, with nominal characteristic impedance of 
50 ohms, and fitted with LPC-1.85 precision coaxial 
connectors [2]. One line, supplied by NPL, had a 

nominal length of 14.9 mm. The other line, supplied by 
NMIJ, had a nominal length of 30.0 mm. These lines 
are shown in Fig. 1. 

These diameter values are then used to determine a 
dimensionally-derived value for the characteristic 
impedance, Zmech, of the line using: 
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where d1 and d2 are the diameters of the center and 
outer conductors, respectively, and the value 59.939 
045 relates to an assumed laboratory temperature, 
relative humidity and atmospheric pressure of 
approximately 23 �C, 50 % and 1013 hPa, respectively. 

Measurements of d1 and d2 of both lines were made 
independently at NMIJ and NPL – these being the 
National Metrology Institutes (NMIs) of Japan and the 
UK, respectively. Values for the mid-points and 
uncertainties of d1, d2 and Zmech were then calculated. 
The comparison also involved establishing the degree 
of equivalence of the measurements.  

 
Dimensional Measurement Systems 

NPL and NMIJ measured d1 using a Laser-Gauging 
Measurement system [3] and an Air-Gauging 
Measurement System [4, 5] was used to measure d2. 
These methods provide traceability to national 
standards of length, i.e. the SI base unit the meter, 
using calibrated plug and ring gauge standards. The 
uncertainty at a 95 % level of confidence was 
determined using a coverage factor, k, of 2. The 
effective degrees of freedom for all diameter 
measurements at both NMIs were relatively high 
(i.e. >1000).  

 
Comparison Methods 

Mid-point values for d1, d2, Zmech, and their 
uncertainties, were calculated from the measured 
diameter values and the comparison analysis followed 
the method given in [1, 6]. According to this method, 
the degree of equivalence is expressed using two terms: 
the difference between the two mid-point values, �; 

 

Fig. 1. The 1.85 mm coaxial air line traveling standards 
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and, the uncertainty of this difference at a 95 % level of 
confidence, U(�). The degrees of equivalence were 
calculated for d1, d2 and Zmech for each air line. 

 
Results 

Figs. 2 and 3 show the results for d1, d2 and Zmech 
obtained at NMIJ and NPL along with error bars 
representing the uncertainties. Tables 1 and 2 
summarize the results, using values of � and U(�), for 
all these measurands. 

A significant source of uncertainty appears to be 
due to measurements near the ends of the lines, where 
the outer conductors became slightly smaller in 
diameter and were no longer cylindrical in shape. 
Mechanical tolerances for this line size can also have a 
greater effect on the obtained uncertainty, when 
compared with larger lines sizes reported in [1].  

For the Zmech values, NPL calculated maximum and 
minimum values from combinations of both maximum 
and minimum values of d1 and d2. NMIJ established 
maximum and minimum values from values of Zmech 
calculated at different points along the lengths of the 
lines. Both laboratories calculated the mid-point Zmech 
values from the maximum and minimum values 
described above. 

Both values of 
 for the measurements of d1 and d2 
were less than the associated U(�) values. This 
indicates that the dimensional measurements made by 
NMIJ and NPL are considered equivalent. Similarly, 
both values of 
 for the determinations of Zmech are 
relatively small compared with the associated values of 
U(�). This shows that the values of Zmech calculated by 
NMIJ and NPL are also considered equivalent.  

 

Conclusion 
This paper has shown that results obtained by NMIJ 

and NPL for dimensional determinations of two 
precision coaxial air lines in the 1.85 mm line size were 
equivalent to within the expected uncertainties for 
these measurements. This is indicated by � being less 
than U(�) for all comparison parameters. This validates 
these calibration and measurement capabilities (CMCs) 
and further indicates very good agreement between 
NMIJ and NPL. 
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Fig. 2. Measurements of (a) d1, (b) d2 and (c) Zmech, made at 
NMIJ and NPL, for the 14.9 mm line 

 
TABLE 1: Summaries, as � and U(�), for the 14.9 mm line 

 d1 (�m) d2 (�m) Zmech (�) 
� 0.36 1.1 0.0048 
U(�) 2.80 3.4 0.2515 

   
Fig. 3. Measurements of (a) d1, (b) d2 and (c) Zmech, made at 
NMIJ and NPL, for the 30.0 mm line 

 
TABLE 2 Summaries, as � and U(�), for the 30.0 mm line 

 d1 (�m) d2 (�m) Zmech (�) 
� 0.087 4.7 0.17 
U(�) 1.400 8.4 0.31 


