
Lecture 5

Instability



• Why can some solar features stay long time like 
prominences and coronal loops, while some produce quick 
events such as flares? This is the problem of instability.

• Basic Methods
– Linearization method

Consider one dimension potential energy wave
force :

for small displacement

is first order approximation of F.
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• Energy Method
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• Linearized Equations
• This is very similar to the study of waves
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• Rayleigh-Taylor Instability
• See Fig 7.3 interface between two medium
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• With B field,  magnetic tension provides stabilizing force.
Case 1: Plasma supported by magnetic fields
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Case 2: Uniform field  (Fig. 7.3)
It can be shown that
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• Energy Method Applications
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• Kink instability
• Consider a cylindrically symmetric magnetic flux tube. If it is 

kinked, point A has stronger field than point B. ---- perturbation 
can go further.
In polar coordinate system
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• Summary of Instabilities
1. Interchange instability

An interface between two plasma with different P&B. If two 
neighboring bundle can be interchanged, if the wrinkles have a 
wavenumber k, radius of curvature Rc interface, then
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2. Reyleigh-Taylor instability (Fig 7.3)
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3. Pinched discharge
vertical current produces azimuthal fields plasma is confined –
pinched

inwards is balanced by pressure gradient outwards
If there is no magnetic fields inside plasma the growth rate of 
sausage instability is

for disturbance

The pinch can be stabilized by large enough
axial field

modified dispersion relation

for stability, if requires
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4. Flow Instability
Laminar viscous flow between rigid boundaries such as walls of 
Lab channels becomes unstable and develop into a turbulent flow
it occurs when                  critical Reynolds number*
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5. Resistive Instability
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6. Convective Instability
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7. Radiatively driven thermal instability
If thermal conduction were in effective, thermal instabilities would 
occur in the corona and upper atmosphere, due to the radiative loss 
term in energy equation.

Suppose plasma is initially in equilibrium with               balance 
between mechanical heating       (per unit volume) and optically
thin radiation               leads to
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Homework

• Try to use normal mode method to analyze 
the kink instability.


