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Very recently, we have developed the theory of many-particle 

quantum hydrodynamics for different quantum systems. In particular, 

we have derived, without any approximations, the many-particle 

Ehrenfest equation of motion directly from the time-dependent 

Schrödinger equation for many-particle systems consisting of several 

particle sorts [1]. First, I will show some simple examples for 

dynamics of Gaussian wave packets and compare the numerical 

results of current densities with exact ones. Then, I will show using 

this approach even within the Born-Oppenheimer approximation, how 

to obtain non-zero electronic current densities for vibrating molecules 

(for example H2+) or even chemical reactions in a single electronic 

non-degenerate ground state. 
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[1]K. Renziehausen, I. Barth, Derivation of  

    many-particle quantum hydrodynamics  

    and discussion about different versions   

    of the pressure tensor, in preparation. 
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