Math 33A, Sec 3
Linear Algebra and Applications
J. Madrid

Final Exam. Jun 08-09, 2020

Instructions: You have 24 hours to complete this exam, from Monday Jun 08 at
8:00 am to Tuesday Jun 09 at 8:00 am, Pacific time. There are eight problems, worth
a total of 45 points. This test is OPEN book and OPEN notes. Calculators are allowed.

For full credit show all of your work legibly and justify all your answers! (except in
problem 1 (True or false question)). Collaboration is NOT allowed.

Please write your solutions in white paper, take photos of your solution, put all of them
in a single file and convert to pdf, then upload to Gradescope by the deadline Tuesday Jun
09 at 8:00 am. Make sure that your pdf file CONTAIN your name and UID number. You
don’t need to attach your scratch work. Please circle or box your final answers.

Important information you should include in your pdf file:

Name: M E { O\“' "& S \‘7 J O ’-fv"g("'_,.-f,f‘

Student ID number: _ Q0> KIS 690

Question | Points | Score
1 4
2 3)
3 4
4 7
5 4
6 8
7 7
8 6
Total: 45




Problem 1. /pis.
Indicate which of the following are true or false; no justification is required: [Ipt Fach

question/
1.) A square matrix with distinct eigenvalues is orthogonally diagonalizable. T
ii.) The nullity of a square matrix coincides with the algebraic multiplicity of 0 as an
eigenvalue F
1 2 3 4
|1 -1 1 —1f. . . =
iii.) The matrix 0 3 2 5|8 invertible. >
1 1 1 1
iv:) There is a nonzero symmetric matrix A such that A* = 0. E
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Problem 2. 5pts.

Let A be the matrix of a counterclockwise rotation with an angle of 7/3 in R? and let

B be the matrix of the reflection through the line passing by [1

2] and the origin. Let
Tx = ABz for all z € R?.

i.) (2 points) Find the angle between T' [ﬂ and T' [{1)} .

ii.) (3 point) Find the inverse of AB.

\Q(T( \\\. "‘.\‘/1,“’ '_\‘ L "“&;
D h C‘, /f\ Gn(T1%) A =
(’;If\(wi %,‘l (’*)C;((T/ﬂ &H ‘_1

)

re&&) 7{\=>«1-—1@JOJLC*\ 2=0(2.2)2-

m‘hlq D E\ &;
o L&CD wUGED NG

v
e |
bP) K 5 %\V\LL A % o Jototon "y
S

7 1 0%&%"\ x {,\'\av\je/
et een he VecTp16 4o wecan ke vww“:P\Y\'“’j b A,

o

> = 4 0 5

g
|
\5% g A W™D | [T T
Swt{n) t_m't\zi)B SE
L-\‘

T O Y () T

U*Q o e e o LY
bA= R R W T

TS ~ v W o o\

=\ Sy 4w ) T\—"w@?

—

wl| -3, o uds




Problem 3. /pts.

ol V)
RS

Consider the matrix A = |: } .
i.) (2 points) Find an orthonormal basis for Im(A).

) (2 points) Find the QR factorlzatlon of A.

O, - K \ = & ‘X W&JL - "77 \J,L KK’K 1
(WA
o K X \%X’X I
Ohted Vocho L ﬂ ‘ R
; lﬁ \¥ 71’;1 S ? 1 %

e

T [an ;
\ 1 \ — \ 1b -\/ ﬂ \V IS:E}




Problem 4. 7pts.
Consider the matrix

O Do

3 1
A= 1|0 1.
1

i.) (2.5 points) Prove that A is diagonalizable, and find a diagonal matrix D and an
invertible matrix S such that A = SDS™L.

ii.) (2 points) Find S—.
iii.) (2.5 points) Find a 3 x 3 matrix B such that B? = A.
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Problem 5. 4pts.

| 2 -1 2 -6 1
| : : 1 -1 2 -3| .. o 2
Consider the matrix A = 3 _1 2 —ol Find the orthogonal projection of v = 1
1 0 0 =3 2
onto ker(A).
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Problem 6. 8pis.
Consider the quadratic form ¢ : RS — R defined by ¢(z1, 22, x3) = 327 + 522 + 422 —
6561173 4$1£B2

i.) (2 points) Find the associated symmetric matrix A, for which g(z) = z - Az for all
z in R3.

ii.) (3 points) Determine the definiteness of q.

iii.) (3 points) Observe that A is invertible. Consider the quadratic form defined by
¢2(z) :== z - A~'z. Determine the definitness of gs.
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Problem 7. 7pts.

3
Let L : R? — R? be the refletion about the line spanned by v = l:ﬂ} .
4

i.) (2 points) Find an orthonormal eigenbasis 3 for L.
ii.) (2 points) Find the S—matrix B of L (this is the matrix of L with respect to /).
ifi.) (3 points) Find the matrix A of L with respect to the standard basis of R3.
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Problem 8. 6pts.
Find a Singular Value Decomposition for: B = [g g }
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