New trendsin Bose-Einsteincondensation Exercise6

Hydro dynamics of Bose-Einstein condensates

Using the hydrodynamic reformulation of the Gross-Pitaevskiiequation, study (i) the evo-
lution of the aspect ratio of a condensateduring expansion;(ii) the collective excitations
of a trapped condensate.

1.

Discussthe conditionsunderwhich the Gross-Piatevskiiequationcanbe reformulated
in the hydrodynamic form:
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Assuming that eat elemem of the uid performs a scaling motion of the form
ri(t) = ri(0) i(t) with i = fx;y;zg, write the explicit form of the density (r;t)
and the velocity eld v(r;t) at the generictime t in terms of the initial density
(r;t = 0). Verify explicitly that this ansatzsatis es the cortinuity equation (1).

Assumingthat the condensatas initially at restin aharmonicpotential of frequencies
' vyz(t = 0), write the explicit form of the initial density prole (r;t= 0).

Shaw that the form of the consideredansatzis presened during the ewlution under
the hydrodynamic equations(1-2) in a genericharmonicpotential of frequencied i(t).

Write explicit equationsfor the time ewlution of the (t)'s.

. Calculate the frequency of the small oscillations around the equilibrium state in a

sphericaltrap.

. Shav that the ellipticity of a condensateis reversed when the trap potential is

switched o and the condensateperformsa free expansion.



