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reference until 2018 measured
IPK h
—

measured From May 2019 reference

IPK 8ndewilsia ‘K 81udn Le Grand K
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“End over” for the Paris kilogram

Definition of the kilogram
The kilogram is the unit of mass; it is equal to the mass of
the international prototype of the kilogram.

(It is in Bureau International des Poids et Measures at Sever,

Paris)

The international prototype of the kilogram (IPK) is a
cylinder 39 mm in height and 39 mm in diameter, made of
an alloy consisting of 90%(Pt) and 10%(Ir)

[Density = 21500 kg.m?]




.
Traceability chain

y.

" IPK

/Kl, No.7, No.8(41), BIPM reference standards
No.32, No.43, No.47

NO.25, NO.9, No.31 BIPM Working prototype

National Prototype Kilogram (NPK) : [WuvasUszmalng No.8o
lasuilial A.A.1996 (W.A 2539)
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International Committee for

Weights & Measures (CIPM)
Definitions
— National Measurement Act
------- e
First-level National Metrology Institute (NMi)
standards & Designated Institutes (Dls)

Accreditation & Conformity

Second-level L
Assessment activities

standards

Industry, commerce

Third-level and the community

standards

Industry, commerce

T and the community
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l] The kilogram (platinum-iridium)
Pt and Ir oxide

Carbonaceous contamination (H-C)
Water

« Water layer acts as a buffer but
gradually hydrocarbon contamination
increases

« Storage in vacuum removes the water
and (therefore) doesn’t improve
stability

g
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daunilavas BIPM Reference Standard

The kilogram’s changing mass
80

60 o —

40 >~
- —0—IPK

20 T ——7

—— 45

Mass change (ug)

1889 1949

20

40
Verification study years
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+75
* Only three periodic +50
verifications have
ever taken place _ 1
o
* All copies cleaned 3,
before comparison 5
with IPK -25 \
« Some copies gl s | | [ | | [ | |
] %) Q 0O N Q O O Q )
(national standards) RGN U U S S
have changed by up Year
to 50|Jg Changes in the values of kilogram copies with relation

to IPK, at the 2" and 3" periodic verifications
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National Prototype of Thailand

&
435
=2 430
W 425
L. & N 3 420
—_——— . & £
N — 415
N
410
405
400

Pt-Ir No. 80 : P80

—_— 1996 2004 2015

a&ga 1kg + 0.429 mg
with combined standard uncertainty ,
G

uc (k=1) of 0.005 mg .....(nau 2019) (7 AM MiMT
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Definition agreed by the 26th CGPM
(November 2018), implemented 20 May 2019:

& o
3 SI -, lkg:[ h ]m“zs

6.626 070 15x 1073

2
h A h A
, D T 458 0 o 1475521 100 20
6.626 070 15 104 )(9 192 631 770) ¢ ¢

lkg =

g
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The kilogram

The kilogram, symbol kg, is the SI unit of mass. It is defined by taking the fixed numerical value of the Planck
constant h to be 6.626 070 15 x 10734 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 ¢ and Avc,.

This definition Implies the exact relation h = 6,626 070 15 x 10734 kg m? s~1, Inverting
this relation gives an exact expression for the kilogram in terms of the three defining
constants h, Aves and .

' h ;
I kg T [ms
L 6.626 070 15x 10"
which Is equal to
299 792 458)° hAv o h AV,
4 e Ikg ( — ) €% o 1.475 5214 x 10*0 —<
(6.626 070 15% 10 )9 192 631 770) ¢ ¢’

The effect of this definition Is to define the unit kg m< s-1 (the unit of both the physical
quantities action and angular momentum). Together with the definitions of the second
and the metre this leads to a definition of the unit of mass expressed In terms of the
Planck constant h.

g
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20 May 2019 - World Metrology Day

The new definitions of the S| base units
have now come into effect!

MNN1IU LY
17th meeting of the CCM (2019)

7 r
R - - -
- : - —
e — —_———— ! _—
— G _ ] fr—
] —_— e
— o fem—
I — ==
— e Pt
= = { 1=
f— ——@ —
" J— () —= \*,
. R —
= = e
- bl X v =1 -
8 ‘ =
' —
S -
"N e

—— < e - = - ¥ = - o ~ -
—_——— S A R e P L s sl - S ——
e I — _ = = . E 55 - A 5 =y = = ——” e =

President: Dr P. Richard
Executive Secretary: Dr H. Fang
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Consultative Committee for Mass and Related Quantities (CCM)

Dr P. Richard

Director, member of the CIPM
Federal Institute of Metrology METAS
Switzerland

Dr H. Fang
Bureau international des poids et mesures

France

Bundesamt fir Eich- und Vermessungswesen [BEV], Vienna

Central Office of Measures [GUM], Warsaw

Centro Espafiol de Metrologia [CEM], Madrid

Centro Nacional de Metrologia [CENAM], Querétaro

CSIR National Physical Laboratory of India [NPLI], New Delhi

D.I. Mendeleyev Institute for Metrology [VNIIM], St Petersburg
Danish Fundamental Metrology Ltd [DFEM], Hgrsholm

Federal Institute of Metrology METAS [METAS], Bern-Wabern

Istituto Nazionale di Ricerca Metrologica [INRIM], Turin

Korea Research Institute of Standards and Science [KRISS], Daejeon
Laboratoire National de Métrologie et d'Essais [LNE], Paris
Measurement Standards Laboratory of New Zealand [MSL], Lower Hutt
National Institute of Metrology [NIM], Beijing

National Institute of Standards and Technology [NIST], Gaithersburg
National Measurement Institute, Australia [NMIA], Lindfield

National Metrology Institute of Japan, AIST [NMIJ/AIST], Tsukuba
National Metrology Institute of South Africa [NMISA], Pretoria
National Physical Laboratory [NPL], Teddington

National Research Council of Canada [NRC], Ottawa
Physikalisch-Technische Bundesanstalt [PTB], Braunschweig

RISE Research Institutes of Sweden AB [RISE], Boras

Slovak Institute of Metrology/Slovensky Metrologicky Ustav [SMU], Bratislava
VSL B.V. [VSL], Delft

Agency for Science, Technology and Research [NMC, A*STAR], Singapore

Instituto Nacional de Metrologia, Qualidade e Tecnologia [INMETRO], Rio de Janeiro
Instituto Portugués da Qualidade [IPQ], Caparica

Laboratorio Tecnoldgico del Uruguay [LATU], Montevideo
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Consultative Committee for Mass and Related Quantities (CCM)

1) CCM Task Group on the Phases
for the Dissemination of the kilogram following
redefinition (CCM-TGPfD-kg)

2) CCM Working Group on the Realization
of the kilogram (CCM-WGR-kg)

3) CCM Working Group on the Dissemination
of the kilogram (CCM-WGD-kg)

g
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1) CCM Task Group on the Phases
for the Dissemination of the kilogram following
redefinition (CCM-TGPfD-kg)

R
« How will ke be defined?
J
)
- h = 6.626 0715 X 10-34 kem?s™
/
(N
‘\"/AMA//MT”
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2) CCM Working Group on the Realization
of the kilogram (CCM-WGR-kg)

\

« How will the kg materialized?

v

u Avogado Experiment (XRCD method)
] watt balance/ KB

g
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3) CCM Working Group on the Dissemination
of the kilogram (CCM-WGD-kg)

X
« What will be the primary mass
standard?
/
)
 Traceability
/
s
‘\"/AMA//MT”
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.
Traceability chain after kilogram redefinition

XRCD method Watt balance /KB
Planck PTB. INRIM, NM1J NRC, NIST, LNE
/constant \ ‘ yay
Primary methods for the realization s I-r };sﬂ.l_%
‘ of the definition (section 2) S e =~
8 o= F.=myg
______________________________________ -~
( kg artefact in Watt balance I
I Primary mass I
l standards k ,
S S Sy . e e s T i i e R e il b e e s o S
Dissemination of the mass unit (section 3) @ Mass comparison in vacuum
<y

Secondary mass standards

BIPM ensemble of NML ;t:mdard Other mass s;andal'(ls
reference mass standards (NIMT No. 80)
Reference
1) Mise en pratique of the definition of the kilogram MeP-kg, v.9.0, 2014.10.22 c}
2) APMP 2017 TCM meeting, New Delhi, India, Sheng-Jui Chen, CMS/ITRI ‘\«/AM /V/MT”
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XRCD Method

Planck constant /2

To be measured/checked
Parameters to be measured/checked only once: regularly

Surface layer mass
Lattice parameter ¢ || Volume V/ Isotopic l . o
v

core

XRtled —-4 composition  -——-—- e B

metho =V
Lattice Impurities

vacancies o) e ]
v | g
Surface layer mass
measurement system

v

Primary 8V 2hR z :'x(f Si) A,.(iSi) JTS PTB provides NML the
mass m = = : —m Hm ..V | necessary know how for the
sphere 3 2 ] defect "y "SLy e Y :
standard a’ ca A4.(e) ~=¢ | combined XRF XPS technique

Vacuum to air transfer .. v

Mass comparison in vacuum Sorption effect measurement

<
kg working a
- | |A

standard - -
Dissemination Qj?—- |

1mo—1000k{% L=
A0NUUNINSTINYTILAIVR
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Watt balance / Kibble balance

%

B CEH
m
é

\4
F.,=ILB bFp=mg

g
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Calibration laser %
Y
T-brick X

(knife edge)

Wi Universal Joint
&« Gimbal System

Coil wound
8 / on PVC Pipe

“\”wﬁl;f;;;:iEAhu‘ . o

Magnet System

/s
¢ Y AM NIMT™
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The Planck constant h from a watt balance — Step 1

Gravitational force
Fe=mg

Electro-magnetic force
F-=1i(BL)

mg = E(BL) = —(BL)

I’T ]

R

from Mettler-Toledo
documentation describing servocontrol
of an analytical balance.

A0NUUNINSTINYTILAIVR

An analytical balance is calibrated by
an internal or external mass standard

traceable to m(IPK)

National Institute of Metrology (Thailand)



watt balance — Step 2

B Move the coil of wire (length L) vertically through the
magnetic field (B) at a controlled velocity (v).

B A voltage difference IV appears across the ends of the wire:

; |2
T =V (_BL) n?tg — _(BL) (from previous slide)
R
B Combining equations, mechanical power = electrical power
I}rl"
mgv =V —
(N4
‘\”/AMA//MT”
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watt balance — the link to the Planck constant

B Measure V, V' and R with quantum electrical devices,
first discovered in the last century and now widely used:

mgv:VV > h = 4bi -m=0._

R ff

fand f are microwave frequencies associated with the voltage
measurements;

b is a product of integers and
dimensionless scaling factors;
()‘]J |:'—1-EJ

r
I::-, Llllr

S

watt balance made of Lego
http:ffardiv.org /pdf/1412 16994
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Vacuum/vacuum transfer

= = 1 1 = v/ %4 [
L‘lJiEJUL‘VIEJUﬂ’)']ﬁJ‘lﬁJ LUUAUVRIRANNUUIUU Vacuum/air transfer
! KB or XRCD Vacuum/inert gas transfer
Realization u=10 ug
(invacuum) [~ TTTTTTTTTTTT :
International T tu=10 |
Prototype Kilogram argetu =19 Hd i
1

]
)
u=0ug Air/vacuum transfer ! Y
u<10 pg :
Mass comparison ‘ ‘  J Local set of
us2pg . reference standards
National s_tandards (PtIr, SS, Si, other)
(Pt-Ir, Si, other) <t------ , ,
National standard (air, vacuum, inert
kilogram (Pt-Ir) u=15pug gas storage)
u=4ug =
Mass comparison ARk
SS-Pt/Ir mass comparison (+ air buoyancy) ' '
u < 10 pg (air buoyancy) u=10pg ‘
NMI secondary | /] J
NMI secondary standards (SS) |/ /
standards (SS)
u=20ug
u=12 ug
SS-SS mass
SS-8S mass comparison comparison
us5ug u<5yug
End user reference End user I'"Eference
standard (SS) standard (SS)

u=15ug u=25ug




Bureau
International des

|» Poids et

{ Mesures

Note on the impact of the redefinition of the kilogram on
BIPM mass calibration uncertainties

This note provides information on the impact of the redefinition of the kilogram, which takes place

on 20 May 2019, on mass calibration uncertainties stated on BIPM calibration certificates issued
before this date.

g
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A19281AUAD ATUIAVBY NPK LAl
arauldutuauiiuduainiudn 0.010 mg

Adjustment of the mass uncertainty of BIPM calibration certificates issued before 20 May 2019

Prior to the decision to redefine the kilogram, all NMIs took traceability, directly or indirectly, from
the IPK. This will continue to be the case immediately after 20 May 2019. The mass of the IPK will
then have an associated uncertainty of 10 pg.

NMIs will need to review and, where necessary, adjust their uncertainty budgets for measurements
made after 20 May 2019 by:

1. Adding 10 pg in quadrature to the existing uncertainty given by the BIPM for those
standard(s) by which they achieve traceability to the BIPM

2. Updating their uncertainty budgets with the new uncertainty for the standard(s)

L g
{ YTAM MIMT
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dviiu National Prototype of Thailand

1kg + 0.429 mg
W with combined standard
: r‘é\ﬁE J%s, uncertainty
= Uc (k=1) of 0.005 mg Wuan

0.010 mg

ilu 0.015 mg
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B pansenulu KCDB wagttue1ulun18uin

Calibration and Measurement Capabilities

Mass and Related Quantities, Thailand, NIMT (National Institute of Metrology (Thailand)) KCDB
Measurement
Calibration or Measurement Service Measurand Level or Range Conditions/Independent Expanded Uncertainty
Variable
Is the
Instrument Instrument Minimum | Maximum : : i . Coverage Level of expanded MMI Service
Class - Type or Units | Parameter Specifications Value Units ) ] Comments L
or Artifact Method value value Factor Confidence | uncertainty a Identifier
Ftho relative one?
Mass Companson in ! o acar Approved on 20 August i )
Mass standards air 1 1 kg 0.18 mg 2 95% Mo 2013 10010-10101
Mass Comparison in ) " — Approved on 20 August . )
Mass standards air 1 100 mg D6to 1.6 Hg 2 95% No 2013 10010-10101
Mass Companson in . p— Approved on 20 August S )
Mass standard air 0.1 1 g 16t 3 Hg 2 95% Mo 2013 1001010101
Mass Companson in . i Approved on 20 August i )
Mass standard air 1 10 g 3to6 ug 2 95% Mo 2013 10010-10101
Mass Companson in . fp— Approved on 20 August - )
Mass standard air 10 100 g Gto 16 Hg 2 95% Mo 2013 10010-10101
Mass Companson in . i Approved on 20 August i )
Mass standards air 0.1 1 kg 16 to 160 ug 2 95% Mo 2013 10010-10101
Mass Comparison in . — Approved on 20 August| 10010-10101 to
Mass standard air ! 0 kg 01817 ma - o Mo 2013 10010-10104
Mass Companson in . ' . i Approved on 20 August| 10010-10104 to
Mass standard air 10 100 kg 1710 270 ma - s Ne 2013 10011-10402

B Jszndlne (28 w.a 2562) gelilinansenu

AUIIUIUSN1sanAINIuUNG .
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1) U215 INEINAVDINIASULEDYSTAIN

ﬁuﬁamaﬂﬁﬂumaél’uuwmmg'm (IPK %58 NPK) d13158
nsrvdaulalnensenuidenulnivssnlansy (Iae XRCD method
%50 Watt balance/KB)

2) aagnsaeunaule ...gavinglileandelun IPK ansaluvinlv
NMIs #13150911015NAABINITIANIAVBIAULBILARINEDIIT
ana1d (nelavangiunisiseuiigunan1sInfigennaaeiu)
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1) anuliwdusudannuvu ({Wugndau?)

2) INN1TNAABINGEBIIS XRCD method %38 Watt
balance/(KB) viluszuumsingeysyinid Tuvausiin1sinula
lngunfdalueinia  asiudadeianudianyluisesasanaus;
o A a A 2 o & Y a
INWE wag LATBNaMNTaY 39T uAaINTITaN
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bLUANINLLE & bLNVINTU

XRCD method Watt balance
Planck PTB, INRIM, NM1J NRC, NIST, LNE
/constant 1 yaY
Primary methods for the realization ? rlfa-‘—t.,_
of the definition (section 2) T N ; ‘
. - Fy=ILB Fa.=mg
————————— o — = - = = = —_— —_— e— = — e e—s — — - = — e — e —_— = e —_— e— = — \
( kg artefactin Watt balance
] Primary mass I
l standards ‘ :
AN e e s = S0 aim e S S i e ) B R S S
Dissemination of the mass unit (section 3) @ Mass comparison in vacuum

Secondary mass standards

BIPM ensemble of NML ’standm'd Other mass standards
reference mass standards (NIMT No. 80)

g
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1) wWivwne : Tvadnuznuay
SEAULA ....LND1AST ..... LNUIU
2)  Wniune ;- TUSTAUVD99IU.... TIRRUITU

Realization, 9925 XRCD method %58 Watt balance/(KB)

a\

ANAUIANIILAYISUNBILAAU 1393UUBNIIVINNG
ENNSUINNUIIAYLAUDY NPL (KB)
59A1 300,000 gl5 w50 Uszuad 13 auum U 2017)

Dissemination ......l399N15AN® WRIWA 298 S2uAU NMI ((Umune)
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THE NEW KILOGRAM
DEFINITION

ANUSAMULINSINGN TeUTHUTOIRTANSUMBHANMSUOIAURATRA
(Watt balance) ta=msinLiambinoaAunaing’
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