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TABLE I. Isotope splittings in erbium, in wave-number units. ks'mean
are the mean values of measurements using four di8erent spacer sizes. The
upper numbers are s we-vie and the lower numbers are s iee-~~ee. R gives the
ratio of the splittings.

TAsLE I. Threshold values of internal conversion coefficients
for the K-shell.
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s-electrons. For instance, the usual change of a p-electron to an
s-electron mould give a positive shift. No analysis is available for
erbium, but the isotope structure may give useful clues. The
hollow cathode source usually enhances the ionized spectra, and
since the shifts are of the magnitude to be expected from the
second spectrum, it is presumed that the lines showing the shifts
are caused by Er II. The positive isotope shifts probably arise
from the electronic transitions 4f"6p to 4f"6s and 4f"6s6p to
4f"6', and the negative shifts probably arise from the two-elec-
tron transition 4f"6s6p to 4f"Sd'. The configurations 4f"6s and
4f"6s6p should give similar splittings; the configuration 4f"6s'
would give splittings twice as great if it were not that the mutual
screening of the 6s-electrons tends to reduce the efFect.

The work is being continued, lines are being measured in other
regions of the spectrum, and the complete results will be reported
later.

The authors wish to express their gratitude to Professor A. G.
Shenstone for many helpful discussions and for his constant
encouragement, to Professor H. N. Russell for a stimulating dis-

cussion of the rare earth spectra, and to Professor K. Murakawa
for suggesting the problem.
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ECENT computations of the internal conversion coefhcients
for the E-shell have been reported for various Z and for k

h-ray energy) greater than 0.3-0.5 electron masses. ' The extra-
polation of these results to lower energies is uncertain for two
reasons: first, the mathematical formulation of the problem is of
such complexity that no simple extrapolation rule can be used;
second, the numbers are computed for unscreened wave functions.

In an attempt to resolve the mathematical difFiculties, com-

putations have been made on the threshold values of the con-
version coe%cients. These computations were performed by
taking the limiting values of the formulas of reference 1, as p, the
electron moxnentum, approaches zero positively. Under these

conditions many simplifications arise, and it is possible to compute
the results on a desk machine.

The results are given in Table I. The notation is that of refer-
ence 1. Since screening has been ignored, the threshold energies
for which these results were computed were those obtained from
the relativistic single-electron model, given by k = 1—(1—fcxZ j')&.

Figures in parentheses indicate the power of 10 by which the
number must be multiplied.
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'g ) 'ANY attempts have been made to test the dependence of
& cV& . primary specific ionization upon momentum for high energy
particles. Such measurements have been made by Kunze, ' Corson
and Brode, s J. G. %'ilson, 3 Sen Gupta, ' and Hazen& s by the use
of cloud chamber techniques. Except for Sen Gupta, who reported
an increase for electrons but not for mesons, the other observers
were unable to support the relativistic increase in ionization
beyond the minimum as predicted in the theory of collision loss
given by Bethe. ~

I.ow efriciency counters have been employed by Danforth and
Ramsey, Cosyns, ' and most recently by Hereford. ' Of these,
Hereford obtained results in substantial agreement with theory
upon comparing the primary specific ionization of 1-Mev electrons
with. that of the sea-level cosmic radiation. This technique makes
use of the unique dependence of the efficiency of a counter,
operating in the Geiger region, upon the primary specific ioniza-
tion,

efBciency~1 —e ~ ~l".

The present experiment makes use of this technique to compare
the primary specific ionization in hydrogen of two groups of
cosmic-ray particles of difFerent average momenta. The efBciency
of a low pressure (2.0 cm Hg) hydrogen-filled counter was measured
at sea level and under ~140 feet of rock. These measurements
were made with a fourfold coincidence telescope which included
the hydrogen counter and 20 cm of lead. The average momentum
of the sea-level cosmic radiation (presumed to be principally
p,-mesons because of the Pb filter), computed on the basis of the


