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L. Consider the following problems in the vector space R, Lot @ = [2] cand b = [l} Let
|

0
L = span{b}. Let W = span{d. b}.

(1) (3pts) Compute ielh = /.0 + 2.2 +0-] =

\ <

(b) (3pts) Compute ||d]| = \” i+ 2%40% ¢ l,)—_.‘T
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(¢) (4pts) Compute proj,a = 2[1 ; I o 0
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(f) (6pts) Compute an orthonormal basis for W.
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2. Consider the system of equations:

r=1
y=1
z+y=1

(a) (3pts) Write the system in the form AZ = b.
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(b) (3pts) Explain briefly why the system is inconsistent.
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(c) (10pts) Find a least squares solution (&) to AZ = b and the least squares error for this

solution (the distance from AZ to b). You may answer these two questions in either
order. Label your work clearly.
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5. (8pts) Orthogonally diagonalize the matrix A = |:31 :13] (That is, find a matrix P such that

P~ AP is diagonal.)
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6. Consider the vector space Py (polynomials of degree 4 or less) with the inner product g
<pr.p2 >= [ pi(t)pa(t)dt. Let f(t) = t2, and g(t) = *.
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(a) (%ts) Compute < fvg> H g ,tl[;‘" d(’ = f{‘t Jt = é}/ = ‘/ - —'(? - ZF/
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(b) 6pts) What is the angle between f and g? (You need not simplify your answer; for
example it can be the arccos of some expression.)
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7. (8pts) Let A be an m x n matrix. Show that if Z € Col(A)*, then ¥ € Nul(AT). Hint:
choose notation for the columns of A.
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3. (8pts) Let A = B _32] Find an invertible matrix P for which P"1AP is of the form:
[Z _ab]. Identify a and b. EJ”JS"'F/{ : N 2 } = r\L“Y) t3¢2
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(a) (7pts) Find the eigegygdlues and singfilar values for A.
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(b) (3pts) Find the maximum value of ||AZ|| restricted to & satisfying ||Z]| = 1. Bl U‘uf? .
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8. (8pts) Let  a subspace of the vector space R". Let W+ = {ZeR": Zoew=0Vw e W}
Prove that ¥ WHis a vector subspace of "
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9. (8pts) Let A be any m x n matrix. Prove that the eigenvalues of AT A are all real and

nonnegative.
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10. (Extra Credit 5 pts) Consider the system AZ = b which is assumed to be inconsistent. Derive
the “normal equations” AT AZ = ATb for & assuming A% = b where b is the orthogonal

projection of b onto the Col(A). ');,u Uty oSt /&(4)1- = YA AT,
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