Impact of the Redefinition of SI
on Testing and Calibration Laboratories
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On November 16, 2018, the 26™ meeting of the General Conference on Weights
and Measures (CGPM) passed a resolution to revise four of the seven Sl base units.
This is the most significant revision of the Sl since its inception in 1960.
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The Metre Convention
KEIAL

Metre Convention was established on 20 May 1875 with 17 founding
member states. As of 2018, there are 60 member states and 42
associate states. It is an Inter-governmental diplomatic treaty on
matters of world metrology, particularly world wide uniformity of
measurements.
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Hong Kong (China) became an associate in Year 2000
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The International System of Units (SI)
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In 1960, the General Conference of Weight and Measures (CGPM),
adopted the name International System of Units (Sl) for the
system of units of measurement.
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Sl is a set of rules that defines the unit of measurement of all
guantities used in science and technology. It lays down rules for the
base units, the derived units and prefixes.
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S| base units
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m There are seven S| base units.
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| b second (s) (196751 7E)
n Sk metre (m) (A 19832T7E)
n A= candela (cd) (FA19795T7E)
| INFE kilogram (kg) (A 188951 xE)
] Frir ampere (A) (A 19485TE)
m e B 5L kelvin (K) (FR1967ET%E)
] JEE mole (mol) (FR1971ET5E)

.....

Sl base units
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m There are seven S| base units. Four will be redefined on 20
May 2019.
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u il second (s) (2196751 7€)
] >k metre (m) (FA19832T1E)
u RIEHL candela (cd) (A 19795 T 7€)
] NT kilogram (kg) (718891 5E)
| g ampere (A) (R 194851 7€)
C FERE L kelvin (K) (FA19675] %E)
] FEERR mole (mol) (R1971ETE)
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Sl derived units
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Sl derived units are units which may be expressed in terms of
products of powers of base units.
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* Examples 5405 :

— Force /7 : newton, N =kgm s?

— Frequency #H°% : hertz, Hz Sl

— Energy fiE &= ¢ joule, J =kgm?2s?

-
Sl prefixes
BRI P B A1 el

 ZZ yotta (Y) 1024 = Z milli (m) 1073
« E zetta (Z) 102 = {i§ micro () 106
« 7 exa(E) 108 = 44 nano (n) 10°
1 peta (P) 10%° = {7 pico (p) 10-12
e K tera (T) 1012 = Jf¢ femto (f) 10-1°
« i giga (G) 10° = [ atto (a) 1018
* JK mega (M) 10° = JX zepto (z) 104
» T kilo (k) 103 = 2 yocto (y) 1024

>>>>>




Redefinition of Sl
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* In November 2018, the 26th General Conference on Weights and
Measures (CGPM) reviewed the International System of Units (SI)
of four of the seven base units namely kilogram, ampere, kelvin
and mole by fixing the values of the Planck constant (h), the
elementary charge (e), the Boltzmann constant (k) and the
Avogadro constant (N,). The redefined Sl will be implemented
worldwide on the following World Metrology Day which is on May
20 2019.
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Redefinition of Sl
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The International System of Units, the SI, is the system of units in which

e the unperfurbed ground state hyperfine transition frequency of the caesium
133 atom Avgis 9 192 631 770 Hz,

e the speed of light in vacuum c is 299 792 458 mvs,

the Planck constant /1 is 6.626 070 15 x 107 J s,

the elementary charge ¢ is 1.602 176 634 x 107 C,
the Boltzmann constant k is 1.380 649 x 10 = J/K,

the Avogadro constant N, is 6.022 140 76 x 10> mol ",

¢ the luminous efficacy of monochromatic radiation of frequency 540 x 10"
hertz K4 is 683 Im/W.

From “The International System of Units (SI) 9" edition 2019”




The next 3 SI base units
keep the original definitions
with changes in wording
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Time (second)

BFRAGED)

Definition prior to 20 May 2019

The second is the duration of 9 192 631
770 periods of the radiation
corresponding to the transition
between the two hyperfine levels of
the ground state of the caesium 133
atom.
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Primary Standard at SCL
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Caesium Beam Frequency Standard
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Time (second)

RFfE] (FD)

Definition prior to 20 May 2019

The second is the duration of 9 192 631
770 periods of the radiation
corresponding to the transition
between the two hyperfine levels of
the ground state of the caesium 133
atom.
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The Revised Wording

The second is defined by taking the
fixed numerical value of the caesium
frequency Av,,, the unperturbed
ground-state hyperfine transition
frequency of the caesium 133 atom, to
be 9 192 631 770 when expressed in
the unit Hz, which is equal to s™1.
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Length (metre)

RECK)

Definition prior to 20 May 2019

The metre is the length of the path
travelled by light in vacuum during a
time interval of 1/299 792 458 of a
second.
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Primary Standard at SCL

B FRIERB RS

lodine Stabilized Helium-neon Laser
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Length (metre)

RECK)

Definition prior to 20 May 2019

The metre is the length of the path
travelled by light in vacuum during a
time interval of 1/299 792 458 of a
second.
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The Revised Wording

The metre is defined by taking the
fixed numerical value of the speed of
light in vacuum c to be 299 792 458
when expressed in the unit m s,
where the second is defined in terms
of the caesium frequency Av,,.
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Luminous Intensity (Candela)

SR (RATAL)

Definition prior to 20 May 2019

The candela is the luminous intensity,
in a given direction, of a source that
emits monochromatic radiation of
frequency 540 x 10'2 hertz and that
has a radiant intensity in that direction
of 1/683 watt per steradian.

SR > 2R EE H540x 1012 fifigk
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Primary Standard at SCL

B FRIERB AR

Cryogenic Radiometer
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Luminous Intensity (Candela)

SR (RATAL )

Definition prior to 20 May 2019

The candela is the luminous intensity,
in a given direction, of a source that
emits monochromatic radiation of
frequency 540 x 10'2 hertz and that
has a radiant intensity in that direction
of 1/683 watt per steradian.
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The Revised Wording

The candela is defined by taking the fixed
numerical value of the luminous efficacy of
monochromatic radiation of frequency 540
x 102 Hz, Kcd, to be 683 when expressed
in the unit ImW-1, which is equal to cd
srWL, or cd sr kg™t m2 s3, where the
kilogram, metre and second are defined in
terms of h, c and Av,..
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The Common Construction of the New Definitions
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The A is defined

by taking the fixed numerical value of B

to be C

when expressed in the unit D.
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The Common Construction of the New Definitions
¥rEFENILEREE

The A is defined by taking the fixed numerical value of B to be C when
expressed in the unit D.

A E ST B & LLBR i D FREERFBENE E 8{H C IMmEsLL

A =second (1)

B = caesium frequency Av,, il %Ay, )
C=9192631770

D=5

The effect of this definition is that the second is defined as the time interval
corresponding to 9 192 631 770 cycles of the caesium frequency Av,,.

2 E R R E 5 R S N SR Av,, 9 192 631 770(EEIAIRSR
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The Common Construction of the New Definitions

BT E FRHYIEERE

The A is defined by taking the fixed numerical value of B to be C when
expressed in the unit D.

A HYTEFR AL AT B & ARy D SRR BRI E E BUE C IMEEL,

A =metre Cf)

B = the speed of light in vacuum ¢ (ELZ5 152 ©)
C =299 792 458

D=ms!

The effect of this definition is that the metre is defined as length travelled by
light in vacuum in 1/299 792 458 of a second.
ZE BRI RIE R ER B YE 1299792458 FHyE: i1 EL.25 4%

10



The next 4 SI base units will be redefined
on 20 May 2019
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Mass (kilogram)
BEQRT)

Definition prior to 20 May 2019 :

The kilogram is equal to the mass of the
international prototype of the kilogram
(IPK).

Similar to most member states of the
Metre Convention which hold copies of
the IPK as national prototypes, Hong
Kong has acquired copy no. 75 of the
IPK.

NTHERBEET 2B EGFIBZEL Copy no. 75 of the IPK is now
jf}?%{%ﬁ@ﬁﬁ ° stored at the Standards and

Calibration Laboratory

KREANIRZBREEEFRFERE  mearmsmrssenn s
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-
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Why the kilogram is to be redefined ?
REEHERAT ?

kilogram is the last base unit of the Sl to be defined by a material artefact.
NI Bt —{H ASRA 1 2 SIS TR AR,
The major disadvantage of an artefact is that it cannot be absolutely

stable. The mass of the IPK may have drifted 50 ug over the past 100
years.

L2 P 2 28 KT R R R R RN . B A T IR 25 10
BRI 5 1 A TR AT RE A 5O e IR U
Since the definition of the ampere is related to the kilogram, unknown

changes in the mass unit also influence the electrical units. Similarly, the
definitions of the mole and candela also depend on the kilogram.

A RZBIVERAA T AR, BERUNE e ETRRIT - [
£ > BERFIREALNE SR HURAR AT ©

Proposed Revised Definition for Kilogram

NITHIERE ] ERR

Definition prior to 20 May 2019 The revised definition
The kilogram is equal to the * The kilogram is defined by taking
mass of the international the fixed numerical value of the
prototype of the kilogram (IPK). Planck constant h to be 6.626 070

15 x 103* when expressed in the
unit J s, which is equal to kg m? s
1, where the metre and the second
are defined in terms of c and Av,..

N ARSI B i R R
REVNE T

© ATERMERRGHATTEE h DL
Hfirls (BN kgm2st) &
iEHE,  HEEEE F 6.626 070
15x1034 > [fii KFAFPLL ¢ fI Avg
TEES -
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Methods for Realizing the New Definition of the Kilogram (1)

ST RIIEIR 7k (1)

Method 1 : By comparing electrical
power to mechanical power using an
instrument called Kibble balance

FE—1ET AR MTE S Kibble K
) {2 =5 7 208 L i 28 1) 2 B AR Ak 1 R0
A, -

Kibble balance
at LNE, France
AL EBIE e 2 M B S
fYKibble K

Methods for Realizing the New Definition of the Kilogram (2)

DITTERNIER T (2)

Method 2 : By comparing the unknown mass to the mass of a
single atom of a specified isotope. Single crystals of silicon are
most often used. For practical reasons, the crystal is made into
spherical form having a mass of approximately 1 kg.

M AR ARRE 28 EF A Z AV EEE VS B
Tt - B AREFEHARWINES - HTFERER > —&
e e SR B B 4 K 1 kg HYBRES -

aaaaa
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Current (Ampere)
B (ZE)

Definition prior to 20 May 2019

The ampere is that constant current which, if

maintained in two straight parallel conductors of

infinite length, of negligible circular cross-section, I L
and placed 1 meter apart in vacuum, would

produce between these conductors a force equal PO

to 2 x 10”7 newton per meter of length.

EEZEt - (R ] 2 S B R AR A EE

SER-E PATE AP o S B

AR M E R R Rk B LR

X107 248 » BGRB8 £ _dhl,
L 2

Ampere’s Force Law.
R ER

Current Method for Realizing the ampere

SRAEAE IR L 5k

Primary Standard at SCL Primary Standard at SCL

B R R IE BRI PR R A IE B BRPTHTAAE

Josephson Array Voltage Standard Quantum Hall Resistance Standard
YRR ARGS I B R B LER RS
h  nf || K.q,=483597.9 GHz/V _h _Rkoo
V=nf—= S
2k o R oosaigangn ie i

BoEow e
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Propose Revised definition of ampere

ZRERERBE 2R

* The ampere is defined by taking the fixed numerical value of the
elementary charge e to be 1.602 176 634 x10~*° when expressed
in the unit C, which is equal to A s, where the second is defined in
terms of Av,..

« ZIEHBERER ¢ Y BENEEBEFES > PLC HIAs)RE
firfs » HAH 551.602 176 634 x 107 » H#b AV, FRES -

Methods for Realizing the New Definition of the ampere
ZEEEHTE R AR IR T A

(a) by using Ohm’s law, the unit relation A = V/Q, and using practical realizations of the ST
derived units the volt V and the ohm Q, based on the Josephson and quantum Hall effects,
respectively, as discussed in Secs. 4 and 5 below: or

(b) by using a single electron transport (SET) or similar device, the unit relation A = C/s, the
value of e given in the definition of the ampere and a practical realization of the SI base unit
the second s; or

(c) by using the relation 7 = C-dU/df, the unit relation A = F-V/s, and practical realizations of the
SI derived units the volt V and the farad F and of the SI base unit second s.

From “Mise en pratique for the definition of the ampere and other electric units in the S, Version 1.0 ”

Josephson Kj=2e/h ?

effect
Quantum
MetrOIOgical Single- Quantum
Triangle electron Hall effect
" Transport
M 2 Qe ?
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Methods for Realizing the New Definition of the ampere

LT E FHVEIR Tk

Josephson constant Von Klitzing constant
(GHz/V) (Q)

Conventional value K, o, =483 597.9 R_q0 = 25 812.807
New value K, =483 597.848 416 984 Ry =25812.807 459 304 5

» Voltage values will be changed by +1.1 x 1077,
+  EERERSE+1.1x107

. Resistance values will be changed by +1.8 x 108

- EEERSEE+1.8x 108

Impacts of the New Definition of the ampere

T E R E

crtariaBetions |

25d<sU no action is necessary until the next recalibration (or
measurement).
TE T REHRIEZ AN RS s T H AR RSB E B2k
TEHTLIE -

U<25d numerical correct or recalibrate before the standard’s next

use for traceability.
rEt RE B BR R AR A B P AR I ] P R RE R EAE K
{5 I Z A Ry HAR AR e S e B EA R (E BB E T IE
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Impacts of the New Definition of the ampere

TN E RN R

U<25d
(1x106) (1x106)

Zener voltage standards 0.06

Calibrators (DC voltage) 0.7 0.11
DMM (DC voltage) 1.5

Standard resistors 0.3

Calibrators (Resistance) 1.0 0.018
DMM (Resistance) 1.0

Calibrators (DC current) 2.6 0.0
DMM (DC current) 1.0 :

No
No

No
No
No

No
No

Thermodynamic Temperature (kelvin)

RN (BRI )

Definition prior to 20 May 2019 Primary Standard at SCL
B R IEEERATRIAL

The kelvin, unit of thermodynamic i
temperature, is the fraction 1/273.16 “\

of the thermodynamic temperature \\,

of the triple point of water.

—BAE SE R B/K = AHBEEL 2R
FERY1/273.16 ,(

\ ‘7‘_'

Triple of Water Cell

KOZHEESE o
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What Water ?
K ?

* The current definition of kelvin depends on the properties of
the water sample, especially the isotopic composition.

- HAMBE X ERGZEKAEERTE - FhlZREu RS
D @awaK il

* In 2005, the isotopic composition of the water was specified as
that of Vienna Standard Mean Ocean Water (VSMOW)
« AF20054F » JKENFIfITBRATRR ST 57 T ERAPL A th At 173
KR -
» (H/*)ysmow = 0.000 155 76 (5);
> (*80/1€0),spmow = 0.002 005 2 (5);
» (170/€0)\spmow = 0.000 379 9 (9);

Propose Revised definition of kelvin

RS IR B R E &

Definition prior to 20 May 2019 The revised definition

The kelvin, unit of thermodynamic The kelvin is defined by taking the fixed

temperature, is the fraction 1/273.16  numerical value of the Boltzmann

of the thermodynamic temperature  congtant k to be 1.380 649 x 1023 when

of the triple point of water. : i o
expressed in the unit J K71, which is
equal to kg m? s2 K1, where the
kilogram, metre and second are defined

- _ . interms of h, cand Av,..

—BA A SCE 2 R ZK = AERE R 1500

FERY1/273.16 ° \ . ‘
7 B S FH N PR 22 8 S B & 2 BRI 3
BEFTES » MK UREAL (kg m?
s2KY) BF 0 EHA1.380649% 102 ;
AT ~ K2 BIE 4, ¢ T Avg
FTES °
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S=klogW

The physical meaning of thermodynamic
temperature is given by the following formula

AR ERIYEE R R E a4

1 oS
==
S=klogW
T =thermodynamic temperaturezi jj 54 &
S =entropy /i
U = Internal energy of the system 4% 1) /4 &0 A &
k =Boltzmann constant JJ7 [ 22 S 5 # LVDWIG
W = Number of quantum states accessible to the system Z.47 11 BOLTZMANN
B3k B THRAEE vl

Many consider S = k log W the most important equation in thermal physics.
AT 2 AG8H S = klog W R EAYFHER s R sE SRR /3 5

The Boltzmann constant k corresponds to a conversion factor
between the quantities temperature (with unit kelvin) and
energy (with unit joule), ...

The temperature of a system scales with the thermal energy,
but not necessarily with the internal energy of a system.

From “The International System of Units (SI) 9 edition 2019”
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Amount of substance (mole)

VIR E ()

Definition prior to 20 May 2019

1. The mole is the amount of substance of a system which contains as
many elementary entities as there are atoms in 0.012 kilogram of carbon
12; its symbol is “mol”.

2. When the mole is used, the elementary entities must be specified and
may be atoms, molecules, ions, electrons, other particles, or specified
groups of such particles.

Propose Revised definition of mole

BRI RIERT E R

* One mole contains exactly 6.022 140 76 x 1023 elementary entities. This
number is the fixed numerical value of the Avogadro constant, N,, when
expressed in the unit mol= and is called the Avogadro number.

* An elementary entity may be an atom, a molecule, an ion, an electron,
any other particle or specified group of particles.

« BERISHE56.022 140 76x103{EEARTT o B RPRINMERE
BN, LB AT mol IR IR A [ E B B R Pl AR I R B -

o EAEITRIDIERT ~ 07 ~ BT > BT RHMAT > BOEZFAT
HIRFEHS °
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Relations between seven Sl base units

i ST EEAER L 2 P BR{A

second
e e
kelvin @ . metre

ampere . @ kilogram L
* +* candela
mole

Current definition

Preserving continuity, as far as possible, has always been an
essential feature of any changes to the International System
of Units.

From “The International System of Units (SI) 9t edition 2019”

Hence, the impacts of the revision of the Sl to the general
public and the testing and certification industry are kept to
the minimum as far as possible.
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Impacts of the Revision of the Sl on the General Public

BB AL I E TR AR E

The kilogram The value of the mass standards will remain unchanged
INFT No impact on the general public.
T EEER B E R R -
NN L7
The ampere One-time change of + 0.1 ppm for voltage values and of + 0.02
TR ppm for resistance values.

These small changes should have no impact on the general
public.

fEa Ty (o0 B IR R B FE B 7 AR 73 T4 B B 49 2 +0. 114
BE{DZ+0.02091L -

BV NIBEH AR GEE TS

The kelvin Readings of previously calibrated thermometers not affected
FRRE No impact on the general public.

SeRI O IERVRE T HEEN &2 252

ARG HE -

no impact on the general public.
JEE R ARG EE

Impacts of Revision on Testing and Calibration Laboratories
EETERHIR AR R E BRI 2

The kilogram The value of the mass standards will remain unchanged

N The measurement uncertainties of the mass standards will be

slightly larger than that before.

However, only those high echelon laboratories such as SCL

and overseas NMI will need to review and revise, if necessary,

the measurement uncertainties of their mass standards.

The uncertainties for mass measurement offered by SCL to our

customers will be broadly unaffected.

BT EIEENEE R R -

Villk N g a1 YR AN

7FL i U IR R IR Ezzﬁﬁ%LﬁEFaﬁfﬁF’E
I ENEREELAVE  HEERETFEEETHES

tﬁiﬁéE’J ISR HEE AT o T E B -
R A R E ST E SR E S5 SV E R EEE
HEREARZ 2 -
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Impacts of Revision on Testing and Calibration Laboratories
%ﬂ%ﬂﬁ&ﬁﬁ%ﬁ%m%%

The ampere One-time change of + 0.1 ppm for voltage values and of + 0.02
i ppm for resistance values.

For the vast majority of measurement users, no action need be
taken until the next recalibration.

Practitioners working at the highest level of accuracy would
need to adjust the values of their standards and to review their
measurement uncertainty budgets.

SCL will implement the change on 20 May 2019. Users of DC
voltage standards and resistance standards may need to apply
correction or arrange recalibration before the standard’s next
use for traceability.

SCL will contact affected users in 2019 about the change and
related arrangement for re-calibration of their standards.

Impacts of Revision on Testing and Calibration Laboratories
EETERHIR AR R E BRI 2

The ampere (5T RF & (5 88 BR (B R BB FH (E 7 25 7 114 T & 13 2 +0. 114
Eees B 2 +0.020984L -

EALBEHIE R PR T RETIE 2 AR R EET
HARSRHIPE E B I RUE -

11 e P B = R 2 R LA R s B EL AR (B R 161
HNEAHEEE -

e R IR BTSRRI 201945 F 20 H A RRIEET - E
it BB BR AR R EE FH AR Y Y = AT RERR A TS M A Z iRy
LA R Es R B AR (E B2 R BT AR > DARECRELITTAR
R o FEAE R IR B BRATI I 2019 I kAR Z L BRI =
AR E LA E R IE AR R EsHI AR 22k -
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Impacts of Revision on Testing and Calibration Laboratories
1?‘3%@']&?&?“ IEEBTHIRE

The kelvin The redefinition of the kelvin has no effect on the results, the
FRRE uncertainties and traceability of temperature measurements
conducted by SCL.

The readings of previously calibrated thermometers will not be
affected by the redefinition of the kelvin and no adjustments
are needed.

BB 1 5 B R TR R IE SRR AT TR S T R A4S
R HERHEE R PO EWIRIE A2 -
%HUEFIEE’J@E'?EWTE%IT\ ZEIFAR S E N E R
2, REHRE - BB ENEE N IR AR EE

Friati A2 -
The mole The mole is more related to chemical metrology. Generally
JEE speaking the redefinition of the mole will have no impact to

testing and calibration laboratories.
FER B LEES T BAVRRAICK - —RMI S » BRI EERY
— AR EERATE S AR -

Finally, a Good News ... for Hong Kong

5% REEIER—(EFHE
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World Metrology Day Poster
57t F

‘World Metrology Day’ (WMD) is the annual celebration of the
signing of the Metre Convention on 20 May 1875. To
commemorate the occasion, BIPM, jointly with the OIML,
organizes the creation of a WMD Poster. Each year a CGPM
member is selected to design this poster.

“WRHRE" EEEARIISISES OHEB A
RINED) « B4 AIET) > B TR REOIMLAER
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SRR B B R e -
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Measurements in a dynamic world
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What about 2019 ?

201941 ?
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http://www.worldmetrologyday.org/

World Metrology Day
2019

FAQ 1 Copyright

World Metrology Day 7.

ternational,
f Units

entally berter

20 May 2019
sty

‘The 2010 poster was designed by the
Standards and Calibration Laboratory,
Hong Kong, China.

Tl Standards and
iy i |G
S L Laboratory, Hong Kong, China

Contacts 1

World Metrology Day
- 20 May -

Welcome to the 2019 World Metrology Day Resource website.
The theme for World Metrology Day 2019 is The International System of
Units - Fundamentally better. This theme was chosen because on 16
November 2018, the General Conference on Weights and Measures agreed
erhaps one of the most significant revisions to the International System of
Units (the SI) since s inception. Research into new measurement methods,
incuding those using quantum phenomena, underpin the change, which
comes into force on 20 May 2019. The SI is now based on a set of definitions
ach finked to the laws of physics and have the advantage of being able to
embrace further improvements in measurement science and technology to
meet the needs of future users for many years to come.
Indeed more widely metrology, the science of measurement, plays a central
role in scientific discovery and innovation, industrial manufacturing and
intemational trade, in improving the quality of life and in protecting the global
environment.
World Metrology Day is an annual celebration of the signature of the Metre
Convention on 20 May 1875 by representatives of seventeen nations. The
Convention set the framework for global collaboration in the science of
measurement and in its industrial, commercial and societal applications. The
original aim of the M wention - the world-wide uniformity of
measurement - remains as important today as it was in 1875.
The World Metrology Day project is realized jointly by the BIPM and the OIML.
We hope that you enjoy this site and that your Country or Metrology
Organization will join us and participate in this year's event.
Warm regards,
The WMD Team

Visit the BIPM-OIML Resource Center:
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