M33A Midterm 2: Version A

November 20, 2017

DO NOT OPEN THIS EXAM UNTIL TOLD TO DO SO.
JUSTIFY ALL ANSWERS UNLESS EXPLICITLY TOLD OTHERWISE.

Points | Score
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3 30
4 25 | 23
5 15 | |5
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(b) (5 points) If the rows of an n x n matrix A form a ba&s of R" then det(A) = 1.
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(¢) (5 points) For any 5 x 3 matrix A, the equation AZ = b has a unique least-squares
solution. ”
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(d) (5 points) For any matrix A, ker(A)l = im(AT).
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2. (a) (5 points) Give an example of a 2 X 2 skew-symmetric orthogonal matrix.

A=A A AT

LD \ ] o({'\\mwm\ Col §
§ prusees len i

(b) (5 points) There are no 3 x 3 skew-symmetric orthogonal matrices. Why? (Hint:
Use determinants.) (3 b ¢ 7] T ';: ] v
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3. Let V C R® be the subspace with basis B=1<¢ [2], |0
2 1
(a) (15 points) Find an orthonormal basis U for V via the Gram Schmidt process,
starting w1th B.
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(continued on next page)
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| 1
| (b) (10 POIU-tS) Compute the orthogonal projection of = |—1| to V. Write the result
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4. (a) (5 points) If Q is a m x n matrix with orthonormal columns, what linear transior
mation does QTQ represent? (No justification required.)
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(b) (5 points) If Q is a m X n matrix with orthonormal columns, what linear transfor-
mation does QQ represent? (No justification required.)
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(c) (15 points) Find the QR factorization of the matrix
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! 5. Let A — [12] ”]

1 (a) (5 points) Compute det(A). Is A invertible?

J} Jer(R) = ad - bC | 5
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(b) (10 points) Use the determinant to find all X such that the matrix A — AL, is not
invertible. (Such a A is called an eigenvalue of the matrix A.)
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(c) (5 points (bonus)) Is A similar to a diagonal matrix? If so, which one? If not, why?
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