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appropriate wave length. This flow of the entire electronic system will exert a
uniform nonoscillating force and hence cannot excite phonons. In order to create
new electron-spin excitations, a larger energy is required than a single quantum of
translation can provide, unless the velocity of the general motion is high. The final
possible source of resistance is a transfer of energy of general electron motion to the
existing electron-spin excitations. Here, as in the case of the phonons, the force
on the excitation must vary in space, whereas the general electron motion yields
only a uniform force. These energy-transfer prohibitions are similar to those
operating for the superflow in liquid He 11.

We conclude that there is no mechanism for transfer of the energy of a slow
motion of the entire electronic system. Thus we have the infinite conductivity
without any conflict with the Bloch theorem, which requires the state with current
flow to have higher energy than the state of zero current.

We have already noted the proof by Bardeen? that an energy-level system of
this type will show the Meissner effect.

Recently Corak and collaborators! showed that the electronic heat capacity of
superconductors at temperatures below follows 7', the exponential equation

€ = ,chae—ch/T, (3)

where the constants a and b have values near 9.17 and 1.50, respectively, for several
metals. The energv-level pattern given by our theory yields just this type of
equation with e = bkT.. This is evidence for our earlier assumption that the
transition temperature is proportional to the energy of excitation e.

Since our energy term e = k7', depends primarily on conduction electron-lattice
interactions which are the cause of resistance in the normal metal, we may conclude
that 7. will be roughly proportional to the resistance for metals with equal densities
of conduction electrons. While superconductors generally have high resistance in
the normal state, one cannot claim that any such quantitative relationship holds.
The variety of complicating conditions, however, is such that lack of quantitative
agreement is not surprising.

We should note that, in contrast to the proposals of Frohlich and Bardeen,!! our
theory gives no minimum magnitude of lattice interaction below which’ the metal
will fail to become superconducting even at 0° K. We predict merely that 7',
will be much lower for metals with small lattice interaction. However, there is
another source of interference with superconductivity which will prevent some
metals from attaining that state even at absolute zero. This is atomic magnetic
moment from inner electron shells or possibly even nuclear magnetic moment. If
the effective magnetic field from this source exceeds the critical field for super-
conductivity, then no superconductivity occurs. This effect eliminates ferro-
magnetic (also probably antiferromagnetic) metals from the list of possible super-
conductors. Since the critical field H; is roughly proportional to e (and to 7'),
even the nuclear magnetic moment might prevent superconductivity in cases where
eis very small. However, tests for superconductivity have not been pushed to low
enough temperatures and external fields to make the nuclear moment an important
criterion yet.

We believe that we have here the basis for a theory of superconductivity. It
yields the observed properties of the superconductive state near 0° K. At a later
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date we hope to discuss the nature of the transition to the normal state and, if
possible, to add some more quantitative aspects to the general theory. '
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