
IX
. Instability



Exercise I. Let U = U(y)x be the parallel shear flow of an incompressible 
viscous fluid. Suppose that it is superposed by a small three-dimensional 
disturbance of a form:

Derive the perturbation equations in a form:

Equations (1) and (2) are known as the Orr-Sommerfeld and Squire 
equations, respectively.



Part I. What are the equations governing fluid motion in the 
absence of disturbance?

Part II. Write down the equations of motion for the perturbed flow 
without assuming any particular form of a perturbation. Linearize the 
equations of motion with respect to perturbation variables.



Part III. How can pressure be eliminated from the equations?

Part IV. Derive the Orr-Sommerfeld equation.



Part V. Derive the Squire equation.
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The Squire theorem
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9.2 It may be shown that a small 2D perturbation to a shear flow of an 
inviscid stratified fluid is governed by an equation:

Part I. Derive the perturbation equation.
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Part II. Derive the perturbation equation in the case when the density of 
the base flow varies with height much slower then U(y) and v(y).


