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IIonyKnaccH4CCKoe noBeJJ,CHHe OJJ.HOOCHOro 

Ma r11eTHKa re113e H6epra co cnHHOM 

E17- 9 1-2 19 

lkcneAYCTCH OJ~HOOCllblH MarHCTHK re1beH6epra co cnHIIOM 

s = I nocpCACTBOM Texm1KH o6o6meHHblX KorcpCIITHblX COCTOH 

HHii rpynnb1 SU (3) B AeiicTBHTeJn,Hoii napaMeTpH3aUHH. I1ony 4e -

Hbl ypasHeHHH , Onl1Cb1Bal011.\He cnHIIOBYIO H KBaJJ,pynonbH yto AHHa 

MHKH ~eppoMartteTHKa Ha nonyKJiaCCH4CCKOM YPOBHe , KoTopwe 

MOI'YT 6b1Tb caeJJ,ellbl K ypaa He HHHM JlaHAay- JIH~WHUa 11 s in -
rop,a.011 B npc,nenc HC 4 e3al011.\ero KBBAPYnOflbllOro MOMeHTa . 

PaooTa DbinOnHClla B Jiaoop.::tTOPH H Bbl'-IHCflHTCfl b HOH TeXHHKH 

11 aHTOMaT113au11H OHHH. 
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On Semiclassical Behaviour of the 
S = 1 Uniaxial Heisenberg Magnet 

The S = 1 Heis enberg magnet with uniaxis anisotr opy 
i s investigated by use of the SU( 3) coherent s tates t ech
nique in the real funct i on parametrization. The equations 
are derived, which describe spin and quadrupole momen t 
dynamics of the f e rromagnet on the semic lassical level 
and may be reduced to the we ll-known sine-Gordon and Lan
dau- Li fshitz equations in the limit of vanishing quadru
pole moment. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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The aim of this paper is to investigate quasiclassical 

behaviour of Heisenberg magnet by use of generalized cohe

rent states (in Perelomov sense, (1)). Papers (2) and (3) 

devoted to applications of Heisenberg-Weyland SU(2) cohe

rent states (CS) for studying spin systems revealed that 

such states well work for magnetics with spins ➔ m. Both 

approaches give rise in fact to the Landau-lifshitz equa

tion. But in real systems spin magnitude, which is defined 

by an assemblage of valency electrons does not usually 

exceed several unities (4). The question naturally arises 

of, to what extent, the classical description in the 

framework of Landau-Lifshitz model is adequate to study 

systems with S=l, such as CsNiF
3

, ((CH
3

)
4
N] [NiC1

3
] and 

so on. Moreover experimental data on the quasi-one-dimen

sional magnetic CsNiF
3
can be qualitatively explained in the 

scope of present theory based on the classical Landau

Lifshitz approach (see review (5) and papers cited). 

Quite a vast literature is now devoted to the theoretical 

studies of S=l magnetics using alternative grounds (6-10). 

In (11) an approach proposed which, in a sense, was a gene

ralization of the well-known mean field method, we mean a 

trial function technique. 

If quantum Hamiltonian of the S=l magnetic system con

tains single-ion anisotropy or higher spin operator mo

ments, then the SU(2) CS did not adapted to study such sys

tems. It is necessary to construct more adequate states 
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coordinate system for every site. Two Eiler angles e and¢ 

define the orientation of the classical spin vector, the 

angle o - rotation of the quadrupole moment around the spin 

vector, and parameter g characterizes the length change of 

the vector of classical spin and the quadrupole moment. 

Then the cs takes the form 

'¥ > = c
1 

I u > + C
0

1 m > + C I d >, ( 3) 
-1 

where 

e-i¢ ( 20 -io . 20 io ), C= cos 2 cosg e + sin 2 singe 
1 

sine 
( cosg 

-i1 io ), C= V2 e +singe 
0 

( 

• 20 -i1 28 io ) 
sin 2 cosg e + cos 2 sing e 

and satisfies the normalization condition. 

Now the spin operators averaged by CS (3) have the 

physically illustrative form 

A+ 
< s > 

I\ 

< s > 

I\ 

i¢ . e cos2g sine, 

e-i¢ cos2g sine, 

< Sz> = cos2g cose. 

By vector of the classical spin we shall mean 

I\ 

< s > = cos2g ( sinecos¢, sinesin¢, cose ). 

So the square of classical spin is 

s 2= cos2 2g. 

(4) 

As it was shown in paper [1] for the SU(3) cs the following 

equality takes place 

where 

0b'hC?.Ee31.1iL,il 1mcnrry 1 i 
~:~~,imeU t:itc-JeJ1onnu~l.l I 
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The simple calculations show us that in our case 

q2= sin2 2g. 
Now we shall investigate the s=l Heisenberg magnet de-

scribed by the Hamiltonian 

H = -J \ ( S S + o szsz ) 
l. j j+l j j+l 

\ "x 
-hl.SJ, (6) 

where his magnetic field and o is constant of anisotropy. 

If o>O then Hamiltonian (6) describes "easy-axis" and when 

o<O then (6) corresponds to the magnet with "easy plane" 

anisotropy. 
Averaging Hamiltonian (6) by the CS (3) and transiting 

from summation to integration we find the classical Hamil-

tonian 

H = -J 
a2 

-i ( 4 

J ( cos
2
2g 1 + o cos2e ) -

• 2 2 2 2 · • 2 "' ) ) dx sin 2gg + cos 2g e + cos 2g sin e 'I' --
x X X a 

0 

(7) 

To obtain the dynamical equations we use the method expoun

ded in the paper [3] and construct Lagrangian for corres

ponding CS (3) acting in SU(3)/SU(2)0U(l) space 

L = cos2g o + cos2g case¢ - H. (8) 

Varying this Lagrangian we get equations of motion in Ha

milton form 

1 oH 
<P = - cos2g sine oe' 

1 oH oH 
e = cos2g sine ( o¢ - case 00 ), 

(9) 

1 oH 
g = 2 sin2g oo' 

case oH 1 oH 
0 = cos2g sine oe - 2 sin2g oo· 

4 

~ ,) 
t 
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i;: 
I 

) 

Hamiltonian (7) with equations (9) generates the system of 

equations 

¢ 
cos2g 

2 (--2 o cos2g case+ a
0 

sine e 
xx 

sin2g 
- 4 --.-sine 

g e - 2 cos2g case 
X X ¢:) - h ctge cos¢, 

e a 2 
( cos2g sine ¢ + 2 cos2g case e ¢ -

Q XX X X 

- 4 sin2g sine ¢ g) + h sin¢, 
X X 

(10) 

g o, 

0 

cos¢ 
-2cos2g-h-.-e +a2

( 2sin2gg - 4sin2g ctge g e + sin o xx x x 

2 2 · 2 ) + cos2g ( ¢ + e + 4 g + ctge e ) . 
X X X XX 

In the long-wave limit and weak magnetic field a
2 

< o, 
0 

h « o and near the "easy plane", i.e. when e = rr/2 - e 
and magnitude g « 1, 0 « 1 we derive the sin-Gordon 

eguation 

¢LL - ¢~~+sin¢= o. ( 11) 

When we put g=O first two eguations of the system (10) take 

the form of Landau-Lifshitz equation (see [4] ) . Classical 

vacuum state of the "easy axis" ferromagnet is¢= O, g = O 

and e = o, e = rr i.e. it is two time degenerated. Ground 

state of the "easy plane II ferromagnet is g = o, e = rr/2, 

i.e. multiple degenerated. Dispersion of linear waves pro

pagating in the "easy axis" ground state has two branches 

w = 2 ( o + k
2

) , 
1 

w
2 
= 2 ( o + 1) , 

(12) 

i.e. there are high frequency mode w
2
in addition to the low 

frequency one w. In the case of "easy plane" we have also 
1 

two modes: the first one coincides with the well- known 

Bogolyubov dispersion 
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w2 = 1 k 2 
( k 2+ 2o 1 , 2 ( 13. a) 

and the second one is the high frequency oscillations 

w
2 = 4. 
2 

(13 .b) 

If we take into account. the single-ion anisotropy in 

the Hamiltonian (6), then gt is not equal to zero in the 

system (10), whereby we have ferromagnets with 

nonconserving square of classical spin. 
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