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Some consequences of the t hird law of t hermodynam ics (TLT) i n  

t he Ising-like systems a re s tudied anQ t he ca ses when TLT is vio l a ­

ted are found . 

It is wel l  known t h a t  t he first  and t he second princ i ple of 

t hermodynam ics  can be deduced generally - independetly of t he conc rete 

p roperties of t h e  considered p hysic al systems . I n  t ha t  sense t hey a re 

t he gener al p rinciples of t hermodynamics . However, t he t hird law of 

thermodynamics c�n not be deduced generall y f rom the s ta tistical  

mechanics . 

TLT a s sert s :  T he ent ropy of t he system at  T = 0 does not depend 

on external pa rameters  { qi; i = 1 , 2 , • • •  } .  i . e. 

S(T =. O ; { qi}) = S(T = O ; {qi} )  = S0 = const. ( 1 )

A t  T = O q uantum propert ies o f  t he system a re es sential, since 

TLT is directly connected witt t hem. T he consta �t S0 can be calcula­

ted in
.

t he framewor k of s t atistical  mechanic s  and does not depend on

t he energy s pect �um of t he system ,  wha t  es sentially claims  TLT . 

A l l  systems  s tudied a t  t he tim·e when TLT wa s formulated, sug­

gest ed t he particular c. hoise S0 = o ·, L e. 

5:A' _ 1 im 1 im 
- T+O N+= ( 2) 

It must be menti�ned t h at it is rea sona ble to  construct t he 

s t a tis t i cal  enetropy· a t  T = · o  by t he g round s t a te degeneracy g0 (N) 

lim ln g 0 (N )
s C K H-« 

N 
(3) 

T he compa r i son of s ,.  and s wi 11 be given later . 
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As it ' i� known the systems with the 6ose-Einstein statisti�s 

( phones and photons) and Fermi stati stics ( el ectrons in metal s and 

quasiparticl es in 3 tte are exampl es .tiere TLT is not violated b�c a­

use S
0 

= O. However , and that is subject of this paper, one can co­

nstruct some model systems 1 in which, beside the contribution from 

the grou nd state degeneracy g
0

{ N ) ,  ex cited states give dominant con­

tribution to S�. This contribution is essential in the case when the 

degenerae y of t he excited states (g l 'g2 , • • •  ) is of t he order aN , 

when a> l .  

E x amples of the systems whose entropy  depends on the ene rgy 

spectrum of tne system are Ising-like systems in 1 -0,  2 -0 and 3 -D,  

w i th t he ham i l�oni an 

� means summation over nearest neighbours. g(S i ,  S ��

( 4 )  

a n d  f '\ S l )  r 
are g eneral iz ed ex chang e interaction, generaliz ed magne! ic f ield and 

generalized single ion anysitropy respectively. 

One can shaw 2 that in the presence of appropriete symet r y  of 

t he funct i ons g ( S � ,  S r�c ) and f ( S � )  it is possible to r ealize 

S
0 

� 0. L et us mention, very shortly, two interest i ng ex amples stu­

died in ref. 2 • .  �e  shal l stud y onl y 1 -D systems wit� nerest neig h­

borus interaction. i hat means 

g( S �, s r�c> = g ( S � t  s i�l ) ; f ( S �) = f ( S � }

a) 9 1 1  = 9 _ 1 1  = g � l -l = g; f
0 = o; 9 ; 0 = o; i = l , o , -1

b) 

* -
S = K · l n2 ;  S = o , ( g 0 ( N )  = 1 )

9 00 
= 9 -1 o = o; gij = g; ( i ,j) 

f -1 = fl = go; fo = 0 

5:* = ln 3 + /5"
s = K . ln ( 1 +.IZ")-z--

t, ( o, o) , ( -1 , o)
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I nequality s>t > S in a )  and b)  d emonstrat es t hat s>t 
d oes not

reflect  necessarily  t he g round state  d eg eneracy . bec ause t he f i rst  

exc i t e d  s t ates  contribute to t he entropy , as it was mentionei a bov e . 

Fina l y  we s hall stud y in more d e ta i ls a n  ex ample  not d es cribe d 

in 2 whic h illustra t es t he d epend ence of S� (T=O )  on external pa­

ramet ers , i . e .  violates TLT . 

U nd er consid eration i s  t he system of J a hn-Teller ( JT) i ons d is ­

p l a c e d  i n  l - d  c hain. I n  t he R ef . 3 t he h amiltonian of t he syst em i s

written in t he form 

( 5 ) 

c ; is t he pseud 9spi n of j -t h  centre a nd i t  c h aracteri ses t he orbi tal  

l e v els of JT ions surround i ng atoms . Si i s  t he spin of j -t h  c e ntre

( S� = 1 /2 ) , 1 1 a nd 12 a re e xc hang e  i ntegrals between spins and pseu­

d o.spins respectiv ely ,  and 1 3 d e s cribes t he i nflu ence of JT orb i tals

on t he exc hang e  int eraction. 

In t he- c ase of t he a nt i ferromagnett int e r.a ction be twe en t he 

spins ( 1 1
> 0 ) wit h t he sui t a ble  c ho i c e  of paramet ers 1 1 , 1 2 , 13 a nd h

1 1 > o; 12 > o; 1 3 > o

I1 > 12 > 13 >. o; h � h s 2 ( 11 .. 
I2)

C 

one c an  obtain :t hat  s>t K l n  1 +/5 -= -r-
In t he case h ; he one gets  s>t = o .

T h i s  m e ans t hat · t he entropy d epend s  on t he e xt ernal parameters 

suc h as h ,and on t he �tructure of t he energy lev els of t he system . 

I t  s eems t hat  using suc h a system is possible to attain t he a bsolute  

z e ro t emperature . Formally · t his conc l us i on i s  c orrect . but t he hamil­

toni an  ( 5) is rat her unrea l  bec aus� it  d oes  not i nc lu d e  t he i nterac tion 

of t he system  w� t h  ot her subsystems-like phonons . T hese  intera c t i ons 

wi ll d estroy t he b i g  d e generacy of t he ground a nd f i rst  e xcit e d  s ta t e.  
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Then an ac h i e vement of t he a bs o l u te-z ero temperatu re i s  not pos s i b l e .
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