
more problems availableω
rapid grading window:  Friday, December 5 - Wednesday, December 11ω

Homework 4 due (hard deadline) Wednesday, December 11 at 5 PM.

Final exam on Thursday, December 12 at 6:30 PM.

Complex variable techniques can be used in clever ways to analyze problems in fluid 
mechanics in two-dimensional domains, when the flow is incompressible  (subsonic) 

( ẗɳὺᴆ πȟirrotational (ᶯ ὺᴆ πᴆ, and steady(no time-dependence) where ὺᴆØᴆ
is the fluid velocity.  

Two-dimensional fluid mechanic problems are relevant when the fluid is thin in the 
third dimension (in which case the fluid velocity is often negligible in that direction) 
or otherwise uniform along the third dimension.  
Can't get nontrivial flows in bounded, simply connected
domains.

Also the velocity field has the property that on any rigid boundary of the 
domain D in which the fluid lies, we must have:

The key problem in such fluid mechanic problems is to describe the flow velocity 
field ὺᴆὼᴆgiven the shape of the domain and possibly some "far-field" boundary 
conditions if the domain is unbounded in some direction.

If the domain D is simply connectedthen the irrotational (curl-free) condition implies the 
existence of what's known as a velocity potential: ὺᴆ ‰ɳ.  
ω

The incompressibility condition implies the existence of astream functionω

A few comments:  

Notice that the equations for the fluid flow can be expressed in terms of the velocity 
potential and stream function as:
ω
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Let's map these concepts into complex analysis, and see what it can do for us in helping to solve for 
these ideal two-dimensional fluid flows.

This is just the Cauchy-Riemann equations, meaning that the complex velocity 
potential ɱᾀ for our ideal fluid flow is an analytic function.  

The derivativeof the complex velocity potential:

Define the complex velocity potentialɱᾀ ‰ὼȟώ Ὥ ‪ὼȟώ where ᾀ ὼ Ὥώ .

We see that the complex velocity potential must be an analytic function respecting the 
boundary conditions, and once we have it, we can easily obtain the flow field.  Let's see 
how we can use this fact to solve some basic fluid mechanics problems.
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