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Non ideal Magnetohydrodynamics

 Particle species treated as a fluid.

 Low-frequency, large scale magnetic behavior.

 Continuity equation, equation of motion, equation of state, Ampère's law, Faraday’s law, 
and Ohm’s law.

In ideal MHD no magnetic energy can convert to kinetic energy.
Non-ideal MHD: resistivity instabilities, particle acceleration, emmision.
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Magnetic Reconnection

Oppositely directed magnetic field lines, current density in between with width δ.
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Force Free magnetic fields

A magnetic field in which the Lorentz force is equal to zero and the magnetic pressure greatly 
exceeds the plasma pressure such that non-magnetic forces can be neglected.

Pulsar magnetospheres, AGN jets, stellar surface.
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Vlasov equation

Knowing the distribution function of the 
particles, and the forces acting on them, 
we can follow their evolution on phase 
space. Boltzmann equation does not work. 
(Coulomb interaction)

6 degrees of freedom (position, 
momentum). 
We assume collisionless plasma.
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An exact solution of the steady-state, one-dimensional Vlasov–
Maxwell equations for a plasma current sheet with oppositely directed 
magnetic field was found by Harris in 1962. The so-called Harris 
magnetic field model assumes Maxwellian velocity distributions for 
oppositely drifting ions and electrons and has been widely used for 
plasma stability studies.

Triantafyllos Kormpakis 6



Gromeka-Arnold-Beltrami-Childress flow

Three-dimensional incompressible velocity field which is an exact 
solution of Euler's equation. In Cartesian coordinates: 

 Early numerical experiments by Henon (1966) have provided 
evidence for chaos in the special case A = √3, B = √2, C = 1. 
The special case A = B = C = 1 was introduced 
independently by Childress (1967, 1970) as a model for the 
kinematic dynamo effect. We propose to call these flows 
ABC (for Arnold, Beltrami, Childress). 
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Zeltron Particle in Cell code
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Particle interactions 

Depending on the system, we might be interested in:

 electron-positron species,

 electron-proton species,

 proton-proton, dust particles with charged etc. 

Hybrid PIC Monte Carlo collision algorithms provide a way to study these systems.

Triantafyllos Kormpakis 9



Dieckmann, Frederiksen, Bret, Shukla, Phys. Plasmas 13, 113110 (2006).
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Test cases: Two stream instability

Triantafyllos Kormpakis 11



Yee finite difference time domain

Particle weighting

Boris particle push
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Polar coordinates

Cylindrical to cartesian 
coordinates

Triantafyllos Kormpakis 13



Insert Maxwellian distribution, Magnetic field configuration, current densities, define system 
wavenumber, grid size in each direction.
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Chen et al. 2021 
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ABC magnetic field configurations. No current layers present. Periodical grid with coherence length 
Grid resolution of simulations: 256 and 512.
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Previous 
system

This 
system
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AGN application

Cylindrical coordinates, Bessel functions J0 and J1.
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