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In ref. It I a new approach to the theory, of the 
spin-phonon ·.interaction, taking · into account in a self
consistent manner th'e. ariharriionicftjof. the'lattfce-vil)ra-=-~ -~ 
tion·s, was proposed. In ref. 121 the equation of state 
of the . anharmonic ferromagnetic crystal . under external ' 
pressure was derived. . '. . . . . . . .1 . . . - . 

In the· preserit paper ·some of the prelimirtary results 
obtained; when ·1 studying. the: temperature depe'ndence of 
the lattice . constant in the anharmonic . feliro~agnetic 
crystal at low temperatures, and its influence on the 
magnetic excitation spectrum and magnetization are given. 

Let us consider a ferromagqeti~ crystaliwhich .cart 
be described by the Hamiltonian12 f.: i . . . . I 
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where R;=·£1 +il; ,'·u
1 

is.the,.displacemenLoper,ator and 
}

1 
_ .... is. the spin operator of the atom _in !heJathce point 

. f; =·<R1 ~' U(R/ ) is the potenUonal energy.of the ~rystal 
and 1 (R1 -R1 ) is the exchange inte~ral., . . . 

·we assume ,that. well-defined excitations, . the self
consistent phonons, weakly coupledwith magnetic excita- ·. 

· tions can· exisf'in the 'crystal 131. Theniconsid~ring the 
spin system in the mean field approximation 47 and 
using· the Holstein-Primakoff approximation· at low tem
peratures the magnetic. exci ta. tion. spectrum can be written 
in the form: · . .. " · 

. - - 1 . - -. . - .. -
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HE - 1 -where N = [ expe_:!;_q_1] and .,· 
q T q is the Fou~rier-trans-

- ~ ~ 

form of the renormalized exchange integralJ,, .. =<J(R. -R.)>
0

• 
· · 1 I 1 The symbol<-- - >0 denotes the thermal average 

in the pseudoharmonic approximation/3 /. · 

Let us suppose that the potential is a central-force 
~ ~ 1 -+ -+ • 

one: U(Rp·~·,Rri=T Jn¢ (Rn -,Rm)· In the nearest neigh-

bours approximation the equation of state takes theforn/2/: 

;; . e. - - . -~ . . -+ . 

P·=-:v t¢ ';(fJ-J~c:e.J<Se··~o>J, 
. . •. ' -~ 

. ' (3) 

where P . is ·the pressure, V is •the volume . of .the 
elementary cell; e is the separation between the nearest' 
neighbours, ·. z ... is the number of the neare'st .. neighbours, 
the prime emplies. differentiati~~ ·with .. resp~Ct to e. 
J(f ) can be .written in the form 3 : ~ 

- ..... ~ ' .-2 
J(f J=<J(Re-R0J> =exp[;. VeVe ]](f), (4) 

-. - ~ ~ 2 2 -
Where u 2= Ul=<[f. (ue-rn J] >/f ' and cp (f ) haS an analOgOUS 
form. 

If we take f:=f(T)= f0+8f (T) where fo is the equilibri
um·· separation aLzero pressure and zero temperature, 
from the · equation .cof state ·we. gef for the simple cubic 
lattice up to T4 ·: · 

..L . 4' 
-of (T j = AT 2 +'B T , 

where . . 5 . 

A =-2rrsz·5 (pllT )J' (f 
0
)/['4rr·s·] ·re J] T l(f · ); 

- . . . . 0, .o 0 

(5) 
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. 4' 2 - ,· . ·- . ' . . 3 . . 
B =TT· [ S 1 ~"(f0 ) -¢oCf0 J]/10ruD¢" (f

0
)f(f

0
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. 2- · . 00 - -nx 
f(£ 0 )=¢;'(f0 )-S Jd'(f.oJ; Z/n)= n~n P_~ . ; • 
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wD =!,05y8if,~'(!0J!M_·-_a~d -:fo(e0 ), $0 .(f0 J •... . 

can be ~btalned. fro:~(4).~ub~tituti~g e::e 0 . and u; =~~0 •• 

From (5) · for ·.the. thermal .. expansion coefficient. we 
get: .... , · · ,. 

. . 
~ ... . ~ . . .. 

. .. . • .- .. . . 5 . ... ' ,. ... 
1 ·d · · ·· 1 s·· T-· ·.·3· 

·n=-. -o f(T)=-.(>rAT. +4_BT ,). ., e0 · dr. . · f
0 

.~ . · · • · · (6) 

l 

: The expression (6) indicates that at:·low;;temperatures 
({}"" T./4rrSJo (.f

0
) « 1). · :.the spin system ·exerts• an 

essential influence. on the ·thermal expansion~: In the 
·considered .. case tor fertomagnet in (5), and (6) ~we _have 
A> o and· B >, 0~ This is· a consequence_ of the fact that 
q_suallyJcf rf~/< o, f(f 0 J :>o _(because ?;0'0oJ > o , ... and. 
¢ 0 (foJ>S 2Jf/Jf 0 ) ) and .¢.'c{'(foJ<O•.·; .. · ..- •. . 

In the nearest- neighbours approximation for a simple 
cubic lattice when q ~.o and :T'-+ 0 the spectrum (2) takes 
the form: . · 

. ;(fl T 5 
Eq =Sq2eg,

0
(f0 J[1+of(TJ _0 o- ][1:-rr ?~sJ z+r.J;f!-x _ )2], (7) 

. . J0 (f0) 4rrSJaCf0 ) 
:.~.J:··:~· .· . ·.~ .• ~ ~:' _;~ 

. . . . . -1 . . --1- -1 
where Q('s}=(1.f.0,03S )/(1...:..o,J- S ) +0,17S·· .• · .... 

'. ~ ~" . • ., ;:,. 't •. >-: • I 

F.rom (5) and .(7) .. taking into a.'ccoutit, only ··• the t~rms . 
up to y4 for· the rel~tive magnetization we-, •. obtain: 

3 .. 
4 ' 4 

a=1-a02-f3{} -yO , (8) . 

h 1·. p.H . - {3. 3 '"·Q(s) Z (pll')Z '(·"" •) w ere a= - Z 3 (-), =- rr -- 3 - 5 ~ ' 
s . T T · 2 · ·s2 . ..,- T 2 T 

y = 3rrZ L_rtYf-Jz _§_ (IL; J[J~ (f OJ ]
2 I io({o) f( eo)· 

2 2 

We note that. the temperature dependence in/~5) is in 
accordance with the expression derived in ref. · in 
a J)henomenological way. There tlieterm proportional to 
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TS/2 is obtained- from the consideration- of ,the Green 
functions «u-.s+ 1-s->> which lead to- a renor_malization 
in the magnetic excitation spectrum similar to 'that given -
by 0 f. (T } • . . - - - . ' . ' • -. - - ' - ., ; " - . I -

1s . 
We als6note that the .coefficients: for. _r4· :and {r-2 

in (5) are explicitly- expressed in terms "of the ~pin and 
phonon interaction constant. The last term: of (5) Jntroduce~ 
in the magnetization(8) an addition proportional_to T 4 

2
; 

the coefficient y of which contains the factor· [J0:.UoJ] -- -
playing in our case the role of thespin:..phonon coupling-
constant. . . . . ! · · _ .. , __ ,, 

-. o The- influence'oi"thecthermal 'expansion on the magneti
zation cat' low temperatures can be' comparable with the 
spin-spin -interaction effect. 'It is seen from (8) that 
y = fJ u:_the condition [Jo'OQ) ]2 :)0 ( £0 J l 0 0 J _ ·· is ful
filled, i.e. if the spin-phonon interaction_ is intensive _ 
enough. · · ·.,~ · - _ : ' 

Analogous investigations for the temperattl'res in the 
vicinity of the ·curiE~ point will be carried out' 'elsewhere' .. 

· we·\Vislito thank·or. N:M.Plakida forsuggestingthis 
problem and for many' valuable discussions. ·_ -
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