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While the usual perspective on Bohmian mechanics focuses on the description of
wavefunctions� or pure quantum states� we have recently explored the connection to a
hydrodynamic description for statistical mixtures ���� The latter has previously been
discussed in the context of moment expansions for the density matrix ��x� x�� or� equiv	
alently� the Wigner function �W �q� p� �
���� Here� a local	in	space formulation is de	
rived in terms of moments in the momentum operator P 
 �h��i ����x � ���x��� i�e��
hPn�iq 


R
dp pn�W �q� p�� the moments thus being a family of functions in a single spatial

variable q 
 
���x� x��� Speci�cally� the zeroth moment corresponds to the local density
P �q� 
 h�iq� the �rst	order moment relates to the current density j�q� 
 hP�iq�m� and
the second	order moment corresponds to the kinetic	energy density T �q� 
 hP��iq��m�
The dynamical equations for these moments represent an in�nite hierarchy which� in its
entirety� is equivalent to the Liouville	von	Neumann equation for the density operator�

Against this background� the following issues shall be addressed ���� �i� The derivation�
from the above formulation� of pure	state hydrodynamics as familiar from the Bohmian
picture� The moment hierarchy now truncates with the two lowest	order members � i�e��
the local density and the current density � which fully characterize the wavefunction� Spe	
cial emphasis will be placed on the interpretation of the �uid	particle momentum� which is
subject to a �quantum force�� in the Bohmian theory vs� the hydrodynamic context as out	
lined above� �ii� The application of the hydrodynamic equations to describe the dynamics
of general mixed quantum states� This entails� as a crucial issue� to �nd a suitable way of
truncating the moment hierarchy� Both global and local truncation schemes are discussed�
�iii� Inclusion of dissipative e�ects in the moment equations� in accordance with simple
Markovian master equations� We discuss the e�ect on the hydrodynamic trajectories of a
generalized quantum force� augmented by dissipation ���� �iv� The extension of the hydro	
dynamic formulation to non	adiabatic dynamics� We propose a general formulation that�
by describing the coupling between electronic populations and coherences� properly takes
into account coherent e�ects in the dynamics� For the particular case of pure states� the
coupled	state equations by Wyatt et al� ��� are recovered�

As a �nal consideration� we comment upon the particular nature of hydrodynamic
trajectories in the quantum vs� classical pictures ���� This has some bearing upon mixed
quantum	classical schemes emerging from the hydrodynamic description�
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