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We analyze a thin-gap Taylor Couette setup.
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We work in terms of stream and flux functions.
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Multiscale analysis tracks the evolution of fast 
and slow variables.
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We choose an ansatz state vector form.
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The fluid quantities are expanded 
in a perturbation series.

V = ✏V1 + ✏2V2 + ✏3V3 + ...



Dedalus is a general-purpose spectral code.
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Spectrally solve the most unstable mode 
of the linear MRI.
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solvability criteria.
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Finally, we obtain the saturation structure of 
each fluid quantity at each order.

V = ✏V1 + ✏2V2 + ✏3V3 + ...



First order velocity perturbations
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Second order velocity perturbations
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First and second order velocity perturbations
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First order magnetic field perturbations
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Second order magnetic field perturbations
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First and second order magnetic field perturbations
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Future work  
!
• explore parameter space 
• relax thin gap approximation 
• comparison to experiment 
• helical MRI

PPPL MRI experiment



Conclusions 
!
• We derive a robust analytical framework for solving 

MRI systems up to second order perturbations. 
• We use the spectral code Dedalus to solve the 

radial components of our equations.  
• Preliminary results suggest a shear-related 

saturation mechanism.


