
s- t9 ~ 
OE"bELlHHEHHblti 

HHCTVITYT 
. .SUlEPHbiX 

HCCnE.D.OBAHHx::t ... 

.D.y6aa 

• " > 

i)_ 

·• \L 

J-·Yc.Ytptt 

''-1 I'' 

I . 

. / .. 

.. 

:' 

·.T. SiklOs · 
\ ~ ,, 

t/(1;,'H 
E 4 ·-. 5521 

i > 

·:· THEORY ... OF .ANHARMONIC.. 

· CR,YSTA·LS-IN PSEUDOHARMONIC 
: ' ""·· - ,_ ,; ; ."• ' '' . ,, 

. • APPROXIMATION 
·'. 

·' " J' . ' > 

.·III:' Crystal · ')V.~th Weak Coupling · · 
.'; 

1.·. 

~- '. -
/· 

. ' ' . 

. 1970··, 

I . < 

I ' 

\• . 
• I" ,. ' 



E4 • 5521 

T. SiklOs 

THEORY OF ANHARMONIC 
. . . ... 

CRYSTALS IN PSEUDOHARMONIC 
APPROXIMATION 

111. C'11tal with .Weak Coupllas 

Submitted to "A~ta Physica ifunaarica" 

... '. 

. ~ ' 



,{. \ 

-. 

In the paper :(1 J the properties of the anharmonic linear 

chain were considered in pseudoharmonio approx1ma,t1on 1n the 

case of the arbitrar7 external tension. In this. paper we pre~ 

sent an additional. investigation of.the properties of the an

harmonic linear chain with weak coupling of atoms 

[). :: ( 1T D/CA>.l-) £ .2.]. As follows from the results of paper 

[1] it is necessary to investigate in this. case the proper

ties of the. chain in the low temperature limi.t. . . . 

It was shown in [1] that the self-consistent equation, 

which determines the properties of the chain, can be writ~en 

as follows: 
71'/:1. 

A 0(, ~ (OG.) ~ f c/. ~ 6Ln 'f (l) 
D 

where the ·notations are the same as in [1] and 

. .z 'P* 
·.<.J ( ot..) := £...... ~ - 7 . . 

(eX.~ ·-r~)2. 
- a 

(2) 

In the low temperature limit the self-consistent equati-

0~, (l) can be rewritten in the following forms 

'\ 1. 7T%.(-r ):L . A eX A;J.(ot.) = · +- - .. . . :3 oG 
(J) 

According to [1] , the instability temperature can be ob

tained as a simultaneous solution of the equation (J) and its 

derivative: 

J 



.. 

~ i ~ ( ~) + OG -<;r' ( ~) }= - ..z.11• .T 1 

3 ot.-" 
(4) 

The critical temperature ·can be obtained as a simuJ.taneous so

lution of the e.quations. (J), (4).and the second derivative of . 

(J): 

:X { 2 .A.J-'(0(.) + oc -<;( (o{.)}= 2.1T.t. ~: • 
. ci.:. 

~5) 

It is convenient to rewrite the equations (J) - (5) in 

'the following form: 

A 

A 

'A 

1 + ~l.(fY 
. ex, -<-J(ol...) 

2 

1 + 7rJ. ( ~ t 
cG. :z. ~~ (ex.) 

(
y··.2. 

1 + 27T":z. ;;;:-) 

cX.3 ~"(<X.) 

(6) 

(7) 

(8) 

' . 

It is easy to se.e, that in the case of "P"'= 0 the equat.i

ons (7) and (8) are incompatible, consequently the oritioal 

temperature does not exist if 1>~= o. The analytical solution 
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of the system ~f equations (6) - (8) in the oase of 4:"::: o 

gives the fo_llow~ng value for' the crit1oa.l te~sion '('"_,. 0. o.n: 

than,· etc ~ 0. 2..U 
1

, )..~} ~- 1,2.1. 
The results of numerical solutions of these systems of 

equations are given in Fig.l, 2.,In Fig.l the dependence of 

the instabui ty temperature _ 't'.s·_= (e .. 1 ~ .... ) on ·the dimen

sionless coupling constant :A = (-rr D/ <..<.).,~) is given for some 

"D* • values of r In Fig.2 the instabi~ity temperature is pre-

sented as a function of reduced tension lP* for some va~ 

lues of A • In all Figures the critical curves are denoted. 

by the dotted line. 

\'le note here, _that the results at the temperature 

't'a 0.1-0.2 agree quite well with the results of the paper [1] 
1 

for the same temperature. The results obtained here agree qui~ 

te well with the asymptotic expressions of work [2] for -p•~ i. 

It is interesting to point out, that the critical tempe-

rature is equal to zero at finite pressure 't'" = o. OS S. ., 

As was shown in (JJ, the behaviour of the three-dimensional 

lattice does_ not differ qualitatively from the one-dimensional 

lattice discussed in [l]_and consequently an analogous situa

tion shoUld take place in the three-dimensional case. 

1 should like to thank Dr. N.l'lak:ida for helpful discus-

• ,sions and Dr. J .Esszenszki for his help in the numerical ·calcu

lations. 
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