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The simplest manifestation of many body effects is seen in
the electron gas system e.g. plasmons in a homogeneous system (an
infinite jellium) and surface plasmons in an inhomogeneous system
(a semi—infinite jellium); ‘in this thesis we wish to study diff-
erent. : many body effects. The first part of the thesis deals
with the many body effects in a homogeneous system and the second
part‘with the rnteractlons of an inhomogeneous systen“with external

‘charge or atom.

Part I : Developing a theory fdr frequency and wavevector-dependeﬁf

dielectrrc function amenable to numerical computatlons has been

an interesting and challenglng task.’ Due to the constrarnts set
by the numerical aspect, however, most of the work is limited to
theories accurate in the long wavelength or hlgh frequency limits.
Due to the exchange—correlatlon - hole around each ‘electron there
35 & modifzcatron of the mean Hartree freld, one refers to the
difference between the effective field and the mean Hartree field
via the so called local field correction, G(q,m) Assuming that
the hole is bound rigidly to the electron, most theories obtain a

| static G(q). In general, the motion of the hole is uery-eomplex

. nd requires a'freqUency dependent local field, Experimental
observations on X-ray and electron energy loss Spectra at large
momentum transfers cannot be explalned by a statlc G(q), and -
developrng a theory giving a complcx, frequency dependent local
field incorporatlng the dynamic and dlSSlpatlve effects seems

. essential. In this thesis, we suggest several approxlmatlons which
take into account the dynamrc correlatrons in the electron gas

and in partlcular we calculate the damping of long wavelength
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~plasmons. We use the equatlon of motlon (EOM) method for Wigner

'disfributlon functlons.' The EOM for the one particle distribu-

th? function f(lcontalns the two partlcle dlstrlbutlon function

(2

f and so ?ns We truncate th? ?1erarchy of equatlons by approxi-
2 okl

ting for £ in the EOM for-f as,

2] - 4 o0 (1) .
fkck 0'(r It ot) = fkd(r t)fkvcr(r"’t) n C(ZV)'('I”Q"I_'"!t)v

. where, (2) :
2
) C(2)(r,r',t) =_k2 fkok,d,(r,r',t).

- 1 ket :
AThlS type of decoupllng has proved useful for. classical liquids.

leferent approxrmatlons for C(Q) now lead to various results
obtalned by other workers. Thus, we have here, a simple- and
methodlcal approach giving the earlier results.

~ For an improved treatment C( )(r r' t) 1s related to the
irreduc1ble density-density correlation function D(z), whlch in

’Hturn is related to a time ordered correlatlon functlon SR

_n(r,t,r',t'). We write an 1ntegral equatlon for 7. in the presence
of a weak'external potentlal b and retalns terms only to linear
order in ¢ Making an Sdhoc SSTL - llke ‘approximation for the
vertex function occurring thereln, we obtaln a frequency dependent
Gla ). 1In the h 20 limit, this result reduces to one obtained by
Singwi et all, who neglected the frequency dependence and obtained
a static G(q). We retain the frequency dependence and carry put
explicit calculatmons for G{q,w) in the'n = 0 limit. The G(g,w) is
split into two terms - one, a statlc local fleld obtalned earlier
by S'I'LS2 and the other a complex, frequency dependent part., The
imaginary part of G has a frequency dependentcecontrolled by the
coupling between the excitation modes of the system. This feature
was obtained earlier by Sharma et als, who used the Mori formalism.
Such a mode coupllng feature had not been notlced 1n any of the
earller mean fleld approaches. We present exp11c1t calculations
for damping coefflcient P s In the long wavelength 11m1t4. The

result for the T —~3 0 llmlt compares falrly well wrth an

earlier perturbative ca‘lculatlon5 in the same llmlt. The damping
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in metallic density range (1.8 < r. < 5.6) however is much smaller.
We also present G(q,w) for finité g and w. Many of the predicted
limiting features are noted. Although the experimentally observed
double peak structure in the energy loss spectra is not present,
the present results do show a shift in the peak towards experi=-
mental result. A defect in the present theory is that the static
and high frequency limits of G(q,w) are the same. This could be
due to the ad-hoc nature of the approximation for the vertex function.

We improve upon the above approximation by using linear
response theory to obtain the vertex function. [ calculated in
this case has values much higher than in the former case. The mode
coupling feature is retained here too. To understand the content
of this approximation we also develop a response function corres-
ponding to D(2) in the presence of an external field, and then from
its EOM obtain G(q,w).Also, a similar expression for G(q,w) is
obtained by extracting C (2) from an ECM for f(z) These two addi-
tional approaches indicate that our ;heqpy 1nclpdes higher order
correlations. This gives rise to the mode coupling term which-was
not obtained in any of the previous EOM approaches such as that of
‘Aravind et alé. This, along with the improvement in damping coeffi~
cient values, and the:simple systematic approach are the positive
aspects of our theory. |

The equilibrium value of f(2) is unknown and earlier workers6
have used ans3tze satisfying certain requirements for it. We use
~ the EOM method and obtain an expression for f(2)eq Wthh differs
from the ansﬁt2e6 however numerical calculation is hot attempted
because of dlfflculties in handling heavy computatlonal work.
Part 11 : Here we study the semi-infinite jellium, ? representative
of metal with a planar surface, in the presence of an external
perturbation. To circumvent difficulties arising from the inhomoge-
neity, we work mainly within the frame work of the model Hamiltonian
approach. We first study the dynamic image potential ¥(z,v) i.e.

the interaction between an incoming charged particle and the metal

surface. Earlier workers assumed that the particle moveslat a
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constant speed. We incorporate the acceleration of the particle
and calculate V(z,v) using both, the model Hamiltonian7 and the
microscopic dielectric response approach8. The results do not show
much improvement over the earlier self-consistent calculation by
Ray and Mahang, but we are able to show for the first time how the
local speed of the particle enters the self-consistent scheme.
Using the model Hamiltonian approach and assuming that an Qniformly
moving atom or molecule is approaching a metal surface, we also
calculate the dynamic van der Waals interaction W(z,v). We find
that due to the large mass bf the»incoming pérticle, its Qelocity
is too small to have any significant effect on W(z,v) at ahy
distancékof importance. We also calculate the single loss probabi-
lity Ela’ for a molecule approachingva metal surface,with an
uniform layer (coverage less than unity) of adsorbed molecules,.
A typlcal calculation shows that Pla is almost zero. Howevef a
reductlon in the excitation frequency of the adsorbed molecules

i._(.‘,_s,,g,lwev)_,can,,yieldwaﬁfinite,Pla.,M_
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