
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-Piatevskiiequationcanbereformulated
in the hydrodynamic form:
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2. Assuming that each element of the 
uid performs a scaling motion of the form
r i (t) = r i (0) � i (t) with i = f x; y; zg, write the explicit form of the density � (r ; t)
and the velocity �eld v(r ; t) at the generic time t in terms of the initial density
� (r ; t = 0). Verify explicitly that this ansatzsatis�es the continuity equation (1).

3. Assumingthat the condensateis initially at rest in a harmonicpotential of frequencies
! x;y ;z(t = 0), write the explicit form of the initial density pro�le � (r ; t = 0).

4. Show that the form of the consideredansatzis preserved during the evolution under
the hydrodynamicequations(1-2) in a genericharmonicpotential of frequencies! i (t).

5. Write explicit equationsfor the time evolution of the � i (t)'s.

6. Calculate the frequencyof the small oscillations around the equilibrium state in a
sphericaltrap.

7. Show that the ellipticit y of a condensateis reversed when the trap potential is
switched o� and the condensateperformsa free expansion.


