A summary of the thes;s

LThe field of electron scattering by atoms
and molecﬁles‘is now regarded as an important area of
theoret;ca}'and experimental endeavour, It finds appli-
cations in diverse fields of practical interest, such as,
atmospheric phyéics and ges =~ dischargesi piasma physics
and magnétdhydrpdynamics, lasers, mo;gcglar strupture
investigafions etc.ﬂﬂence,ltheré,is enough~potivafion
in this active field for one to work. Alsb;‘Quite a
few recent experimeﬁts on electron-atop;ﬁolecule :
collisions, give an additional boost%m?to a theoretical

worker in this field.

This thesis reports some fheoretipal
investigations on the sgattering of electrons py atpms
and molecules, This branch of physics now encompasses a
wide variety of phenomena-and one of the aims of the
present wofk‘has been to cover'a‘study of some of them,
Thus, the thesis may be divided into study of electron
scattering by atoms and by molecules, or further,
into polar and non-polar molecules as the targeté. The
thesis can also be claséified into?w}work on slow

electrons as well as on fast electrons, Similarly, it

also divides into the study of elastic and inelastic



I
processes, Each of these aspects is covered through at

ieast one theoretical investigation., ' -

The £irst chapter is a besgmé of various
scattering phenomena, their cross-sections and experimental
aspects, An informative account of_?ecént éiberiments of
cross-section measurement, done after ¥975. is given

‘briefly, with some generag ' iremerks on results,

—

In theé second chapter,' 'we first explain how
slow electron scattering can be tréated in‘ﬁ’h;gh-enefgy
methods. The interest is centred he?e around polar-molecule
targets. The modified Born approximation of Junker has
been applied to scattering of slow electrons by polar
molecules, Corrections introduced by this theory over
. the first Born appfoximation‘iead to a further dis-
agreement with experiments, hence numerical estimates
are not made, Also evaluated is the second Born' epproxi-
mation for the dipole targets, The method of Dalitz
integrals is found to be ‘suiteble, This calculation
leads to transitions AJ =0, 2, For 0 =——> 2 case
for e + CsCl,, the results are close to -the Glauber -
results only near the forward d;rection. Further, the
miclear excited Feshbach re#sonance is studied:for the
polar-molecule targets like Ho0, Dzo, HZS‘etc. Though
the process studied is elastic scattering, 1t is known
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to occur through the capture of the incident electron

followed by the decay of the temporary negative ion, in
such targets. This well-known Turner's mech?nism, is
studied here in th; Giauber approximation, Tpe transition
probability and the life-time of the temporé?y bindiﬁg

of electrons are calculated and comparisons are made.
After the second chapter, the focus is on scattering

of 1nterme&iate to high energy electrons, say, in the
range of 100 tg 1000 ev, We first deal with atomic targets,
Though the Glauber approximation has enjoyed immense
popularity in this field, it is known to have certain
deficiencies. Of the attempts to overcome them, the

high energy higher order Born approximations (HHOB) of
A.C, Yates, is a recent one. An EBS apprcach'is taken

up, with the direct scattering amplitude comsisting of
fhe first Born term, the second Born term of the HHOB

and the third Glauber term., The differential cross-sections
(DCS) for e-H elastic scattering are calculated over
different angles and incident energies. Corrections to
the present second Born amplitude, viz. that of thel
trajectory of)the incident particle and also for the

term o(kzz) in its real part, are discussed. Presently
We have proposed a modified Glauber approach, in which

the second Glauber term is to be evaluated with a non-zero
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mean excitation energy and the other terms of the usual
Glauber apprd#imation are retained. The second term
evaluated in %his‘way is in fact the. sebohé“HHGB term
0(k 1), The "consequences of this new amplitude are
fully discussed.‘ The present knowledge about the
elastic . electron-scattering from complex atoms like ;
C, N and O-atoms is inadequate. A simple treatnent is

given for these targets.

. The elastic scatteriﬁg of electrons by
molecules, is studied in the independent atom model
(IAM). The elastic e-H scattering ampiitudes evaluated
in the HHOB are applied along with the exchange, to
,the molecular hydrogen target. The e-H, problem is
taken up directly also, by taking a one = cenire wave
function of the target. The ICS, total elastic cross-
sections and momentum transfer cross-sections are
calculated and compared. Meodifications and extension
of IAM to other molecules are briefly treated, Simple-
calculations for the total cross sections of electron
scattering from molecules like Nz, 0,y 03, CN, LiH etc,

are given.

To describe the inelastic scattering of

fast electrons by atoms, a new method, based on the -
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Green's function expansion, is developed, in the frame

work of distorted wave Born approximation. This method
is,applied,to 18 —> 2S5 excitation of Hydrogen atoms by
incident fast electrons, 1in the range 50 = 400 ev -

by éélbulaﬁing the distorted wave first Born approximation
including exchange. This treatment is extended by
considering the polarization effects by the method of
Temkin and Lamkin., Extensive comparisons w;thfotheb
distorted wave methods are made, Anqindependeht atom
model is described to treat the electron impact
excitation of electronic states of molecules, The IAM
is used to describe inelastic e-H, collisions, employing
our amplitudes for inelastic e-H scattering. We have.
obtained the DCS for the electronic excitation of Hy

4+

molecule to the states B1 Zu and 83 st by the

. &
incident electrons in the range 100 - 400 ev, There are
hardly any calculations for inelastic scattering of by

molecules in this range of energy.

' Each chapter ends up with.é summary and
an outline of further prospects. Finally in the last
chapter; after a summary, conclusions. are drawn and some
new venues opening up for further work are pointed out.
It is worthwhile reporting below, some of the specific

results achieved in the present study.

1. The Glauber method is successfully applied to’
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a low energy problem, The best agreement so far, with
experimental predictions for the life = time of the
temporary negative ion formed in the elastic scattering
of slow electrons by certaln polar molecules (e.g. H20)

is obtained.

2, ' The second Born calculation . for: the pointe
dipole potential is attempted and interesting consequences

are derived. ) . .

3. The HHOB is found to give a good accord of
elastic e-H and e-H2 scattering Des with experimental
and other theoretiqal data, fqr small scattering angles,
upto nearly 50 , beyond which, our calculated DCS are
overestimgting, The reasons and remedies for this
behaviour are discussed, A sample calculation for e-H
sqattering,using the new modifie& Glauber aﬁplitude
proposed, shows a good accord with other higher order
theories, Generally all éhe higﬁer order theories
yield DCS falling below the experimental results.

b4y In the elastic <-;»--H2 scattering treatment m

the IAM, the effect of varying the nuclear charge z

are noted, The DCS of -e~H, elastic scattering calculated
with a one centre wave functign are found to be satisfactory

above 200 ev,
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5. The total collision cross-sections for

Carbon, Nitrogen and Oxygen atoms are palcu;ated in the
exact second Born approximation, psing the static
potentials of (1) Strand and Bonham and (ii) Cox and
Bonham, The results in the second case ave # comparatively
lower, The total elastic cross-sections for Cy, N and O
étoms,are found to compere favourably wifhtthe only
avallable data of Inokuti and McDowell. The total -
elastic cross-sections of e-Li scattering compare .
favourably with available data, These results are
converted via IAM, into the total elastic cross-sections
for molequles like LiH, N, CN, 05, 03, etc, These cross-
sections are oyerestimating at lpwer energles (100;200 ev)

, : ot
and are expected to be reliable high energies., One of

A
the main reasons for this, i.e, the miltiple scattering
effect, is calculated in a simple way and found to.be

insignificant for e-H, scattering.

6. The results of inelastic e-H scattering,
obtained from our DWBA method are comparable to‘thosé
of other similar calculations., It underestimateg the
DCS in the forward direction, so a cdrrection'ié
applied, by the method of polarized orbitals. As
expected, the polarization-effect enhances the DCS
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near forward direction. The experimental data for H(2S)
excitation are available only at 54.4 ev. At this ener gy
none of the theories considered, agrees with the data.
The agreement of the present 15 .__, 2S DCS with

other theoriles improves at and above 100 ev,. There 1s
also a variance in the forward DCS and its energyo

dependence, in different theories.x

e Perhaps for the first time, an indépendent
atom model is attempted for electronic excitation of

H, molecules by fast electrons in the range 100-400 ev,

The IAM predicts a lowering of the DCS
near the forward direction, whenever the final state
- of the target molecule, has a nuclear symmetry different
from that of the initial state, The IAM fails to
produce an accord with available data at 60 ev, We
have obtained the DCS of inelastic e-H, scattering
leading to the final states B! ¥ and & 2 end
have compared them with each other, Thoﬁgh the
vertical energy difference of thesé‘two states is
quite small, there is a lafge difference in the DCS.
The main reasoo for this lies in the different

nuclear symmetries of these two states.,
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All the results presented are furnlshed ’
with graphs and tables, Exténsive 6ompariso£xs are made
with avaiiable experimental and theoretical data and -
the results of other workers are duly écknowledged
under 'references'. All the standard maﬁhemétical

results used are summarized as an appendix.



