
HAL Id: jpa-00221348
https://hal.science/jpa-00221348

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

RENORMALIZATION GROUP METHOD FOR
VIBRATIONAL BEHAVIOR IN MIXED CRYSTALS

D. Schmeltzer, R. Beserman

To cite this version:
D. Schmeltzer, R. Beserman. RENORMALIZATION GROUP METHOD FOR VIBRATIONAL BE-
HAVIOR IN MIXED CRYSTALS. Journal de Physique Colloques, 1981, 42 (C6), pp.C6-84-C6-86.
�10.1051/jphyscol:1981626�. �jpa-00221348�

https://hal.science/jpa-00221348
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 

CoZZoque C6, suppldment au n012, Tome 42, de'cembre 1981 page C6-84 
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D. Schmeltzer and R. Beserman 

Solid State Ins t i tu te  and Physics Deparwent, Technion -Israel Ins t i tu te  o f  
Technology, Haifa, Israel 

Abstract- The renormalization group method has been applied to 
investigate vibrational properties of a diatomic mixed 
crystal. It has been found that there exists a fixed 
point which separates the one mode behavior from the 
two mode behavior. This transition depends on concentration, 
force constants and mass ratios. 

It is shown that a fixed point exists which separates the extended mode behavior 

from a localized one which is interpreted as a transition from the one mode to two 

mode behavior. 

We propose here a new criterion based on the renormalization group method(R.G), 

this gives an unstable fixed point of transition from one mode to two mode behavior. 

We find a transition from one mode behavior to two mode behavior for given mass 

ratios and force constants (therefore the same crystal) as depending on 

concentration (Fig. 2). This fact is able to axplain qualitatively the transition 

found experimentally in InSbAs . We perform the renormalization group trans- 
formation in one dimension and (with one force constant lCX) for d=3 we use the 

X 

Migdal Kadano point moving, technique. 

Our R.G. Transformation consists in comparing the eigenvalues, coupling constants 

and probability distribution of the initial lattice with those of a new one of 

spacing S (  91) times larger than the original. 

We consider the mixed crystal ABZCl-z MA is the constant mass and the random 

mass M2(1) is % with probability z or M with probability 1-2, 

We define a disorder parameter (The root mean square deviation of the optical 

mode normalized by the effective coupling between the nearest cells). We study 

the transformation h+A' for a change of the scale of the lattice constant 

a-)Sa. 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981626

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:1981626


The funct ion R(A) describes t h e  t r a n s i t i o n  from one mode t o  two mode behavior. 

We can physical ly  explain t h i s  claim a s  follows: t h e  appar i t ion  of a loca l i sed  

mode is t h e  condit ion f o r  a two mode behaviour. For a loca l i sed  mode, d i s t a n t  

regions a r e  uncoupled f o r  our e f f e c t i v e  chain ( t h e  c o r r e l a t i o n  funct ion decreases 

exponential ly) .  We c a l c u l a t e  t h e  coupling constant  between d i s t a n t  c e l l s  a s  a 

coupling adjacent  c e l l s  i n  a given s t a t e  of the  R.G. transformation; increasing 

t h e  s i z e  of t h e  c e l l  during t h e  transformation, we ob ta in  a decrease of teff(d=3) 

an increase  of A and there fore  ~6)) o. ( t e f f  is t h e  coupling constant  between t h e  

c e l l s ) .  

For a one mode behavior (one type of osc i&t ion)a  long c o r r e l a t i o n  e x i s t s  and 
tef (d=3) decreases slowly r e l a t i v e l y  t o  t h e  decrease of t h e  roo t  mean square 

deviat ion of t h e  o s c i l a t i o n  frequencies,A decreases and R(A)< o. 

The f ixepoin t s  R(&=o occur a t A = o ,  h.00 (one mode, two mode) and t h e  

unstable  f i x  point  a t  A = 4 0 , LR(M > 0 h >& w d Q(AI <eJa Ar&J 
which describes t h e  point of t r a n s i t i o n  from one mode t o  two mode behaviour. 

For a given z,< we f ind / \  f o r  which R(I\ )=o and respec t ive ly  t h e  value of 

. = A  . 
We p l o t  a graph(, f( J=&.) f o r  constant  z and a graph of z, S ( ~ = ~ I  f o r  

Fig. 1 shows our r e s u l t s  f o r  2=0.5 which a r e  compared t o  t h e  M.R.E.I. and C.P.A. 

models. Fig. 2 shows t h e  r e s u l t s  f o r d  =1, which might explain t h e  behaviour of 

t h e  c r y s t a l  InSbzAs whose C=L.06 andr=0 .38  and has been found t o  behave one 
1-7. 

mode f o r  2=0.25 and two mode f o r  Z=0.85. 

We mention t h a t  our approximation might change t h e  va lue  of t h e  unstable  f i x e d  

point  X=Ac ( t o  smaller Ac ) and a s  a r e s u l t  t h e  funct ion Z = ~ ( 8  

(Fig. 2) ,  appears t o  be s h i f t e d  upwards f o r  r c l o s e  t o  1, a s  approximation 

involves l e s s  desorder. 
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F i g .  1 :- Mode behaviour = c ( ~ )  f o r  2=0.5 

Fig. 2:- Mode behaviour 
f o r  I r  ~ [ J ) f o r  €a i 
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