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W E have been considering a model for superconductivity in
which the electrons move in parabolic potential wells.

This model is quite analogous to Einstein's model in which he put
the ions into parabolic wells and obtained the specific heat of the
lattice. The parameters of the present model are the number of
electrons per well, the number of wells per cc, and the funda-
mental frequency associated with the well. By choosing parabolic
wells we are able to solve for the electronic energy eigenvalues in
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Fio. 1. Loghp vs logHp. The experimental points are taken from the
following sources:
I, (Pb, Sn, In) J'. M. Lock, Proc. Roy. Soc. . (London) A208, 391 (1951).
~, (Hg) E. Laurmann and D. Shoenberg, Proc. Roy. Soc. (London) A198,

560 (1949).
&, (Pb) M. C. Steele, Phys. Rev. 78, 791 (1950).
X, (Hg) Appleyard, Bristow, London, and Misener, Proc. Roy. Soc.

(London) A172, 540 (1939).
(Sn) N. E. Alekseevsky, J. Phys. (U.S.S.R.) 4, 401 (1941}.
(Cd) M. C. Steele and R. A. Hein, Phys. Rev. 87, 908 (1952).

resistivity in this case is again roughly proportional to T 3, with
a somewhat larger phonon mean .free path (or filamental di-
ameter), 1.1)&10 ' cm, for diAuse scattering.

It should be mentioned that although thermal resistivity
maxima have been reported previously for cylindrical specimens
in transverse magnetic fields, both for pure metals' 'P and for
dilute alloys, " '3 no longitudinal field maxima were reported for
any of these specimens. In the pure metals these transverse field
maxima occur in the intermediate state range 0.5 (H/H, (1.0 and
are probably due to scattering of electrons' at the boundaries be-
tween superconducting and normal laminas perpendicular to the
axis of the cylinder.
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the presence of a magnetic field without having to use perturba-
tion, theory. ' When appropriate values are assigned to the pa-
rameters of the model, it s found to represent the thermodynamic
(specilc heat and magnetic moment) properties of a supercon-
ductor quite nicely.

If we identify the size of the well (at an energy equal to the
Fermi energy) with the penetration depth, we obtain the following
relation between )p, the penetration depth at T=O'K, and Hp,
the critical magnetic field at T=O'K:

Xp= 1.6(hc/. Hp)&. (1)
Here h, c, and e have their usual values. Equation (1) is plotted in
Fig. 1 as the solid curve, with experimental points from the sources
indicated. The dashed curve is drawn parallel to the theoretical
curve to fit the data of the Cambridge workers, since their results
fall in a separate group. The numerical factor of Eq. (1) has to be
0.41 in order to get the dashed curve. The trend of ) p with H p, as
well as the absolute values, are quite well represented.

A relation equivalent to Eq. (1) can also be obtained from a
totally diferent development; namely London's~ concept of
superdcial currents whose elemental charges each carry an angular
momentum of k. Starting from London's2 equation (4) for the
critical surface mass transfer R„

R.= (mc/4pre) Hp,

and, assuming that at T=O'K

R,—nk,

where e is the number of superconducting electrons per cc, we
obtain

Hp =4prmek/pac.

Combining this with London's~ equation (6),
) p~ =mc'/47rne',

yields
Xp ——(ltc/eHp) &,

which is just our Eq. (1) with a slightly different numerical factor.
Detaih of the present model mill be given in a subsequent paper.
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E have independently observed the paramagnetic reso-

~ ~

nance recently reported for E'-type silicon by Portis,
Kip, Kittel, and Brattain' and have also observed the resonance
for I' type. Our measurements were made on two samples of
lV type and three samples of P-type silicon~ with impurity con-
centrations ranging from 5)&10»' to 5)&10' cm-'. The experiment
was performed at 9000 Mc/sec at 78'K.

By comparison with the free radical O., ot-diphenyl P-picryl
hydrazyl 3 it was established that the g factor for both holes and
electrons is 2.00. The line widths at half-maximum absorption
are 4 to 5 gauss for both E and I' type. The intensity of the ab-
sorption signal is found to be roughly proportional to the impurity
concentration. As it has been shown' that the resonance is the
result of the spin of the free carriers, this implies that the impuri-
ties are nearly completely ionized in our samples. Experiments at
liquid hehum temperatures may give information about the
efI'ective mass of the holes.

+ This research was assisted in part by the U. S.OfBce of Naval Research.' Portis, Kip, Kittel, and Brattain, Phys. Rev. 90, 5, 988 (1953).' Supplied through the courtesy of W. H. Brattain, Bell Telephone Lab-
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