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A new model of the‘ two-component ferromagnetic Fermi Liquid is discussed. The
kinetic equations for the spin diagonal and off-diagonal parts of the density matrix are
obtained. The problem of the g-factor for spherical symmetry is solved.
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1. Introduction

For ferromagnets, manyy' of the physical properties can be properly described by the
s-d Vonsovsky model [2], in which s-electrons are treated as conductivity and the d-electrons
as localized in the neighbourhood of the ions of the crystal lattice.

The transport equation for the spin diagonal part of the density matrix is [1]:
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where f7 denotes the occupation number, G;‘jﬁ(p, P) is the effective interaction term,
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« = 1, | — spin index, J{[ 71is the phenomenological term, E = — — — — i [4, ¢]
c 0Ot
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is the electromagnetic four-potential, rot 4 = By+b, Bo = [0,0B+4nM]), B is a large

magnetic field in the z direction.
The equation for g-factors [1]
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This equation was discussed and solved in [31.
Similarly, for the off-diagonal part we have
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Then we have: p% = j,,—iep,,. Using the solution
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2. Formulation of the problem

In order to solve the equations (1.1), (1.4), (1.5) and (1.9) we shall propose a new physi-
cal model. First of all, we assume as in [3], that all functions connected with d-electrons
do not depend on p and hence:

=W = =2, = v, =W =0, (2.1)

. N 1
Hence, in the case of the d-electrons we shall write ) instead of oy d

r T o
ferromagnetism the existence of interaction between the d-electrons is not necessary, we
assume that

3p. Next, for

Gdd - H;d = 0. (2.2)

Then we can rewrite (1.4) in the form:
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pa(r) = d’p'GE(r, PYE(P)3,.

Restricting ourselves to linear terms with regard to the interaction functions we have:
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Now we divide the first of the equation (2.3) into symmetric and antisymmetric parts of’
a spin index

(A+G1+G)u +(G2— Gy = =Gy,
(G2+Gu +(1+G, = G3)uy = 1—Gyy, (2.4)

where

1
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GH(p) = ZﬁG (p, 7),
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He = py+opa, Gy = Gy4aG,y,
G'= Gy+aGy,  G—= Gl = Gy +aGoz- (2.5)

Similarly, we can rewrite (1.10)
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We can divide the equation (2.6) into real and imaginary parts:
(1 +H§)ﬂsv . l_sza
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3. The solution of the equation for the g- factor _

We shall take the solution of the first of the equations of (2.3) in the form:
§p) = Fy(p)+aFa(p), : (B.D

where F;(p), F»(p) are operators as in (2.5)

3 f d*pF(p; P)3y- ” (3.2)
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These operators . satisfy ‘the equations
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For Legendre’s harmonics we have
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Now we obtain
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With the rotation symmetry, the interaction: function. at the Fermi surface depends only
on the angle between p and p'. Hence, 1t can be expanded 1nto a serles of Legendre s
polynomials

@R XTY ok -
Fi (p, p) = 7 QI+ 1)F ,,P(p - p),
1
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Using (3.7). the ys can, be rewrltten in the form : ;
VY }:<Fu+ocF2,>zm(p)f dsz Yo (3.9
HE=Br fRFy WE=0," (3.9)
where
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For the d-electrons ‘we ‘have:

g k #d(" = ““16752 Z Gdsoo(")Fo» : (3_.111)
where o v’ _
Gdg(rﬂ p) = pz Gdslm(r) Ylm(p) (312)
Im P

In the same way we can solve the equatlons (2.6)

) = BilpyrieEsy, G.13)
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where Hj(p) and Hj(p) are as (3.2) and satisfy the following equations:

Hy=1- @ ) f dQ"Hi(p, p)HY(p", p)— E He(p, 1),
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=
Then we have:

We = 0. (3.15)

4. The collision term

If we consider scattering by impurities alone, we can write [4]:

1 7 QX
JP = — o z J Cp'Syp” 3 {0(Eup— Eyp) +(Eep—Esp)
vé

+ 5(Eﬂp - Eyp’) + 5(Eﬂp - Eép’)} {fa(p)éaﬂ + 5fa(p)5aﬁ + gali(p) + 5gaﬂ(p)
—f(0)0,5— 3 (p)5,,— & (p)—08"°(P)}. (4.1)

In (4.1) the factor §%> 1 {...} is the transition probability for the scattering of the quasi-
particles from state p to state p’. The delta function corresponds to conservation of local
energy E,;. The determination S;‘,’L?‘s from the first principle is outside the scope of the
Landau theory. Further, the spin dependence of S varies with the particular kind of impu-
rity. We therefore consider S as a phenomenological parameter.

Now we assume that the transition probability has dependence in the form

SHI = WiE25 50,5+ Ur”. (4.2)

For the first of the functions we have four possibilities: W11 s W1 11t W1 L1t Wit T,
We therefore denote: Wis# = W3, Taking into account that <x+y . ﬁ+5 we have
for the function U“ﬁ 7% two poss1b111ties for the arrangement of the spin indices:
U = ULLIt and U 1 = ULL11, Hence, we have for the diagonal part:

" @n? Z J &P Wogd(Ewp— Epy) (S D)+ () =" (0) -/’ @)}, (43)
and for the off-diagonal part
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Ly = 2 {3(E1p~Ey1p)+8(Eyp— Etp)+8(Exp— Ey1p) +6(Er,— E7,)}-

According to our model we assume:
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For the off-diagonal part we have:
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£ g x+5gsx ! 1 { rYIE ’ , ’ ’ \
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5. The discussion of the transport equations

In this section we shall discuss the solution of the transport equations. We assume
2 limitation on the collision time, by making 1t constant.
At the beginning we shall consider the equations for d-electrons. We have:

fi+ofy

C
Tas

i fi (5.1)
a ¢ d — 3 .
where ¢ = «, & That way in (5.1)‘we have both: the equations for the spin diagonal and
the off-diagonal parts of the matrix density.

1

o5 = (zﬂ)gf d3p'qss<r,‘ (D)o, (5-2)

Similarly, we can write the equations for s-electrons:

ofy X
‘—g; +(OV) (fS+ ) +(0°VFg

+ L0 X BV, (A [0 X BV, IF;

1 .
+ %(fs”+5ff)+ < (fi +0f5) = e(Ev)d.,+u(v°V)b.. (5.3)

s ,sd. . o i
F5 = ¥ Gaulp, 1, ¥)f(). (5:4)
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