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Instructions:
- Enter your Name and Student ID # before you start.
- Using the calculator is not allowed (and not necessary) for this exam.

- Any work necessary to arrive at an answer must be shown on the ex-
amination paper. Marks will not be given for final answers that are not
supported by appropriate work.

- Clearly indicate your final answer to each question either by underlining
it or circling it. If multiple answers are shown then no marks will be
awarded.
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1. [1pt] Give an example of a 2 X 2 matrix A = [a;;] such that A is an
orthogonal matrix (i.e., AT A = I) with ajs # 0.

2. [1pt] Give an example of a 2 X 2 matrix A = [a;;] such that A is diago-
nalizable and aqo # 0.

3. [1pt] Give an example of a 2 X 2 matrix A = [a;;| such that A is not
diagonalizable and a9 # 0.

4. [1pt] Find a 2 x 2 matrix A = [a;;| such that the eigenvalues of A are
{1, 5} and a19 = A91 = 2.

5. [1pt] Give an example of a 5 x 5 matrix A whose only eigenvalue is 3
with algebraic multiplicity 5 and geometric multiplicity 2.
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6. Let Ej; be the 2 x 3 matrix whose entries are all zeros except that the
1, J-entry is one. Then

B = {E11, Er, E13, E1, By, Ers}

is a basis of M3, the space of all 2 x 3 real matrices. Suppose f :
Myyz — Mays is a homomorphism such that Repg s(f) equals

010000
100000
4_|000000
000000
000001
00001 0]

(a) [1pt] Let M = [4 . 6]' Find f(M).

(b) [2pt] Find the range of f.

(c) [2pt] Find the nullspace of f.
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7. [5pt] Let
3 8 =24
A=105 6
00 7

Find an invertible matrix () and a diagonal matrix D such that AQ =
QD.
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8. [5pt] Let

0 -1 0 0 0 0]
1 0 -1 0 0 0
01 0 -1 0 O

A= 0O 0 1 0 -1 0
o 0 0 1 0 -1
0o 0 0 0 1 0]

and

p(x) = det(A —zl) = a0z’ + a1z’ + asat + asx® + aux? + asx + ag

its characteristic polynomial. Find ag, a1, a9, a5, and ag.
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9. [5pt] Let J, be the n x n all-ones matrix. Let I,, be the n x n identity
matrix. Find det(J,, + I,,) as a formula of n. Make sure to justify every
step of your argument.
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10. [5pt] Let U be an n X m real upper-triangular matrix. Show that if
UUT =U'U, then U is a diagonal matrix.
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11. [extra 5pt] Let

-3 10
[

Find A, [Hint: Write A as QDQ™!]
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12. [extra 2pt] Let
p(r) = 2° + 2% — 27

Find a 3 x 3 matrix A such that p(A) = O and the three eigenvalues of
A are all distinct.

[END]



Page | Points | Score
1 5
2 5
3 5
4 5
5 5
6 5
7 5
8 2
Total | 30 (+7)




