248

G.N. Haddad et ale

2·0

1·0
~

~

I

~

I

I

I

I

I

I

I

I

I

I

~NDl

Q)

U

=
Q)

""'"

~

0

0t-

~

X---x

~--XVdr

-1·0

0·1

1·0

10·0

100

EIN (Td)

Fig. 3. Differences between the two-term and the converged results for the
transport parameters in hydrogen with realistic angular distributions for elastic
scattering. (Differences are positive when the two-term result is the larger.)

4. Hydrogen with Realistic Angular Distributions
Fig. 3 shows the differences in the values of V dn ND.l andND Ii in hydrogen for
O:3 ~E/ N ~ 30 Td, which have been calculated using the two-term and multiterm
solutions of the Boltzmann equation and realistic angular distributions for elastic
scattering.
Angular distributions for elastic scattering in hydrogen at several energies have
been published by Linder and Schmidt (1971). The angular distributions at the
energies required for our calculations were determined from linear interpolations
of these data. For all the inelastic processes the angular distribution for the v = 0 ~ 1
vibrational excitation process at 4·5 eV (taken from Linder and ,Schmidt) was used.
The choice' of a representative angular distribution was permissible as the results
were found to be insensitive to this choice.
In Fig. 3 the calculations show no significant difference in the drift velocities
calculated using the two methods, but differences of up to I'· 5 % in ND.l and ND
Estimates of the errors arising from the use of the two-term solution may be
obtained from the formulae given by Lin et ale (1979). We have in fact calculated
the predicted differences according to these formulae and compared them with the
differences between the two-term and converged results. The predictions of errors
in the calculation of the drift velocity are remarkably accurate (for example, - 0·7 %
from the prediction formula and - O·5 % from the calculations), but are somewhat
less reliable in the case of the diffusion coefficients.
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5. Conclusions
.From the work described in this paper we are able to draw the following
conclusions:
(1) The more extensive calculation we have been able to make with one of Reid's
(1979) models has confirmed the general conclusions he reached with regard to both
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the magnitudes of the errors in the transport coefficients calculated using the two-term
approximation and their dependence on the degree of anisotropy in the scattered
distribution.
(2) From calculations based on a set of integral cross sections for hydrogen
assembled from presently available experimental and theoretical data, but with
arbitrarily chosen angular distributions for the scattered electrons, it has been shown
that back scattering is responsible for much larger errors than forward scattering
when the same degree of anisotropy is assumed. The calculations have also indicated
how anisotropic the scattering must be in order to introduce significant error into
the two-term results in this case.
(3) The calculations for hydrogen based on realistic angular scattering distributions
for the elastic channel have shown that small « 2 %) but significant errors result
from the use of the two-term approximation in the range 0 < E/ N ~ 30 Td. This
is the range of E/ N used to determine the threshold behaviour of the v = 0 -» 1
vibrational excitation cross section in hydrogen (Crompton et ale 1970). The transport
data will thus require reanalysis to eliminate the small errors that have been introduced
by using the conventional analysis. Since the values of D.i/ f1 calculated using the
multiterm analysis are lower than the two-term results, the vibrational cross section
will have to be lowered to restore agreement with experiment. Unfortunately this will
enhance rather than diminish the disagreement between the beam and swarm results.
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