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4.

. {a) For the symmetric matrix S = {

GIVE DETAILED EXPLANATIONS FOR YOUR ANSWERS. |
There are five problems. The best four count for 25 points each.~

. Let A be a 2 x 2 matrix with the eigenvalues Ay = 2, Ao = 1/2, and corresponding eigen-

1

J , Vo = {‘” . Let x¢ = H} and define x = A*xg for k =1,2,3,....

vectors v, = {

{a) Express xq as a linear combination of v; and vy. Use this fact to compute xi. (Hint:
Note that the entries of A are unknown and, in fact, they are not needed!)

(b) Describe what happens to x; as k — co. Be specific, describe how both the norm and
the direction of x; change as k — co.

N

1
Find a QR-factorization of the matrix A= | 1
0

Let A be a symmetric matrix. Prove that all the eigenvalues of A are real.

Consider the vector space Py with the inner product

1
(p,q) = / p(t)q(t)dt.

1

Let
po(t) =1,  pi(t)=¢t,  p(t) =t

be the standard basis for P;.

(a) Caleulate (po,po), (po,p1), (Po.p2), (P1.01), (P1.P2)-
(b) Compute the orthogonal projection of ps onto the subspace spanned by pg and p;.

(¢) Find an orthogonal basis for this inner product space. Denote the polynomials in
this orthogonal basis by go,¢q1 and ¢2. Normalize these polynomials so that go(1) =
L,g1(1) =1 and ¢»(1) = 1.
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1 5} find a diagonal matrix D and an orthogonal

matrix P such that S = PDPT.
(0 2
(b) Find a singular value decomposition of the matrix A = |2 0 |. Notice that ATA = S.
1 1

(c) Find a unit vector x at which Ax has maximum length. Find the vector Ax and its
length.
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