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1. HJTRODBCTIOH 

The microscopic calculation of correlation functions of narrow 
band systeas in the presence of random disorder requires a tight-
binding description of an inhoaogeneous Feral liquid. 

The main features of such an approach are just due to lack of 
the translational symmetry. Consequently, an approximation scheme 
can be outlined as follows: 
(i) The bare electron-electron interaction due to the intraatoaic 

repulsion should be described within a random version of the 
Hubbard model '". 

(ii)By means of a local ladder approximation the one-particle 
Qreen functions are dressed; for pure systems that was pro­
posed by Babanov et al. ' '. 

/3/ (ill)According to the procedure of Baym and Kadanoff one can 
derive salfconsistently the irreducible particle-hole vertex, 
being 

(lv)the kernel of the Bethe-Salpoter equation for the correlation 
function. The corresponding integral equation for the whole 
vertex must be formulated in the lattice apace, unlike the 
Landau theory of uniform Feral liquids . 

(v) The oonflguratlonal averaging can be performed within a cohe­
rent potential approximation (OPA). For only diagonal disorder 
without interactions the CFA was developed by Velicky et al. 
"'; the present approach rests on an extended CPA "'6'. 
In this paper we are working along the line (i) to (v) within 

a parturbative approach In teres of causal Green functions at zero 
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Ill temperature . In Sect. 2 the functional-derivative technique is 
used to deduce the integral equation for the correlation function 
involving the irreducible particle-hole vertex. The Inclusion of 
dynamic interactions by the local ladder approximation effectв the 
connection between the particle-particle and particle-hole chan­
nels (Sect.3)< In Sect. 4 «e give the CPA result for the ac con­
ductivity without using the Kubo formula. The spin susceptibility 
expression calculated in Sect. 5 for the ordered case is found to 
be beyond the random phase approximation (RPA). 

2. CORRELATIOH FUHCTIOH AND VERTICES 

Within a random lattice we consider a zero-temperature fermion 
system described by a tight-binding Hamiltonian B. Specifically, 
electron-electron correlations in disordered narrow band systems 
of the substitutional alloy-type A„B, ., can be treated by the 
Hubbard model ' " 

H - Н д + Н и , (2.1) 
«here 

H 4 - £ e t n 4 „ * Z t i . c ^ c ^ , <г.2> 
C-i'j.) 

Hu~ Z LU^n^ . (2.3) 

Here c*„ ( c i c < ) is the creation (annihilation) operator for an 
electron of spin О in the Vannler state at lattice site i, and 
Ti;0 ш с^с^дг The spatial inhomogeneity is expressed by random 
atomic levels bK , hopping integrals *j<» and strengths U± of the 
local initial pair interaction. These parameters take the values 
e v , t"' concerning neareet-nelghbour hopping, and U " (-p ,u =A,B), 

reep., according to whether an A or В atom occupies the site i (j). 
In this Section ae are still working within a fixed configuration 

{v} m {v>, ,.... v i ,..., V H ] with v { -A,B. Then, all quantities 
we calculate depend on the whole configuration {vj . 
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Supposing a Schwinger source field Q which may be non-local in 
apace and time, the one-particle causal Green function is intro­
duced by (here the formalism is similar to /3,8,9/) 

G ^ l t ^ u ) - -i<j{cxitKp*-iu}>/<Teiu), <*••> 

Here I ie the time-ordering operator, Я • (i.o*), the brackets 
denote the ground-state arerage oorreaponding to H, and the ope­
rators are written in the Heiaenberg picture with respect to H. 
In particular, Дог Q* *£*-\t*z) • 'я,лг(*.|) <5 (t 1-* 2) the external 
field term Q>^Bq(t) dt corresponds to the perturbed Hamil-
tonian H • H + HQ . 

The Green function (2.4) has to fulfil the Dyson equation 

б~л(л,л';0.) -бдЧ-л-ам/п-ХиНи'-.о.), (г.б) 

where the arguments 1, 1' include lattice aite, spin, and time 
rariables; i.e., 1» л ^ 1 » i.o'1t1 etc.. Z u ia the self-energy 
related to Вц, and 0 Д ie the free propagator corresponding to 
Н д from (2.2). 

In the limit Q—О the two-particle Green function defined by 

G"fW,2:)- -(ТсМсОДЛИсЧП) (г.7) 

can be expressed in terms of the total rartex part Г as 

6 * И , 2 , д а - 6«,1')6(2,2') -6(1,£')G(2,f) 
(2.8) 

+-i6H,3)6(2,5)rf3,i).)5,6)G(5)'/')6f6,Z'). 
Here the bar over double repeated numbers means summation or in­
tegration отег the corresponding rariables; 6(1,1') is the Green 
function (2.4) in the limit Q — 0 . 

5 



The two-particle correlation function (causal response function) 
1B defined by 

L(W,Z') ~ G*(W,Z')-6H,1')6(2,Z). (2.9) 
According to the Baym and Kadanoff procedure " ' one gets, by ta­
king the functional derivative in (2.4) directly 

LHZ-I'Z')-- 6 G m a ) (2.10) 
a«o 

Jrom the Dyson equation (2.6) i t follows via 5G = -G &Q в the 
relation 

SGMiQ) 
5a(2,2.') •ewfl*6^^f S f f » 1 ' ) . (2.11) 

<1*0 

Because X y depends on Q only via S one derives from (2.11) with 
(2.10) the integral equation for Ъ as 

U W 2 ) = -6(-»,2')6f2,1')--iG«>3l6'Vl(56A5)Lf5,2j6,2'), (2.12) 

where the irreducible particle-hole vertex 1 is determined by 

6ZuH,r-,u) 
SG (2!,Z;QL) 

- -aI(W,2') . 
а* о (2.13) 

Bote that (2.13) le a necessary condition for approximations, too. 
Thus, after choosing an approximate X u one has to derive I from 
(2.13) and to insert into (2.12) for calculating the correlation 
function L. 

The Betho-Salpeter equation for Г in the particle-bole channel 
ie found by inserting (2.8) into (2.9) and combining with (2.12) to 

rft,2;f,2')=I(1;2;r,2']-iI(-),3;-(',4)6ft,.5)60r(5,£)6,2'). (2.14) 

6 



Using (2.8), (2.9), and (2.11) we get the relation 

6Qtt\2.1 - -аги,зи:ч)б(2,з)б(4,2'), ( г # 1 5 ) 
Q-0 

which includes Ward identities. 
For the Hubbard interaction term (2.3) the self-energy Zu can 

be found by making use of (2.t), (2.9) to (2.11), and the identity 
5 0 - -a 5G"'o, yielding (cf. / 1 0 / ) 

Here Q and 0 have been restricted to spin diagonallty, and t+=t+0. 
In the case 4 = 0 Fourier transforms with rospect to time va­

riables are introduced as 

G M;MJ-/ j£e A A <E)*pHE( t l - t ; i } , (гит) 

and for two-particle quantities through 

'г.18) 

Bote that the spatial Fourier transformation is not performed 
because of lacking the translational symmetry. 

How (2.6) can be rewritten as 

(б-Ш.^СбГ^.-^К). (2.19) 

Taking Fourier coefficients of (2.16) for Q — 0 and combining 
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Kith (2 .1$) we get 

,At Ar (2.20) 

1 l Л СГ - f f ff -ОТ 

For brevity, hereafter convergence factors like e £ (£ —-+0) are 
dropped (aa, e.g.. in the second ten» of (2.20)). 

The four-point vertex equation (2.14) for particle-hole scat­
tering turns into 

with the abbreviation 

^^'^^-^(^a). (2.22) 

The variable со denotes the energy transfer. In the case of email 
u) which we are Intereated in (i.e. со «^j. ) one can set со « О 
in I in (2.21), as has been pointed out by landau for the uniform 
Fermi liquid ' . The correlation function L defined in (2.9) on 
the basis of (2.8) takes the Fourier transform 

(2.23) 

or Ь in terras of I fron (2.12) reads 
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In the linear response theory the effective external field Q 
corresponding to a weak external field Q is defined by 

6(1,3)(ША)6№,1'| = - L(1,2-^',2')U(Z',£). (2-25) 

According to (2.10) the r.h.e. of (2.25) describes the change of 
the one-particle Green function 50(1,1' ;Q) correctly to the 
first order of Qi hereby -he aignificance of Ь is founded. The 
Fourier transfom of (2.25) under the restriction Q ̂  x, (t.j.t!,) -
Q „ у (t,) 6(t1-t'1) becomes 

E G . я.(Е»М)й„г(Е+и,Е)6, J E J - - E \%L.. ,,,,(Е*чМа».я(ш). (2.26) 

By inserting (2.25) into (2,12) one gets 

0.(1,1') - a w l -il(i,i-Xz%(z\3)6(H,z)Q.(5fi). (г-27) 

Without loss of generality, choosing Q A л. (t.ptf,) » Q A x, (t.,)5 (tj-t'.,) 
once mora, the Fourier transform of (2.27) reads 

а11,(Е*и))Е) = а . , , ы 
(2.28) 

Physical information of interest is contained in the expectation 
value of a one-particle operator А«Лс?А л,с х in the presence of 
the external field Q introduced in (2.25) and (2.27). Then, the 
time-dependent expectation value of A can be expressed by 

<A(ti>—iLG^t&m^e.), ( 2 , 2 9 ) 
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where A,,(Q) refers to an explicit field dependence. In general 
we have to consider the first order (proportional to the applied 
field) change of G and of the operator A itself, too. №us, the 
variation of (2.29) is written as 6<A(t)) «5 <A(t))f 1 ) + 8<klt)f2K 

According to (2.10) and (2.25) the correlation part of the 
physical response may be characterized by the change in the expec­
tation value 

5<Aft)>"i t H jdt'L , Я1^' ;ГД")И Д ,ft',*')Ax ^, (2.30) 

where the correlation function of coinciding time arguments occurs. 
Rewriting (2.Э0) In energy variables we get 

Moreover, the second contribution to the linear response arising 
from the change £A, . in (2.29) is 

4(/Кы)>а,-ЧГб. г(0 +)5А А ЛЫ, (г-32) 

where G ,(0*) « G (t,t +). 

3. LADDER ACTKOXIMATION IN H O CHANNELS 

Now we are looking for a self-consistent approximation (cf. the 
scheme in ) concerning the correlation function L. Ibis can be 
realized by choosing at the beginning an approximate 2 y . calcu­
lating then I from this £ u via (2.13), and Inserting finally the 
approximate I Into (2.24) to evaluate L. 

Start from a local approximation in the particle-particle 
channel (s-channel) by assuming a site-diagonal vertex Г in 
(2.20) which depends only on the sum of energies (Ej+Eg) of the 
interacting electrons, i.e. \~" i±iilE.,B2;B,B.+B2-B) in (2.20) is 
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replaced shortly by the scattbring amplitude T^E.+Ep). Then i t 
results in the local self-energy 

Г ... (El 
JtVff 

•l&^r^T^D, (3.1a) 

•here 

T ^4Vff tw E , s ^ ( E - E ) ]~ (3.2a) 

Here the renormalized G obeys the Dyson equation (2.19), where 
V,rj»( E) " Z.i" JtE)£,-i о The convolution integral (3.2a) reflects 
contact interaction only between electrone having different spin 
directions, i.e. I^m T^ е.ве.вaccording to the bare interaction V.. 

The diagrammatic representation of (3.1a) and (3.2a) it; known 
as the horizontal ladder approximation (arrowed lines denote 
the dressed G): 

iT(M) (3.1b) 

ШЕ) чи. 

E,<T 

iT(E) 

E-E-ff 

(3.2b) 

/3/ This approximation was proposed by Babanov et al. for pure 
systems. A partially averaged version was given in ' ', nhereas 
at present we consider the completely random case of the whole 
configuration [v] . 

According to (2.13) the Fourier transform of the irreducible 
particle-hole vertex 1 at zero energy transfer has to satisfy 
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the relation 

S G . \ p , = " l I l H i (B,E;E,E')s-^l (E E'J (3.3) 

•here 1 can be found e x p l i c i t l y from (3 .1) and (3 .2) as 

(3.4a) 
+ ^ f E* E') -/§^ г„(Ё)е ;Л£'Ё-Е1[Т,(М)Г)(1-у. 

This reads diagraaaatically 

t'-a / " ' 4 у 
- f f -Cf ~ \ 

i l i {TJE.E'J + iTJfE.EI iT4(E*E) 

E,o 

E'.cr 
4. 

> 

X 

tf- 4* ,* Ё'Е-Е> 

« i = iT.fE.EJ iTft.II 

(3.4b) 

F,c E,<7 cr 

From (2.21), on the baeie of the locality of (3.4) one gets the 
equation for the total vertex In the particle-hole channel 
(t-channel) in the form 

яв'ал1 (3.5a) 

•hich can be repreoented graphically by 
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4 i 
;г 

L к 
= ^ 

^p 

S..5., + u; iT 
(3.5b) 

E.e E-LO,O Eff E'-uj,d' 

It is pointed out that the со -dependence of I can be neglected 
for energies near the Fermi energy (cf. (2.21)), so that I from 
(3.4) fits to (3.5). 

4. ELECTRICAL COHDUCTIVITY 

In order to evaluate the ac conductivity tensor o" (io) defi­
ned by the relation ̂ „ (u )̂> c « cr Лаз )Ee(<o ) between the 
configurational-averaged, induced average current >£ j(co ) ^ and 
the epatially homogeneous external electric field Е(ю), яе have 
to insert into (2.31), instead of А д. Л | , the matrix elemente of 
the ix -component of the current operator i<x_ , and to set 
Q ,• x ш - I j • A for coupling via the vector potential X. Thus, 
from (2.^1) and (2.22) by using E = - г I T one gets the real с эТ 
of the conductivity tensor as (ч...). denotes configurational 
averaging) 

part 

V й 1 : L,.x,v.^'^E.-' E
s->'j.v., (4.1) 

«here the current operator given by 

"£V*.f-''4f>ciec*, '}"-«r*-jer (4.2) 

takes random matrix elements in the Wannier space if off-diagonal 
disorder is included. Calculating the change of the current operator 
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via 5j» - -if- £ \ i ["icrfjg] A|3 and inserting into (2.32) 
yields an additive°"conductivity term q̂ „'("i ) which does not con­
tribute to the real part given in (4.1). 

Comparison with (2.26) showв that it is convenient to introduce 
the external field vertex Л л into (4.1) by 

According to Q A_A, (•>•> ) " - z Ллл,х,' ^ х ( щ ) " e separate the current 
vertex Л . from the effective external field Q by Q,' , (Е+иэ,Е)« 
- j i A ^ . v x A^(co). Thus, the integral equation (2.28) can 
be rewritten as 

A «« i E 4 E , = b^J 'W f , u l ; V W 4 '• (4>4a) 

On the other hand, (4.4a) can be verified by combining (4.1) and 
(4.3) with (2.24). To express Л ^ directly in terras of the total 
vertex Г from (2.23), (4.1), and (4.3), we write 

'•W 

The connection between (4.3a) and (4.5) can be i l l u s t r a t e d by 
electron-hole bubbles! 

ч»+ ь ify t<* 

E,'U1 £ . U 

<4E,-"E.>(4.3b) 

E.i-uj 
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Further, the diagrams of (4.4a) with the local kernel I of (3.4) are 

; > ~ Л Я ) 0 = > - + &ij 11 i 

E,CT 

' Vx,o-
m 

(4.4b) 

the vertex equation for the ordered caae in . Writing out Л 
Note that (4.4) involving three I terms has an analogous form to 
the vertex equation for the ordered ca 
in detail with (4.4) we have two terms 

1 « (^ 

where 

(4.6) 

°>] = faffii; Keiiicr(E„Et-u.W»JiiiirlEI*a,1E1)><: , (4.7) 
I ' iff 

K^u^-Z&ii^^iBi^^. (4.8) 

The trace in the first tern of (4.6) is to be taken over one-
electron я states with spin included. 

ТЪе problem of configuratlonal averaging in (4.7) is beyond the 
CFA. To proceed, we employ a chain factorization by Betting 
M | S > e ' < I » ) e <Ли> с- Thue , working in k-space one gets with 
(4.2) the off-diagonal CPl result / 1 г / 

t £ 'gei^Sbf^S-ft"!»*!-^Е.^1„(Е^))}. 
(4.9) 
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The superscript "В" refers to the resolvent obtained by analytical 
continuation to retarded and (or) advanced Green functions (cf. 
also (4.11) to (4.13)); the subscript "c,ii" means taking the 
site-diagonal element after averaging. The coherent quantities 
on the r.h.s. of (4.9) are defined below (see (4.16) to (4.18)). 

Using the time reversal symmetry relation (f being an arbitra­
ry function) 

£f(S(C )) Ш т о ( 4 . 1 0 ) 

one can prove that K^.„ given by (4.9) vanishes identically, i.e. 
о#л ("Э ) • 0. This conclusion seems to be more general because 

products (4.8) with inner factors jc should vanish. A similar 
proof for the ordered case yields immediately a' (<̂ >) «0 within 
the local approximation. 

Next we go over from causal Green functions in (4.6) to advanced 
("a") and retarded ( п Г п) ones. Using the abbreviations 

С Ы = j Ц Г Т Г С Е - Ц Е ) (4.11) 

and 

TT(E*U,E)=S, ,.fE»ui)G„ ^ЛЕ) (4.12) 
1 2. z -t 

one can perform analytical continuation by spectral theorems 
to write 

D(iob|'3|tf(E+u)]ir~(E*U),E)-J'iE)i;r'(E*u,El+('f(E|-f(E+u)fl'n'~rE»io,Eil, u>0.C4.13) 

Here IT* 0 means replacing both Green functions in (4.12) by ad­
vanced ones, etc.; at zero temperature we have the Fermi function 
f .1-') m е(Б-^и-) with f- being the chemical potential. An analo­
gous expression to (4.13) can be derived for w-= 0. 

Using (4.11) to (4.13) and combining with the relations 
e w ' " ( Q l V * >*» * w ' " U«.,rt>*» *n* S s " <&« (fulfilled in 
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cubic lattices), from (4.6) ae obtain 

(4.И) 
-^G T(E +u>) j / T f E ) - ^ 6 - ( Е - Л ^ 6 ^ Е . } > с . 

This is the Kubo-Graenwood formula, but aith Green functions re-
normilized by electron correlations aithin the ladder approxi­
mation (3,1) and (3.2). Vote that ciji (ш ) reflects the retarded 
response ralid for all to ; in getting (4.14) яе have used *he 
Bose-typa relation a^.^ca) - sign to o-J' (to). 

To average configurationally in the presence of off-diagonal 
randomness, »e restrict ourselves to nearest-neighbour hopping 
integrals in the additive limit t A B - \ ( t ^ + t 2 3 ) . The СРА result 
including current vertex corrections due to the off-diagonal 
disorder is / 1 2 / 

a "i г (4.15) 

«here 

%j*-<bj*\£ = (z - t ' - t 'Vrs i -^ iMi) ' , (4.16) 

ZfflK,-2l=£re„ia) f2oJi)5(k) + a IzlS'lk), (4.17) 

5lEi-I'e*V^'. ( 4. 1 в ) 

Hare 43» (z) is the coherent Preen function, ! ( » , « ) ia the 
•J ло w 

coherent potential, and a(k) denotes tba neareat-neighbour struc­
ture factor (cf. (4.9)). Jhe self-energy parts aM, 0W , <%„ 
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including Xuii.cr from (3.1) and (3.2) can be determined within 
the coherent ladder approximation scheme given in . It should 
be mentioned that (4.15) is coneistent with the Ward identity re­
flecting the gauge invariance of the configurationally averaged 
system. 

In the case of only diagonal disorder we have no vertex cor­
rections. Then, the diesipative part of the scalar dc conducti­
vity becomes 

o^-o^ff&tbn^rf. (4.19) 

Bote that (4.19) involves the undamped conductivity result for 
the ordered case. too. 

5. MAGNETIC SUSCEPTIBILITY (ORDERED CASE) 

AB a first step for treating the magnetic analog to the situ­
ation described in Section 4, we calculate in the following the 
magnetic susceptibility for pure systems. The longitudinal spin 
susceptibility at T"0 is given by 

where fsa is the Bohr magneton. This expression reflects the 
linear_response to a weak external magnetic field h.(t) • 
h o e l applied parallel to the z-axis. By inserting A • я^-

= HZ- °" nia • *••*' A W * Vi '/"avSw s-n^ ^5'-̂ ^ . and 
в > Л г О ) • «^(t) - - ̂ h ^ t ) •"'£„.*• s .о»1» gets (5.1) via 
the1 relation 5 < m i ( « ) > » Т. 7~^- (ы)Ь.(со). Here 5<m 1(co)^ 
is the change of the magnetic moment on site R^ arising from the 
expectation value of the operator »,• It is pointed out that the 
contribution to % coming from (2.32) tends to zero (in the 
paramagnetic phase). 
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According to (2.26) one can introduce the spin vertex A by 

(5.2a) 
- ^ I f f / f S ij i f f(E l*«o)£A i e(E 1* Io,E 1^ vCE 1)e- l b 1", 

«here Л Ьав been separated from the external field Q through 
<}л Л г(В+м,Е) • - ^ Ь д в 1 " * Л л - 1(В+со,Е) Sx я . Bote that the 
epin-flip aituation is excluded. 

From (г.28) «e get 

and. шоге explicitly, by using I at со т о from (3*4) ifc follows 

Aiff(E»u,)E) = ce i k R !-l[^rT i(E*l)G.. r ( r(E +a ))6 i l r f f(£)A i. <,(E.u ),E) 

+ lf^G i i. f f(£)G, V a(E +l-E)[T i(E +E)]^ ) < 7(E- +u 1)&.. < r(E)A^(E^,E). 
о 

To generalise later the calculations to the disordered case, «e 
retain the dummy index i for the quantities I., T, and Q,,. Hote 
that the off-diagonal elements of Л in spin and lattice spaces 
vanish identically, provided a local vertex I is only taken into 
account. The equation (5.3) can be verified on the basis of 
(2.24), too. 

Diagrams representing (5.2a) and (5.4a) take the form 

E„cr 

i b A ^ E ^ E , ! (5.2b) 
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y-r-
*,- c ̂ i -

"+10-0 

r 

+ i T 4 

Л * ЧО i 

(5.4b) 

Further, the unperturbed system i s assumed to be paramagnetic, 
i . e . Zuiiiam luiii_ff- £ u i i . i»Plyi»« 0 1 1 # f f - 0ц-а - вц« * • " . 
by Making the assets A i t , (B+co,B) » cr A ^ B + w . B ) eq. (5 .4 ) 
s implif ies to 

which can be perfoimed by putting Л{(В+(•>,£) » A : ( i i u , l ) i 
to 

lkH, 

Л - ^ Ш , Е 1 = 1 Jf^fE'El^Ie. J£«w)6L(E)A.(E*<o,E). (5.6) 

Row from (5.2) one obtains the dynamic paramagnetic susceptibility 

Xt^-jflf^G^ti^EHA^l). (5.7) 

For practical calculations the system of eqa. (5.6) and (5.7} 
is not convenient. Following ''?', by approximating the energy 
dependence of the scattering amplitude in (5.6) (compare (3.1)) ae 

T.lE'El-VE]^ (5.8) 

we get the result 
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1 - £ H / i s W E * u ^ ' ( E , I « « t E ) ' 

together with (2.19), n, being the average electron number per 
Bite per spin, «here the index i in £ U t i and n^ is again 
fictitious. 

The transition to the static paramagnetic susceptibility is 
performed in the so-called k-limit (see also the k-limit dis­
cussion in ' 1 4 ' ) yielding the correlation-enhanced expression 

Tfcn form of (5.10) refers to instabilities of the paramagnetic 
phase towards ferromagnetic ordering, arising from the cr idition 
"X (2—0,oo"0) • 0. In the Hartree-Fock approximation Z" UH» Un i t 

from (f.10) one gete immediately the well-known RFA result (accor­
ding to the vertex Г - - n/(1-Uq(yn )), cf. (3.5)) 

j n F = ZfAbtiCfA ? (5.1D 
-1 - U^C/JO 

which givea for nonlnteracting electrons the Pauli susceptibility 
"X 0 « 2 /LLJ^ 0(/UL). в, (м-) ie the single-particle deneity of 

states (per site per spin) at the Fermi level. 
Hext, we diecuBB the Ward identity related tt the susceptibility 

calculation (of., e.g., ' ' ) . Starting with the Fourier transfers 
of (2.15; »e еьп express the first order variation of the self-
energy Z u with respect to the external field 5 0 by 
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By inserting into (5.12) the inhomogeneous «agnatic field 
bt - h e i ( k ^ T M t ) ria SQ (compare the с 
by performing lim lim the fard identity 
bt - h e i ( k ^ T M t ) ria SQ (compare the context of (5.1)) не get 

(5.14) 

\ hm0 Ctf'crcr' 

where the vertex Г ^ ц ^ Б , ! ) « Г 1j l k(E,fjB,E) denotes sero 
energy transfer. Substituting (3.5) at со »0 into (5.13) one finds 

Comparison of (5.14) with the к-limit of (5.3) leads to 

where the index i is retundent. 
By inserting A i < r from (5.15) into the jc-limit of (5.2) one 

verifies the static susceptibility X a X (к —О.ш-О) to be 

which is equivalent to "X • 2-0- ( ^ 'h-o' 
Moreover, within the approximation (5.8), from (5.5), (5.2), 

and (5.15) in the paramagnetic phase one can deduce the relation 

'dZL);i,a(£jb.'! j _ _ ZuaCE) _ (5.17) 
h-o •"-•«-• "Э* / - £/*» 
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6. CONCLUSION 

In order to calculate correlation functions in substitutional^ 
disordered systems with narrow energy bands, we have proposed a 
microscopic Feral liquid approach in. terms of Vannier functions. 
When the kernel, appearing in the vortex and (or) correlation 
function equations, is of short range (say local), we have derived 
er_iliclt expressions for the electrical conductivity and magnetic 
susceptibility. She latter was found in the ordered case. 

The equations (5.16) and (5.17) can be used as a starting point 
to calculate the static spin susceptibility with disorder included. 
Then, we have to replace, for instance, Xj-ii , G l i t and n i by the 
corresponding configuration-dependent quantities, yielding a Bite-
depondent susceptibility "X j« 

Approximations were constructed as to make them useful for a 
numerical analysis. Numerical results based on the present appro­
ximation will be reported In a subsequent paper. 
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