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DYNAMICAL THRESHOLD BEHAVIOR OF A SLIDING CHARGE DENSITY WAVE 

J. B. SOKOLOFF 
Physics Department, Northeastern University,  360 Huntington 
Avenue, Boston, MA 02115, U.S.A. 

Abstract  
threshold f i e l d  [ i . e .  t he  value of t he  e l e c t r i c  f i e l d  such 
t h a t  when the  applied f i e l d  i s  reduced t o  t h i s  va lue  the  
charge dens i ty  wave (CDW) s tops  s l i d i n g ]  r equ i r e s  t h a t  t h e  
s l i d i n g  of t h e  CDW a t  low center  of mass ve loc i ty  occurs as 
l o c a l  sudden jumping motion reminiscent of "s t ick-s l ip"  
f r i c t i o n .  Using t h i s  model, it is  argued i n  t h e  weak impurity 
l i m i t  t h a t  t he  s t a t i c  threshold f i e l d  i s  g rea t e r  than t h e  
dynamic threshold f i e l d .  

It i s  argued t h a t  t h e  ex is tence  of a dynamical 

Charge Density Waves (CDW's) i n  NbSe3 a r e  s e t  i n  motion f o r  elec- 

t r i c  f i e l d s  above a threshold value Et .  

lowered below a value Etd ( t h e  dynamical threshold f i e l d )  CDW 

motion ceases. 

by d i s s i p a t i v e  processes whereas Et i s  not ,  Etd w i l l  be less than 

Et .  
l i n e a r  conductivity by Gruner and Zettl  and by Tessema and Ong.1 

Furthermore, it w i l l  be shown t h a t  smooth ad iaba t i c  motion of t h e  

CDW cannot occur f o r  slow speed motion f o r  t h i s  would r equ i r e  

E t d  
t he  CDW's motion2 

When t h e  f i e l d  i s  then 

It w i l l  be argued here  t h a t  s ince  Etd is  determined 

This i s  i n  agreement wi th  the  hys t e re s i s  found i n  t h e  non- 

= 0. Consider the  generalized Fukuyama-Lee model t o  desc r ibe  

-> 
where $, y, and Q a r e  the  phase, damping constant and wave vec tor  

of t he  wave, and F i ( r )  i s  t h e  fo rce  due t o  impur i t ies .  

t h e  arguments w e  d i s c r e t i z e  r, and (1) becomes 

+ 
To s impl i fy  

+ 

+ +  + 
where F i  Q and 3 are along the  z-axis and a runs over t he  6 vec to r s  
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92 J.  B. SOKOLOFF 

+ +  + 
Of length  a along the  +x, fy,  and f z  axes. 

contains an impurity and zero otherwise. 

i n  which the  CDW i s  s t a t iona ry  and t h e  impur i t ies  are moving, equa- 

t i o n  (2)  is  modified by adding a term Q * v t  t o  the  argument of t h e  

s i n e  and adding a constant term yv t o  t he  l e f t  hand s i d e  of t he  

equation, where v i s  t h e  mean center  of mass ve loc i ty  of t h e  wave. 

L e t  F i ( r j )  be Fo i f  

Transforming t o  a frame 

+ +  
+ 

-+ 

The mean fo rce  of f r i c t i o n  of t h e  moving wave Ff r ic  i s  defined 

by 

where T is a long t i m e  and < --- > s i g n i f i e s  an impurity average. 

Solving f o r  0 from equation (2) using t h e  "phonon Green's function" 

f o r  t he  l e f t  hand s i d e  of (2) and s u b s t i t u t i n g  i n  (3) ,  w e  ob ta in  

t h e  r e s u l t s  of Sneddon, Cross, and Fisher3 i f  we neglec t  4 i n  t h e  

argument of the  s i n e  i n  equations (2) and ( 3 ) ,  and i d e n t i f y  Ffric 

wi th  the  ex terna l  f i e l d .  

I f  w e  assume ad iaba t i c  motion [ i .e .  motion i n  which 4 depends 

on r j  and t a s  r j  + v t ]  t he  sine i n  equations (2) and (3) a l s o  has 

t h i s  dependence on r j  and t. 

3 + - +  
-+ 

Then F f r i c  i s  given by 

where B(w) is t h e  t i m e  Fourier transform of t h e  s ine .  Since 
+ 

(5 )  B(w) = 12 A(k)lw = -; . f 
where A($) is  t h e  s p a t i a l  Fourier transform of  t he  s ine ,  and s ince  

A(2) f a l l s  t o  zero f o r  l a r g e  k, equation ( 4 )  shows t h a t  Ffric 

approaches zero as v approaches zero. 

+ 

Computer simulations4 show t h a t  motion near threshold takes  

place by loca l  regions of t he  wave becoming uns tab le  and jumping 

rap id ly  while most of t h e  wave does not  move. A model f o r  t h i s  is 

(5 )  
+ 3 +  

sin[; :j + 6 - 2t + $ ( r j ) ]  = Cp f ( r j  - rp)A(t - T ~ ) ,  
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DYNAMICAL THRESHOLD BEHAVIOR OF A SLIDING CHARGE DENSITY WAVE 93 

where f and A are  f u n c t i o n s  peaked about  zero  argument and $ 
T~ are t h e  center i n  space and t i m e  o f  t h e  reg ion .  

equat ion  (5) i n t o  equat ions  (2)  and (3 )  g i v e s  t o  1st o r d e r  i n  t h e  

and P 
S u b s t i t u t i n g  

impur i ty  c o n c e n t r a t i o n  C, 

F f r i c  Q C ( F O l 2  /dw[A(w) 

The width of  A(w) i n  t i m e  i s  

2 w3/2  

(Ffr ic /  y ), where R i s  t h e  Lee- 

Rice l e n g t h  ( t h e  assumed s i z e  of  t h e  domain.) Then from (6)  

Wri t ing R Q E C - ” ~ ,  where E >> 1 f o r  weak i m p u r i t i e s  and % 1 f o r  

s t r o n g  i m p u r i t i e s ,  w e  f i n d  from ( 7 )  

E t d  Q Ffric % CE-’ ( 8 )  

Since  t h e  Lee-Rice depinning f i e l d  [i.e. t h e  f i e l d  needed t o  break  

l o o s e  a domain], which w e  i d e n t i f y  w i t h  t h e  s t a t i c  t h r e s h o l d  f i e l d  

i s  g iven  by 

5 

1 E t Q -3 ! L / z = E 3 / 2  c1/2 , Then 

E t d  < Et’ 
Hence i n  t h e  weak impur i ty  l i m i t  f o r  l a w  c o n c e n t r a t i o n s ,  

In  a one dimensional  model, t h e  s a m e  arguments y i e l d  E 

implying t h a t  a n  a p p l i e d  f i e l d  between E 

d e p i n  a s i n g l e  domain b u t  w i l l  no t  c a u s e  motion of t h e  CDW as a 

whole which w a s  found i n  computer s i m u l a t i o n s  done on  one dimen- 

s i o n a l  models. 

t d  ’ Et’ 
and E i n  s t r e n g t h  w i l l  

t d  t 

4 
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