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[bookmark: _GoBack]On 16th November 2018, the 26th General Conference of Weights and Measures (CGPM) voted unanimously to revise the International System of Units, also known as the SI after the French name Système International d’Unités. The revision will go into effect on 20th May 2019, precisely twelve dozen (a gross) years after the original convention of the meter was signed by 20 signatory states. Currently, sixty countries are member states and another forty-two countries are associated members.
While individual parts of the system of units have been modified before, most notably the definition of the meter that was changed in 1983 to be based on a fixed value of the speed of light, the present revision is a more fundamental change of the unit system. In total, four units are affected by the revision, but more importantly, this revision alters the underlying philosophy of the unit system. Instead of relying on seven base units with various definitions, the revised system of units depends on seven constants of physics whose numerical values have been fixed. From these seven constants, the base units may be determined. 
It is helpful to revisit the definition of the meter to understand the new concept defining the SI. The meter is defined such that . A close inspection of this equation shows that it defines the meter. On the left side of the equation is a fundamental constant, the speed of light, which is given by the universe. The numerical value in the right side of the equation has been assigned by us humans. The second is given through another definition (related to the hyperfine transition frequency in cesium). So, the only free parameter is the length of the meter, which is hence defined. A characteristic of a constant that defines a unit is that it has no uncertainty associated with it. This is not true for the value of other fundamental constants, e.g., the Newtonian constant of gravitation, whose current value is given by according to the website physics.nist.gov/constants that gives values recommended by the Committee on Data for Science and Technology (CODATA).
On November 16th four additional constants were elevated into the circle of defining constants, the Avogadro constant , the Boltzmann constant , the elementary charge , and the Planck constant . From the Avogadro constant, the amount of substance measured in the unit mole can be obtained. The Boltzmann constant can be used to determine the unit of the thermodynamic temperature, the kelvin. The elementary charge can be used to obtain the unit of electrical current, the ampere. The Planck constant will lead to the unit of mass, the kilogram. 
The previous definitions of the units were abrogated with the 16th November vote, effective on 20th May 2019. The international press focused mostly on the kilogram, which was defined via an artifact, the so-called international prototype of the kilogram (IPK). The IPK has been in use since 1889. However, the change of the unit of electrical current is even more substantial for the following reason.
The former definition of the ampere relies on the attraction of two current carrying wires produced the electromagnetic interaction. Realizing this unit is challenging. With the prediction of a superconducting tunneling effect by Brian Josephson in 1962 and the discovery of the quantum Hall effect by Klaus von Klitzing in 1980, electrical units could be realized more straightforwardly and more precisely by using these two quantum effects. 
The Josephson effect appears when two superconductors are separated by a thin barrier and current passes through the barrier.  This happens via tunneling in the presence of both a microwave field with the frequency f and a voltage of  across the barrier. In the quantum Hall effect, a current through a 2-dimensional electron gas in a strong magnetic field produces a transverse voltage that is an integer fraction of  times the current. The quotient , was named the Josephson constant and the quotient  the von Klitzing constant to honor the prediction and discovery of the respective effects.
Electrical metrologists embraced both quantum effects to provide exact and stable values of the volt and the ohm. However, the dependence of the Josephson and von-Klitzing constants on the currently accepted values of h and e means that electrical devices would have to be calibrated every four years when new values of these fundamental constants are made available. In addition, the uncertainty in the measurements is smaller than the uncertainties of the values of the constants.  The numerical values of fundamental constants are recommended by the Task Group on Fundamental Constants within the Committee on Data for Science and Technology (CODATA). In recent decades, the Task Group has recommended values for fundamental constants every four years. In 1990, the electrical community decided to fix the values of the Josephson and von Klitzing constant to the best values known at that time, and they have remained standard values up to the present.  Hence, most electrical units are outside the SI, and these units are called conventional units to differentiate them from the SI units. The relative difference between the SI volt and the conventional volt has fluctuated by up to  in the years from 1990 to 2018. The relative difference between the conventional ohm and the SI ohm has fluctuated up to .
With the CGPM vote the conventional units were abrogated, and since h and e are fixed in the revised SI, the Josephson and von-Klitzing constants will also be fixed and can provide the basis for quantum electrical units in the revised SI.  Electrical metrologists will not have to worry that the values of these fundamental constants will change again.
The quantum electrical effects play an essential role in realizing the kilogram in the new SI. Masses of order 1 kg can be realized via two independent methods, via the Kibble balance or via the X-ray Crystal Density (XRCD) method. The Kibble balance is a mechanical device that allows the comparison of mechanical power (weight times velocity) with electrical power (voltage times current). Electrical power is measured with the quantum effects discussed above as the product of two frequencies and the Planck constant.  In the XRCD method, a single silicon crystal made of isotopically enriched silicon-28 is ground and polished into a perfect sphere. From a measurement of the sphere’s diameter and the lattice spacing in silicon, the number of silicon atoms can be inferred. The mass of an atom of silicon-28 relative  to the electron mass is well known. The mass of an electron is given by . In the end, this equation connects the mass of the silicon sphere to the value of the Planck constant. Note that the Rydberg constant  and the fine-structure constant  are known with small uncertainties, well below 1 part in .

The revised SI delivers a promise given before the French revolution to provide a set of units “for all times and for all people.”  Unlike an artifact, a fundamental constant of nature is believed to be stable in time. Further, it is in principle possible for everyone, given sufficient measurement resources and skill, to access the SI units. They do not depend on an object locked away in a vault as the international prototype of the kilogram was for the last 129 years.

Table 1 The seven defining constants of the SI.
	Defining constant
	Symbol
	Numerical value
	Unit

	Hyperfine transition frequency of Cs
	
	
	Hz

	Speed of light in vacuum
	
	
	

	Planck constant
	
	
	

	Elementary charge
	
	
	

	Boltzmann constant
	
	
	

	Avogadro constant
	
	
	

	Luminous efficacy
	
	683
	


	
[image: ]Figure 1 Gert Rietveld, chair of the consultative committee (CC) for electricity and magnetism (CCEM), talks at the 26th meeting of the General Conference of Weights and Measures (CGPM) shortly before the vote on the revision of the international system of units was taken.

[image: ]Figure 2 The logo of the revised SI. The seven base units are obtained from seven defining constants shown on the inner circle.
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