Math 1553 Exam 3, Summer 2026, Ver. A

Name

GT ID Section

Circle your instructor al lecture below. Be sure to circle the correct choice!

Nurhan (D, 12:30 PM) Barone (E, 2:00 PM)

Please read the following instructions carefully.

1,

Write your initials at the top of each page. The maximum score on this exam is 70 points, and
you have 75 minutes to complete it. Each problem is worth 10 points.

Calculators and cell phones are not allowed. Aids of any kind (notes, text, etc.) are not allowed.
If you use pen, you must use black ink.

7

As always, RREF means “reduced row echelon form.” The “zero vector” in R" is the vector

in R™ whose entries are all zero.

On free response problems, show your work, unless instructed otherwise. A correct answer
without appropriate work may receive little or no credit!

Simplify your answers.

This exam is double-sided. You should have enough space to do every problem on the exam,
but if you need extra space, you may use the back side of the very last page of the exam. If you
do this, you must clearly indicate it.

You may cite any theorem proved in class or in the sections we covered in the text.

For questions with bubbles, either fill in the bubble completely or leave it blank. Do not mark
any bubble with “X” or “/” or any such intermediate marking. Anything other than a blank or
filled bubble may result in a 0 on the problem, and regrade requests may be rejected without
consideration.

the undersigned, hereby affirm that I will not share the contents of this exam with anyone.

Furthermore, I have not received inappropriate assistance in the midst of nor prior to taking this
exam. I will not discuss this exam with anyone in any form until after 2:00 PM on Tuesday next

week,

after the make-up exam.




This page was intentionally left blank.



1. TRUE or FALSE. Clearly fill in the bubble for your answer. If the statement is ever false, fill
in the bubble for False. You do not need to show any work, and there is no partial credit. Each
question is worth 2 points.

(a) If Ais a 3 x 3 matrix and det(A) = —1, then A = 0 is not an eigenvalue of A.

True
o [MT oLC

(O False

(b) If A and B are invertible n x n matrices, then det(A + B) = det(A) + det(B).

(O True P\:'e:(',"/

@ False

(c) If Ais an 2 x 2 matrix and det(A) = 2, then det(24) = 8.

@ True W\A‘
(O False Q‘ﬁ' A:['O;. Jlf& QA: C,V\AQ*A

(d) Suppose A is a 3 x 3 matrix and

Then the null space of A — 41 must include at least one nonzero vector.

o T Aok epspere

O False

1
Al2] =
1

= 00

(e) Suppose A is an n x n matrix and that u and v are linearly independent eigenvectors of
A corresponding to the same eigenvalue of A. Then u + v must be an eigenvector of A.

@ T = N
O False Zt, Qgﬂ:‘&' \lﬂ’ O



2. Multiple choice. On this page, you do not need to show work, and only your answers are graded.
Parts (a) through (d) are unrelated.
\ /-4 2

[ - A
(a) (2 points) Find A~! for A = (; i) A’[ - L—F‘(g [’g | 7 - - 2 )
=3 2) ow-(47) on-(F )
1 —4 2 _1 4 _2 . . _4 2
‘A_:%<3 _1) OA :%<—3 1) o4 :E(S _1)

(O none of these P(> (\l‘ V‘L') - [Z; 7_1' '\

(b) (2 points) Find the area of the parallelogram with vertices
N
—3! TA-Q- =
B @, we. Wh=8-1=7
. G
Clearly fill in the bubble for the correct answer below.

O; Q5 O 6 Qg ® O9 (O none of these

3 M R
a b c —2d+3a —2e+3b —2f+ 3¢
(c¢) (2 points) Supposedet [ d e f | = —2. Find det d e f
g h 1 4q 4h 4

Clearly fill in the bubble for the correct answer belowqﬁg
O —12 O 12 O —16 O 16 O —20 O 20

‘ —24 O 24 O —48 O 48 (O none of these
—/ 3*1[
= -~
1 11
(d) (4 points) Let A= | 1 1 1 |. Which of the following are eigenvectors of A? Clearly
1 11
1

fill in the bubble for all that apply.

2 1 1 0
"YE = O (o O (o
2 1 1 0

}15 \=0 X 4



3. Multiple choice. On this page, you do not need to show work, and only your answers are graded.
Parts (a) through (d) are unrelated.

(a) (2 points) Let T be the linear transformation 7'(z,y) = (3x — 2y, z — 4y), and let S be a
rectangle in R? with area 3. Find the area of T'(S).

O 10 O 13 O -6 @ 0 O -30 A:(Bl -2
-k
O 42 O 48 O 3/10 (O none of these
AZ’XP\’: —\z <2

= —(o
(b) (2 points) Let A =

Find det(A?). Clearly fill in the bubble for your answer below.
O -6 O 6 O -12 O 12 O —16 O 16

O —36 @ 6 O —64 O 64 (O none of these

o “20 \b.] = -k »

(c) (3 pts) Suppose A is a 2 x 2 matrix and the vectors v; = 5 and vy = 5 | are eigen-

vectors of A with eigenvalues A\ = 2 and Ay = —1. Which of the following statements
must be true? Clearly fill in the bubble for all that apply.

. A is invertible.

@ The image of (_21) + <§> under the transformation 7'(x) = Az is (_16)

o-() (06 2(3)-19= (7)

(d) (3 points) Which of the following matrices have the property that their 3-eigenspace is a
plane? Clearly fill in the bubble for all that apply.

312 111 301
@030 Ofo0 31 @(030
003 00 3 00 3



4. On this page, you do not need to show your work. Parts (a)-(d) are unrelated.

(a) (2 points) Suppose A and B are 3 x 3 matrices with det(A) = 2 and det(B) = 5.
Find det(2A7!B). Fill in the bubble for your answer below.

5)
O 5 O T O 10 @ 20 O 80 (O none of these
|
2%% = xS = 2O

S (R TC AT R

(i) Find A (3) Fill in the bubble for your answer below.

of3)  0(n)  olen) o(F) o)

O <:3) O (8) (O none of these

3[- -
(i) Find A® (‘51 ) Fill in the bubble for your answer belovg- 2) s ) - ’g( s )
ofh) o) o) o(F) ol

-8 8 —27
O <40) . (_40) O (135> (O none of these

(¢) (2 points) Suppose A is a 5 x 5 matrix with characteristic polynomial
det(A — XI) = —(\ — 4)*(A = 5)(A —6)*.
Which one of the following statements is true?

(O It is possible for the null space of A to be a line.

@ dim(Nul(A — 57)) must equal 1.

O det(A—4I) =2.

(O If the 4-eigenspace of A has dimension 2, then A must be diagonalizable.

(d) (2 points) Let A be the 2 x 2 matrix that reflects every vector (g) in R? across the line

y = 3x. Which one of the following vectors is in the 1-eigenspace of A? Clearly fill in the
bubble for your answer.

ofs) oF) o) of) of) o



5. (10pt) Free response. Show your work unless otherwise indicated! A correct answer without
appropriate work will receive little or no credit.

—12
4 1.
3

(a) Write the eigenvalues of A. You do not need to show your work on this part. ﬂ' / g

(b) For each eigenvalue of A, find a basis for the corresponding eigenspace. Put your answers
in the boxes provided.

For this problem, let A = (

O O W
S = O

= Co - l'Z
A%( p-v = ZB o Y4
O o =

c-W

A'//B /%/ \ /7‘1

D (| — 2
© 2 t[' - (7 o o
© o o 0 o o
, 0
(
-~ 1;5 O
br.sis ( o) ( 2) §
O I L g
A1-eigenspace basis Ag-elgenspace bésis

$ET 5) (%17

(c) The matrix A is diagonalizable. Write a 3 x 3 matrix C' and a diagonal matrix D so that
A= CDC!. You do not need to show your work on this part.

-2 | 0 | O o
¢= e 2 P=1 o 2 o
°© o | o o 3



6. Free response. Show your work unless otherwise indicated! A correct answer without appro-
priate work will receive little or no credit. Parts (a) and (b) are unrelated.

(a) (4 points) Find det

T ()2 )
-2 (_Q +23+2(q,b\: »7,(3 A

2 —4
2 6
with negative imaginary part, find a corresponding eigenvector v. |2 <& =22
Simplify your eigenvalues as much as possible! Enter your answers below.

(b) (6 points) Find the complex eigenvalues of the matrix A = ( ) For the eigenvalue

— b=

A

+ ¢
The eigenvalues are: L“ - 2" L v =

\70«\:&&*@,,\1): = éN+20=0
@im “~lo

= 1\" EL/- = U= —, =Mi2i

A= y-2: I

A— (4-2)T =



7. Free response. Show your work unless otherwise indicated! A correct answer without sufficient
work will receive little or no credit. Parts (a) and (b) are unrelated.

. 0.7 0.2
(a) (6 points) Let A = (0 30 8)’

i. Find the steady-state vector w for A. Enter 1t 1n the space below.

At - [ |4
T £ X L o ] Tz 2/
~ [@ 93 ¢ ﬂ”[i()

et (3) 5 e (5

1
ii. What vector v does A" (288> approach as n gets very large? Enter your answer in

the space below. Briefly show your work.

Nz (00 £ 20= 200 2o

v =

Co A\\ (00 5 N [32)//55 /gg

(b) (4 points) Find a 2 x 2 matrix A whose 4-eigenspace is the span of (;) and whose

: : 1 : .
(—1)-eigenspace is the span of (3) Write your answer in the space below.

( -9
A= Cop-! q

Z/ 33 o—\>(
SRS “l\
L9 9N = (% 250



This page is reserved ONLY for work that did not fit elsewhere on the exam.

If you use this page, please clearly indicate (on the problem’s page and here) which
problems you are doing.



