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FIG. 1. Heat capacity of niobium below 6 K.
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Fio. 2. Heat capacity of niobium below 20 K,

A C,/T es T' plot of the experimental data for the super-
conducting phase at the lowest temperatures is shown in Fig. 1
(open circles). The solid line through the origin gives the best
fit for a T' specific heat dependence with no linear term, i.e.,
C,=464(T/0, }', with 8,=161 . (Superconducting data at higher
temperatures are shown in Fig. 2.) It will be noted that below
4.5'K the data lie below the solid line, the departure being
definitel greater than the estimated experimental error. It thus
appears that for niobium the superconducting specific heat below
4.5'K falls oG more rapidly than a T' law would allow. It would
be of considerable theoretical interest to know whether a de-
parture of this kind is a general property of the superconducting
phase at very low temperatures or whether this behavior is
peculiar to niobium, or to take a more pessimistic point of view,
only to the present specimen. There is not enough information on
low temperature heat capacities to choose among these possi-
bilities. In the published papers on low temperature heat capacities
this efkct either has not been noticed or the data have too much
scatter to determine if it is present.

In contrast with the behavior of the specific heat in the super-
conducting phase, the specific heat in the normal phase follows
the usual relation C„=yT+464(T/8 )', where in this case the
constants o„and y are 254 and 21.0X10 4 cal/mol-deg~. The
specific heat expressed in this way fits the data from the lowest
measured temperature to about 12'K, above which the experi-
mental points fall below those predicted by the equation (see
Fig. 2). This is interpreted as indicating that the Debye charac-
teristic temperature changes, a value of 268' being appropriate
to 20'K. This behavior was expected since earlier determinations
of the specific heat made in this laboratory at liquid nitrogen
temperatures gave a value for H„of about 280'.

If we assume an ideal case for which the superconductor follows
the parabolic relation, H=H0(1 —T'/To'), between the critical
magnetic field, H, and the absolute temperature, and also for
which the superconductor has thermodynamically reversible
transitions between the normal and superconducting phases, then
a number of mell-known relations' hold among the following
quantities, Ho, (dH/dT)r=r&, y, T0, Tc„=c„(AC)r=ro. (The
last four of these were determined independently in this experi-
ment. ) With the aid of these relations, any pair of experimental
values, except the pair To and Te„=e„serves to determine all the
other quantities. When Ho is chosen to be 1960 gauss (a value
considerably lower than any previously reported), complete con-
sistency was found between the theoretical relations and the
experimental data. In other words, the heat capacity data re-
ported here correspond to the behavior of a sample of niobium
which undergoes reversible transitions and which. . follows the
parabolic relation with the constants Ho= 1960 gauss, TO=8.7'K.
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&HE total collision cross sections of positive ions in gases have
been measured for several cases, ' but no previous measure-

ments have been reported for negative ions. A convenient instru-
ment for measuring these cross sections is a Bennett radio-
frequency mass spectrometer. 2

The source of negative atomic iodine ions was an oxide-coated
cathode that had been previously exposed to iodine fumes. The
iodine poisoned the cathode so that it emitted negative iodine
ions but no electrons when heated. These ions were accelerated
and passed through the mass spectrometer, and a fraction of
them was detected at the plate of the spectrometer. If Io is the
current due to the iodine ions at the plate of the spectrometer
with a high vacuum in the spectrometer tube, the ion current I,
when gas at a pressure p is introduced in the path of the ions, is

I ~
—oyL/o'E

where cr is the cross section for collisions between the ions and gas
molecules which prevent the ions from reaching the plate, I.is the
distance the ions travel in the gas, k is Boltzmann's constant,
and T is the temperature of the gas. The value of o can be calcu-
lated from the slope of the straight line obtained by plotting
lnI against P. Some typical curves are shown in Fig. 1.

The Bennett mass spectrometer does not require that the ions be
formed in a narrow beam, so a measurable ion current is more
easily obtained than in a magnetic type of spectrometer. Measure-
ments were made at pressures from 10~ to 6&10 4 mm of Hg.
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