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The kilogram is the only remaining fundamental unit within the SI system which is

defined in terms of an artefact ( a Pt-Ir cylinder kept in Paris). It is proposed in the medium

term to redefine the kilogram in terms of the Avogadro constant. By definition an Avogadro

number of 12C atoms weigh exactly 12 g, so the kilogram could be defined as the mass of

1000/12 i:C atoms if the Avogadro constant is known to an accuracy of 1 x 10s.

The preferred method for determination of the Avogadro constant is to use a highly

polished 1 kg silicon sphere manufactured with roundness to within ±30 nm. The parameters

to be measured are lattice spacing and atoms per unit cell, mass and volume. It is also

necessary to know the nature and composition of surface impurities such as oxide and water.

The nominal diameter of a 1 kg Si sphere is 94 mm. In order to obtain an accuracy of

1 x 10s in volume, the diameter must be known to ± 0.3 nm i.e. within one atom. This

requires optical interferometry against a precision etalon using stabilised laser light. The

measurements are sensitive to many parameters particularly temperature. An instability of ±5

mK will be sufficient to cause the silicon to expand and the refractive index of air to change

beyond the accuracy limit. In addition alignment of all optical components is critical. The

interference fringes are collected on the CCD of a video camera and transferred to computer

for processing. An accuracy of ±1 millifringe is required.

If the lattice parameters are known, the mass of an atom is simply the product of

atomic volume by density. The Avogadro constant is the ratio of molar mass to atom mass.

The paper describes the apparatus which is being set up for this series of

measurements, the parameters which have to be considered and the role of surface impurities

in the determination of the density.


