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A spin - 1 and spin - ~ models have been carefully inves-

tigated. These models have become very attractive because of theit 

simpl1c1ty and rich fixed-point structure. A spin - 1 model was 

for the first time introduced by Blume, Emery and Griffits IBEGI 

[lJ. This model has been studied mostly under the molecular field 

[lJ and re1ormal1zation group approximation [21. Recently, Hot-ig-

u~hi E3l, Wu f41, n3 ~~r ~51 and Tang [6) have exactly solved the 

BEG nodcl for "cn~yr imb ::ind square lattices when exp <Kl chJ=l. The 

simn res.ult w.is Jbt.:.inod for th£' Bethe lattice [7J. 

The spin - ~ BEG model with dipolar and quadrupolar inter­

actions wa"> int.-odu~ed to C'xploin phase t1·ans1t1on in DyVO<l and 

itn plB~e d1agrclm was obto1ned within the mean field approximatio~ 

[BJ. Another· spi.n ~ model wa<> later introduced to study tr-icr-i-
" . tical pr-aper-ties in ternary ~ield mixtur-e [9J, which was also sol-

ved in the mean field approximation. Recently, the complete ph~se 

diagr-am of this model has been fully analyzed with the use of two 

dif-Fet·ent approaches: mean field and Monte-Car-lo methods [10). 
3 
-~ In this paper· we der·ive an e;:act solution of spin model 

on the honeycomb lattice on a surface in the space spanned by the 
t 

coupling constants J, f•:, L, M and c,. 

The hamiltonian for spin ~ model may be written as 

~ [ 
.22 33 M 3 3] ~ 2 -.SH = JSlSj+ 1',SlSj + LStSj + 2<StSj+ sjsl) - 6 sl 

< j > 

Ill 

1 3 
where Sl= ± 2 , ± 2 . 

Here, we will not be concerned about physical origin of 

these couplings and will treat them as parameters in the calcula-

tions. 

z 

The partition function defined by this hamiltonian is 

\' expl-.SH> 
({;-) 

Let us intr-oduce 

(2) 



[ sre><p<-AS~> = 2e><p(- ~) (1+e:<p<-2A>), n = 0 
s 1 =±1/2, ±3/2 

~exp(-~) (1+9e:<p<-2A>), n : 2 (8) 

0, n ~i. 
.,. 

where n 1s the number of lines with site i as an end-point and can 

take on values 0,1,2,3 only for the honeycomb lattice. 

According to Wu [11J this fact together with 18) enable us to 

,-ewt 1te 16) as the partition function of a spin 2 
Ising model. 

Introducing Ising spins a
1 

= ±1 we Lan rewrite (6) as 

z BN [ n c1+4a1aj 1+9e· p(-2A> thJo> 
a=±l <lj> 1+e,p(-2Al 

9) 

wher B ( 
A ) ( - ) ;;12 -exp - 4 1+exp<-2Al a 0 expl-~R/4 

Identity which can b~ veriefied term by - term by oxpanding 

i nto a high - temperat~re expantion the right - hand sides uf 16) 

and (9l. That is, we have transfm-med the evaluation o-1' the 

partition function for our hamiltonian (ll into the evaluation of 

t ;<. pc0rti tion function for the :sing model. Thuse we obtain exact 

G- v ... : , oinc e 

BN <chK l -3N/2 z (I< l 
I Io Ir~ 

<10) 

Now the right hand of (9) gives precisely the high 

emperature expantion of a spi .~ ~ Ising partition function 

L <K l whose nearest neighbor interaction is K with 
l a L n~ I l 

l 

thlK l 
I 

1+9e>:p <-2li> thJo 

l+e:-:p l-2Al 

( 1 ll 

.nc..e the Is1nq model is critical at ch<2K l 
I 

2, out- model is 

t" .1.tlLd.l lt 

tr-ojJol 
1+9exp<-2i;l 

1 +eo-.p, -2Al --.r-::;-1" .;, 

( 12) 

in the subspace (7; . Using the fact that A= A -3R and R is function 

of J
0 

in subspace 17> we Lan get the ?.. - line Ising tvpe phase 

transition in spin ;;! model in <A 
2 

T 
J plane. 

~C2A } -

i~ we 

3/16 

11-9Y'3 thl J I>· <t-81th 2 J > 
0 0 

27/16 
(1-th2 J ) 

0 

<t~ thlJ I 
0 

1S/0 
1) (1-C,th 2 J ) 

0 
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