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     In the last several years, microscopic transport [1], 
x-ray [2], and infrared measurements [3] have been 
used to study the interplay between charge-density-
wave strain (i.e. phase gradient) and current in CDW 
conductors.  Strain near the current contacts is believed 
to be necessary to drive phase-slip, through the motion 
of CDW phase dislocations, needed for current 
conversion [1], while at the same time strain competes 
with CDW current flow in the interior of the sample 
[2].  Because its structural and transport properties are 
most coherent, x-ray and transport measurements have 
concentrated on semimetallic NbSe3, but in principle 
semiconducting CDW materials are simpler, since 
there are no uncondensed electrons interacting with the 
CDW deformation [2].  However, for semiconductors, 
only infrared electro-optic measurements have been 
successful in imaging  CDW strain [3,4],  which 
modulates both the density of thermally excited 
quasiparticles and phonon frequencies, resulting in 
small changes in IR absorption and reflection. 
      In this talk, we will describe our use of IR electro-
transmittance to study the dynamics of CDW 
repolarization in blue bronze. A symmetric square-
wave voltage is applied to the sample so the sample is 
oscillating between two states of opposite polarization, 
and relative changes in IR transmission as functions of 
position and square wave voltage and frequency are 
measured. We have observed that repolarization is 
governed generally by two time constants, a relaxation 
time and (inertial) delay time [4].   Their large values, 
typically 0.1 - 1 ms, suggests that the dynamics are 
governed by motion of macroscopic objects, i.e. CDW 
phase dislocations [2].   The relaxation time varies 
inversely with voltage, but no divergence is observed 
near threshold; instead, the distribution of relaxation 
times is observed to broaden.  Most surprisingly, the 
delay time, only weakly voltage dependent, is observed 
to grow rapidly with distance from the current contacts, 
indicating that the inertia is intrinsic to the CDW and 
not due to contact rectification.  In addition, in some 
cases, a low-frequency (< 100 Hz) decay of the CDW 
polarization is also observed. 
         Figure 1 shows the frequency dependence of the 
relative change in transmission, Δθ/θ, at a few square-
wave voltages (referenced to the  electro-optic onset 
voltage) at a point 200 μm from a current contact at T 
= 80 K.  Responses both in-phase and in-quadrature to 
the driving square-wave are shown.  The curves show 
fits to a modified harmonic oscillator equation,  

 
Δθ/θ = Δθ/θ)0/[1 – (ω/ω0)2+ (-iωτ0)γ], 

 
which accounts for the relaxation and inertial delay, but not 
the long-time decay. 
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Figure 1. Frequency dependence of electro-transmission of 
sample 1 at T = 80 K and x = 200 cm-1. 

       
          Both the relaxation and decay times increase rapidly 
with decreasing temperature, but much more slowly than the 
ohmic resistivity, showing that the dynamics are not simply 
related to screening by quasiparticles.  In fact, for a given 
driving force on the CDW (i.e. voltage above threshold), the 
time constants are inversely proportional to the CDW 
current, as shown in Figure 2.  It must be emphasized that, if 
the CDW current is kept fixed as the temperature is varied, 
the time constants do vary considerably. Nonetheless, the  
proportionality between the polarization rates and CDW 
current, for fixed driving force, is consistent with the 
dynamical interplay between the CDW current and strain 
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discussed in References [1,2]; for voltages well-above 
threshold, strain dynamics are controlled by the 
current. 
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 Figure 2.  The dependence of relaxation times and 
resonant frequency, for V = Von + 20 mV, on the CDW 
current for sample 3.  The temperatures are indicated. 
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