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Motivation: The Solar Tachocline

• Transition from radiative 

zone to convective zone

• Very thin ~ 2D motion

• High shear & Jets

ESA



Model: 2D MHD

Parameter Regime:

𝑅𝑒 = 𝑅𝑚 = 104

𝑀 = 0 − 0.1

Background state:

𝑈 𝑦 = sech2(y)

𝐵 𝑦 = 1



Growth rate of the most unstable mode

Linear Theory: The Bickley Jet in 2D MHD

Normal decomposition

𝑞′, 𝐴′ = [ො𝑞 𝑦 , መ𝐴 𝑦 ] exp(𝑖 𝑘𝑥 − 𝜔𝑡 )

||𝑞’|| ∝ exp(ℑ 𝜔 𝑡)



Nonlinear Evolution: The Bickley Jet
𝑀 = 0 (Hydrodynamic) 𝑀 = 0.01 (MHD, 𝑀2𝑅𝑚 = 1) 



More cases



Summary
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Increasing 𝑀:

• Stabilizes the Bickley jet in a uniform parallel field.

• Moves the largest growing mode to larger length scales (in 𝑥). 

• Generates small scale filaments of vorticity.


