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1. (20 points) Devise a numierical approximation to u (z2) based on data values Uy, Uz, and U3, at
three unequally spaced points z,, T2, and z3, and compute the error in this approximation,

2. {20 points) Devise a numerical algorithm to find the maximum of the following integral

o) = f2(2 + sin (10c))z® sin (9 o _L_) dx
0 E/RN
when « € [0, 3].

3. (20 points) Consider a rank-1 matrix of the form P = wuT, where u € R™ is a unit vector.

{a) Show that P is an orthogonal projector.
(b) With u = (1,1)T/v/2, what spaces do P and [ — P project onto ?

(c) If we now have n linearly independent vectors a,, a2, ,a¢n in R™, m > n, what is
the orthogonal projector that project any noatrivial vector onto the range of A =
a1, a2, ,an| ?

4. (20 points) Suppose 4 € R™*™ is a symmetric positive definite matrix. Describe the Cholesky
factorization in the algorithmic details that yields A = RT R, where R is upper-triangular.

5. (20 points) The Gerschgorin’s theorem which holds for any m x m matrix A, symmetric or
nonsymmetric, states that every eigenvalue of A4 lies in at least one of the m. circular disks in
the complex plane with centers a,;; and radii Z#i |ayy ). Moreover, if n of these disks form
a connected domain that is disjoint from the other m — n disks, then there are precisely n
eigenvalues of A within this domain.

Give estimates based on Gerschgorin's theorem for the eigenvalues of

8 1 0
A=[1 4 €], le] < 1.
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