TAM 611 Mid-Term Exam March 9, 2009

Open note & laptop (for accessing course notes only). Answer each of the following 6
questions completely — showing all wortk.

; , , v g :
1. Given a bi-orthonormal set of bases, {g,.g,.g,} and {g',g",g"}. for a real inner product

space I”*, suppose that A € L(I"*) is defined by

Ag, =5g, +3g,, Ag, =7g,, Ag, =-g, +g..
Find the eigenvalues of A . i.e. (real) scalars 24 such that Ax = /x.

2. Given the vector field f(r) =[(r ®a)+ (a ®r)jr, where a € £ is a fixed non-zero
vector, and f: E° — E°, compute Vf(r) (no coordinates allowed!)

3. In linear elasticity the strain is defined by
E= %(Vu +Vu')

where u:Q < E* — E’ is the (smooth) displacement field. Determine expressions for
the components E,, and Ef_.

in terms of the components of u relative to an arbitrary
curvilinear coordinate system.

4. With respect to polar-cylindrical coordinates.

r = x'[cos(x? )e, +sin(x*)e,]+x'e,. x' 20, 0<x* <27, x°

m
>3]

define v(r) = (x')’g”. Compute the contravariant components of the curl V x v
5. Consider the helicoidal surface given by
r = x'[cos(x?)e, +sin(x’)e,]+ax’e,, x' 20, 0<x* <27,

where a > 0 is a constant. (a) Find expressions for the mean and Gaussian curvatures, H
and K. (b) Find expressions for the principal curvatures.

6. Find a smooth function y(x) that renders the following functional stationary:

~'7

[ [(_1"): - ,1‘:]dx. v0)=0, y(7r/2)=

h

4]
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