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Impulsive shock on the magnetopause

• Many authors: the MHD waves in the magnetosphere are generated by 
the solar wind shock on the magnetopause.

• Theory (usually): the normal fall of the shock onto the magnetopause. 
• More common situation: the shock is inclined.
• The impulse is running on the magnetopause.
• Two cases:
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• u<<vA: impulse → the Alfven mode

• u>>vA: impulse → the fast magnetoacoustic mode



Impulsive shock: normal fall
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• The Alfven speed grow toward the Earth

• Discrete harmonics of cavity mode are formed

Fast mode dispersion relation:
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Moving source (u>>vA): homogeneous plasma

Cherenkov emission

Mach cone

Mach cone

• What happens in inhomogeneous plasma?



The scenario
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Impulse →

→ Chapman-Ferraro current perturbation →

→ the MHD wave
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The model and equations

Fast mode equation:

Moving 
source

Box 
model



7

Equations (Fourier)

Given Fourier harmonic:

Solution:

Designations:
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Solution (time dependent)

Summation over the Fourier harmonics:

After integrations:

Designations:
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Fast source (u>>vA): inhomogeneous plasma

The moving source generates the Mach cone expanding with the local 
Alfvén speed. The Mach cone is reflected from the surface where the 

local Mach number equals 1. The Mach cone expands outside and 
reflects from the magnetopause. Reflections from the reflection surface 
and the magnetopause leads to turning the Mach cone into the curved 

polyline.
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Thank you!
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