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The differential scattering cross scction for the total
scattering of fast electrons from atoms in the first Born
approximation can be written as (1)

IT(S):4(Z_F(s))z,/(aozs4)+4s(s)/(aozs4) (1)
where
z z Taepit
S(s)=2—Ft (s)+ RN <(Th - To)e W@ T> (L)
iej=1 .
and
z — T)_) —
F(s):_z)1<¢(_r’l,, wta)e e L > (1.2)
| =

Fer the case of elastic scattering from atoms the intensity
is given as

Ig(s) =4 (Z—F (s))?/(ag2s4) (1.3)

Bartell and Gevin (1) have pointed out that by experimental
measurement of the total and elastic clectron or X-rey
scattering from atoms in the gas state that it should be
possible to obtain the quantities S(s) and F(s) and hence,
by Fourier transformetion, the quantities

D(r)=dmr 20 (r)=dmr, z;fd'“"dfd?z“‘f/'d?z ’¢'(?1 TZ ) [ (l'l*)

and

- —_—
r/

» 2 , —
P (r")=dame’ " fdn’ fdr Iy (1,

—>
—r

1) (1.5)

where D(r,) is the prebability of finding an clectron a
distance 7, from the nucleus of the atom and P(r') is the
probability of finding an electron a distance r' from
another clectron. The term p, (r) denotes the diagonal
component of the first order density metrix and Iy (7q72)



denotes the diagonal components of the second order density
metrix, It has been shown in the case of He that there is
little difference between D(r) functions calculated using
very exact wave functions (including r 2 interactions) and
those using the more approximate Hartréc-Fock wave functions
(1). On the other hand, the same comparison betwecn wave
functions for the guantity P(r') shows that differences as
large as 6-7% arisec and as pointed out by Bartell and Gavin,
such differences may be experimentally mcasurable (1).

At this point it should be mentioned that in the casc of
electron scattering the above results should only be useful
for comparing the nature of wave functions with experiment
in the case of the lighter clements (z << 20) because of the
failure of the first Born approximetion. Experimentsl
measurcments of F(s) for Ar and Bry have been carried out
approximately (2, 3) but so far measurcments of both S(s) and
F(s) have not been attempted.

Comparisons between theory and experiment for electron
scattering from molecules made up of the lighter clements
are also possible and have been carried out for the cases
Hy(4), CH, NH; and HZ0 (5). The procedure involved consists
of calculating I.(s) according to Eq.(1.0) but with the use
of molecular rather then atomic wave functions. Such
calculations have been cerried out for Hy" and Hp (6,7) as
well as CHy, NH3, Hp0 and LiH (8,9,10). Comparison of the
experimental result for Ho with the result for the
independent atom model (no chemical binding) shows that
electron diffraction experiments mainly measure the size
changes of the volume occupied by a fixed percentage of the
electrons in the molecule. Binding effects lead to a volume
decrease which indicates an increasc in kinetic energy and
through the virial theorem a lowering of the total encrgy.
In molecules containing hetero-atoms size effeccts are also
possible, but in addition, effects due to bond dipoles and
permanent dipole moments are also present., So far the results,
both experimental and theoretical, have not been sufficicently
precise to establish such dipole effects.

The main problem in the eveluation of theoretical binding
cffects in molecules according to Eq.(1.0) is in the evaluation
of the integrals encountered in the calculation of S(s) and
F(s). Recent techniques have been devised for the evaluation
of such integrals and are contained in Refs.(11-16).
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