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APPROACHES TO APPROACHES TO 
QUANTUM DYNAMICSQUANTUM DYNAMICS
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QUANTUM DYNAMICS IN QUANTUM DYNAMICS IN 
WIGNER REPRESENTATIONWIGNER REPRESENTATION
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Density matrix: 

Wigner
 

function: 

Evolution equation: 

Classical limit ħ→ 0: 
Characteristics (Hamilton equations): 

Quasi-distribution function in phase space for the quantum case
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RADON RADON 
TRANSFORMATIONTRANSFORMATION
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3D (2D) object reconstruction using 2D
 (1D) images

• Quantum tomography



TOMOGRAPHIC TOMOGRAPHIC 
REPRESENTATIONREPRESENTATION
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Radon transformation: ( ) ( )νμ,,, XWqpW L ⇒

Marginal distribution function: 

Evolution equation: 

Classical limit ħ→ 0: 

RW ∈
0≥W

Characteristic equations for X, μ, ν
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PROPAGATORS AND PROPAGATORS AND 
KOLMOGOROV EQUATIONKOLMOGOROV EQUATION
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Formal solution: 

Kolmogorov
 

equation for propagator: 

Langevin
 

equation: 

Properties: 
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RECONSTRUCTION OF RECONSTRUCTION OF 
TOMOGRAPHIC FUNCTIONTOMOGRAPHIC FUNCTION
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CALCULATION OF CALCULATION OF 
AVERAGESAVERAGES
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Initial wave function (1D): 

Average value: 

Two sets of initial conditions: 
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Energy and wave function are calculated similarly



HARMONIC WELL: HARMONIC WELL: 
AVERAGE VALUESAVERAGE VALUES
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HARMONIC WELL: WAVE HARMONIC WELL: WAVE 
FUNCTIONSFUNCTIONS
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GAUSSIAN WELL: WAVE GAUSSIAN WELL: WAVE 
FUNCTIONSFUNCTIONS
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WAVE FUNCTION WAVE FUNCTION 
EVOLUTIONEVOLUTION
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CONCLUSIONSCONCLUSIONS

Dynamics of quantum particles is described by the Dynamics of quantum particles is described by the 
KolmogorovKolmogorov equation for the Green function in tomography equation for the Green function in tomography 
representation (representation (XX, , μμ, , νν))
This is equivalent to the system of This is equivalent to the system of LangevinLangevin equations for (equations for (XX, , 
μμ, , νν)) which can be solved by a combination of finite difference which can be solved by a combination of finite difference 
numerical scheme and random samplingnumerical scheme and random sampling
Thus a quantum dynamics of particles is given by Thus a quantum dynamics of particles is given by MarkovianMarkovian
random processesrandom processes
The presented approach works very well for harmonic The presented approach works very well for harmonic 
potential and satisfactory well for more complicated potentialspotential and satisfactory well for more complicated potentials
The The tomographictomographic representation as well is a perspective tool representation as well is a perspective tool 
for creation of quantum dynamics methods based upon for creation of quantum dynamics methods based upon 
WignerWigner formulationformulation
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