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HE use of polarized neutron beams permits one to induce

reactions in which the reaction products may show certain

characteristic polarization properties. Perhaps the simplest case
of interest can be described as follows:

A polarized neutron o,= 4k of long wavelength is captured by a
nucleus 4 of spin 0 leading to a nucleus 4+1 of spin 2=3}% and a
single y-ray. We denote the total angular momentum of radiation
and nucleus by f#; then for reasons of conservation |f| =f,=4k.
It is clear that the y-ray must be due to dipole emission; all hlgher
poles are forbidden.

Now the only spin eigenfunction for f= f,=4# is given by

/B [VZei( = Hxi(1) — 2i(B)xi(0) 1.

Here ¢i’s denote the two spin eigenfunctions of the resultant nu-
cleus 441, and x;’s the three symbolic angular momentum eigen-
functions of the right quantum created by dipole radiation. The re-
sulting spin eigenfunction contains the following results: The y-ray
intensity is radiated isotropically. The resultant nucleus is par-
tially polarized with #,=—4%-3%. The y-rays radiated perpendicu-
larly to the direction of the neutron spin are unpolarized, while
those emitted along the z-direction are circularly polarized.

The discussion of a proper analyzer for a circularly polarized
y-ray and its connection with electron polarization will be left
to a later paper, in which also other cases of interest will be
treated.

A Variational Method for Inelastic Collision
Problems
B. L. MOISEIWITSCH

University College, London, England
(Received April 13, 1951)

GENERALIZATION of Hulthen’s variational method! to
the inelastic scattering of electrons by atoms has been de-
rived using the integral

L= [ ¥ @~ E)¥dr, a)
where H is the hamiltonian of the system.
In the case of the scattering of electrons by hydrogen atoms
=—Vlz""vf—2/71—2/72’{'2/712, (2)

where ry, 74, 712 are the distances of the electrons from the nucleus
and from each other, respectively, in atomic units.

For slow incident electrons exciting the ground 1s state of the
hydrogen atom to the 2s state, the total wave function of the
system may be written in the form

Y(ry, ra) =r2 { folrao(r) + fi(ra)¥a(r) }
xr Y folr)o(rs) +filr)vn(r) ),  (3)

where
fo(r)~sinkr—+a coskr,

fi(r)~d exp(ikyr),

as r— =, corresponding to the zero order partial wave only; and
¥o and ¢, are the 1s and 2s hydrogen atom wave functions, re-
spectively. The initial energy of the incident electron is k2, while
the energy of the scattered electron after the 2s state has been
excited is k2. It is important to notice that ¢ and d are complex
quantities. With the above asymptotic forms it follows by Green’s
theorem that

SL=4nkéa—8wikd*sd, 4)
if (H—E)¥=0. Hence
9(8L) =d4nkd(y— |d|%k1/k), (O]
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where 9(8L) is the imaginary part of 4L, and a=x-3y. It can be
shown that application of the principle of conservation of charge?
results in the relation

=|a[%1/k. )

Therefore, if the condition L=0 is imposed for all small variations
of the wave function ¥ so that 6L=0, then da=2i(%k,/k)d*3d and
the conservation of charge equation (6) remains satisfied. This
suggests the following procedure for the approximate determi-
nation of ¢ and d.

Form a trial wave function ¥; contammg n parameters ¢; in
addition to the parameters a and d,"and satisfying the required
boundary conditions at the origin and at infinity, then

5L,=(6L‘+2 d*aL‘)ad+

6L¢ k1 ,0L;

- +aL,

Hoa =235 M
if 8a=2i(k1/k)d*éd. Therefore 5L;=0 if
a——L‘+2 —d*aL‘ =0 and a—jif=0,
since
dL: ki 0L 3L,
3+ —2 kda -=0 and ac‘*—O

are their respective complex conjugate equations. Hence the
2n-+4 equations

L
Li=0, +2 —d*"—L‘— , Lo @®
ac¢;
may be used to determine the complex parameters a, @, ¢1, * - *, Ca.

But, in contrast to Hulthen’s variational method applied to
the elastic scattering of electrons, the condition L=0 does not
imply that da=0. A correction to the parameter may be obtained
by considering the integral

L= [ wH#~E)var. ©
For it can be shown that
L' =4nkda. (10
Therefore the corrected value A of the parameter a is given by
—L'/4xk. (11)

The variational method outlined above can be extended to include
any order partial wave, and excitation to any state of the atom.

Calculations are now in progress on the 1s—2s excitation of
hydrogen. The preliminary results obtained seem promising.

In conclusion I wish to thank Professor H. S. W. Massey for
his assistance and interest in this work, and I am also indebted
to Dr. R. B. Makinson and Mr. H. H. Robertson for a helpful
discussion of the problem.
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HE following correction should be made: line 10 of column 1,
p. 642, should read ““. . . There is, however, a difference
of about 0.21 Mev . . .” .



