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except for the fact that in the calculation of the infra-red terms,
his expression®

(w/N)[In(N/2kmin) +1]
(m/X) In(\/ [ ul),

in which u is the meson mass.

is replaced by

112, C. G. Steuckelberg and D. Rivier, Helv. Phys. Acta, 23, 215 (1949).

2 For an electron D:(x) corresponds to S(x), and D!(x) corresponds to
SM(x) in Schwinger’s notation.

3 K. C. G. Steuckelberg and D. Rivier, Helv. Phys. Acta, 23, 236 (1949).

4+ J. Schwinger, Phys. Rev., 76, 790 (1949), Egs. (A32) and (A65).

5 Terms inversely proportional to the square of the meson mass appear
in the matrix elements.
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N recent years several writers have dealt with variational
principles for the computation of phase shifts' and trans-
mission cross sections.? It seems worth noticing that the same
approach is useful for calculating the reflection coefficient of a
potential barrier.
Let u satisfy the one-dimensional wave equation

d2u/d+R(x)u=0, (1)

where k(x) is a given continuous function, which has the constant
real values k¢ for x<0 and &, for x>d respectively, being unre-
stricted (possibly complex) inside the barrier 0<x<d. We write
u# in the form

= f(x) exp(tkox) +g(x) exp(—ikox), 2)

f(x), g(x) being everywhere continuous, together with their first
derivatives, and subject to the conditions

flo)=1, glx)=p for x<0,
flx)=7 exp[i(ka—ko)x], g(x)=0
Let us define

)

for x2>d.

‘d 24 B2 dv
I=Ju w(d®u/dx2+k2u)dx.

By means of (1), (2), (3) it is easily seen that
81 =2ikodp. 4

This is a variational principle for the reflection coefficient p. We
can either choose the trial functions fi(x), g.(x) containing »
coefhcients ¢;- - -¢, and then determine these coefficients from the
equations 87,/dc;=0, 8l,/dp=2ik¢, as made by Huang? or
simply, following the approach of Kohn,® derive from (4) the
formula

pP= Pt_[l/zik()v (5)

The soundness of Eq. (5) may be tested by means of the two
following examples. Let us take for « inside the barrier the WKB
approximation u= (ko/k)} exp(ifi* k(£)d). This trial function is
a rather rough one, because it corresponds to p,=0. Nevertheless,
inserting it in (5), we readily find

7 [ anrm v L[z
=g jﬂ d(3k " — 2k 2k )exp(lz jo /e(g)dg)

in agreement with a first approximation® derived by other
methods, which is valid when the variation of % is very small
inside a wave-length, and £=0.

As a second example, suppose we have inside the barrier
k(x)=ho+~(x), where v represents a periodic function, whose
average value inside a period is zero. Moreover one must have
everywhere |[y(v)|<<ko. In this case we see that the WKB
approximation can be written without appreciable error as
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u=-exp(ikox). Inserting this function in (3), with k2= k¢*+2koy,
one finds

o=i [ 3() exp(ikor)dv. ©)

If the barrier contains many times the period @ of v, the preceding
integral gives a non-negligible value of p only when 2ki=n2w/e,
i.e., when « is an integral multiple of the half-wave-length. This
is a well-known result (Bragg reflection, Lippmann plates®).
Equation (6) is also quantitatively in agreement with an ele-
mentary theory.
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EFINITE identification has heen made of an isotope of the

element with atomic number 98 through the irradiation of
Cm?2 with 35-Mev helium ions in the Berkeley Crocker Labora-
tory 60-inch cyclotron. The isotope which has been identified has
an observed half-life of about 45 minutes and probably has the
mass number 244. The observed mode of decay of the 982 is
through the emission of alpha-particles, with energy about 7.1
Mev, which agrees with predictions, and other considerations
involving the systematic of radioactivity in this region indicate
that it should also be unstable toward decay by electron-capture.

The chemical separation and identification of the new element
was accomplished through the use of ion exchange adsorption
methods employing the resin Dowex-50. The element 98 isotope
appears in the eka-dysprosium position on elution curves con-
taining 4.6-hour Bk?# (formed by a d,n reaction from deuteron
impurity in the same bombardment) and the bombarded Cm?#
as reference points; that is, it precedes berkelium and curium off
the column just as dysprosium precedes terbium and gadolinium.
The experiments so far have revealed only the tripositive oxidation
state of eka-dysprosium character but practically no attempts at
oxidation to possible IV and V states have been made as yet.

The successful identification of so small an amount of an isotope
of element 98 was possible only as a result of the accurate pre-
dictions of the chemical' and radioactive? properties.

It is suggested that element 98 be given the name californium
(symbol Cf) after the university and state where the work was
done. This name, chosen for the reason given, does not reflect
the observed chemical homology of element 98 to dysprosium
(No. 66) as the names americium (No. 953), curium (No. 96), and
berkelium (No. 97) signify that these elements are the chemical
homologs of europium (No. 63), gadolinium (No. 64), and
terbium (No. 63), respectively; the best we can do is point out,
in recognition of the fact that dysprosium is named on the basis
of a Greek word meaning “difficult to get at,” that the searchers
for another element a century ago found it difficult to get to
California.

It is a pleasure to acknowledge the special help in the bombard-
ment of the curium samples of Professor J. G. Hamilton, G. B.
Rossi, T. M. Putnam, Jr., M. T. Webb, and the operating crew
of the 60-inch cyclotron in the Crocker Laboratory. The successful
handling in a safe manner of the radioactivity involved was made
possible through the use of the excellent protective equipment
provided by Nelson Garden, the members of his Health Chemistry
Group, and Mr. C. M. Gordon. We wish also to thank E. K.



