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Abstract We ca l  cul  a te  the spontaneous magnet i z a t i  on f o r  the  t ransverse 
I s i ng  model (TlM) , i n  two (2-D) and three dimensions (3-D). The c r i  t i c a l  
indexes o f  the magnetization a t  f i n i t e  temperatures are the same a s  
those o f  the corresponding I s i n g  model case. We a l s o  obtai  n the c r i  t i c a l  
f r o n t i e r s  which separate the ordered-disordered phases o f  the T I  M i n 
2-D and 3-D and the c r i t i c a 1  f i e l d s  compare w e l l  w i t h  other valuesavai l -  
able i n  the l i te ra tu re .  As our resu l  t s  are based on extensions o f  the 
r e l a t i o n s  f o r  the magnetization o f  the pure I s i ng  model, we expect t h a t  
they w i  1 1 be good e s t  irnates f o r  the spontaneous rnagnetization o f  the TIM 
a t  any f i n i  t e  ternperature. 

1. INTRODUCTION 

The transverse I s i n g  model (TIM) has been proposed as a model 

harni l tonian t o  descr ibe the basic features o f  a l i s t  o f  cooperat ive sys- 

tems. For example, t h i  s  model was proposed by de ~ e n n e s '  t o  d e s c r i  be  

the microscopic behaviour o f  hydrogen-bonded f e r  r o e  l e c t  r i c s  o f  t h e  

KH,PO, fami l y .  Also rnagnetic o rder ing  i n  rnater ia ls wi t h  s i n g l e t  c r y s t a l  

- f i e l d  ground s ta te  can be descr i  bed by the TIM, as reported by  Wang 

and cooper2. Further appl i cat ions  o f  the model can be found i n a paper 

by S t i  nchcombe3. 

The hami l tonian o f  the TIM can be w r i t t e n  as 

where R i s  the t ransverse f i e l d ,  J i s  the nearest-neighbor exchange in- 
C1 t e rac t i on  and ai (a = x , y , z )  are  the components o f  sp in  - 1  /2 operators.  

I n  one-dirnension t h i  s  model was exac t l y  solved by p feuty4  exhi-  

Work p a r t i a 1  l y  supported by CNPq and F I NEP ( e r a s  i 1 i a n  Government  
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b i t i n g  long-range order  a t  zero temperature f o r  s u f  f i c i  e n t  l y srnal l 

transverse f i e l d  i n tens i  t y .  I n  h igher dimensions we have the ser ies ex- 

pansions r e s u l t s  o f  E l l i o t  and wood5, Pfeuty and E l l i o t t 6 ,  Yanase e t  a ~ j  

yanase8 and Oitmaa and  p l i s c h k e g .  Among t h e  e f f e c t i v e  f i e l d  ap- 

proaches which represent irnprovements over the mean f i e l d  ca l cu la t i ons  

f o r  the TIM, we would l i k e  t o  d e p i c t  the works o f  H a t t o r i "  and Sã 

Bar re to  e t  az". 

Hat to r i  c a l c u ~ a t i o n s ' ~  are based on consider ing a p a i r  o f  near- 

est-neighbor spins embedded i n  the mean f i e l d  o f  the remainders, ob- 

t a i n i n g  good resu l  t s  as coinpared wi t h  the ser ies .  

Sá Barreto e t  aZ1' developed approximated r e l a t i o n s  f o r  t h e  

spontaneous and t ransverse magnetizations o f  the  TIM. I n  the case Q = 0, 

t he i  r r e l a t i o n  f o r  the spontaneous magneti zat i o n  reproduces an exac  t 

i d e n t i t y  der ived by ~ a l l e n l ~ .  Also t h e i r  r e s u l t s  can be seen as a lower 

bound f o r  the c r i t i c a 1  f i e l d ,  wh i l e  the mean f i e l d  approximation (MFA) 

represents an upper bound f o r  i t. 

MFA resul  t s  f o r  the TIM are displayed i n  a paper by B l i n c  and 

Zeks ' and the compari son between the upper éind lower bounds f o r  the 

c r i  t i c a l  f i e l d  i s found i n  the works o f  S i l v a  and Sã   ar reto'^. 
Severa1 renormal i z a t i o n  group schems have been appl ied  t o  the 

TIM. We detach the works o f  dos Santos ec  aZL5 and Penson e t a2 ' a t  

zero temperature, and o f  F'riedman17, Ste l  I a  and ~ o i  ~ l a s c a k ' ~  and 

I(olb2', a t  f i n i t e  temperatures. 

I n  t h i s  work we i ntend t o  obta i  n the spontaneous magneti za t i on  

f o r  the TIM i n  two and three-dimnsions based on the known r e l a t i o n s  f o r  

the pure ( & O )  I s i n g  model. I n  sec t ion  2 we Jiscuss the two-dimensional 

case. The three-dirnensional vers ion  i s  discussed i n  sec t ion  3. F i n a l l y ,  

we conclude i n  sec t ion  4, making comparisons .of our r e s u l t s  w i t h  others 

avai l a b l e  i n  the li te ra tu re .  

2. THE TWO-DIMENSIONAL CASE 

Let us pay a t t e n t i o n  t o  the fo l l ow ing  r e s u l t s  from the ser ies 

e ~ ~ a n s i o n s ~ ' ~ ' ~ :  i n  two o r  more d imns ions  the e f f e c t  o f  the transverse 

f i e l d  on the I s  

a1 t e r i  ng the c r  

mains f i n i t e ) .  

i ng  rnodel i s  t o  s h i f t  the c r i t i c a  

i t i c a l  exponents (provided the c r  

1 temperature w i  t h o u t  

i t i  ca l  temperature re-  



A1 so we wi 1 1  w r i  t e  the z = 4 (z  G coordi na t i on  number) spon- 

taneous magnet izat ion equat ion f o r  the TIM i n  the MFA and i n  the 

Barreto e t  a2 approximation" . We have 

M =  4JM tanh 8 

i n  the MFA, where M i s the spontaneous magnetization, and 8 5 l /kT,  as 

usual. and 

4J tanh 8 + 2 
2J tanh @-IM 

rn 
4J tanh @ - 2 

i n  the Sã Barreto e t  aZ" approximation. 

P u t t i n g  R = O i n  r e l a t i o n s  (2) and ( 3 ) ,  we recover the resul  t s  

f o r  the I s i n g  model i n  the MFA and i n  the approximation worked o u t  by 

Honmura and lCaneyoshi2', respect ive ly .  Moreover, we can see t h a t  i n  

these two approximations, the e f f e c t  o f  the t ransverse f i e l d  i s  t o  re-  

place the func t i on  

Now c o n s i d e r  t h e  e x a c t  r e l a t i o n  f o r  t h e  s p o n t a n e o u s  

magnetizatiori  o f  the I s i n g  model i n  the square lat t ice,expressed i n  t e m  

of  hyperbol i c  tangent func t ions ,  We can extend t h i s  r e l a t i o n  t o  the TIM 

case, by using the same replacement mentioned above. Doing t h a t  we w i  11 

have : 

tanh @ 1 klg 



where o i s  the 'lrenormalized" transverse f i e l d  g iven by 

where r e l a t i o n  ( 5 )  w i l l  be expla ined i n  the proper occasion. 

Pu t t i ng  w = O i n  equat ion (4), we recover the exact  spontaneous 

magne t 

~ a n ~ ~ ~  

as M + 

za t i on  fo r  the I s i n g  model i n  a square l a t t i c e ,  as obtained by 

but  expressed i n  terms o f  the hyperbol i c  tangent f ~ n c t i o n ~ ~ .  

The c r i t i c a 1  temperature (2' ) i s  obtained from (4) i n  the l i m i t  
C 

O .  We have 

1 = 2 2J , tanh (6) 

w2 + ( 2 ~ ) ~  

Also i n  the 1 i m i  t as Bc -+ m (T = O )  we ob ta in  w (and a l so  Qc, 
C 

using r e l a t i o n  (5)) .  We get  

Soiv ing equat ion (7) we obta ín  R / J =  3. 
C 

We compare i n  f i g u r e  1 the l i n e  o f  c r i t i c a 1  po in t s  o f  the TIM 

given by r e l a t i o n  (6) w i t h  the Monte Carlo rea l  space renormal i z a t i o n  

group ca l cu la t i ons  o f  ~ o l b ~ ' .  Except f o r  a narrow r e g i o n  a r o u n d  t h e  

c r i t i c a 1  t ransverse f i e l d  the two curves remain c lose t o  each o ther  i n  a 

wide range o f  R. We a l s o  compare, i n  the tab le  I ,  the c r i t i c a l  f i e l d  w i th  

o ther  avai l a b l e  resul  t s .  

Now l e t  us exp la in  r e l a t i o n  ( 5 ) .  I n  a previous paper24 we 

were ab le  t o  improve the MFA c r i  t i c a l  p o i n t s  obtained by va r i o u s  v e r -  

sions o f  the I s i n g  and t ransverse I s i n g  models, w i t h  the imposi t ion o f  

cons t ra in t s  i n  order  t o  modify the standard mean f i e l d  approximation. I n  

t h a t  work we had t o  use two const ra in ts :  a) one t h a t  accounts f o r  the 

e f f e c t i v e  transverse f i e l d  and b)  other  t h a t  accounts f o r  the e f f e c t  o f  

the co r re la t i ons  i n  the p a r a l l e l  e f f e c t i v e  f i e l d .  However, i n  t h i s  work 

there  i s  no need fo r  the second cons t ra in t  (case b) ,  since the exact  re-  

l a t i o n  fo r  the spontaneous magnet izat ion contains the exact  in format ion  

about the p a r a l l e l  co r re la t i ons .  With respect  t o  the case a) r e l a t i o n  



Fig.1 - C r i t i c a l  f r o n t i e r  f o r  t h e  TIM i n  t h e  square 
l a t t i c e .  T h i s  c a l c u l a t i o n  (dashed l i n e )  i s  compared 
wi t h  the Monte Car lo  renormal i z a t i o n  group e s t i m a t e  
o f  ~ o l b "  ( f u l l  l i n e ) .  

Table 1 - Values o f  the  c r i t i c a 1  f i e l d  Q / J ,  f o r  t h e  T I M ,  a c c o r d i n g t o  
v a r i o u s  c a l c u l a t i o n s .  C 

Best  o f  dos Penson- 

Honeycomb 

~q ua r e  

T r i a n g u l a r  

Sirnple 
Cubic 

H a t t o r i  
Santos- 
Sneddon- 
S t  i nchcombe 

15 

J u l  i en-  
PFeuty 

16 

- 

3.03 

3.74 

- 

Sã B a r r e t o  
F i  t t i p a l d i  
Zeks 

1 1  

1.97 

2.63 

4.12 
4.76 

- 

Present  

work S e r i e s  

- 

3.3 

5.4 

5.4 

1.83 

2.75 

4.71 

4.71 

2.31 

3 

4.33 

5.30 

- 

3 .0bss6 

4.777 

5 . 1 6 ' ~ ~  



(5) remains the  same as t h a t  o f  t h e  p r e v i o u s  paper24.  

l n  o r d e r  t o  pursue f u r t h e r  t h i s  q u e s t i o n  l e t  us d e f i n e  t h e  

f o l l o w i n g  f u n c t i o n  

tanh BJ f (a,W) = - (8) m 
where 

Then, based i n  t h e  p o t t s Z 5  r e s u l  t f o r  the I s i n g  rnode l i n  the  

t r i a n g u l a r  l a t t i c e  and u s i n g  t h e  sarne argurnent ernployed i n  o b t a i n i n g  

e q u a t i o n  ( 4 ) ,  we f i n d  

which i s  the  spontaneous magnet i za t ion  f o r  the  TIM i n  t h e  t r i a n g u l a r  

l a t t i c e .  

T h e c r i t i c a l  temperature i s o b t a i n e d  i n  t h e  I i m i t M - t O ,  and 

i s  g i v e n  by the  equa t ion  

P u t t i n g  a = O i n  eqs. (9) and (10) we recover  p o t t s Z 5  e x a c t  

r e s u l t  f o r  the  I s i n g  model i n  the  t r i a n g u l a r  l a t t i c e .  

The c r i t i c a 1  f i e l d  i s  g i v e n  by  the  e q u a t i o n  

o b t a i n e d  b y  t a k i n g  t h e  l i m i t  + i n  e q . ( l O ) .  

The c r i  t i c a l  f i e l d  i s  cornpared wi t h  o t h e r  a v a i l a b l e  r e s u l  t s  i n  

the  t a b l e  1 .  

F i n a l l y ,  we p resen t  the l a s t  two-dimensional r e s u l t  o f  t h i s  

Paper. I n  an analogous way a s  we d i d  b e f o r e  we o b t a i n  f o r  t h e  TIM 

i n  the honeycomb l a t t i c e  t h e  spontaneous magneti z a t i o n  

M = n a  + I f2(a,BJ) ~2 - f 2 ( a , w )  - 2/1 - f 2 ( a , B i j ~ ~ ~ g  

(12) 

SO, the c r i t i c a l  ternperature f o r  the TIM i n  the honeycomb l a t -  

t i c e  i s  g i v e n  by the  e q u a t i o n  



and the c r i t i c a 1  f i e l d  i s  g iven by 

Again the c r i t i c a 1  f i e l d  o f  (14) i s  compared w i t h  o ther  a v a i l -  

able resu l t s  i n  t a b l  e 1 .  

It i s  worth t o  mention tha t  the resu l  t s  f o r  the TIM i n the 

honeycomb l a t t i c e  were obtained based i n  an extension o f  Naya's r e ~ u l $ ~  

f o r  the  I s i n g  l i m i t  (R=O). Natu ra l l y  t h a t  case can be reproduced tak ing  

a=O i n  r e l a t i o n s  (12) and (13). 

I n  f i g u r e  2 we present the  spontaneous magnet izat ion f o r  the 

TIM i n  the square l a t t i c e ,  as a f unc t i on  o f  the temperature and f o r  

var ious values o f  the t ransverse f i e l d .  We see t h a t  the magnet  i z a t i  o n  

goes t o  zero a t  the c r i t i c a 1  temperature w i t h  the c r i t i c a l  indexcharac-  

t e r i s t i c  o f  the two-dimensional I s i n g  model, t h a t  i s  .125. 

The r e s u l t s  f o r  the  o ther  p lanar l a t t i c e s  look s i m i l a r  t o  the 

square l a t t i  ce case and we do not  present p l o t s  o f  them here. 

Fig.2 - Spontaneous rnagnetization 
f o r  TIM i n  the square l a t t i c e ,  as 
a f unc t i on  o f  t h e  t e r n p e r a t u r e .  
From ins ide  we have  t h e  c u r v e s  
ca lcu la ted i n  t h i s  work f o r  R/J = 
= 2.7, R/J = 2 and R = 0,respect- 
i v e l y .  



3. THE THREEDIMENSIONAL CASE 

I n  a recent paper27, we have proposed t h a t  t h e  s p o n t a n e o u s  

magnetization f o r  the I s i ng  model i n  the simple cubic l a t t i c e  can be 

we l l  represented by the equation 

The above r e l a t i o r i  g ives the c r i t i c a 1  temperature (T ) M /J  = 
C C 

= 4.56 as compared w i t h Z 8  

C ' "1ser ies  = 4.51 

Also r e l a t i o n  (15) can be expanded around Te, as 

a r -esult t ha t  can be compared w i t h  

5 / 1 6  
= 1.57 [ I  - t] 

ser ies  

the ser ies  resul  t, as quoted by F isherZ9.  

Then we can u s e . r e l a t i o n  (15) i n  a simi 

the two-dimensional exact resul  t s  f o r  -1sing mode 

the spontaneous magnet izat ion f o r  the TIM i n  the 

Doi ng so, we have 

l a r  way as we have used 

1 ,  i~ order t o  o b t a i n  

simple cubic l a t t i  c e .  

Taking the l i m i t  as M - t O ,  we ob ta in  the c r i t i c a 1  f r o n t  i e r  o f  

the T I M  i n  the  simple cubic l a t t i c e .  We get  



F i n a l l y ,  we ob ta in  the c r i t i c a l  f i e l d  ( 6  + m) through the 
C 

equa t i on 

The c r i t i c a l  f i e l d  obtained from eq. (20) i s  compared w i t h  the  

o the r  r e s u l t s  from the l i t e r a t u r e ,  i n  t a b l e  1 .  

We p l o t  i n  f i g u r e  3 the c r i t i c a l  f r o n t i e r s  o f  the TIM i n  the 

two and three-dimensional l a t t i c e s  t rea ted i n  t h i s  paper. Also we com- 

pare i n  t a b l e s  2 a n d  3 t h e v a l u e s o f  the  present work w i t h  t h e  

ser ies  resu l t s ,  i n  the square l a t t i c e  and i n  the simple cubic l a t t i c e  

cases. We see t h a t  the agreement between the two ca l cu la t i ons  a r e n o t s o  

good as expected. 

I n  f i g u r e  4 we present the spontaneous magnetization f o r  the  

TIM i n  the simple cubic l a t t i c e ,  as f unc t i on  o f  the  temperature and f o r  

var ious values o f  the transverse f i e l d .  We see t h a t  the m a g n e t i z a  t i o n  

goes t o  zero a t  the c r i t i c a l  temperature w i t h  the  c r i t i c a l  indexcharac- 

t e r i s t i c  o f  the three-dimensional I s i n g  model, t ha t  i s  .3125 as quoted 

from ser ies  resu l  t s  by ~ i s h e r ' ~ .  

4. CONCLUSIOMS 

I n  t h i s  paper we have obtained the  spontaneous m a g n e t i z a t i o n  

f o r  the TIM i n  two-dimensions based i n  extensions o f  the exac t re la t i ons  

f o r  the  pure I s i ng  case, s ince f o r  the pure I s i n g  (Q=O) the magnet  i z -  

a t i o n  can be expressed i n  terms o f  hyperbo l ic  tangent func t ions .  Also 

s t a r t i n g  froin what we t h i n k  i s  a good a n a l y t i c a l  r e l a t i o n  f o r  the I s i ng  

model i n  the  simple cubic l a t t i c e ,  we were ab le  t o  extend the  r e l a t i o n  

f o r  the TIM case. 

The spontaneous magnet izat ion obtained fo r  the TIM i n  two and 

three-dimensions goes t o  zero a t  the c r i t i c a l  temperature w i t h  the same 

c r i  t i c a l  indcx o f  the pure I s i n g  model (0=0) versions, respect ive ly .  

The compari son o f  the c r i  t i c a l  f i e l d s  (see tab le  1) wi t h  o ther  

r e s u l t s  o f  l i t e r a t u r e  shows tha t  we have obtained r e s u l t s  c lose t o  the 

best estimates (c lose t o  the se r i es  resu l t s ,  i n  p a r t i c u l a r ) .  

Also the comparison o f  the t i n e  of c r i t i c a l  p o i n t s ,  i n  the 

square l a t t i ç e  case, shows a good match w i t h  the Monte Carlo Renormal- 

i z a t i o n  Group c a l c u l a t i o n  o f  KolbZ0, except i n  a narrow region below Qd 



Table 2 *- C r i  t i c a l  temperature f o r  some values o f  the t ransverse f i e l d ,  
obtained i n  t h i s  work, compared w i t h  ser ies  r e s u ~ t s ~ ' ~ ,  f o r  the square 
l a t t i c e  case. 

KTc/J ( t h i s  work) 

Table 3 - Idem as t a b l e  2, f o r  the simple cub ic  l a t t i c e .  

K T ~ / J  ( ~ e r i e s ~ ' ~  ) .e/. ( t h i s  work) 

I 



Fig.3 - C r i  t i c a l  f r o n t i e r  which 
sepa ra tes  the paramagnet i c  and 
ferromagnet i c  phases o f  the 
TIM, according t o  t h  i s  work. 
From ins ide  we have the curves 
f o r  the honeycomb, squa r e ,  
t r i a n g u l a r  and s i m p l e  cubic 
l a t t i c e s ,  respect ive ly .  

Fig. 4 - Spontaneous magnetiz- 
a t i o n  f o r  the T IM  i n  the simple 
cubic l a t t i c e  as a  f unc t i on  o f  
the temperature, ca l cu la ted  i n  
t h i s  work. From i n s i d e  we have 
the curves f o r  R/J = 5, R/J = 4 
and i2 = 0, respect ive ly .  



as can be seen i n  f i g u r e  'I. But the r e s u l t s  a re  not  so good,ascompared 

wi t h  the ser ies resu l  ts5'"see tables 2 and 3 ) .  
We expect t ha t  the r e s u l t s  here obtained can be good estimates 

o f  the spontaneous magnetization o f  the TIM f a r  from the quan tum be- 

hav ior  a t  T-O. 

I n  p a r t i c u l a r  we expect the r e s u l t s  t o  be q u i t e  good near R=O, 

the I s i n g  l i m i t .  

Now the method hâs a t  l eas t  two shortcomnings: 

a) The resul  t s  do not  d i sp lay  the co r rec t  c r i  t i c a l i  t y  (6 5/16) 

o f  the TIM i n  2-D a t  zero temperature i n  terms o f  the t ransverse f i e l d ,  

which corresponds (see tha papers o f  young3', ~ e r t z ~ '  and ~ u z u k i  3 2 )  t o  

the c r i  t i c a l  i t y  o f  the I s i n g  model one dimension higher (3-0) i n  terms 

o f  the temperature parameter. 

b) We can not  ca l cu la te  a quant i  t y  such as the  t ransverse mag- 

n e t i z a t i o n  f o r  the TIM, s ince we do no t  have the corresponding quan t i t y  

i n  the pure I s i n g  model case. 

We are  g r a t e f u l  t o  D r .  F.C. Sá Barreto, t o  D r .  A.S.T. Pires and 

t o  D r .  J.A. Plascak f o r  a c r i t i c a l  reading o f  the manuscript. 

REFERENCES 

1 .  P.G.de Gennes, Sol i d  Sta te  Commun. 1 ,  132 (1963). 

2. Y.L. Wang and B.R. Cooper, Phys. Rev. 172, 539 (1968). 

3. R.B. Stinchcombe, J. Phys. C 6, 2459 (1973). 

4.  P. Pfeuty, Ann. Phys. (NY) 57, 79 (1970). 

5. R.J. E l l i o t t a n d C .  Wood, J. Phys. C 4 ,  2359 (1971). 

6. P. Pfeuty and R.J. E l l i o t t ,  J. Phys. C 4, 2370 (1971). 

7. A. Yanase, Y .  Takeshige and M. Suzuki, J. Phys. Soc. Japan 41,1108 

(1976) . 
8. A. Yanase, J. Phys. Soc. Japan, 42, 1816 (1977). 

9. J.  Oitmaa and M. Pl ischke, J. Phys. C 9, 2093 (1976). 

10. K. H a t t o r i ,  J. Phys. Soc. Japan 43, 77 (1977). 

1 1 .  F.C.Sá Barreto, I.P. F i t t i p a l d i  and B. Zeks, Fe r roe lec t r i cs ,  39,1103 

(1981); see a l s o  F.C.Sá Bar re to  and I.P. F i t t i p a l d i ,  Physica 1 2 9  A ,  

360 ( 1 9 8 5 ) .  

12. H.B. Callen, Phys. L e t t .  (Netherlands) 4, 161 (1963). 



13. R. B l i n c  and B. Zeks, Adv. i n  Phys. 21, 693 (1972). 

14. P.R. S i l v a  and F.C. Sã Barreto, Rev. Bras. F ís .  13, 483 (1983). 

15. R.R. dos Santos, L. Sneddon and R.B. Stinchcombe, J.  Phys. A 14, 

2741 (1981). 

16. K.A. Penson, R. Ju l  i en  and P.Pfeuty, Phys. Rev. B 19, 4653 (1979). 

17. 2 .  Friedrnan, Phys. Rev. B 27, 1429 (1978). 

18. A.L. S t e l l a  and F. Toigo, Physica 89A, 175 (1977). 

19. J.A. Plascak, J. Phys. A 17, L 279 (1984). 

20. M. Kolb, Phys. Rev. L e t t .  51, 1696 (1983). 

21. R.  Honmura and T. Kaneyoshi , J.  Phys. C 12, 3979 (1979). 

22. C.N. Yang, Phys. Rev. 85, 808 (1952). 

23. P.R.Si l va ,  F.C. S i  Bar re to  and H.E. Borges, Phys. S ta t .  s o l .  (b) 121, 

K151 (1984). 

24. P.R. S i l va ,  submitted t o  Rev. Bras. F ís ica .  

25. R.B. Pot ts,  Phys. Rev. 88, 352 (1352). 
26. S.  Naya, Progr. Theor. Phys. 11, 53 (1954) .  

27. P.R.Silva, Phys. S ta t .  Sol. (b )  127, ~ 4 1  (1985). 

28. J. Zinn - Jus t in ,  J. Physique 40, 969 (1979). 

29. M.E. F isher,  Rep. Prog. Phys: 30, 615 (1967). 

30. A.P. Young, J.  Phys. C 8, L 309 (1975). 

31.  J.A.Hertz, Phys. Rev. B 14, 1165 (1976). 

32. M. Suzuki, Prog. Theor. Phys. 56, 1454 (1976). 

Resumo 

Nestr? a r t i g o  ca 1 cu 1 amos a magnet i zação espontânea para o modelo 
de I s i ng  transverso (TIM) em duas (2-D) e t r ê s  dimensões (3-D) . Os ín-  
dices c r í t i c o s  da magnetização são os mesmos que os do modelo de I s i  ng 
nos casos correspondentes. Também obtemos as f ron t e i  ras c r  í t  i cas que se- 
param as fases ordenadas e desordenadas do TIM em 2-D e 3 - D  e os valo-  
res dos campos c r í t i c o s  estão próximos dos encontrados na 1 i t e r a t u r a . k -  
v i do  ao f a t o  de que nossos resul tados são baseados em extensões das ex- 
pressões para a magneti zação do mddelo de I s i ng  puro, esperamos que e les  
sejam boas es t imat ivas  para a magnetização espontânea do TIM em tempe- 
ra turas  f i n i  tas.  


