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Introduction

Sound propagation in 

normal fluid and 

superfluid



Fermions in an optical trap

(Duke University)



Sound waves in an uniform normal 

fluid
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Density response function
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Density response function – a 

problem
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A solution  - zero frequency mode
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Schematic representation of Im χ for an 

uniform normal fluid.



Density response function and light 

scattering
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Schematic representation of intensity I of 

light scattering in an uniform normal fluid.



Superfuidity
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First and second sounds
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Schematic representation of Im χ for an 
uniform superfluid.



Sound propagation in  a 

cylindrically  trapped gascylindrically  trapped gas



Fermions in an optical trap

(Duke University)



Gas in a tube
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Propagation of sound in a tube
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Gas in a cylindrical trap
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A classical ideal gas in a cylindrical 

harmonic trap.
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Exact solution - adiabatic sound
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Density response function
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Density response function of 

trapped gas
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“Repair” of the “defect”
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Continuum spectrum mode
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Contribution of the continuum 

spectrum mode into χ
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Schematic representation of Im χ for a 
cylindrically trapped classical gas



Linearized equations of Landau 

hydrodynamics in a cylindrical trap
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Dispersion equation for sound
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An example: an ideal classical gas
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Fermi gas at unitarity
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Velocity of sound at unitary Fermi 

gas above TC  in comparison with 

an ideal gas



Velocities of two sound modes at 

unitary Fermi gas below TC



Density and temperature 

fluctuations



Ratio of contributions of two sound 

modes in Imχ


