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The error of the relative Q's for a single gas
is about 1-2Q. The relative error in Q from gas
to gas, which is caused by nonreproducibility of
the McLeod, is about +4k, except for He, where
it is +10@. The absolute values of Q, which are
also subject to errors in the absolute McLeod
calibration and the scattering path length, are
probably correct within +10/.

An examination of Fig. 1 shows the major fea-
tures. Li'-Xe, in the velocity range studied, ex-
hibits two maxima and two minima. This system
is expected to have the largest attractive forces.
The Kr curve shows two maxima, a minimum,
and a I elatively steep decline at high v~. It ap-
pears that the extrema which are analogous to
those of Xe have shifted toward lower velocities.
Argon displays only one maximum and one mini-
mum. These are at even lower velocities. At
low e~, Ne appears to be at the end of the long
decline which was seen in Ar and Kr, and then
decreases slowly at higher velocities. Helium
shows only a gradual decrease of Q with vr, which

resembles the behavior at the higher Ne velocities.
This behavior is as predicted': it demonstrates

a low-velocity undulatory region, an intermediate
region of sharp decline in Q, and a high-energy
region characteristic mainly of the repulsive part
of the potential.

A detailed theoretical analysis of these data is
deferred to a paper in preparation.

We are indebted to R. B. Bernstein, R. H. Ney-
naber, and S. M. Trujillo for valuable discussions.
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The problem of rearrangement collisions is
plagued by an overabundance of formal expres-
sions for the transition matrix. ' Each exact
form of the T matrix contains a wave function or
propagator which represents an exact solution of
the problem. Thus approximations are necessary.
%ith approximations for the exact wave functions
the various forms of T give different results. Un-
til very recently there has been no physically
meaningful scattering problem in which rearrange-
ment is possible which has been solved exactly.
(This is not surprising in that a rearrangement
collision is intrinsically a three-body problem. )
There has therefore been no means of testing the
approximations to the various forms of T.

Recently the low-energy scattering of electrons
by hydrogen atoms has been solved by elaborate
numerical methods in both singlet and triplet
states. ' ' The three widely different methods all
yield similar results which are presumably cor-
rect. From these results we may extract the spin-
exchange amplitude and test the approximate forms
of T. %'e shall confine our attention to incident
S-wave electrons. The partial cross section is

given by

a~ = (I./4p') sin'(6+ - 5 )

below threshold, or

o = (1/16p~) )A+-A I2

above threshold, where

A~ = exp(2i5~) -1,

where 5~ are complex.
%e shall test two forms of T. The first is

(4)

and the second is

(6a)

(+) .Here 4z is the exact wave function with initial
state g., and 4~' ' is the exact time-reversed
wave function with pf as initial state, where'

y =(sinpr /pr2) exp(-r )/&w,
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P.= (sinjr /P~ ) exp(-y )/4m,i 1

V/ is the interaction in the final state,

V = 2/r -2/r

(6b)

10
and m is the projection operator onto the final
boun electron,

7r = [exp( r)-/v'm]5(r - r ') exp(m ')/fw.
1

(6) g
1.0

These are the so-called "post" forms. The "prior"
forms, in which the interaction in the initial state
appears, will yield the same results because of the
symmetry in this problem.

The Born-Oppenheimer approximation is ob- .1tained by replacing 4; by @f in (4). Similarly
we shall replace 4~ and 4'y'' ' by $& and Pf, re-
spectively, in (5). These will be the approxima-
tions for T, and T, which we shall test. The cross
section is then given by

a. = (T./4v)2.
Z

(9)

The results are

and

(10) 10 0
P

o, = 4[(p'+ 5)(p'+ 9)'-16(33+p'))'/(p'+1)'(P'+ 9)'. FIG. 1. Cross section in units of Bohr radii squared
vs energy in units of 13.6 eV.
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A sharp resonance has been found numericallye~'
around P'= 0.7 in the singlet state. The phase
jumps by about m. The triplet phase is smooth
in this region so that (1) must vanish someplace
between p'=0. 70 and 0.73. Equation (11) vanishes
at P'=0.72. In Fig. 1 we have plotted the cross
sections o, a&, and a2. The results of Schwartz'
were used below p'= 0.64 and those of Burke and
Schey' above. It seems clear that T2 is a much
better approximation than T,.

In all fairness it should be pointed out that a
formulation of T also exists in which mf is re-
placed by a sum over all bound states of (r, ) The.
cross section from this form has been evaluated
numerically. It gives essentially the same re-
sults as (ll) above P' = 1.5 but extremely bad re-
sults below this.


