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COMPARATIVE STUDY OF THE CDW SYSTEMS 

SLAVEN BAR I 5  I 
Department o f  Phys ics,  F a c u l t y  o f  Sciences, POB 162 
41000 Zagreb, C r o a t i a ,  Yugoslav ia  

A b s t r a c t  The phys i cs  o f  conduc t ing  t r i c h a l c o g e n i d e s  (NbSe 3) 
and o r g a n i c  me ta l s  (TTF-TCNQ) i s  cons ide red  f rom t h e  p o i n t  o f  
v iew  o f  I d  many body t h e o r i e s .  I t  i s  argued t h a t  t h e  former 
be long t o  t h e  P e i e r l s  and t h e  l a t t e r  t o  t h e  s t r o n g l y  c o r r e l a t e d  
CDW l i m i t .  

Our aim i s  t o  i n v e s t i g a t e  t h e  a p p l i c a b i l i t y  o f  t h e  e x i s t i n g  I d  t h e -  

o r e t i c a l  r e s u l t s ' t o  the  r e a l  m a t e r i a l s  wh ich  e x h i b i t  t he  s t r o n g l y  

a n i s o t r o p i c  quasi  I d  c o n d u c t i v i t y .  A t  t h e  preceding conference o u r  

a t t e n t i o n  was focused on the  s u p e r c o n d u c t i v i t y  and the reby  on t h e  

corresponding (TMTSFJp X m a t e r i a l s .  I n  p a r t i c u l a r  t he  r o l e  o f  

Umklapp term 9 3  i n  suppres ing t h e  2kF CDW i n  favo r  o f  t h e  2kF SDW 

was mentioned t h e r e  b u t  t h e  main r o l e  i n  promot ing t h e  superconduc- 

t i n g  i ns tead  o f  t he  d e n s i t y  (SDW, CDW) c o r r e l a t i o n s  was a t t r i b u t e d  

t o  the  e f f i c i e n c y  o f  sc reen ing  o f  t h e  fo rward  Coulomb s c a t t e r i n g ,  

i . e .  t o  t h e  smallness o f  t h e  corresponding c o u p l i n g  c o n s t a n t  g2 w i t h  

respec t  t o  t h e  backward s c a t t e r i n g  gl . 

1 2  

Here we choose t o  cons ide r  t h e  o p p o s i t e  s i t u a t i o n  i n  wh ich  g2 
3 

i s  l a r g e  enough t o  produce t h e  s t r o n g  CDW i n s t a b i l i t y .  The co r respo-  

n d i n g  c l a s s  o f  m a t e r i a l s  i s  presumably w e l l  represented by t h e  w i d e l y  

s t u d i e d  o r g a n i c  c r y s t a l  TTF-TCNQ . 4 

The CDW i n s t a b i l i t y  i s  in genera l  accompanied by t h e  l a t t i c e  

de fo rma t ion  due t o  t h e  c o u p l i n g  o f  e l e c t r o n s  t o  t h e  l a t t i c e .  In f a c t  

i t  i s  w e l l  known t h a t  even i n  absence o f  Coulomb f o r c e s  t h e  coupled 

I d  e lect ron-phonon system undergoes t h e  P e i e r l s  i n s t a b i l i t y .  I n  o r d e r  

t o  c l a r i f y  t h e  d i f f e r e n c e s  and t h e  s i m i l a r i t i e s  between t h i s  w e l l  
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4 14 S. BARISIC 

known case and the more i n t r i c a t e  s i t u a t i o n  w i t h  strong Coulomb 

forces we sha l l  a l so  consider conducting t r i cha icogen ides  which f a l l  

presumably q u i t e  c lose t o  the  P e i e r l s  l i m i t .  The extended vers ion  o f  

the arguments presented here, except f o r  some most recent conclusions, 

can be found i n  two recent review papers , 
5 

The fac t  t h a t  conducting t r i cha lcogen ides  f a l l  i n  the P e i e r l s  
6 

l i m i t  f o l l ows  on consider ing t h e i r  h igh  temperature behavior .The 

Kohn anomaly i s  present i n  NbSej already a t  r o o m  temperature but 

the 2kF phonon so f ten ing  t r i g g e r s  the l a t t i c e  i n s t a b i l i t y  o n l y  a t  

144K and 59K. Such a s l o w  behavior can be reasonably we l l  f i t t e d  by 

the log  T law, which i s  the h igh  T counterpar t  o f  the T=O P e i e r l s  

theory. I n  cont ras t  t o  tha t  the phonon so f ten ing  i n  TTF-TCNQ a t  80K 

i s  less than 10% o f  the  unrenormalized phonon frequency but the 

ins tab i  1 i t y  occurs already a t  54K, f o l  lowed by two o thers  a t  49K and 

38K. The s i n g u l a r i t y  involved i n  these t r a n s i t i o n s  i s  apparent ly 

much stronger than the P e i e r l s  l og  T law. S im i la r  d i f f e r e n c e  be- 

tween NbSe3 and 1TF-TCNQ i s  found on the pressure scale. TTF-TCNQ 

i s  much more sens i t i ve  t o  the pressure than NbSe3 al though the  two 

have the comparable e l a s t i c i t i e s .  

Beside these d i f f e rences  the  two ma te r ia l s  have an important 

property i n  comnon. They undergo the l a t t i c e  i n s t a b i l i t y  a t  tempera- 

tu res  

acoust ic phonons. Since the mean-f ie ld (MF) t r a n s i t i o n  temperature 

To which sets one o f  the re levant  energy scales i s  higher than the 

t r u e  t r a n s i t i o n  temperature the i nequa l i t y  

comparable t o  the respec t ive  phonon frequencies uD o f  the 

i s  we l l  s a t i s f i e d  i n  bo th  cases. Th is  i n e q u a l i t y  a l lows us t o  neg- 

l e c t  a l l  v i r t u a l  processes i nvo l v ing  acoust ic phonons (and i n  p a r t i -  

cu la r  the Cooper pa i r i ng ) .  The l a t t i c e  f i e l d  becomes c l a s s i c  when 

the v i r t u a l  processes are  neglected bacause i n  those processes the 

l a t t i c e  ac ts  p r imar l y  through i t s  zero-point  motion. i n  o ther  words 
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COMPARATIVE STUDY OF THE CDW SYSTEMS 415 

t h e  e l e c t r o n - e l e c t r o n  i n t e r a c t i n n m e d i a t e d  by a c o u s t i c  phonons i s  

s t r o n g l y  r e t a r d e d .  The a c o u s t i c  phonons can thus  e x c i t e  o n l y  t h e  r e a l  

e l e c t r o n - h o l e  p a i r s ,  which i n t e r a c t  more o r  l e s s  i n t e n s i v e l y  th rough  

t h e  Coulomb f o r c e s .  As a r e s u l t  t h e  phonon s e l f - e n e r g y  n i s  propor t i -  

onal  t o  t h e  CDW bubble X CDW, which i n c l u d e s  t h e  Coulomb renormal i z a -  

t i o n s ,  as shown f o r  example i n  F i g  l a  
3 

. 12) 

Here A denotes t h e  e lec t ron -acous t  i c  phonon coup1 i n g  constant.Eq 

i s  a d i r e c t  consequence o f  t h e  i n e q u a l i t y  ( 1 )  and i s  thus v a l i d  

b o t h  TTF-TCNQ and NbSe3. The MF t r a n s i t i o n  temperature To i s  d e f  

by wD It 1. The d i f f e r e n c e s  occu r  i n  respec t  t o  whether  t h e  
-2 

(2 )  

f o r  

ned 

Coulomb c o r r e l a t i o n s  a r e  impor tan t  or n o t  a t  To. T h i s  i s  determined 

by t h e  r a t i o  o f  A t o  t h e  Coulomb c o u p l i n g  cons tan ts  g1,2. For 

whereas i n  the  o p p o s i t e  case t h e  pa rque t  app rox ima t ion  g i v e s  
X CDW - (E,/T)"~ - g1 

s t r o n g e r ,  power law s i n g u l a r i t y .  T h i s  corresponds r e s p e c t i v e l y  t o  

NbSe3 and TTF-TCNQ. Such d i f f e r e n c e  between t h e  t W o  m a t e r i a l s  can be 

understood on n o t i n g  t h a t  i n  t h e  t i g h t - b i n d i n g  theo ry  1 - W ,  where 

W i s  t h e  band-width, whereas g - W t h rough  the  d e n s i t y  o f  s t a t e s  

nF - w 
i n  c o n t r a s t  t o  NbSe3 where X >  g1,2 . 

The idea i s  t o  r e l a t e  g t o  t h e  h i g h  f requency n o n - c r i t i c a l  p r o p e r -  

t i e s  and t o  use such g i n  t h e  e v a l u a t i o n  o f  t h e  l o w  f requency c r i -  

t i c a l  behaviors .  I n  p a r t i c u l a r  t h e  RPA screened g2 can be r e l a t e d  

t o  t h e  plasma edge w o f  t h e  m a t e r i a l  as 
P 

CDW " l o g  E ~ / T  f o r  T 2 To, i . e .  t h e  P e i e r l s  t h e o r y  i s  v a l i d  
> 91,2 x 3 

c l o s e  t o  To, i . e .  t h e  system develops t h e  

- 1  

. Hence t h e  narrow band TTF-TCNQ i s  expected t o  have g1 ,2> X 
1 9 2  - 1  

I n  f a c t  i t  i s  p o s s i b l e  t o  e s t i m a t e  g w i t h  b e t t e r  accuracy. .  
1,2 

192 

192 

g2 'F 

The c h a r a c t e r  

bors can a l s o  

2 
€F e 

[ u + - ( l o g  - +1) 3 13) 

2 P 
d II w 

e a,, between t h e  f i r s t  ne igh -  s t i c  Coulomb m a t r i x  element 

be expressed th rough  t h e  plasma f requency as 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
41

 2
0 

Fe
br

ua
ry

 2
01

3 



416 s. BARISIC 

l eav ing  unknown o n l y  the  Hubbard U (dL i s  i n te rcha in  d is tance) .  We can 

note tha t  a l l  long-range terms i n  Eg.(3) a re  pos i t i ve ,  i .e .  the ave- 

rage in te rac t i on  through plasmons i s  repu ls ive .  

a 

The Hubbard U can be estimated from the  high-tern e ra tu re  magnetic D 
suscepti b i  1 i t y  evaluated i n  the parquet approximation 

and 91 = nF" 
2 e 

provided t h a t  we neglect  the  terms o f  the  order o f  

t o  U (o r  u n i t y  w i t h  respect t o  log  T 
w i t h  the o p t i c  and magnetic data f o r  NbSeg and TTF-TCNQ we can conclude 

t h a t  g, ,2  i s  indeed considerably l a rge r  i n  the former case. 

on consider ing each chain separately. Recently i t  proved poss ib le  t o  

separate exper imental ly the con t r i bu t i ons  o f  TTF and TCNQ chains t o  the 

magnetic suscep t ib i I i t / ' . I t  turned out t ha t  the  dominant, temperature 

dependent con t r i bu t i on  comes from TCNQ, whereas the TTF s u s c e p t i b i l i t y  

i s  Paul i  l i k e .  I n  cont ras t  t o  tha t  the 4kF anomaly occurs on the TTF 

chains. Th is  can be reconci led w i t h  the  usual theory i n  the fo l l ow ing  

way. The 4kF-CDW s i n g u l a r i t y  i s  given by 

w i t h  respect 
EF II 

i n  Eq.(3)).  Comparing Eqs.(3-5) 

This type o f  ana lys is  can be continued a step f u r t h e r  i n  TTF-TCNQ 

7 

2 

Further we r e a l i z e  tha t  through o v e r a l l  screening g2 o f  Eq.(3) i s  t he  

common property o f  both chains, g2 lCNQ gZTTF, whereas g = nFU i s  1 
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COMPARATIVE STUDY OF THE CDW SYSTEMS 417 

the loca l  p roper ty ,  and from magnetic s u s c e p t i b i l i t y  o f  Eq.(S). 

glTCNQ > g,TTF. By Eq.(6) t h i s  i s  i n  q u a l i t a t i v e  agreement w i t h  the  

4kF behavior o f  TTF-TCNQ (4k on TTF). 

f ac ts .  I t  has been shown recen t l y  t ha t  TMISF, a parent o f  TTF, i s  
q u i t e  po la r izab le ,  which leads i n  the usual way t o  the  reduc t ion  o f  
the e f f e c t i v e  U .  I n  add i t i on ,  the  c rys ta lograph ic  structurie, o f  TTF- 
-TCNQ cons is t i ng  o f  charged sheets o f  TTF and TCNQ requ i res  the e x i -  
stence o f  (van der Waals-1 i ke )  d ispers ive  forces between cha ins?3 
stronger w i t h i n  one than the other fam i l y .  Accurate ca l cu la t i ons  show 
tha t  the coupl ing o f  long wave-length m e t a l l i c  p o l a r i z a b i l i t i e s  can 
no t  p r o v i d e l o r  the required cohesive energy, con t ra ry  t o  e a r l i e r  
expectat ions based on pe r tu rba t i ve  arguments. The remaing mechanism 
i s  the vdW coupl ing o f  the TTF molecular p o l a r i z a b i l i t i e s ,  suggesting 
tha t  those are large and d i f f e r e n t  f o r  TTF and TCNQ. 

This remark completes the d iscuss ion  o f  the dens i ty -dens i ty  co r -  

r e l a t i o n s  XCDW i .e .  o f  ll o f  Eq.(2). From the l a t t i c e  p o i n t  o f  view 
t h i s  theory i s  harmonic, because l i nea r  i n  X i . e .  quadra t ic  i n  the 
l i nea r  electron-phonon coupl ing.  II i s  thus p ropor t i ona l  t o  the harmo- 
n i c  deformation energy. Harmonic theory i s  however i n s u f f i c i e n t  f o r  
T <To, the temperature range t o  which we tu rn  now. I n  t h i s  tempera- 
tu re  range anharmonic terms as we l l  as i n te rcha in  coupl ings have t o  
be included too. This i s  shown i n  Figs. l b  and l c .  Fig.1b denotes 

the Coulomb in te rcha in  co- 
u p l i n g  b i l i n e a r  i n  d isp lace-  
ments o f  neighbor ing chains.  

(b) Fig.  l c  i s  the usual, e l e -  
c t  ron- i  nduced an harmon i c 
term. A l together  the terms 
l a - l c  represent the usual 
Landau expansion o f  the f r e e  
energy dens i t y  i n  terms o f  
the 2 k ~  displacements and 
the Four ie r  components i n  
the i r ne i g hbour hood, 

$ =  $lei'. Table I q ives  

The idea tha t  U TCNQ > UFTTFiis no t  con t rad ic ted  by o ther  re levant  

-2' 
-4' .-*.' 

( a )  

p( 
(d)  

the 
coe 
and 

values o f  the Landau 
f i c i e n t s  f o r  the Peier 
the co r re la ted  CDW l i m  

S 
c 
I.. 

FIGURE 1 - kF electron, - - - -k hole, - 3 k F  e lec t ron  - 2kF displacement, 0 I inear elec!ron-phononLcoupI ing, 
- a _ . -  Coulomb in te rac t i on ,  backward i n te rcha in  91 I n  l b  and unscreened 
forward i n  l e .  Shaded 
electron-phonon ve r t i ces .  

t r i a n g l e s  are  Coulomb renormal i ta t ions  o f  2kF 
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418 S. BARISIC 

Peier l  s 1 i m i  t Correlated CDW 1 i m i  t 

C DW €F x , log 

 TO^ a E~ e -1 A 

T; wc * - 
K 

1 'F 2g2'g1 
CDW e w ( f )  

wC T: 

c 2 2 c  A2 = 1 - [ J l l  AL 7 1 $ 1 2  
P nF F 

Ao  - T i  
P 

TABLE I 

We note t h a t  f o r  a given A 
the  Coulomb co r re la t i ons  
lncrease T i  t o  Te, and dec- 
rease andk1 .  I f  instead 
o f  space scales the t ime SC- 

a l e  i s  considered the  f req -  
uency wC o f  the breakdown o f  
the  ad iabat ic  approximatlon 
i s  determined. Combining 
the  r e s u l t s  o f  Table I f o r  
wc w i t h  the  assumption (1 ) 
i t  follows t ha t  t h i s  cond- 
i t i o n  no t  o n l y  makes the 
phonon f i e l d  c l a s s i c  bu t  
a l so  the e lec t ron  response 
t o  i t  ad iabat ic .  

of  Table I we have set 
T=To, except i n  €=(T-To)/TO 
and neglected the terms 
beyond those q u a r t i c  i n  d i s -  
placements. This t runcat ion  
procedure together w i t h  the  
su i tab le  choice o f  the  con- 
s tan t  o f  p r o p o r t i o n a l i t y  
between the 2 k ~  disnlacement 

In a l l  expressions 

1Jly a t  T=O and e lec t ron  gap A' leads t o  near ly  the exabt r e s u l t  for  
A' , expressed through the  law o f  corresponding s ta tes  Ao: TO. However 
the low temperature dependence A(T)* Jc obtained i n  t h i s  way is not  
q u i t e  correct .  Th i s  i s  not so important because the  e r ro r  concerns 
the ampli tude l $ l  - A(T) o f  the  order parameter, whereas the low 
temperature behaviors a re  determined by the  motion o f  the phase 4 ,  
the  treatment o f  which i s  e s s e n t i a l l y  exact i n  t h i s  way. The quest ion 
o f  the motion o f  $ br ings us t o  the terms o f  F ig .  I d  and l e .  However 
before going t o  these terms l e t  us note tha t  the described t runca t ion  
procedure "sums" the problem t o  a l l  orders i n  X and on ly  t o  the f i r s t  
order i n  g t  o f  Fig. l b .  Such approach i s  v a l i d  on l y  provided tha t  
X >  91 (but A S  g1,2 1. 

t u rn  our a t t e n t i o n  t o  the term o f  F ig . le ,  which i s  
usua l l y  no t  considered. The meaning o f  t h i s  term i s  best understood 
on no t ing  t h  t each t r i a n g l e  i n  t h i s  f i g u r e  represents the  slow 
component 6J2)of the CDW induced t o  the  second order o f  t he  pe r tu r -  
bat ion t h e o h  by the departure o f  the displacemant pa t te rn  from the 
2 k ~  wave.6p(2)thus contrasts w i t h  the  1 inear response gp(1)which 
contains on ly  the f a s t  compones$? of t h e  charge dens i ty  around 2 k ~ .  
The a n a l y t i c  expression for 6~ 

Let us now 

i n  the  P e i e r l s  l i m i t  i s  l 4  
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COMPARATIVE STUDY OF THE CDW SYSTEMS 419 
where C i s  the e l a s t i c  constant.  
The l a s t e q u a l i t y  i s  obtained on tak ing  the ampli tude lJll un i fo rm and 
f i xed .  Fig. l e  thus represents the Coulomb energy associated w i t h  
long-wave a p f n )  . I t  i s  important t o  note t h a t  Fig.  l e  we are  using 
the  unscreened Coulomb in te rac t i on .  The reason i s  t h a t  below TO the  
(pseudo) gap A(T) opens i n  the  e lec t ron  spectrum i n h i b i t i n g  the  scre- 
ening. ( I n  f a c t  i n  NbSe3, u n l i k e  i n  TaS3 some e lec t ron  and ho le  pock- 
e t s  do remain, leaving some m e t a l l i c  screening but w i t h  long scre- 
ening length) .  

Using the rhs o f  Eq.(7) i n  F ig .  l e  and assoc ia t ing  t h i s  energy 
w i t h  usual terms which de f i ne  the phason frequencies we f i n d  these 
l a t t e r  as 

Here we have omit ted the ir coupl ing ( i . e .  F ig . l b )  i n  order t o  s t ress  
the analogy between the phasons (8)  and the we l l  known plasmon spec- 
trum o f  the quasi I d  mater ia ls .  The unscreened Coulomb s i n g u l a r i t y  o f  
F ig . l e  occurs i n  the second term o f  Eq.(8).  Wph 
w J 0 l i m i t s .  For q L >  qIl uph * WT = 0, whereas f o r  ql l> q L  

wph=wL= ( X E l L u ~ .  The f i r s t  l i m i t  i s  associated w i t h  the un i fo rm 
(qA >.q,,) s l i d i n g  o f  e lec t rons  along the  chain, i . e .  w i t h  the 
F r o h l i c h  conduc t i v i t y  and w i t h  the la rge  d i e l e c t r i c  constant.  I n  
cont ras t  W L  describes the l ong i tud ina l  Coulomb waves coupled t o  the 
l a t t i c e  and i s  associated w i t h  the zero o f  the d i e l e c t r i c  constant.  
WL was wel l  observed i n  the r e f l e c t i v i t y  measurements on KCP and i s  
expected t o  show up i n  TaS3. The e lec t ron-ho le  pockets i n  NbSe3 may 
on the other hand lead t o  the reduc t ion  o f  wL by screening the  sing- 
u l a r i t y  (8) but on l y  a t  extremly l a rge  wavelengths. 

Let us f i n a l l y  discuss the Umklapp term I d .  Th is  term i s  r e l a t -  
i v e l y  small compared t o  the d i r e c t  anharmonic term l c ,  f o r  two reas- 
ons. F i r s t ,  i t  involves the  h igh l y  exc i ted  e lec t ron  s ta tes .  Second 
i t  has on ly  one 2 k ~  ver tex ,  enhanced by Coulomb in te rac t i ons .  A s  a 

r e s u l t  i t  i s  approximately (c)2+3g2'34 times smal ler  than the 
EF 

d i r e c t  term. This means tha t  by increasing To from To t o  T: a t  
constant ,I the Coulomb i n t e r a c t i o n  enhance somewhat 'the Umklapp. 
Here and e l se  we neglect  the e f f e c t s  o f  the lack  o f  screening i n  g2, 
which are probably o f  the order o f  

and consider f o r  b r e v i t y  the Pe ie r l s  l i m i t .  I n  absence o f  Coulomb 
fo rces  l e  the Umklapp term al though small leads through sine-Gordon 
equation t o  s o l i t o n  exc i ta t i ons  o f  the commeusurate phase o r  t o  the  
format ion o f  s o l i t o n  l a t t i c e s  i n  the  incommeusurate phase. Eq.(7) 
shows however t h a t  these s o l i t o n s  are  charged. I n  f a c t  they ca r ry  
non-elementary, E e/2 charges, being the  genera l i za t i on  o f  the 
l ong i tud ina l  modes q. The Coulomb energy o f  F ig . l e  has there fore  
t o  .be taken i n t o  account. For a I d  s o l i t o n  o f  the w id th  5 t h i s  

has the re fo re  two 

3, 

A/wp. 
Let us f i n a l l y  put a l l  the terms o f  Fig.1 togather,  except l b  
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Unl ike  the short  range Hubbard force, the  long range Coulomb i n t e r -  
ac t i on  can suppress s o l i t o n  due t o  the s i n g u l a r i t y  (9).  Indeed f o r  
nFUs > dl,lEl / &  the appearence o f  s o l i t o n s  i s  e n e r g e t i c a l l y  unfavor-  
ab le  and the commensurate phase tu rns  ab rup t l y  i n t o  the incommensurate 
phase b u i l t  from o n l y  one 2 k ~  harmonic.This conclusion concerning the  
somewhat idea l i zed  I d  s i t u a t i o n  completes our b r i e f  d iscussion o f  
Coulomb e f fec ts ,  leav ing  the  i nves t i ga t i on  o f  more r e a l i s t i c  3d 
models f o r  the forthcoming paper. 

Discussions w i t h  L.P.Gor'kov, J.Fr iedel ,  V.J.Emery, A .B je l iZ  and 
I . B a t i s t i t  are g r a t e f u l l y  acknowledged. The work was p a r t i a l l y  sup- 
ported by the Yu-US co l l abo ra t i on  con t rac t  DOE 438. 

REFERENCES 

1. J. Solyom, Adv. i n  Physics 28, 201 (1979) 
2. V. J. Emery, Highly Conducting I d  Sol ids,  247, (1979), Plenum,N. 
3.  L. P. Gor'kov, Lecture Notes ' in Physics 96, 3, (1979) 
4. D. JBrome, H. J. Schulz, Adv. i n  Phys. 31, 299 (1982) 
5. S. Ba r i z i k  and S.Bar iBi t ,  A. B j e l i r  i n  D. Reidel Series on the 

6. J. P. Pouget, R. Moret, A. Meerschaut, L. Guemas, J. Rouxel, 

7. L. FSrro, S. Bouffard, J. P. Pouget, J. Physique Le t t res  45, 

Physics o f  I d  Mater ia ls,  t o  be pub1 ished, and references the re in  

J. Physique C 3 ,  1729 (1983) 

543 (1984) 
8. S. B o t r i t ,  S .  B a r i z i t ,  J-Physique 45, 185 (1984) 
9. P. A. Lee, T. M. Rice, R. A. Klemm, Ph s Rev 815, 2984 (1977) 

10. T. Takahashi, D. Jgrome, F. Masin, J . h .  Gi ra l ,  t h i s  
conference, 

11. F. Wudl, D. Nalewajek, J. M. Troup, M. W. Ext ine,  Science 222, 
415 (1983) 

12. J. F r iede l ,  NATO Advanced Study I n s t i t u t e ,  Series B Physics, 
Plenum, N.Y. 1977. 

13. P. fupanovi t ,  S. B a r i z i t ,  A. B j e l i z ,  t o  be published 
14. I .  B a t i s t i t ,  S. B a r i z i t ,  t o  be published 

Y .  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
41

 2
0 

Fe
br

ua
ry

 2
01

3 


