Fall 2009
ME 550. Foundations of Engineering Systems Analysis

Take_Home Examination #2 Due Date: October 16, 2009
. 4 k k|2
Problem#1. For a complex inner product space, show that (y, X>:Z hX (\/—_1) X+(\/—_1) y 10 pts
k=1

Problem#2. Consider the real polynomials p:[0,.0) - R . Find an equivalent orthonormal set of the sequence of
polynomials {1,t,t2,t3,-~-} in the Hilbert space L,([0,=0),exp(-t)) by using Gram-Schmidt orthonormalization.

Comment on how this orthonormal set is related to the set of Laguerre polynomials. 20 pts

Problem#3. Let ‘R be the real field and C be the complex field. A trigonometric polynomial is a function of the form:
n

f(t)= Yakexp(irt) where neN;a, €C; and A, € R. The space TP of trigonometric polynomials is a vector space
k=1

over C with respect to pointwise addition and multiplication. Show that the following expression defines an inner product for
TP:

T _
(f,g) = lim % [dt f(t)g(t) 8 pts
Towo =T

Problem#4. Consider the space Cl[O,l] of continuously differentiable functions on [0,1] with values in C. Show that the

following expression defines an inner product for Cl[O,l]:

1 <
(f.)=lat (Foa +f06) 8 pts
0
Problem #5. Find an inner product on the space of polynomials such that the corresponding norm is given by:
1 2 . 2
[ dt( It ) + 3\f (t)‘ j 8 pts
-1
Problem #6. Show that, for any continuously differentiable function f on [— T, n) :
i . Y 2 . 2
Jat(F (t) cos(t) — f (t)sin(t) ) < |2n] | dt(|f )+ ‘f (t)‘ ] 8 pts
T T

Problem #7. Show that, for any polynomial f,

1 .2
< \/%( [ dt(|t||f(t)|2+3‘f(t)‘ B 8 pts
-1
Problem #8. Consider the Hilbert space L ([~7, 7)) and the set of functions JLL cos nt_sin m} for neN . Let S and A be
Vor ' Nz T x
the subsets of symmetric and antisymmetric functions on [~77) e, S= {f € LZ([—n,n)).“f(t) =f(—t)} and

A= {f e Lp([-mm))F (1) =~ (1)}

(2) Show that S and A are subspaces of Lo([~7,)).

1
at( [t3f (t)+ 6t (t
[KIGRCIENC)

1 cosnt sinnt
Vor' Jn '
(c) Find an orthonormal basis for each of S and A . Show that Lo([~7,m))=S®A . 30 pts

(b) Show that the set { } for N € N forms a complete orthonormal basis of Lz([—ﬂ,ﬂ)).
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