Math 1554 Linear Algebra Spring 2023
Midterm 3

PLEASE PRINT YOUR NAME CLEARLY IN ALL CAPITAL LETTERS

Name: GTID Number:
Student GT Email Address: @gatech.edu
Section Number (e.g. A3, G2, etc.) TA Name

Circle your instructor:

Prof Kim Prof Barone Prof Schroeder Prof Kumar

Student Instructions
e Show your work and justify your answers for all questions unless stated otherwise.
e Organize your work in a reasonably neat and coherent way.
o Simplify your answers unless explicitly stated otherwise.
e Fill in circles completely. Do not use check marks, X’s, or any other marks.
e Calculators, notes, cell phones, books are not allowed.
e Use dark and clear writing: your exam will be scanned into a digital system.
e Exam pages are double sided. Be sure to complete both sides.
e Leave a1 inch border around the edges of exams.
o The last page is for scratch work. Please use it if you need extra space.

e This exam has 8 pages of questions.
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Midterm 3. Your initials:
You do not need to justify your reasoning for questions on this page.

1. (a) (6 points) Suppose A is a real m x n matrix and b € R™ unless otherwise stated. Select
true if the statement is true for all choices of A and b. Otherwise, select false.

true false

A
<W
- . , y
[ O If the projection of vector ¢ onto subspace W is equal to - o ra “)1
the zero vector, then 7 € W+. \'j 8 T, 2¢

é‘ g:Of")Z;“]

@ O If Aand Baren x n orthogonal matrices, then AB is @\B)T Ag

also n x n and orthogonal.
= g AAR
= B"R =% v
[ ] O If {i, ¥’} is an orthonormal set in R”, then ||@ + 7| = v/2.

[ 0es | = ult<tel? = 1+(=2 V

O [ ] If A is row equivalent to a diagonalizable matrix B,
then A is diagonalizable.
i LYo fte
ok od

o O For any rectangular m x n matrix A, (RowA)* = (RowAT A)*.

Nul A = Nal ATA v

o O If A has the QR factorization A = R, then ColA = ColQ.

(b) (2 points) Indicate whether the following situations are possible or impossible.

possible  impossible

O [ A 2 x 2 real matrix A with eigenvalues 1 +iand —1 —i.
-
MS )\z = )\\
O & A diagonalizable matrix A that is similar to 2
01

N &{aD’ \le
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You do not need to justify your reasoning for questions on this page.

(c) (2 points) {}, Vs, U3} is an orthonormal basis for subspace V. Fill in circles next to
orthogonal bases for V; leave the other circles empty.

O {1, 02} weds 2 vechra
@ (i:,40,,35,) Scelor Wq,\\-\\'\e,‘]

@ (0 + 0,01 — ¥y, U3} (\}"(’U-,)'({\/l - U;\z V.'Vq - Vz'vz = (-lz0 l/
O {171,171+?72,771+172+173} (V\{'U‘L).V-s: V( 0"1-" Vzv\/5 = 0+€0 =0 /

Vie (Vi) (v VYol = Vel - Wty = 0-0=0"
3\/"\/', + V(’V; #0

(d) (2 points) Let W be a 4-dimensional subspace of R® and let A be the standard matrix
for the orthogonal projection onto W. The following situations are either possible or
impossible. Fill in the circles next to the possible situations; leave the other circles
empty.

O Aisinvertible. Y / A, not N\U-'J'\'“\Ob'—é_—.? A:O U an Cf}ﬂ\“'{i

@ A has eigenvalue zero. N
ONula=w. NullA= \NA" 4, W ad v only Share Zeso vectsr

@ Av =, for some vector v € R®. +\'JL &\N w\j Ve w

—

2. (1 point) In the graph below, sketch proj_ (/)

A /

~
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You do not need to justify your reasoning for questions on this page.

3. (9 points) Fill in the blanks. b\ A3J' - Nal A’

(a) If Ais 20 x 25 and dim(Col(A)*) = 10, the rank of A is \O :

2S¥20 |0
Frae

(b) If Ais ann x n orthogonal matrix, A” A is equal to T . = (0
n PNv-\j’

(c) The distance between vector i = (g) and subspace W = Span(v),

S 1Y. |
wherev:<0)1sequalto 3 . 3

d) If v and v are orthogonal vectors in R" and the columns of A e R™ ™ are orthonormal,
( g

then (Au) - (Av) is equal to D (a number). AL AU’ u' (\4 Ar A-T.
© (- ( A\r.

(e) Ifb = ( _31 )/ 0= < ! ) I/I[/‘2 Sfa_r{ ( th';n pro]ﬂbis tT vector li

(f) If v = (;) ,W = Span(v ) a bas1s for W is the vector <’|2> .

If Ais32 x 9and AZ = b has a unique least squares solution # for every b in R32, then
(8) q q y

the number of pivot columns in A is q ©(o\s d A are N \7

Fedepender

(h) If Ais 30 x 8 and dim(Row(A)*) =1, then rank A4 is equal to ’_}—

diva Nuif = |
1

(i) IfWSpan{(())},themdimwL Z .
0
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You do not need to justify your reasoning for questions on this page.

4. (4 points) If possible, give examples of the following. If it is not possible, write NP.
(@) A4 x 5non-zero matrix, 4, in RREF, that satisfies dim ((ROW(A))L> = 3.

Jdim N Az2

\0oo0ooDO
A= 06V 0 ©°D
0o 0929
0p0000

(b) A 2 x 3 matrix such that Col(A)* is spanned by (i) .
<-\ -\ —\)
A =
212
1
(c) A non-zero vector, W, whose projection onto the space spanned by ©v; = | 2 | is the
zero vector.
w=1 0

\
(d) A 3 x 2 matrix A that is in echelon form, has QR factorization A = QR, and A = Q.

| 0
A=| 0 1

00

1
5. (2 points) W is the subspace spanned by u = ( 0 ) . Give a basis for W+.
‘A C {"( —4
(v 0 -v]
fw 0

= o264 bl |2l
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You do not need to justify your reasoning for questions on this page. lp

6. (2 points) Given that ; and @, form an orthogonal set, compute the projection
of y onto S = Span{, i }.

WWhnod #4 - (1) me (). - (5)
\3 ?WJ$L\§\ \ﬁidw%ﬁ?‘

gy \b.'ﬁkz
|

\V*\ 2\ ¢ [ﬂ, 3
H(%t\ i t-%\“

20 [2 -xsx - L [aoe0 | ¢ XBO\"‘O\
\ g \zooug s | 75| g

——

A =

e

=

L.

n

S

Il
/_/j

Qw
—J

wWldns

s o

7. 3 points) If A = G 5 ) has eigenvalues A, \; with corresponding eigenvectors vy, vs,

and )\1 =2+ i, find )\2, V1, Ug.

2 |
N A\ xr:‘ - H“‘\ L(: ﬂ, (z-(cm\ .[:,,ﬂ 2..](,
sz | L

l

[\
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8. (4 points) Show all work for problems on this page. If A = QR = —- ( L 1) (2 2),

11 01
N
determine the least-squares solution to Az = 203 )" . You do not need to determine A.

e

T 4 = A H

= (00 QR % = (AR

= Gae ¥ x= TG
A
= RTFeri =T | o
R x =Rk NS ["/E /\(rz)
R {aservte e "R l\2h
= -
Rx=Q'\ = |1-2 :‘-17

_gg\
3

Rl =255 [ [
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9. (5 points) Show all work for problems on this page. Four points in R* with coordinates
(x,y,2)are (2,0,1),(0,-2,1), (1,—1,3),and (1, 1, 3). Determine the coefficients ¢; and ¢, for
the plane z = ¢,z + coy that best fits the points using the method of least-squares.

0[] o=

LAt Shohes geiem
(ifGY=T o b [%)/{?}‘/Pﬂ/“%\

Ll\)\v\% w ko Onds w»lo\ Q%W o gquttont Av=lo v/
Ci2+C 0=l

\
0+ G = Aﬁ/ \\o _2\ L-z K( )

2
el + Gl =3 | :
)+ Cz'l-;?

Cet % norwal @guaksns

KA = Yo —24\\ ‘)/:loo D(o\
OLEERINE

Golve Yoyl €aunkung 8, Uiz %}\

L D (o |k Gz !
O(o\ ~ KO \ "/;\ =73

0N

-
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10. (4 points) Show all work for problems on this page. Write / as the sum of a vector y in
Span{u} and a vector Z orthogonal to

- S0 18
=58 ({0

11. (4 points) Find matrices P and D such that A = PDP~! where D is a diagonal matrix and
P is an invertible matrix.
b= rp-A3)= o |21
= (1-DGE-N=z0 2 M2

}\4( e l’-—\ 0
A A .

p-zs < ﬁ 00\’” &\000\ ‘%%D‘\ . [\ 0\




This page may be used for scratch work. Please indicate clearly on the problem if you
would like your work on this page to be graded. Loose scrap paper is not permitted.
This page must NOT be detached from your exam booklet at any time.



