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Recent papers by Welander and colleagues
 on the design and performance of a magnetic susceptibility thermometer seem to demonstrate that a stable magnetic flux density can be produced by operating a samarium-cobalt permanent magnet at a temperature of 4.2 K. The temperature resolution of the thermometer at liquid helium temperatures was quoted to be at the level of a nanokelvin with a long-term drift not greater than 10-14 K s-1. The GdCl3 salt had an approximate Curie law behaviour, i.e., the magnetic susceptibility varying inversely as the temperature.

The stability of the flux density depends on the stability of the temperature, which in a carefully controlled cryostat can be at the microkelvin level. Since the temperature coefficient of magnetic remanence is about the same at 4.2 K as it is at room temperature (some 300 ppm per kelvin), this indicates that a stability in flux density of parts in 109 can indeed be obtained.

It thus seems possible to conceive of a cryogenic watt balance experiment with the flux density produced by a samarium-cobalt permanent magnet at 4.2 K in which a coil, also at 4.2 K, could be suspended from a balance at room temperature. The whole assembly would be in vacuum. 

There would be two clear advantages of such a design over the room temperature version:
(a) Operating the magnet in a cryostat whose temperature is stable at the microkelvin level would eliminate the problems at present encountered in a room-temperature permanent magnet stemming from its temperature coefficient and thermally induced drift.

(b) The windings on the suspended coil (or coils) could be made from superconducting wire so that no heat would be dissipated by the passage of an electric current. A relatively large number of turns could be used together with a relatively large current thus giving a relatively large force; a correspondingly high voltage would be produced by a relatively slow movement of the coil. 

There would be a number of other advantages of operating the coils and magnet assembly at liquid helium temperatures related to mechanical stability and almost complete absence of thermal expansion effects as well as wide options in the configuration of the coils. It might also be possible to measure force and voltage simultaneously in a continuously moving system.

While weighing in vacuum is known to work well, weighing in vacuum with part of the suspended object being at low temperature would need to be tested but there seem no insurmountable problems. 

A possible design of a cryogenic watt balance is shown in Figure 1.

An alternative way of producing the magnetic flux density, would be to use a superconducting magnet instead of a permanent magnet while continuing to use the suspended coil at liquid helium temperatures. A possible design of this alternative system is shown in Figure 2. Such a configuration would have all the advantages listed above for the cryogenic watt balance but in addition it would allow a much stronger flux density and one that could be reversed and turned off. It would also allow the flux density to be servo-controlled to a set value. The much stronger flux density would allow a smaller velocity to be used with corresponding advantages for reducing the total movement of the balance/coil assembly. The disadvantage might be the added complication of a superconducting magnet. 

In the case of the permanent and superconducting magnet configurations, the low-temperature behaviour of the soft iron used to complete the magnetic circuit needs to be checked.

Adequate alignment of coil, field, gravity vertical and direction of movement are serious problems in any watt balance experiment. The advantage of a cryogenic system may be that once cold, thermal and relaxation movements are much reduced.

We are studying the detailed design requirements of both configurations with a view to carrying out a simple preliminary experimental test using a permanent magnet.

We welcome comments on this proposal.
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Figure 1.
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Figure 2.





Cryogenic watt-balance
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� Welander, P. B. and Hahn, I, Rev Sci Instruments 72, 3600-3604, 2001 and Welander P. et al., IEEE Trans. Instr. Meas. 49, 253-255, 2000.
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