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Abstract

A simple calculation has been carried out for the absqrption
coefficient of H—. The matrix component of transition is calculated
from the combination of a free-electron wave function obtained by
averaging the Hylleraas wave function for H— over the coordinates
of one electron. The absorption coefficient covering a wide range
of optical spectrum is in the order of 10—17 em?2.

Introduction

In a previous paper!, a detailed calculation for the absorp-
tion coefficient of H~ has been attempted. The approximations
introduced necessarily limit the correctness of the results only
to its order of magnitude. One would expect that the same
order of approximation can be obtained if free electron wave
function in the continuous state is used instead of the more
complicated wave function for an electron acted by the atomic
field. Bethe and Peierls? used exactly this procedure in eal-
culating the absorption coefficient of heavy hydrogen (forming
neutron and hydrogen) by y-rays and obtained results in good
agreement with experiments of .Chadwick. We shall follow
more or less their procedure in the following calculations.

1. C. K. Jen, Phys. Rev. Vol 43, p. 540 (1933).
2. H. Bethe and R. Peierls, Proc. Roy. Soc. Vol. 148, p. 146 (1935).
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Wave function for H-,

Hylleraas® obtained the characteristic wave function for 7
H- as follows:

Yo (ry, 1) = C e'“”l*’?’z) {

1+Bre+v(n -7’2)2}

We can obtain a one-electron wave function, (say o (r=r.))
over all the coordinates corresponding to r; by setting

A @® 2
Tig =17 vfo (2:,:_3 — 2v1—1)xv P~ (cos ©)

where

in(pr—@2)

v — !
Py (cos 9)=3 fv=fw)l Pg(cos e1) PS(cos o) €

n=—v v+ |P-|)!
cos ® = cos 8, Co8 0, + sin 0, 8in e, .8 (P, — @s)
#=larger of two radii, »; and »,
z=ratio of smaller to larger radius.
We get from above
vo=ale (5 +a+br+or) -7
where 2=1.639
b=-0.298
¢=0.057
corresponding to
o= 0770
8 = 6.308
vy = 0.119
. . . . h?
where distance is measured in units of a, = Atmer

Normalization of the above function in the form f yy’dr==
gives A a value of 0.298. (Factor 2 is introduced instead of 1
because we have two electrons having equal probability of be-
ing ejected.)

3. E. A. Hylleraas, Zeits. f. Physik Vol. 65, p. 209 (1930).
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Coeffictent of absorption
The wave function of a free electron having energy e,
measured in the units of Rh, and normalized on the wave-
vector scale, is:
. . L o ,
‘pk = (—ZW e?’ (IG % )

where .

t

k=vz';§-==e

The coefficient of absorption is given by the formula?

3 2
6=§mc_ev“%f2()slg

where

Aot = fwoz Ve dt

and e is free-electron wave function normalized on the energy
. . . . a® .
scale. Here Z,; is measured in atomic units and 73"7 is the

conversion factor bringing |Z.e|*> back to the scale of ordinary
units. ¢ (in em?), e, v and ¢ are all in ordinary units.

By introducing the relation between wave-vector and energy
scales, one has:
» 1 k * 2y o
iZos“:W”j‘/d& [Zoe|®

where
ZOFG = f’lpq rA ei (; ':)dr
and d Q=eclementary solid angle.

Note also

vfer
Zoi =% *a‘%;fll’oei cosedt

where e =angle between k and r.

Substituting the expression for vy, into the above equation,
we get
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: 8n A
| Zo | = mi)?sz(k)
a?+ k2 }"’_‘_2 2aa+b)
(202 + k2 N g
b (Baz—%%)+4ac (a2—Ek?) ac
+6 { (az+ K2 } +96 (a®+ k23
Finally we get the expression
_ 64mA% &, { (B2 4-€0) &2 i

O= g he W @i .

where the part in { |} is measured in atomic units. and %7

where f(k)= | — {

is equal to the reciprocal of the fine structure constant, or —1—%7
and ¢,=0.0528, corresponding to an electron affinity of 0.715 v.
Results and Discussion

The results of calculation are tabulated as follows:
(in Rh units) 0 0.05 0.10 0.20 0.30 0.40 0.50 0.60

(in e.v.) ¢ 0.678 1.356 2.71 4.07 543 6.78 8.13
(in A) 17254 8870 5967 3607 2584 2014 1649 1397
X107 (in cm?) 0035 076 111 1.14 1.04 0.92 0.85

The results indicate that the absorption coefficient of H-
in the spectrum extending from the long-wave limit 17,254 A
to as short as 1397 A is the order of magnitude of 107 e¢m?
with a maximum around A=2584 A. This agrees in its order
of magnitude with the results previously calculatedl. We note
a characteristic difference, however, in the fact that ¢ =0 at
the limit according to the present calculations whereas it was
finite according to previous calculations. This difference is im-
portant, because in calculating the capture cross-section corres-
ponding to the inverse process, the present result points to zero
cross-section for zero velocity electrons whereas the previous
result demands an infinitely large cross-section. On general
grounds the infinite cross-section appears to be more reasonable
than zero cross-section, since the longer an electron stays
around a nucleus, the larger is its chance of being caught (hence
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infinite time corresponding to zero velocity means infinite cap-
ture probability). This point has also come up in the theory
of the recombination of neutron and proton to form heavy
hydrogen. In the latter connection, Fermi* had to call for
the radiation of a magnetic dipole to get results in rough agree-
ment- with experiments. In our present case, however, it is
only necessary to assume an atomic field acting upon the free

electron in order to have an infinite capture cross-section at
the limit.

4. E. Fermi, Phys. Rev. Vol. 48, p. 570 (1935).
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