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Notice from Eq. (7) that when the deBroglie wave-
length of the 4—B~ system becomes very small, the
associative-detachment cross section can become very
large. Since the relative kinetic energy of the ions
produced in CO at 9.7 €V and H; at 3.7 eV is approxi-
mately zero, large associative-detachment cross sections
are to be expected for these molecules.

Equation (7) may be employed to place lower limits
on many associative-detachment cross sections of
interest in astrophysics. For example, the electron
attachment data of Schulz®® and Rapp ¢! al.® predict a
lower limit of ~1072 cm? for the reaction H—
+H = Hy (*I1,) = Hy+¢ for an H™ energy of ~7 V.

35 G. J. Schulz, Phys. Rev. 113, 816 (1959).
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Similarly, the reaction H—+H = H; (Il,;) < Hote
could be quite large. Such a process has been suggested?®
as an important intermediate reaction in the formation
of stars.
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Schwartz has shown that if the wave function for the ground state of He is developed as a perturbation
series in powers of 1/Z and if the first-order wave function is expanded in a series of Legendre polynomials
in the angle  between the position vectors of the electrons, the contribution of the P; component to the
second-order energy behaves as /™ for large /. This same behavior is noted for a model atomic system.

HE relative importance of the various angular
contributions to the second-order energy for the
ground state of the helium atom where 1/Z provides a
natural perturbation parameter has been discussed by
Schwartz.!'2 He has reported that if the first-order wave
function is expanded in a series of Legendre polynomials
in the angle 8 between the position vectors of the elec-
trons; the contribution of the P; component to the
second-order energy behaves as /= for large /. Lakin?
has extended the result to the total energy. This same
behavior is obtained for a model atomic system.

The model atomic system will be called the Hooke’s
law atom. It has been studied previously by Kestner
and Sinanoglu* and, using perturbation theory, by
White and Byers Brown.® In this model the electron-
nucleus interaction is assumed to be harmonic while
the electron-electron interaction remains Coulombic.

* National Aeronautics and Space Administration Trainee
1965-66.
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For both the actual helium atom and the Hooke’s law
model, the equation to be solved is

(Ho—Eo)¥1=— (V—Ex)o, 1)
where V' =1/r;. Writing
Yi=Fy, (2)

in both cases and expanding F in a Legendre series in
the angle 6 between the two electrons

F =l§, Si(r1,72) Pi(cos) 3)
=0

reduces the problem to an infinite set of two-dimensional
equations. In both cases the equation which determines

fz is

0 lnxﬁoz 3 d ].nil/oz d
[V12+ Vi 1 ——] L
Jr 1 ar 1 or 2 dr 2
7’<l
= 2l: —Elﬁw} 5 (4)
r>l+1

19 1041)

r 0r? 72
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For the helium atom

Yo=7"exp[— (ri+75)],

E=5/8; )
for the Hooke’s law atom
Yo=n"" exp[ —5(r*+r)],
Ey=(2/m)'2. (6)
Now E; can be expanded as
E.=3 Ex(0), (7
=0
where
f<l d'llld‘vz
Ez(l)=/¢02 —, 1>0. (8)
rsH(214-1)
By changing to the variables
s=r1+re,
|7a—r1]
y= A2,
r1t72
A=(+3), )
one obtains the equation for f;:
3262 a? Jyza2J (V] s?f—-l—,B 6+)\62
2s 2——a sy—+A—
[ ast  osdy C oy 9y  ds  dy oy
4 [ a9\ 4—DQA+/N)
- 2y s—)— :If 1
(1—y/W\ "0y os (1—9%/N)?
2s¢72v exp[ — (29°/3N)— (29%/5N)— - - - ] (10)
- (1—y2/Api2 ’
where
a=2, He
= H t
s, ooke atom, (1)
B=2, He

=0, Hooke atom
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and where the boundary condition

a
—]il =0 (12)
9y ly=o

must be applied to f; since it is a symmetric function
of 71, 7e. If f; is expanded in inverse powers of A

AN N0 (13)

Eq. (10) can be solved to give the following results:
V= —Fse(1+2y) (19)
for both the helium atom and the Hooke’s law atom and

D= —dse i (— 4y +hy+ B 23+ 1)
—sGy*+y+y+3)] (15)
for the helium atom,
J=— s (— b+ iy 2+D)
=@y +iy+%)] (16)
for the Hooke’s law atom.
The expansion Ex(!) as a power series in N is

mo—2 LT o]

256 (3L G+ e

for He and

po--2 LI o)] o

for the Hooke’s law atom.

The results reported here differ from those of
Schwartz? in Eq. (15) and the second term of Eq. (17).

The similarity between the Hooke’s law atom and
helium indicated by Egs. (17) and (18), and by Eq.
(14), shows that the asymptotic form of f; is inde-
pendent of the nature of the electron-nucleus interaction
and depends only on the Coulombic electron-electron
repulsion. In the case of the Hooke’s law atom, F can
be obtained analytically® and is a function of 72 only.
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Brown for reading and criticizing the manuscript.




