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Abstract—Fifteen National Metrology Institutes have partici- 100 V/10V were mandatory. Measurements of other ratios were
pated in dc voltage ratio comparison CCEM-K8. The method fol-  gptional. The standard conditions for temperature and humidity
lowed to normalize the participants’ results, the calculation of the \yara-T — (23 +0.5)°C andH = (45 + 5)%. Corrections for

key comparison reference values and the comparison results are re- deviati f th diti tob lied by the pilot
ported for the two mandatory ratios of the comparison, 1000 /10 deviaions fromthese conditions were to be applied by the piio

V and 100 V/10 V. laboratory.
The comparison started in October 1998, with IEN as the

pilot, butin November, while at the second participant, the trav-

elling standard had a failure, which forced the replacement of its
base 10-V section [2]. After repair, the circulation was re-started
. INTRODUCTION at the end of February 1999 and was finished in June 2001, with

HE need for a key comparison of dc voltage ratio was refQurteen NMis having participated, in addition to the pilot. In
T ognized by the Comité International d’Electricité et Magthe following, the processing of the comparison data and the re-
netisme (CCEM) at its 20th meeting, in June 1995. Its purpogglts are presented for the mandatory measurements. More de-
was to compare the scaling capabilities in dc voltage of the Ngiled information and the results for the optional measurements
tional Metrology Institutes (NMI) up to 1000 V. After prelimi- ¢&n be found in the comparison final report [3].
nary studies carried out at IEN [1], it was decided to use a Da-
tron 4902S voltage divider (s/n 20 335) as the travelling stan-
dard. The divider has 100, 1(Xresistive elements, each made
up of two parallel 20-R bulk metal foil resistors. It can divide Calibrations of the divider at IEN were carried out by
a maximum input voltage of 1000 V in multiples of 10 V, upmeasuring the individual resistive sections: each section of
to 100 V, and in multiples of 100 V up to 900 V. Trimmers ar¢he 10x 100 V or of the 10x 10 V resistive chains was
provided on the instrument but, after a preliminary adjustmersticcessively compared with a transfer resistor by means of a
they were sealed and no further adjustment was made. On tédvin double bridge with lead compensation. Fig. 1 shows the
divider, the measurements of the voltage ratios 1000 /10 V alieN measurements of the basic ratios 1000 V/100 V and 100
V/10 V after repair of the divider, corrected for deviation from
Manuscript received June 17, 2002; revised October 25, 2002. standard ambient conditions.
G. Marullo-Reedtz and R. Cerri are with the Istituto Elettrotecnico Nazionale After day 135, the data show a change of drift, for which
G. Ferraris (IEN), Torino, Italy. _ _ two different interpretations are proposed: i) a specific and un-
I. Blanc is with the Laboratoire Central des Industries Electriques (LCIEP<nOWn event causing the change ii) a gradual stabilization of
Fontenay aux Roses, France.
O. Gunnarsson is with the Swedish National Testing and Research Instittlie divider after repair, which would support an exponential be-
(SE)WI?Iﬁ;ﬁ's?sV\\:\ﬁ%etﬂ.e National Physical Laboratory (NPL), Teddington, U KhaVior' In Fig. 1, linear and exponential interpolations are com-
F.. Raso is with the Centro Espaﬁ)(l)l de Metrologiay(CEM)’, Madridg,] Spéinl. pared, showing a significant difference for the 1000 V/100 V
K.-T. Kim is with the Korea Research Institute of Standards and Scientatio, where linear interpolation is to be preferred.
(KRISS), Daejeon, Korea. During the preliminary characterization work [1], tempera-
‘R._B. Frenkel is with the National Measurement Laboratory (CSIRO-NML)fure and humidity coefficient€); andCyr, were evaluated b
Lindfield, Australia. T H, y
Z. Xiuzeng is with the National Institute of Metrology and Technologymultiple linear regression of the measurements taken at IEN
(NIM), Bejing, China. , under different ambient conditions. After repair, this work had
A. S. Katkov is with the Mendeleyev Institute for Metrology (VNIIM), St-Pe- . .
tersburg, Russia. to be repeated, using the control measurements carried out at
R. Dziuba and M. Parker are with the National Institute of Standards ahEEN during the comparison. The coefficients of the mandatory
Technology (NIST), Gaithersburg, MD 20899 USA. ratios, before and after the change of drift, are given in Table I,

B. M. Wood is with the National Research Council (NRC), Ottawa, ON, « "
where the values “before” correspond to ten measurements and
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Il. BEHAVIOR OF THE TRAVELLING STANDARD

Canada.

L. A Christian is with the Measurement Standards Laboratory of Nethe values “after” correspond to 26 measurements. Table | also
Zealand, Industrial Research Ltd. (MSL), Lower Hutt, New Zealand. ~reports the standard deviatianof the multiple linear regres-

E. Tarnow is with the National Metrology Laboratory (CSIR-NML), Pretoria, .~ . .
South Africa. sion,; the values of will be taken to be the standard uncertainty

S. K. Mahajan and A. Singh are with the National Physical Laboratoo be associated with the travelling standard. From the values
(Nsus)’al':laer;voltjoe:zl’V\:i?ﬁlel:l'ational Metrology Institute of Japan (NMIJ) AISTOf s and from Fig. 1, it is clear that the data, after the change
Tsukuba, Japan. o P ' of drift, are more scattered than before. This could be attributed

Digital Object Identifier 10.1109/TIM.2003.810726 to the increased number and extension of movements between

0018-9456/03$17.00 © 2003 IEEE



420 IEEE TRANSACTIONS ON INSTRUMENTATION AND MEASUREMENT, VOL. 52, NO. 2, APRIL 2003

TABLE |
TEMPERATURE ANDHUMIDITY COEFFICIENTS(WITH STANDARD UNCERTAINTY
IN PARENTHESIS AND STANDARD DEVIATION S

CT CH N
(10%°0) | (10%p.u) | (109

1000V/10V | -0.081 | 0.0096 | 0.088
before | (0.030) | (0.0044)

1000V/10V | -0.026 | -0.0015 | 0.092
after (0.016) | (0.0013)

days start from 23 December 1998 E 100V/10V -0.291 0.0031 0.063

b Ratio

1x10 ®

1 before | (0.021) | (0.0031)
0 200 400 gy S0 800 1000 100V/10V | 0214 | -0.0095 | 0.083

after (0.014) | (0.0012)

Fig. 1. Behavior of the ratios 1000 V/100 V (open circles) and 100 V/10 V

(solid circles), as shown by measurements at the pilot laboratory. . . . .
effective degrees of freedom associated wighy. Details of the

calculation ofvg ; are given in the comparison final report [3].

laboratories; only one laboratory carried out its measurements
before the change. IV. COMPARISON RESULTS

In order to have comparable data, it had been established b){_ )
the comparison protocol that the voltage had to be applied to'® the results of Tables Il anq 11, the results of the pilot lab-
the divider for at least 5 or 10 min (for ratios 100 V/10 V an@ratory must be added, to obtain the complete sets of data from
1000 V/10 V, respectively) before taking the measurements, #{ich the two Key Comparison Reference Values (KCRV) can
order for the device to stabilize. But, with the measurement ted?f calculated. Of course, for [EN, the normalized results are
nique used at IEN, only one section of the divider at a time RN = 0. The IEN average ambient conditions during t.he
powered during the measurements, while with other methodd0le comparison are given in Table IV and the uncertainty
all the divider sections are powered. To verify if any effectdueﬁ?”t”t_’u“ons in Table V. In this table, the contribution of the
the dissipated power could occur, a direct comparison betweef@Yelling standard, evaluated from the measurements after the
Fluke 752 divider and the Datron divider was performed. Befof12nge Of drift, is reduced by the square root of 26, which is the
starting the measurements, the Fluke was powered for at Ié%\lé[mbe,r Of these measurements. i
12 h, while the Datron was left unpowered. Then, the Datron In principle, all laboratories should contribute Fo the KCRYV,
was connected in parallel to the voltage supply and the output¥icause laboratory measurements of voltage ratios are mutually
a detector, monitoring the voltage difference of the two dividefdependent. However, Tables Il and Il suggest that some of the

at the 10-V taps, was recorded for at least 2 h. The resulting dRf"ticipants’ differences\; are not compatible with the corre-
was less than two parts in 10f the voltage on the 10-V taps. sponding global uncertainties; ;. This observation can be put
in more quantitative terms by the calculation of the so called

Birge ratioRg, given b
I1l. L ABORATORY MEASUREMENTS 9 59 y

The laboratory results were given as relative deviations of the Z WAt A)?
divider’s ratios (input/output) from nominal. To obtain normal- PR
ized data, the following steps were taken: Rp = n—1 . )
1) correction of the original resulf; for temperature and 1
humidity, to obtain the corrected resdlj;; 1> ; l

=1

2) calculation of the differencé\; between the corrected
laboratory result and the corresponding interpolated pilot Here, the weighted variance in the numerator is calculated
laboratory result; from then = 15 laboratory results, whose weighted mean is

3) addition, to the laboratory standard uncertaintiegtype A, while the weighted variance in the denominator is calcu-
A) andup (type B), of a contribution.(7’, H) due both |ated from the laboratory global uncertainties. If all laboratory
to the correction in step 1) and to the uncertainty of thgncertainties were assessed corredtly,would be close to one.

values of temperature and humidity; Instead, even excluding NPL, for whick, is large, it is found
4) addition of the uncertainty contributiendue to the trav- that for ratio 1000 /10 VR = 1.71 and for ratio 100 V/10 V
elling standard. Rp = 1.88.

Tables Il and 11l report the laboratory ambient conditions, the Under these circumstances, the KCRV is more safely esti-
original resultsi;, the corrected and the normalized resdlifs mated by the arithmetic mean, and not by the weighted mean.
and A;, the various uncertainty contributions, and the globdlhe associated standard uncertainty will be the standard devi-
standard uncertaintyg ;. In these tablesy; are the degrees of ation of the mean. To improve the accuracy of the estimation,
freedom as given by the laboratories (for LCIE, in the absencetbbse laboratories which, with high probability, are not mem-
information, an infinite number was assumed) aad are the bers of the same statistical distribution, as the other laboratories



MARULLO-REEDTZ et al. COMPARISON CCEM-K8 OF DC VOLTAGE RATIO: RESULTS 421

TABLE I
1000 V/10 V: ResuLTS OF THELABORATORIES DIFFERENCESFROM PILOT LABORATORY AND UNCERTAINTIES

T | 6T | H|sH| d do; A Upn | us vi |W(TH)| s Ug) | vo,
(°C) | (°C) [(%) | (%) | (10®) | (10F) | (10®) | (10) | (10°) (10%) | (10%) | (10®)

LCIE | 17/03/99 [22.9/ 0.1 |45| 5 | -3.9 |-3.908]0.367] 0 | 0.15 | 1.E6 {0.028|0.088]0.176| 94
SP_ | 04/06/99 [22.7| 0.4 |48 | 5 | -3.79 |-3.793]-0.069}0.019| 0.14 | 5784 |0.010/0.092]0.169| 244
NPL | 20/08/99 | 20 | 1 [50| 5 | -7.64 |-7.710]-3.990} 0.03 | 0.35 | 211 {0.050{0.092]0.367 | 232
CEM | 19/09/99 |22.3|1 0.2 |43 | 2 | -2.89 [-2.911]0.808 ] 0.03 | 0.26 | 20 [0.012{0.092]0.278| 24
KRISS | 25/10/99 {22.210.35| 45 |1.2|-3.664|-3.685] 0.032 ] 0.008/0.013| 16 [0.014{0.09210.094| 24
CSIRO| 08/01/00 |20.9|0.14{52 | 1 | -3.58 |-3.624]0.089} 0.02 | 0.13 | 14 |0.034]0.092]0.164| 28
NIM | 10/04/00 | 23 | 0.3 |40 | 3 | -3.96 |-3.968]-0.260| 0.11 | 0.11 | 37 |0.008]|0.092]0.181| 56
VNIIM | 29/07/00 | 24 |0.52|59 |1.7|-4.162|-4.115]-0.413]0.007]0.033| 54 |0.025]0.092]0.101| 30
NIST | 12/10/00 [23.6]{ 0.3 | 30| 5 | -3.68 |-3.687] 0.011 ] 0.05 | 0.24 | 6250 |0.0230.092]0.263 [121£
NRC | 02/11/00 | 23 [0.08|27 | 6 |-3.503|-3.530} 0.167 | 0.08 {0.094| 20 {0.02410.092]0.155| 39
MSL | 06/01/01 [19.8/0.29| 48 [4.3| -3.69 |-3.768]-0.074} 0.11 |0.041| 9 [0.050|0.09210.157| 23
CSIR | 01/03/01 [23.7/ 0.5 |49 | 5 | -4.02 |-3.9961-0.305] 0.1 | 0.3 | 222 |0.015/0.092}0.330| 244
NPLI | 07/04/01 | 23 | 1 [45[10| -2.97 |-2.970]0.719}0.19 | 0.3 | 70 |0.017{0.092]0.367| 78
NMIJ | 01/06/01 | 23 | 0.2 [45| 1 |-3.802|-3.802]-0.116]0.012|0.107| 1556 | 0.003|0.092}0.142 | 120

Lab Date

TABLE Il
100 V/10 V: RESULTS OF THELABORATORIES DIFFERENCESFROM PILOT LABORATORY, AND UNCERTAINTIES

T oT | H | 6H d dO,I 4 Ua Ug v U(T,H) S Ug: | Vo
(°C) [ °C) |(%) (%) | (10°) | (10%) | (10®) | (10%) | (10%) (10°) | (10%) | (10%)
BNM | 17/03/99 [22.9]/ 0.1 |45| 5 | -3.8 |-3.829] 0.210 0 0.12 - 10.01910.063]0.137| 128
SP 04/06/99 (22.7{ 04 |48 | 5 | -3.63 |-3.666]-0.089]0.023| 0.094 | 628 {0.057 |0.083]0.140| 119
NPL | 20/08/99 | 20 1 |50 5 |-7.79 |-8.383]-4.781] 0.02 | 0.19 |289/0.133]0.083]|0.247| 113
CEM | 19/09/99 122.3{ 0.2 |43 | 2 |-2.856(-3.024] 0.587 ]| 0.04 | 0.19 | 11 |0.029(0.083}0.213| 15
KRISS | 25/10/99 [22.210.35| 45 |1.2]-3.331(-3.502] 0.121 | 0.009| 0.006 | 45 |0.045{0.083]0.095| 32
CSIRO| 08/01/00 |20.9/0.14{ 52| 1 | -3.43 |-3.8121-0.165| 0.02 | 0.11 13 |10.035/0.083]0.144| 29
NIM 10/04/00 | 23 [ 0.3 {40 3 | -3.86 |-3.907}-0.230} 0.07 | 0.11 | 34 {0.041/0.083]0.160| 60
VNIIM | 29/07/00 | 24 |0.52| 59 | 1.7 |-4.485|-4.139]-0.427]0.022| 0.026 | 50 {0.068|0.083]0.113| 40
NIST | 12/10/00 {23.6| 0.3 | 30| 5 | -4.04 |-4.054]-0.318] 0.05 | 0.19 [3584|0.050{0.08310.219| 744
NRC | 02/11/00 | 23 {0.08|27 | 6 |-3.504|-3.671|0.072| 0.03 | 0.016 | 11 |0.040{0.083}]0.098| 37
MSL | 06/01/01 |19.9]/0.29| 45 {4.3| -3.07 {-3.738] 0.025] 0.06 | 0.008 | 8 [0.061{0.08310.119| 40
CSIR | 01/03/01 |23.7|/ 0.5 |49 | 5 | -4.52 [-4.333}-0.552] 0.1 0.14 | 82 |0.068{0.083}0.203| 115
NPLI | 07/04/01 | 23 1 |45{10 | -2.84 |{ -2.84 1 0.953} 0.22 | 0.37 | 63 {0.135/0.083}0.459| 77
NMIJ | 01/06/01 | 23 [ 0.2 (45| 1 |-3.694{-3.694] 0.116 | 0.004| 0.01 {260 |0.025/0.083]0.087| 26

Lab Date

TABLE IV 2
AVERAGE TEMPERATURE ANDHUMIDITY AT |IEN
T, A, o 1 }
Ratio " fT m | OH = % l $
CO| €O | (%) | (%) ¢ O _::::I:::::::::i::::§:::;1_:::T_:::":::::::;.:;::T::::I:::::::::'T:::%
1000/10 | 232] 0.5 |459] 5 g | 1 el T I
100/10 {232 0.5 [459| 5 é -1
5 4,=-0.048 x10°
2 U(4,)= 0.136 x10°
& -4
o Ratio 1000 V/ 10 V
TABLE V sl w =88 _Z2oo xs2
UNCERTAINTY CONTRIBUTIONS OFIEN i 9 % % 3 Eé 8 = § (é) % ‘§ 8 % ; ﬁ
ur | ug | v [W(TH)| /26| ucs | vou National Metrology Institutes

Ratio

-6 -6 -6 -6 -6
(107) | (107) (107) | (107) | (107) Fig. 2. Results for ratio 1000 V/10 V. The horizontal solid line represents the
1000/10 10.053 10.108 |600| 0.01 |0.0180.122|128 reference value. All uncertainties correspond to a confidence level of 95%.

100/10 |0.043]0.090{500| 0.07 {0.016{0.123|104

KCRYV and the Median of Absolute Deviations (MAD) as a ro-

] ) ) ) bust estimator of the deviation from the median. In the equation
were not included in the calculation. These laboratories were

selected by using the medidn,,.q as a robust estimator of the S(MAD) = 1.4826 - median{|A; — Apeal} (2)
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National Metrology Institutes Giancarlo Marullo-Reedtz was born in Torino, Italy, in 1947. He received the
degree in nuclear engineering from the Politecnico di Torino, Torino, and the
Fig. 3. Results for ratio 100 V/10 V. The horizontal solid line represents thidegree in physics from the Universita di Torino, in 1971 and 1984, respectively.
reference value. All uncertainties correspond to a confidence level of 95%.  Since 1972, he has been with the Istituto Elettrotecnico Nazionale “Galileo

Ferraris” (IEN), Torino, where he was initially involved in precision dc electrical
measurements and in the development of the Josephson effect voltage standard.

[4], the normalization coefficient 1.4826 is the inverse of thi® 1986 and 1989, he was a Guest Scientist at the Electricity Division of the Na-
tional Institute of Standard and Technology (NIST), Gaithersburg, MD. Since

75th percenhlg of a Gaussian d'Str'bUt'on SQ $H@IAD) Q'Ves 1985, he has been engaged in the application of the quantum Hall effect for the
the correct estimate of the standard deviation of the differenaegroduction of the unit of electrical resistance and, more recently, in voltage

(A; — Apea), in the case of a Gaussian distribution. The critgatio measurements. From 1994 to 1998, he was in charge of the Electrical

. .. . .1 Metrology Department, IEN. Since 1999, he has been leading an IEN working
rion to select the participants not belonging to the dlsmbu“(ﬂ?oup aimed at setting up a quality system for calibration and testing activity.

was He has been the chairman of the Euromet technical committee for Electricity
and Magnetism.

1A = Aped| > 2.5+ S(MAD). ®)

Itis to be noted that the MAD criterion is based on the labora- Roberto Cerri was born in Torino, ltaly, in 1956.
tory values and does not take into account the associated un He received the high school degree in electronics in
tainties, so that laboratories far from the median, but still cor 1978. . .

. . . Since 1994, he has been with the Istituto Elet-
patible due to a large uncertainty, would also be discarded. trotecnico Nazionale “Galileo Ferraris” (IEN)
applying criterion (3) to the\,; values, after exclusion of NPL, Torino, where he has been involved in low-frequency
it was found that also CEM and NPLI have to be excluded fro P 2" dcvoliage measufements gpf’/&?&é?ﬁ%&gﬁgg
the calculation of the KCRYV for ratio 1000 V/10 V. For ratiog| \ and in dc voltage ratio measurements.

100 V/10 V, NPLI also has to be excluded. After selection, t Oy

arithmetic mean was chosen because the selection process, even

if it decreasesk g, does not bring it much closer to one, due to

the underestimated uncertainties of some of the remaining lab-

oratories. Isabelle Blancwas born in Paris, France, in 1963. She received the Diplome

Figs. 2 and 3 show graphically the KCRVy and the results d’Ingénieur in mechanic-electricity from the Ecole Spéciale des Travaux Publics
of the participants, with corresponding expanded uncertaintf@g "ndustrie, France, in 1986. . :

! < 1989, she joined the Laboratoire Central des Industries Electriques (LCIE),
U(AR) and Ug,z, evaluated for a confidence level of 95%. INFontenay aux Roses, France. Her first research activities have been focused on

the calculation OU(AR) andUg ;, the degrees of freedom werethe development and characterization of standards for high voltage measure-
taken into account ' ments (dc, ac, and lightning impulses). In 1993, she became responsible for the

) dc and LF measurement Calibration Centre (centre of calibrations and main-
tenance of primary standards). Now, she is Head of the Laboratories of the
Metrology Department, LCIE.

V. CONCLUSION

In spite of a failure and a change of drift of the travellingdve Gunnarssonwas born in Sweden in 1965.

standard comparison CCEM-K8 was completed successfully. He received the M.Sc. degree in electrical engineering from the Chalmers
' . }jniversity of Technology, Gothenburg, Sweden, in 1990.
The results of NPL are quite far from the KCRV. After re- He joined the Laboratory for Electricity and Time at the SP Swedish National

ceiving the Draft A report, NPL made an investigation on theesting and Research Institute, Bor&s, Sweden, in 1990. His main interests are
reason of the discrepancy and reported that it had been traceiﬂ fBe maintenance of the SP resistance level and development of automated
. . .. measurement systems.
the calibration of the NPL reference divider used for the com-
parison.
A brief description of the measurement methods used by the

parumpgnts a_nd their degrees of equivalence can be found in BBﬁathan Williams, photograph and biography not available at the time of pub-
comparison final report [3]. lication.
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Felix Rasowas born in Madrid, Spain, in 1964. From 1982 to 1987, he studiddaurie A. Christian was born in Invercargill, New Zealand, in 1950. He re-
physics at the Universidad Complutense de Madrid. ceived the B.Sc.(Hons.) and the Ph.D. degrees in physics from the University of
Since 1990, he has been working at the Centro Espafiol de Metrologia (CERJ)ago, Dunedin, New Zealand, in 1973 and 1983, respectively.

Madrid, in the field of electrical metrology, specializing in the development of He is currently the Leader of the Electrical Standards Team at the Measure-

the QHE and JAVS standards of CEM. He is currently responsible for the Dfient Standards Laboratory of New Zealand, Lower Hutt, which is part of In-

Voltage and Resistance laboratories at CEM. dustrial Research Ltd. At present, his main area of research involves improving
the New Zealand scale of dc voltage, which is based upon the Josephson dc
voltage standard that he developed. Other research interests include low current

) . ) and high resistance measurements.
Kyu-Tae Kim was born in 1960, in Korea. He re-

ceived the B.S. degree in applied physics from Inha
University, Incheon, Korea, and the M.S. and Ph.D
degrees in physics from the Korea Advanced Insti-

tuﬁ?‘ 01988%?1? j?)?r?e-cli-efhhen?(I(c))?ga(ﬁilsse-ra)rycaiﬂgtri]th t(%.ddie Tarnow was born in Qc_)hannesb_urg, South Africa_, in 1960. Hg compl_eted

o Sandards and Sience (RISS). Dageon, el 10 €2 compusory iy Senvi and e receed e iaona e

zgnzaa?dgi%ndi\ygtk?ﬁr:nq ;gid;?zgégf%?eggﬁ helLv;asteg? ?;j Teeacrhsnrlléogi‘rﬁlouet:r:dA égtlzi%ratin test and measuring equipment for

is a Group Leader of the Electricity and Magnetismthe SoSth Africgn Natiol;al Dgfence Force dSrin hich ti uh " ql:-lp d of

Group, KRISS. _ ' enc g which time he was Head of a
South African National Accreditation System (SANAS) accredited calibration
laboratory in the fields of dc low frequency, time and frequency, and radio fre-
quency metrology. Since 1998, he has been with the National Metrology Labo-

Robert B. Frenkel was born in Hong Kong in 1939. He received the M.Scratory, of the Council for Scientific and Industrial Research (CSIR-NML), Pre-

degree in physics from the University of Sydney and the M. Eng. Sc. degr@sia, South Africa, and is currently responsible for the realization of the dc

from the University of New South Wales, U.K. Voltage scale from a Josephson Junction Array Voltage Standard (JJAVS) in the

He joined the National Standards Laboratory [now the National Measur@c and low frequency laboratory.

ment Laboratory (NML)], CSIRO, Linfield, Australia, in 1963 and has worked Mr. Tarnow is a member of the SANAS Electrical Specialist Technical Com-

in electrical standards and related areas, including optical techniques for fhiéee and he is a registered SO 17 025 Technical Assessor.

measurement of high direct currents. In 1972, he was a guest worker in alter-

nating-current standards at the Technion, Haifa, Israel. His main work at the

NML has been in voltage standards, where he set up the Australian standard of

voltage using Josephson arrays at the 1-V level and later at the 10-V level. He

has also been involved in the Asia-Pacific Metrology Programme and in stat&arender K. Mahajan was born in Punjab, India. He received the M.Sc. and

tical aspects of high-accuracy metrology. He is an Electrical Assessor with #hbB.D. degrees in physics from the University of Delhi, Delhi, India in 1968 and

National Association of Testing Authorities and is a foundation member of tH®75, respectively.

Metrology Society of Australia. He joined the National Physical Laboratory, New Delhi, India, in 1978, where

he works in precision measurements. He is also actively involved in the Labora-

tory Accreditation program of India in electrical and electronic measurements
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