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A new approach to the theory of spin-phonon interaction , . 

which takes into account in a self-consistent manner the anharmo

nicity of lattice vibrations , was proposed in/1/ and / 2/. In the pre

sent paper it is shown that the decoupling procedure. for the Green's 

functions adopted in/1/ and /
2

/ is equivalent to the variation~! 
appr~ch proposed in /

3
/ for considering the self-consistent pho-

nons in anharmonic crystals. 

We consider· a ferromagnetic crystal which can be described 

by the Hamiltonian/2/: 

J< .. n +II ... ...L:S-V
2

+U(H )-1-di:SSz-.l:S J(H -lt)S·S (
1

) 
f s 2M 1 I I 1 I 2 1J I l I. l ' 

where HI = e I +.u I ., u I is the displa_cement and s I is the spin 

operator of the atom in the lattice site el =<HI> • U(HI), is the 

potential energy of the crystal and J (H -H ) is the exchange integ-_ 
. • . I l 

ral. We assume that well-defined excitations - the self-consistent 

phonons/
3
/, weakly coupled with magnetic excitations, can exist 

in the crystal. Then as an approximation we can adopt a trial 

Hamiltonian of the form 
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J< ==H +U 0. h s 

1 . 
,II =- :!· 

h . 2M I 

. 2 1 -v .+-:! u 
I 2 .lj. I 

"' .!I> 
1J 

• u (2) ', 
l 

ar:d .. i1 s has the _?arne form_ as lis in '(1.) ~ere the exchi:mge in

tegral is replaced by the function J li depending ·only on equilibrium_ 
"' 

separation between atoms el; ""'£I -f i • The parameteres <ll 1 ~ 
. arid J lj: are determined variationally from ·the stationary condition 

for the trial free energy 

F = F + <J{ _J{ ? , F =- .!..en S p I exp (- {3 J{ ) I . 
tr 0 · · 0 :0 .•. o · · {3 .· . 0 (3) ' 

Using Taylor:" expansion in powers 'of displel;cements for 1U(e 1+u 1) 

·and. J.(£1J.+U I -u
1 

) and taking the·. thermal average < ... >0 with the 

Hamiltonian. (2) we get for j3): ... 

• .. · '1 
<U >=exp I ·-:! < u u > 

. 0. 2 li · I. l 
VV!U(e) 

I . l 0 I 

(4) 

<J > =~xpl 
2
1 <(u -u )(u -u )>: V V Jj.(e ). 

0 I · j I · l · I I . 0 !j' ,"'·' 

Variation of' the free energy (3} With· respect ·to :<S 1•S;>o ~md .<u 1ul ::;-0 - . 
gives . Ju=<.J >

0
' and the matrix ~ ll' which determines frequencies wK.\ 

·and pola,d~tion vectors. e K:J\ of th~ triarharmonic phonons in (2) 

_by the- equation \i 

.2 • 1 .. . , .. 
e w = --"' I ( . k e ) n KA KA 'IN' - .. exp -· • ·.. v' v· < U> -_ · ,, ' ll h · I i 0 · 

(5) 
.. :. •'< 

-<sisJ >0. D-cxp(-ik .c -w) ]V 1:v' 1 :<J >0 l··c~>.. 
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· The' displacement correlation funCtion· in the 'trial 

mation (2)' nas the standard form 

1 . . . - 1 - .. 
<u1 ul >o"" -- :!.e Xc .\ exp(-ik.fll )' · . coth ( .Lf3 

M N k .\ K K_ 2 wK.\ 2 

The spin correlation function <SI. sl ·> =--28 F I 0 o, 

. obtained by the_ standart methods . of the quantum 

The equilibrium positions. of at~~s f 1 =<R ~- are d· 

equilibrium conditions for· the crystal under exter 

case of the isotropic pressure P we get the folic 

state for the· crystal with volume V /
2

/ · 

. l l ~ . 
P =- -:! e ·v <U> + --.:.. < s · s > e . v < J > - 3 V 1 I I . 0 6 V lJ I l 0 · lj I 0 

The self-consistent system of equations (2) 

· the thermal, rriech~nic and. magnetic properties ( 
~ . · ... ~ 

.crystals in a wide range of temperature and external 

lidity of th~ adopted approximations can be eval1 

into account the ~amping of the self-consistent I= 

netic excitations, e.g. by the Green's function m< 
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'I'he' di~plac~mEmt correlation function in the 'trial harmonic .approxi

mation (2) has the standard form 

'I'he spin correlation function <51 • S J ·~ = -·28 F0 /8 j 
11 

" 
and can be · 

obtained by the. standart methods of the quantum theory ·Of magnetism, 
. . 

'I'he equilibrium positions of atoms £1 =<R 1> are determined by the 

equilibrium conditions for· the crystal under external forces, In the 

case of the isotropic pressure P we get the following equation of 
/2/.· state for the crystal with volume V 

I ~ I 
P =- - ~ £ ·V <U> +- ~ < S • S >

0 
£ • V < J > 

. 3 V 1 I I 0 6 V !j I l · lj . I 0 .'(7)·, 

'I'he self-consistent system of equations (2) -(7) can describe ,, 
·_.the ther~~l,. mechanfc and. magnetic properties of ferrom~gnetic . 

crystals in a wide range of temperature and external pressure, 'I'he V?--· , . 
lidity of th~ . adopted approximations can be evaluated by taking 

into account the ?amping of the self-consistent phonons and mag-
.. ''/4 5/ 

netic excitations, e.g. by the Green's function method ' • 
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