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Rayleigh instability

Normally, angular velocity
decreases outwards but angular
momentum increases outwards.

Ring A losing angular momentum
needs to jump to an orbit of lower
angular momentum, which is
inwards.

But IF both angular velocity and
momentum decrease outwards,
then when ring A loses angular, the
orbit of lower angular momentum it
must jump to is past B.

Likewise, B gaining angular
momentum must jump to a higher
angular momentum orbit, which is
past A.

A and B must swap. The situation
is UNSTABLE.
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Gas parcels joined by a spring



The restoring force destabilizes the flow
Otherwise Rayleigh-stable, Keplerian motion is destabilized 

if a restoring force connects two gas parcels. 

The restoring force resists the shear, trying to enforce rigid rotation. 

The parcel inwards is tugged back, which enforces it to rotate at the angular velocity it 
had at the equilibrium position. 

The angular momentum it loses is given to the outer gas parcel. Losing angular 
momentum, it jumps to an inner orbit. 

The outer parcel gains angular momentum and jumps to an even more outward orbit. 

The situation is unstable.



Magnetorotational Instability (MRI)

W WB B
rotates faster

rotates slower

Magnetic fields in a conducting, rotating plasma behave
EXACTLY like springs!





Magneto-Rotational Instability

Turbulence in disks is enabled by  the 
Magneto-Rotational Instability (Balbus & Hawley, 1991)
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Magneto-Rotational Instability

The MRI

Leads to alpha values of 
the order of 10-2, as 

needed to explain mass 
accretion rates.

Generates large scale 
azimuthal (toroidal) 

magnetic fields in the disk.



Saturated State of MRI 

Energy budget



Dead zones

0.1 AU ~30 AU
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Next class

The MRI is dead
Long live the Thermal Instabilities



Vertical shear instability

Nelson et al. (2013)

dW / dz 0 ; kz
2 < 0  

Violates the Rayleigh criterion: Unstable


