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Non-normality condition

dX/dt = Mx



“Stability without 
eigenvalues”
(non-modal)

and

Transient growth

Butler and Farrell 1992, Trefethen et al 1993, Schmid 2007, Bale and Govindarajan 2010



Normal systems Non-normal systems



Flow as a phase space

Kerswell, ARFM, 2018



Linear non 
modal theory

Nonlinear 
dynamical 
systems 
approach

Adjoint looping













Integrated energy maximisation



Final time energy maximisation



T=5 T=10



Summary

a) Shear flows admit transient growth in 
energy

b) The optimal structures for transient 
growth are organised structures
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