Chapter V

AVERAGED MODEL GREEN FUNCTION

In this chapter, we will use the same model as
Bezak to find the averaged Green function of disordered
systems, but we will not use his method; instead, we will -
first use the path integrals formalism and then synthesize
this with the cumulant theory developed by Kubo16

Kubo pointed out that the series may be written
as a series in the exponent, 1464
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where/Mm'is the nth moment and Kn is the nth cumulant .

Before applying Eq. (5.1) to our problem, let us
give a rough indication of how it can be derived.
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If we expand every term in Eq.(5.2), and then re-
arrange the terms into a new form consisting of the sum of
all terms having the same power of §, then Eq.(5.2) can
be written as |

j/w<,0.xt>(‘§x)> I: g S L

where K consists of the sum of different powers in (x)

K, is defined as a kind of average, the cumulant average.
By taking the exponential on both sides of Eq. (5. 3), we
obtain
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The relationship between the cumulants and the moments can
be derived from Eq.(5.1).

For brievity, the derivation procedure will not be

given, only the result will be encode.
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The meaning of the restriction in Eq.(5.4) is that the

sum over all sets numbers {ni\ must satisfy Zin, =m .
2 i
Thus the resulting values of the moments provide information

-

“.

for calculating the cumulants. In order to clarify the res-
triction in Eq.(5.4) and the method of finding the relation
between cumulants and moments, it will be useful to follow
one example that of determining the second cumulant K2 o

Since n = 2, therefore I iny = 2
; : ry ‘
i.e. 1n, + 2n2 = 2
which implies that n, = O and n, = 1, or n, = 2 and n, =0 o
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Thus for K, , Eq.(5.3) has to be summed over two sets of
numbers, *0,1\ and {2,0 .

For the set {o,1} , L"~1 = (o+t1)=1 = O .
i

For the setia,ﬂ,; n-! o= (2t0)=-1 = 1.
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The other cumulants can be similarly obtained.:
For convenience, we will simplify some terms as follows -
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Having thus briefly introduced the meaning of
cumulant average ard how it can be expressed in terms of
moments, let us now go back to the problem of determining
the averaged time—-dependent Green function of disordered

systems,

Since we will use the same model as Bezik, we can

therefore similarly obtain K
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Eq.(5.5) can be looked upon as the Green function of an

electron interacting with a non-local potential [%(t’)—r(t')]
We can rewrite Eq.(5.5) as '
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)

whefe C,g(g:.&';(s) = )(Na(ewa)xxrﬁ-ﬂfg dt 2 (t)}
2 e

and B is an expectation defined by

) g
E 17‘{’{!’[&(’!)]& = Np(P“u")“fi";fg.dvﬁ (”}le{F[{fm

e 2

R
Jwa(fm)xxf{——%—_;)olzi(f)‘
_ a kA - )
Let u§ consider the evaluation of E [“r }((' w—_&.ﬁa‘%)
JJ oltelft'[a(n-ﬂt'"f%
- B T
Since E 1xp ..,"_:_‘_‘_"_3__ 1 1s Jt'[&(ﬂ"ﬁ“')}
| 7
- . _J
[~ Cu . N | 2
e Z Eg M dt, Jt,'-«-- Jt“ d-c [n(t)_)t(t,,z
L : i I’ 3
=0 . b F’
L ""“'[2 (fh)"é'f""

therefore by using the property of cumulant in Eq.(5.1), we
obtain
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where T, denotes the cumulant average. By keeping only the

first cumulant, Eq.(5.7) becomes
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Let us use the method desocribed at the end of chapter I/,

i.e. writing r(t‘)-r +y(¢), then the path integrals in Eq.(5.8)

can be reduced to a product of two functions. Consequently Iq.

(5,8, becomes -
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Integrating Bq.(5.10) with respect to ¥, we obtain
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Integrating Bq. (5.11) with respect to &« , we obtain
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Substituting for T = Kfsand v=0 1in Eq.(5.11) and in Eq.(5.12),
we obtain
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Differentiating exp(fSy) with respect to'k two times and
then evaluating at k =0, we obtain
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Substituting for Eq. (5.17) in Eq.(5.9) , we obtain
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Substituting for GO(;,f;fz\ and for Eq.(5.18) in Eq.(5.6),
we obtain
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Let us consider the evaluation of Eq.(5.7) by keeping the
cumulant uo to the second order. Eq.(5.7) thus becomes
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The first term in Fq.(5.20) has already been calculated and

the result is in the*Fq.(5.18) .
3
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therefore the second term in 7q.(5.20) becomes
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Substituting for G (g,f;p) and Bq.(5.22) in Eq.(5.6), we
obtain
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Thus, we have evaluated the averaged Green function of disorder< 

systems by keeping the cumulant up to the second order. The

corresnondence between this re¢sult and that of Bezdk will be
discussed in the next chanter.
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