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% Abundance 64
Present work 48.89
Earlier vrork+ 50.9

66 67 68
27.81 4.07 18.61
27.3 3.9 17.4

70
0.620
0.5

~ See reference 1.

The numbers given are the averages for the ZnIs+, ZnI+,
and Zn+ spectra, each weighted equally. The calibrations
and consistency of the results lead us to believe that the
abundance ratio of any pair of isotopes is accurate to
within one percent. Kith a packing fraction of -7.0
and a conversion factor of 1.000275 in going from the
atomic to the chemical scale a chemical atomic weight of
65.40 is computed. This is to be compared with the chemical

value 65.38.
In cadmium, ions CdIs+, CdI+, and Cd+ were investi-

gated. Table II gives the results. As in zinc the numbers

TABLs II. Isotopes of cadmium.

% Abundance 106 108 110 111 112 113 114 116
Present work 1315 0.875 1239 12.75 24.07 12.26 28.86 7.5S
Earber work& 1.4 1.0 12.8 13.0 243 12.3 28.0 73

+ See reference 1.

given are the averages found for the three types of ions.
Here, too, we believe any discriminatory effects to be
sufficiently small to state that the abundance ratio of
any pair of isotopes is accurate within one percent. A

packing fraction of —6.0 yields a chemical atomic weight
of 112.42, which is to be compared with the chemically
determined value 112.41.

These data indicate that the mass spectrometer as em-

ployed in the early work must have discriminated against
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~KELVE years ago one of us' reported values for the
relative abundances of the zinc and cadmium iso-

topes. Since that time numerous improvements have been
made in mass spectrometry. Thus, in view of the present-

day interest in more accurate nuclear constants it appeared
worth while to repeat some of the early work. In the new

work we employed a 60' mass spectrometer similar to one
already described. s Compounds having a negligible vapor
pressure at ordinary temperatures could be volatilized by
a small oven built into the ion source.

In the investigation of zinc, ZnI& was employed and
measurements were made for the ZnIs+, ZnI+, and Zn+

ions, Although the fractional spread in masses varied
from approximately 2 percent for ZnIs+ ions to 10 percent
for Zn+ ions, no systematic differences in the abundance
ratios in the three positions could be observed, so it could

be concluded that any discriminatory effects in the instru-

ment were negligible. Table I shows the results obtained.

TABLE I. Isotopes of zinc.

ions of diferent mass sufficiently to give an error as large
as 20 percent in the abundance ratio of the most widely
separated isotopes of zinc and cadmium. That an error
should have existed is perhaps not surprising since the
primary purpose in the earlier work was to obtain very
high resolution so that rare isotopes could be detected.
Thus extremely narrow slits were employed. As we now

know, these conditions can lead to abnormal dis-
crimination.

The instrument used in this work was built with a grant
from the Graduate School. This research was supported
by Navy Contract N5ori-147, T. O. III, between the
Ofhce of Naval Research and the University of Minnesota.
Material assistance was also given by the University of
Minnesota Technical Research Fund.
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s A. O. Nier, Rev. Sci. Inst. 18, 398 (1947).
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W EFELMEIER, in a paper on the exceptional rela-
tions between the nuclei of samarium, ' pointed

out that the proportion in which the isotopes of xenon
occur is abnormai, too. He suggested that this irregularity
should be explained by a transition of four xenon isotopes
to tellurium either during or shortly after the formation of
our present atomic nuclei. However, we are now in a
position to understand that the peculiar situation in xenon
has a much more trivial cause.

It is a well-known fact that nuclei with even atomic
weight are found in nature in larger concentrations than
nuclei with odd atomic weight, because of the difference
in binding energy between these two types of nuclei. Thus,
if in one element three isotopes occur with consecutive
mass numbers —two even ones and one odd one—the
concentration of the odd one is always less than the sum
of the concentrations of the even ones. The only excep-
tion—and a very striking one—is xenon, where Xe"' is
more than four times as frequent as its two neighboring
isotopes together. In this element the percentages of the
isotopes have been observed as follows s Xe"4:0.094
percent; Xei's:0.088 percent; Xe~'. 1.90 percent; Xe~"
26.23 percent; Xe's:4.07 percent; Xe's'. 21.17 percent;
XH:26.96 percent; Xe~:10.54 percent; Xe"':8.95 per-
cent. It is evident from these figures that everything would

be normal if the concentration of Xe~' were about ten
times smaller.

It has repeated1y been pointed out that by far the larger
part of the noble gases, which originally accompanied the
material of the earth, have been lost from our atmosphere,
probably during the earliest part of its history. ' This
theory explains the insignificant quantities of the other
noble gases compared with argon. At present this element
consists almost entirely of A", the isotope which was
formed by K-capture in K" after most of the original
noble gases had disappeared. 4
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Recently KatcoH» has shown that I@9has an exceedingly
long half-life, at least of the order of j,O» years, unless its
beta-rays should be too weak to be detected. Originally,
according to a general rules it must have been about as fre-
quent as the stable isotope I"'. If the half-life of I~' is as
long as about 2.10 years, demonstrable traces of this iso-
tope must still exist. Indications, though no dehnite proof,
of this fact were indeed obtained by Katcoff.

After the concentration of the original xenon in our
atmosphere had fallen to its present low value, the XeI2'
formed by beta-emission from the I~'—which at that time
had a much higher concentration —in the iodine of the
earth's outer crust and of the ocean, mixed with the small
rest of the original xenon. This was sufficient to give to
this single isotope its abnormally high concentration.

I W. Wefelmeier, Ann. d. Physik 36, 373 (1939).
~ A. O. Nier, Phys. Rev. 52, 933 (1937); M. Lounsbury, S. Epstein,

and H. G. Thode, Can. J. Research (in press).' H. N. Russel and D. M. Menzel, Proc. Nat. Acad. Sci. 19, 997
(1933); V. M. Goldschmidt, Geochem. Verteilungsgesetze 9. Skr.
Norsk Vid. Ak. Oslo. Mat-Nat. No. 4, 18 (1937).' C. F. Weizshcker. Physik. Zeits. 3S, 623 (1937); A. Bramley, Sci-
ence 86, 424 {1937).' S. Katco8, Phys. Rev. V1, 826 (1947).

4 J. Mattauch and S. Fliigge, Nuclear Science Tables (Interscience
Publishers, Inc. , New York), p. 104.

there are deviations from the linear Kurie plot below en-
ergies corresponding to between ) and $ of the maximum
energy. Thus, even in the most painstaking work and
for allowed transitions, agreement between theory and
experiment seems to be good only near the upper limit of
the p-spectrum. There appears to be no case in which even
so optimistic a statement can be made for forbidden
spectra.

It is not proposed that the Kurie plot method be aban-
doned, for there is no other method available for examining
a spectrum for complexity. Rather, it is proposed that
an argument based on such plots clone is not sufficient to
establish complexity, and that upper limit values of the
lower energy p-particles, derived from such an. analysis,
should be accepted with some scepticism.

On the other hand, if the Kurie plot gives evidence of
complexity, and if there is demonstrated the existenc of
gamma-rays of energies nearly equaling the differences of
these upper limits, and if coincidence counting gives data
consistent with the implied complexity, then there is
strong evidence in favor of the disintegration scheme
proposed.

4' Under Contract N6ori-117, T.O.1.
I F. N. D. Kurie, J. R. Richardson, and H. C. Paxton, Phys. Rev.

49, 368 (1936).
~ E. J. Konopinski, Rev. Mod. Phys. 15, 209 (1943).
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~HERE have been a number of examples in recent
literature where, in the mind of this author, the

Kurie plot has been. somewhat overzealously applied. The
method was originally suggested by Kurie, Richardson,
and Paxton' as a method of examining experimental data
for their compliance with either the Fermi or the Kono-
pinski-Uhlenbeck theory of p-decay. In applying the
method to data, which we now know to be poor, they
found a number of cases (Cle', K~) in which deviations
between theory and experiment were very wide. They
showed that, by assuming that these substances emitted
toro groups of p-particles, a c'loser consonance between
theory and data was obtained.

Because of the continuous distribution of the energy
of p-particles there is no straightforward experimental
method of ascertaining whether a p-spectrum represents a
single p-transition or several. Because of this the Kurie
plot has been widely used to aid in this examination. If it
were clearly established that a simple spectrum was repre-
sented in detail by the Fermi theory, this method of plot-
ting would be a very powerful tool, because, in principle,
it is capable of disentangling a complex spectrum to give
the upper limits and intensities of all its components.
However, at the present stage, the application of the
Kurie plot for this purpose is always suspect, since there
is no case where the plot is linear down to low energies.
Konopinskis has given a good summary of the existing
data and has pointed out that in the particularly careful
work of Lawson and Cork on In"4 and of Tyler on Cu~
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~HE ultimate limit of precision in lattice parameter
measurements by the Debye-Scherrer Inethod is

given by the spectral width of the primary characteristic
radiation, which causes an irreducible width of the line
even with an inanitely narrow collimator. ~* The line could
be sharpened by monochromatization of the primary beam,
but the elimination of all but a small fraction of the spec-
tral band of a characteristic line would result in a pro-
hibitive loss of intensity.

One can sharpen the diffraction line by achromatizing
the characteristic radiation, i.e., by causing all rays of
wave-lengths belonging to a spectral line to converge to a
focus after diffraction. In Fig. 1 a point source of x-rays,
A, radiates a polychromatic beam toward the crystal
QTUR so that the central ray AC satis6es the Bragg
condition for diEraction by the lattice plane dd' and for
the most intense wave-length ) of the spectral band. After
diGraction the rays diverge from an apparent source A'
so that every ray has only one deanite wave-length. A
polycrystalline sample E is mounted normal to the central
ray A'Z. All rays diEracted by I' will come to a focus ¹

The distance CE= V is given by

V=P(1+2 )(— )+t
where F=NB, /=AC, 8 = +ACd, 8 is the Bragg angle


