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DYNAMIC SCALING IN NORMAL
AND SUPERFLUID HELIUM

Richard A. Ferrell

Department of Physics and Astronomy, University of Maryland

The critical thermodynamics of the A transition in liquid 4 He result from fluctuations of the
two-component order parameter. The components correspond to the real and imaginary parts of
the superfluid condensate wave function. The critical dynamics depend additionally on fluctuations
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of the entropy density. Kubo relations provide two integral equations relating 'Y if; and 'Ys, the order
parameter and entropy decay rates, respectively. Dynamic scaling predicts that at the A poind the
ratio 'Yl/J/rs

=w

should be a constant, independent of wave number. J. K. Bhattacharjee and I have

studied the conditions for the vanishing of w.

We found that this may actually happen in liquid

helium, signifying a breakdown of dynamic scaling. The breakdown is mainly of academic interest,
however, because it occurs in a very small region of parameter space, experimentally inaccessible.
The experiments are carried out mainly in the van Hove region, or precritical region, where the theory
simplifies greatly. We are consequently able to obtain closed expressions which give a good account
of the thermal conductivity, the light scattering spectrum, and the damping of second sound. The
damping of first sound involves the fluctuations referred to above less directly and has necessitated
the development of a new general theory for critical ultrasonic attenuation. Bhattacharjee and I have
arrived at such a theory by going back to the basic idea introduced by Laplace almost two hundred
years ago. In 1816 Laplace corrected Newton's calculation of the speed of sound by noting that a
pressure wave in a fluid produces adiabatic heating and cooling. Over one hundred years later Rice
and Herzfeld pointed out that these temperature variations produce sound attenuation in polyatomic gases. This is because the internal vibrational modes require time to come into equilibrium,
J. K. Bhattacharjee and I have built our theory of

resulting in hysteresis and energy dissipation.

critical ultrasonic attenuation based on this very same idea. In place of internal vibrational modes we
are dealing with the Fourier components of the order parameter having a continuous distribution of
relaxation rates. The mathematical details of this theory are contained in the frequency dependent
specific heat, which is determined a priori from thermodynamic and hydrodynamic data. The resulting predictions of critical attenuation and dispersion are in excellent agreement with experimental
measurements.
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