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1. IHTRODUOTION 

The spin wave excitations In ferromagnetic tranaltlon metala 
and their elloye are affeotad by the degree of Itinerancy of the 
d-elactron eyatem. Such a problem can be described by the Hub
bard Hamlltonian being rotatlonally inrarlant in the spin 
apace. Henoe in the long-wavelength region one can extract, In 

/2/ 
principle from the "broken symmetry" ' ', a gapleaa spectrum 
Co- • Do, (Ч1 wave vaotor, Dr spin wave stiffness constant) while 
single-particle (Stoner) excitations remain finite in energy. In 
particular, D ia connected with the atability of the ferromagne
tic ground atate against the low-lying collective modea. 

Correlation effeots enter into the atiffneaa oonatant D. An 
explicit expreaaion for D in terma of the tranaveraa apin-current 
autocorrelation function waa given by Bdwarde and Flaher ' . 

Approxiaationa for deriving the magnon apeotrua of itinerant-
electron farromagneta have been performed in the following di
rectional 
(i) Tor pure ayatama the baala work '*' waa dona In the random-

phaae approximation (RFA). The apln wave theories beyond 
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the RPA involve, e.g., perturbative corrections to the EPA 
spectrum , the T-matrix approximation ' b»'', «nd diagram 
analysis guided by the Ward relations / H»*»; compare also 
' ' and the sum-rule approach "". 

(ii) For disordered systems the configurational average can be 
carried out within the coherent potential approximation 
(CPA) / 1 2 / . The CPA-RPA treatments / 1 3 t o 1 7 / (without CPA 
see >'°') of substitutional^ disordered alloys are based on 
the Hartree-Fock (HP) approximation which completely neglects 
spin fluctuations. A RPA decoupling scheme was given in / 1-" , 

In the present paper we choose a microscopic Fermi liquid ap
proach at zero temperature (cf. ' 2 0 » 2 1 ' ) to derive the spin wave 
energy of disordered alloys in the random Hubbard model. The stiff
ness constant D is renormalized by the coherent ladder approxima-

/22/ 
t lon ' " ' , i . e . , the se l f - cons i s tent combination of the CPA and 

the loca l ladder approximation (LLA) ' 2 3 ' # 

2. SPIU WAVE STIFFNESS COHSTAHT AHD BETHE-SALPETBR EQUATION 

The itinerant-electron system in disordered А В., alloys can 
be described by the random Hubbard Hamiltonian (of. "') 

where otg (o 1 < r ) is the creation (annihilationJ operator for a 
spin o* electron in the Wannier state at lattice site 1, and 
n i ( J > c j a o i ( J . Within the whole configuration \v) the atosdc ener
gy £" and the intra-atomic Coulomb repulsion V? take the random 
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values £," and и" ( v » A,B), respectively, according to whether 
an A- or B-atom occupies the site 1. The hopping integrals tj. 
are assumed to be independent of the atomic arrangement. The mo
del (2.1) belongs to the CIBBB of exchange Hamiltonians, because 
H commutes with the total spin. Рог the interaction part, this 
rotational invariance in the spin врасе can be expressed by 
H^'- I t£ n l f n ± | - £ I v£ n l 0. - | Z D* S±- S± IS±: local spin-
density operator). Such a form refers to the possibility of col
lective modes. 

Let us introduce the transverse susceptibility (causal spin-
density response function) at zero temperature as 

t-M%«) =-«ад£'= ijdt e^TS^S-CO))"" ; (2.2) 

where s| - A Z. cit ci* e~ 1' R'» a n d S-S " ( sdp +> H i s t h e Posi
tion vector of site i, and <'...} means the ground- state ex
pectation value within {v] , Here У +~' <q,co ) refleote the linear 
response to an external rotating magnetic field (rf) Ht • H*(t) 
+ iH^(t) - H +(q,co) ei(3R;-"t) a p p l i e d perpendicular to the di
rection of spontaneous magnetization (s-axis); i.e., the net trans
verse magnetisation ia given by (M +(q,со}) -X (<|;*>) H+C2»><o) , 
where Hi • 2/i B sJ. Note that the factor 2^u| ( u f ij Bohr 
magneton) is omitted in (2.2). By exploiting the time-reversal 
invariance, one finds from the equation of motion that 

where s± m *l (n^t - n ^ ) , and the transverse spin current opera
tor ji (or J~g • (jj)+)takes the nonrandom form 
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q3j-[^,Hw]-^{t4C.^-e^Jc:»cs 

л _ . (2.4) 
-¥\{^<Ч^^-к 

In the limit q-* 0 the "r.onquaaiparticle" contribution '"' to 
9[+~'v'(q, со ) is identically zero, because si is a quasiintegral 
of motion. 

The definition of the spin wave stiffness constant D requires 
an explicit pole ansats X p o l e ^ q , c o ) " - д V » b e i n S T a l i d 

for small со and q (here the imaginary part of the causal res-
pones is suppressed), % Jni.t?» 0) i a a P o l e part of ~)С+~1ъ,<я) 
s (X+~ (q,со ) ^ o , where <...> c denotee the configuration avera
ge. Dote that <<(S*) ) c is independent of site i. Thus, one can 
extract D via the prescription 

,.M. 

(2.5) 

where 2<^S*> } c - (n f - n ;) ia the magnetization per site (nQi 
average number of a electrons per site) and y . t~(q~,cj) -
~\ w Jif JIff^ /̂ c l e * h* t r e n e T « r * » »I»in-ourrent autocorrela
tion function. Such a relation between D and % t" was derived 
in '•" for pure systems, and applied to alloys by Bill and Ed
wards '1*'. Whereas D follows exactly from y . J o l e ^ , C d *• t h * 
pole anaats involves indeed an approximation; for instance a ge
neralized RPA leads to X+^q.co) . Z(q, со)/Д (q*,co), where 
He A (q, со ) • 0 gives the spin wave speotrum CO - Dq. 

Bxplloitly, the oomnitator in (2.5) beoomes 
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с?- щ,#;П - ̂ i ^ л -Ч$>^*йЛ) 

By employing the cubic symmetry hereafter one obtains 

since no term to order q contributes to C~ in (2.6) due to time-
4 

reversal invariance. The limiting procedure in 

1 N fj» ?«Ч С к'-1? P V Й k*1»' k"*̂ * I.'•«cot 
leads to 

.J»! 

(2.8) 

(2.9) 

How we give a way of attacking the correlation problem by means 
of the Bethe-Salpeter (BS) equation. Let us express the spin 
current-spin current response (2.8) in terms of the causal two-
particle correlation function I, ' through 

/20/ *pJ According to "-"', L aatlefies a BS-type equation 
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where the energy transfer со la abbreviated by, e.g., L " ( E , E ' J 
E-to ,E'+u E'; -co), Note that only the spin-diagonal 
one-particle (causal) Green functions G ' are taken into account 
in (2,10) and (2.11); correspondingly, the mean value of the trans
verse spin current vanishes. The essential assumption in (2,11) 
consists in retaining only site-diagonal elements of the irredu
cible particle-hole vertex I, ; for instance a local ladder 
approximation fits to this scheme. The choice of the kernel for 
the spin-flip response in (2.11) involves only spin-transverse 

iponents of I* on a 
Analogously, we have 

components of I*" on account of the Pauli principle 

r ^ - - N £ J ^ V ' ' ' ) e 

VM Since the ferromagnetic state is specified by J Z (s*^> + 0, 
(2.12) implies that < sf')" - < c j t c u ) M - 0. 

«) m 

3. EVALUATIOH OP THE TRAHSVERSE ЗИЛ CUHHEMT-SP1N CURRENT 
RESPONSE 

Hazt we dlaeuaa within • local approximation the ranomalicatlon 
of the atiffneaa conatant D in the praaanoe of disorder. Lat ua 
introduce the transversa apin current vertex Л|| Ъ у («»•?*'• 
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(2.В) and <2.9) ) 

x;-q--o ; (o)-- 34 fJ||^{?G: ,"(E + to)A^ 4 E ,6;iE)}> c ; сз.1) 

where the trace raeana the summation (without spin) over one-par
ticle statesj i and J\Z are understood to form a scalar pro
duct. On combining (2.9). (2.10), (2.11) and (3.1) one derives 
the integral equation for the effective spin-flip current as 

*S<E-.a • № v J й й E ^ - • ^ ( E ^ ^ ' * e , • <3'2) 

Separating diagonal and off-diagonal elements of A . in (3.1) 
we get 

where 

J ft- >t 

K^(E,E+u,)-Z б ! ^ Е ) ^ Х « ^ « ) . (3.5) 

As it was argued in ' 2 0 ' , the problem of averaging configura-
tionally in (3.4) is beyond the CFA; therefore, we proceed with 
the factorization < К М Л М ) С - (*Ь'\<Л™)е- Р г о ш ( 3 ' 5 5 w e 

obtain the CPA result 

« 
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that tende to «его due to time-reversal symmetry ' 1 2'. The sub
script nii" means taking the site-diagonal element after avera
ging, 'fi ь.(г) denotes the СРЛ averaged Qreen function renormalized 
by correlations (see below). For the ordered case a similar proof 
yields immediately X t~($"0,co ). Hence, in the local approxima
tion, % j"(qmO,w) ia equal to its irreducible part (cf., for 
a gas with short-range interaotiona ' ) . 

Going over from the causal Qreen functions in (3.3) to the ad-
a n r n 

venced „ and retarded „ ones and substituting the CFA result 
for diagonal disorder <tr {'jO^U,) l^{zz)})a - Z <£j ^ ( z , ) 

<& g t ( * z ) ( V f E.£) 2 we can write 

(3.7) 
+ (f(E)-fCE*«^(E*cd)^fE)] , u*0, 

where f (В) > в(ц -E) is the Fermi function with û. being the 
chemical potential. The limit со-* О in (J.7) yields 

ЙЬ^"^'м?^М^$,(4 о-в) 

h%='M}4N\d^%*™' <3-9) 

From (2.7), it follows the averaged expression 

4-

which can be rewritten by Z $ £<,<*> C 7 ! 6 S J - - ^ г , ' ^ 6 ? ) * 

provided that 43 jca^1^ depends on it only via Z-(lc) (see 

aection 4). 

Finally, by inserting (3.9) »nd (3.8) into (2.5) we arrive at 
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D --7 , Ьп U E Ш - б <ечо)-«, (E*iO)f (7,ej* (З.Ю) 

This reeult agrees formally with D obtained in the CPA-RPA scheme 
/13.14."'based on the HP approximation. However, in contrast 
to /13.14,17/^ %i^z^ i B •i™"' 1 «elf-consistently in the frame
work of the coherent LLA, as will be outlined in the following. 

4. COHERENT LOCAL LADDER APPROXIMATION 

Assume a local approximation for the multiple scatterings in 
the particle-particle channel given in terms of conditionally 

/21 22/ averaged causal functions by ' ' ' 

Оа-Ш'ОЕ!VfE'F) , Г».д,в> (4.D 

* /£.1ГЛ T,\4 аг-tf 

where T^' ш Т^ is the effective two-particle rertex. The local 
a-vtr-a Green function fl,V{«) written &в resolvent is renormalised by 

£.>) = il + V... > ) , (4.4) 
iff * IJlXff • 
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ЕЫ = ^И% Ы <4.5) 
ir "м 

Й W=rz-^-Zfz)r 1, (4.6) 

Ie(z) = с & £ Ы + М -с) g^zi-^febZjz^fe)^ . ljz)] ( 4 Л } 

Here Z C T is the coherent potential satisfying the single-site CFA 
condition (4.7), 43 £„ is the totally averaged Green function 
entering into the stiffness formula (3.10). Contrary to the usual 
CPA / 1 2 / , the- atomic potential £i 0(") (1 i» dropped in (4.7) ) 
becomes energy-dependent through the self-energy £ ш Л » ) caused 
by correlations. The aet of self-oonaistent equations is closed by 

n=Iu 0=-^Z[dEbnF„(E +iO), (4.8) 
where n is the average number of electrons per site. Note that ng 

in (3.10) is calculated from (4.8). 
For a pure system (i.e., Z^iaT^^-ve ' "• «•* 

G«„(ri= Fjz) = ̂ Ilz-t -Ijz)Yl (4.9) 
к " 

and the correlation problem must be now solved from (4.1), (4.2), 
(4.8), and (4.9). 

In the Hartree-Pock approximation only the CFA problem from 
(4.3) to (4.8) is retained whioh is completed by the constant 
self-energy H D f f d » "^i-o» "bere n ^ is the average eleotron 
number with spin a at v sites given by 
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n*=-^-/dEb»G 4V£*tO). (4.Ю) 

5. BFFBCTIVB VERTICES AHD WARD IDENTITIES 

In proof of the gauge lnvariance of transverse susceptibilities 
In the ferromagnetic phase we are looking for the Ward Identities 
compatible with the continuity equation. Working within an arbitra
ry configuration {.--] we derive relations between effective spin-
flip vertices. The special case of the ordered system Is involved, 
too. 

Proa (2.2) and (2.12) one can define (of. (3*1)) the effective 
.{vl 

vertices Л 0 of the spin-flip density by 

where in getting the second line we have used the symmetry relation 

m * tin 
By ooaparing the BS equation (2.11) with the analogue for b["jt 

one concludes that (5.2) Implies ii"1 (B,B';-to) - ii"' (B',B tw). 
tttt ?**t 

Bote that (2.12) with (5.2) leads, in terms of causal functions, 
to X +" Mtf.«>-X-* W<-*.-«>. 
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Kow we introduce on the basis of (2.4) and (5.2) the effective 
spin-flip current Л 1 through 

Another version of (5.3) mediated by the time-reversal symmetry is 

(5.4) 

In place of (2.8) one finds with (2.10) and (5.2) the ex
pressions 

(5.5) -iJgtr^E-^E^^HfJeJ'VE)}. 

The definitions of the effective vertices Д ^ and A^u 

(oca 0,1), respectively, involved into (5.1), (5.3), (5.4) and 
(5.5) are quoted as 

anA 
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By inserting (5.6) into (2.11) one verifies that 

Л Й Ф ^ Ч ^ ^ ^ ^ ^ Н ' № ( 5'8 ) 

At q •» 0 eq. (5.8) for об = 1 and the first line of (5.5) after 
averaging are in agreement with (3.2) and (3.1), respectively. On 
the other hand, the BS equation for L ^ (cf. (2.11)) and C5.-7) 
give rise to 

Formally, (5.9) goes over into (5.8) by replacing со-»--co , 
q —+ _qt and 14-—>lf . 

The lattice-apace description in (5.8) and (5.9) was chosen 
since the translations! invariance Is broken within {v} , and 
only the energy, but not the momentum la conserved in the scatte
ring process (e.g., reflected by I, (В+со,Ё; Е., Ё+cj)). Until 
this point, no specific assumptions have been made about the BS 
interaction kernel I* except for ite zero range (locality). To 
get consistency with the LLA in the completely random version (cf. 
the partially averaged form (4.1), (4.2), and the ordered case' 3 ' ) 

ij*. (E)= r#Gf:>')TfW), (5.Ю) 

-г Mic)m У! 
* 1 + ur{g S.<^,G.'r 5( E-r)" ' (5'11) 

we have to put for the irreducible particle-hole vertex 
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ll i
v l(E+ Io,E|-w)=-"r v ,(E + E-»u)) = -T^ i(E->-E^u J). (5.12) 

*fM пи 

In (5.12) the contribution of 0(TJ"' 2) is neglected (of. the 
scheme given in ' ) . By substituting the approximated I'"'from 
(5.12) into (5.6), and using (5.10) and the Dyson equation (see 
(5.15)), we find 

urn if + f 't 

- e G^t(E)-6,.4(E + w l e ^ , 
(5.13a) 

Щ Л ^ ( Е + ц Е ^ ) б - У С ( Е + Ч Е п ) ^ + а Л е ^ е ^ е ^ ' ( Е ) ; (5.13Ъ) 
*t • « " • ""i1-; Ч 1 •>}* 

where the eite-diagonality of Л „„(E+co.Es-q) а Л m(E+oj,E; 
-q) 6 has been taken into account. 

An analogous procedure can be performed on the basis of (5.9) 
yielding 

LC^U^f^E^^l^A^JE^^lJG^irE^) 
' (5.14a) 

•b a.. f{E)e l ' - е 1 G - . / E + w ) , 

w. tj ' (5.14b) 
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The Dyson equation used in (5.13) and (5.14) reads 

where the s i t e -d i agona l se l f -energy 2. ra1()(i) obeys (5 .10 ) . 

Prom (5.13b) and ( 5 . 1 5 ) , we have 

a,AL1(E^,£ r^)+A ,; i

,

;(E^ lE rf)=[co+Zu^(E|-Z {j;! t(E+1o)Je i^'-
if it 

(5.16) 

ЛЦ(ЕН,,Е^1=Л^(-Ч) , и+р 

where A 1 is defined in (5.3)» 
Likewise, (5.14b) with (5.15) can be rewritten as 

U A , ;?(E ) E + w ^-A'; i (E J E*«^-[ w + z^ t fE)- i i , ; l t (E + W )] e -^; 
(5.17) 

A^(EtU|E-,fI- Я J f , U*i). 
n 

The equations (5.13), (?.14), (5.16), and (5.17) are random 
modifications of the generalized Ward (or Ward-Takahaahl) identi
ties (cf., e.g., ' ' ) . Note that the scalar product q - Л Л ? ) 
could also be used instead of the present Л -(if). Although 
these Ward relations have been derived within a local scheme, 
(5.13) and (5.14) remain valid even generally (compare " м . *he-
reas (5.16) and (5.17) are explicitly restricted to the local ap
proximation. Here it has been proved that the random LIA satla-
flee the Ward relations; «specially, (5.16) and (5.17) impose 
constraints on the partially averaged vertices, too. 

As a oonsequence of (5.13a), (5.1), and (5.4) (or (5.14a), (5.1), 
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and (5.3)) the first moment equation becomes 

where the average number of epin <y electrons at site i is given 
b y rl!'ff " fsTpT G i i o < E ) w : l t h : i n f r ) • И* 6 0 t h e r.h.e. of (5.16) 
doee not vanish, 1С *~ and y_ +"'''' (notice the ueual form 
q • %•<) must have singular parts In the limit со —» 0, <j-»0, re-
fering to Goldstone-type modes. 

The Ward relation (5.13a) with (5.3) and (5.5) (or (5.14a) 
with (5.4) and (5.5)) lecds to the second moment equation 

where the abbreviation с У « •([ si, q Q ] ) ' follows from (2.6). 
Then the combination of (5.18) and (5.19) gives (2.3). 

f>. STABILITY C01JDITI0H. DAMPING OP THE SPIN WAVES. 

The ferromagnetic ground state can be unstable against both 
the collective excitations (spin waves) and the individual (Sto-
ner) excitations. In the long-wavelength region, especially, we 
must bring out the connection between the stability of the ground 
state and spin waves. 

At xero temperature, the spectral representation of the trans
verse ausoeptibility % +"' v' (<f,0J ) is given by 
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»H * (, , J-KHI со' T ( » l V J ( 6 , - , ) 

where the spectral density 1 (Г1- < ш ) within \v>\ takes the form 

2iri Kwis^ioyVsrw'^ *«), ш< о 
1ф-М=^ m ' ( 6 .2 ) 

' ir I к о 15ч: u> , v , i z 5fe {;!-«), ы > o. 
Here и * ie the excitation energy of the m-th eigenstate of •no , , 
H i v ' , and <"o I si | m ) ie the transition element of st bet
ween the ground (0) and m-th state. Insertion of (6.2} into 
(6.1) yields 

mo mo ' 

X + ( < i » w ) in (6 .3 ) involves both „qubsiparticle" (quasiboaon; 

and „nonquasiparticle" contributions, i . e . , pole s ingular i t i e s 
{v l 

from the atatee with 11m U) ' - О and cut alngularities from 
. . ^ 0 «> 

the atataa with u) ̂  > 0 in the limit q -*• 0, reepectively. 
In other word», the magnon pole which we are intereated in muet 
be now aeparated from the Stoner continuum. Since st is a 
ooneerred quantity (of. (2.4)), the Stoner excitations have va
nishing spectral weight for q*-» 0 ' . Thus, we can pick up from 
(6.Э) the «pin ware for email q and со as 
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— £ 2 < 5 2 } ' v I 

where the damping wee neglected. The residue in (6.4) is written 
down only in the lowest order of q. 

The stability condition of the ground state can be expressed 
by Co "_ > 0. Consequently, the spectral representation (6.1) 
with (6.2) yields Im % + - M ( q , w ) - £ ij^' _ (to) > 0. To achie-
vo the stability criterion we notice from (6.4) that In y. ZZ-iJ 

. 2 X £ < S » ^ sign D 1" 1 S ( со - D M q 2 ) . Then by comparing X + " M 

and Tt дГ^д i one concludes that the condition 

в w = Km -si (to: .од:]) - im u %t -*•'«,«) > о, 
with л , „ , (6.5) 

ensures the stability of the ferromagnetic ground state, while 
I) < 0 signifies instabilities induced by the spin waves. Dote 
that the explicit fore o-f D M in (6.5) was derived in (2.5). By 
insert ing Into (6.1) the spectral weight function 21m y. ^vl(^»u) 
- ^p-| X (sj ) V | S ( ы - D f v )q 2) baaed on the condition (6.5) 
one recover* Immediately (6.4). Another formulation of (6.4) with 
sign D replaced by sign a oan also be chosen to get (6.5). 

The configuration average of the retarded susceptibility can 
be written In spectral representation as 

1 -oo 1-4 
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Especially, the spin-wave pole 

involves the average magnetisation par alta 2 ̂  sj ) ) c and the 
stiffness constant D Introduced Into (2.5). Sotice that (6.7) 
aatiafles the sun rule j ^ - Im J. ^i#(?t<u ) - 2 O f ^ c * ffe 

•re than led to a comparison between Im % +~r(q,aj ) - £ sign со 
I 5 t s-(w)»nd Im % ̂ i,(4, <•») - 2ir^ S*> < W> C Sfco - Dq 2). It 
holds I,«--(co ) a 0 as a postulate for an averaged effective me-
dium, too. Assuming VS, 3J / /„ > 0 we obtain for со > О the ine
quality О > О (for со -̂  О we are left with the trivial result 
Х5Д5- (<° ) • °Ь Vetting <^ sli")c * ° *• * i n d ° * ° f ° r « " О 

if - o j * 

(for cu>0 i t re iul ta 1 _ + 5 _ ( с о ) - 0 ) . Thus the s t a b i l i t y con-

d i t ion ifl eipr«eeed by 

or, in the approximated form (3.10), as 

u=£bfaiZ%jE+iO)-yE+iO)flV B f > 0. (б.вь) 

Bq. (6.8a) ean alao be obtained directly from (6.5) by averaging 
eonfigurationally. 

In generalising the undamped case (6.7) we introduce the damping 
у of the collective mode by 

(„1 

Хт-а ( Я . Ш ' — со- Ы . + аГ, > ( 6 ' 9 ) 
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о 
where ш • Dq denotes the spin ware energy. To determine f 

we separate the real and imaginary parts in (2.3), and hence 

rW\|_ q* .10) 

III)-И, I 5 

where it can be proved that C* defined in (2.6) is a real quan
tity. Here small damping ( ТГ _ « oj a^ l e considered; Y* Г des
cribes the lifetime of the spin waves. In the aecond part of (6.10) 
we have used the relation Im ̂ CqJgt Ч"Сй Ъ / 0 " Bi^P <*> J" 
<4qJg, q Q ) W ) c (со being real) and the definition (2.8). 

A similar analysis as proposed in handling (3.1) can be carried 
out for the imaginary part of % j~(q, ui). This meana that vertex 
corrections due to electron correlations will not appear (compare 
the arguments leading from (3.3) to (3*6)), во that 

. ^r4.-)=4/fi<V^4»^*«Wi)e?fEU, ( 6- 1 1 ) 

which retains only the «Irreducible" part of % J~(qf0) ) from 
(5.5) with (5.9). In the lowest o.-der of q, eq. (6.11) can be re
duced via (3.3) without СИЛ vertex correotlons to 

where *fi J_ represents the oausal coherent Oreen function. From 
(3.?) (and ita analogue for to< 0} it results 
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By expanding (6.13) to first order of U we find 

The combination of (6.10) and (6.13) provides the lowest order 
r 

description of the damping 
1 V^IMIWbiOd^b/. (6'15) 

/15/ The same expression was found in the CPA-RPA by Fukuyama ' '•". The 
damping is caused by Impurity scattering (Im^ 5 f l(u )<0) including 
here electron-electron scatterings as a generalization of the treat
ment ' 1 5'. It holds 7-*0 in the stable case (6.8); especially 7* 
vanishes for saturated ferromagnets in O(q'). 

7. COHCLUSIOH 

The present derivation of a renormalized spin wave spectrum of 
disordered alloys assumes the locality of the effective four-leg ver
tex originated by the random intra-atomic interaction. The physical 
content is oonfirmed by a stability criterion, small damping, and 
the fulfillment of Ward identities. According to the horizontal lad
der approximation the result for the stiffness constant can be ju
stified for strong correlations and small electron (or hole) densi
ties з it may therefore be applied, e.g., to Hi and some Hi-based al
loys. The present scheme is appropriate to numerical calculations, 
as will be shown in a subsequent paper. 
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