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Alfven waves
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Alfven speed
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B=2000 G, p=10-° g/cm3: v,=6 km/s



What is p=10° g/cm3?
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Ohmic diffusion
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Advection vs. diffusion
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Astrophysical conditions

T [K] plgem™] P Urms [em s™!] L [cm] R
Solar CZ (upper part) 10 1070 10~ 100 108 10°
Solar CZ (lower part) 10° 10~ 10~4 104 1010 107
Protostellar discs 103 10—10 10-8 107 1012 10
CV discs and similar 10 10~ 1070 10° 107 104
AGN discs 107 103 10% 107 107 10!
Galaxy 104 10—24 (10th 100 1020 (1018)

Galaxy clusters 108 1026 {1{]3@} 108 1023 {1{]3@}
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Nonlinear Alfven waves

- Working material: NonlinearAlfven/, NonlinearAlfven.targz [untar this file by typing tar z«f NonlinearAlfven.targz]

In this nonlinear Alfven wave problem we solve the fully compressible equations in one dimension. For a weak initial
amplitude you find regular Alfven waves. As the amplitude is increased, the initial kinetic energy becomes
comparable with the thermal energy. Obviously, viscosity is required to prevent wiggles. However, this leads to a
decrease in amplitude and hence a loss of kinetic energy. Since total energy is conserved, this must lead to
corresponding heating. Verify that total energy is indeed conserved, and find cases where this is not the case. What
went wrong in those cases?
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What we learned

Alfven wave dispersion relation
Ohmic diffusion
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