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In the current SI (International System of Units), the kilogram is defined by the mass of a material artefact. In this instance,
because the artefact can be damaged during use, the present definition is inherently considered unstable. To overcome the
shortcomings of the present kilogram definition, the S| will be redefined in near future. In the new SI, the kilogram will be
redefined by fixing the numerical value of the Planck constant. After the kilogram redefinition, realization experiments which
link the Planck constant to the mass will be necessary. In the new SI, the kilogram will be realized through experiments
including the Kibble balance and the X-ray crystal density. The Kibble balance, which is named for the scientist Bryan P.
Kibble, is an electromechanical device comparing mechanical power and electrical power. The electrical power is
proportional to the Planck constant, because of the voltage and resistance are measured using the Josephson effect and
the quantum Hall effect, respectively. The Planck constant is an invariant and not a characteristic of a man-made object, or
a specific experiment. The new mass unit is more stable than the current one, and will pave the way for the advancement
of precision measurement.
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NOMENCLATURE mg; = Silicon atomic mass
N, = Avogadro constant

m = Mass of the test mass R.. = Rydberg constant
g = Acceleration due to gravity ¢ = Speed of light in vacuum
B = Magnetic field a = Fine structure constant
U = Electromotive force NPL = National physical laboratory (UK)
v = Coil velocity CODATA TGFC = CODATA task group for fundamental
h = Planck constant constants
e = Elementary charge BIPM = International bureau of weights and measures
K; = Josephson constant KRISS = Korea research institute of standards and science
Ry = Hall resistance NRC = National research council (Canada)
Ry = Von Klitzing constant NIST = National institute of standards and technology (USA)
a = Lattice constant LNE = Laboratoire national de métrologie et d’essais (France)
Ms; = Silicon molar mass METAS = Federal institute of metrology (Switzerland)
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Fig. 1 Mass changes of six official copies during four comparisons
against the international prototype of the kilogram (IPK).>*
Four official copies (K1, 7, 8(41), 32) have been measured
since 1889, whereas two copies (43, 47) have been measured
since 1946. The masses of the official copies, which are
stored in the same environment as the IPK, change over time
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Fig. 2 Conceptual diagram of the weighing mode for the Kibble
balance experiments. Electric current passes through the coil,
which is immersed in the magnetic field, to generate
electromagnetic force. The electromagnetic force is
compared to the weight of the test mass. The geometric
factor, the quotient of weight and current, should be known
to get the absolute mass
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Fig. 3 Conceptual diagram of the moving mode for the Kibble
balance experiments. The coil is moved vertically to generate
the voltage. The quotient of voltage and coil velocity in the
moving mode is exactly same as the quotient of the weight
and current in the weighing mode
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Fig. 4 Calibration chain for the smaller weights than 1 kg weight.
Combination of 100 g, 200 g, and 500 g weights is used to
disseminate smaller weights than 1kg weight. Using the

similar subdivision, small masses up to 1 mg is calibrated
within the maximum permissible error of E; weights
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Fig. 5 The relative uncertainty (k=2) of E; weights and the
measurement capability of KRISS mass laboratory. The
relative uncertainties of E; weights, which are traceable to
the IPK, increase as the mass of the weights are smaller
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