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Math 213
Midterm 2

November 13-15, 2019
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A) Do not write on the barcode area at the top, or near the four circles at the corner

of each page.

B) Write your name, section number, and instructor in the space provided, and
COMPLETELY FILL IN the correct boxes for your BYU ID and for the

correct answers in the multiple choice section.

C) Multiple choice questions that are marked with a & may have more than one
correct answer. You should mark all correct answers. All other questions have

only one correct answer.

D) Multiple choice questions are worth 4 points each.

E) For questions which require a written answer, show all your work in the space

provided and justify your answer. Simplify your answers where possible.

F) No books, notes, or calculators are allowed.

G) Do not talk about the test with other students until after the exam period is over.
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Part I: Multiple Choice Questions: (4 points each) Questions marked with a &
may have more than one correct answer. Mark all correct answers. The other questions
have one correct answer. Choose the best answer for each multiple choice question. Fill
in the box completely for each correct answer, but DO NOT leave any marks in the
other boxes.

1 Let A be a 5 x 5 matrix, with eigenvalues A = —1,2, and 5. In which of the
following situations can we conclude that A is diagonalizable? Mark all that apply, but
only mark those options which imply A must be diagonalizable.

% The eigenspaces corresponding to the eigenvalues A = —1 and A = 5 are both
2-dimensional.

% AT is diagonalizable.

The eigenvalue A = 2 has geometric multiplicity equal to 3.
Wit dim Null(A+ 1) =3

[ ] A is invertible.

D The eigenspaces corresponding to the eigenvalues A = —1,2, and 5 are all 1-
dimensional.

D The eigenvalue A = 2 has algebraic multiplicity equal to 3.

2 Let

C =

o= o
DN =

2
1
2

What is the characteristic polynomial of C?

[ ]A%+222 -3

[l A2+4r-1

[ =2 +2042

Wy — )3 +5)2 —6)+2

[ ]2x-x-3

L] - +4a24+20-1
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3 Let T : R? — R? be the linear transformation that reflects x over the line Y =—zx.
What are the eigenvalues of the standard matrix [T']7

W 1.
[Jo-1
[]oz2
D'~0~,1 .
[] 12
=
Df 0’1’,2'

A& Let Aand Bbenxn matrices

' 'aIWay,s correct? Mark all that apply.

[] I det(A) = 0, then A=0
W det(AB) = det(BA)

and k a constant. Which of the following is

W) 1f A is NOT row equivalent to I, then det(A4) = 0

D det(A + B) = det(A) + det(B)
[ det(4®) = 3det(4)
W 15 4% = 0, then det(A) =0

. W cet(kA) = k" det(4)
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5 Suppose B is a 3 x 3 matrix, and that v; and v, are eigenvectors of B with
eigenvalue \ = 2, while w is an eigenvector of B with eigenvalue A = 3. Which of the
following must be true? Mark all that apply.

@ 4 -w is an eigenvector of B with eigenvalue A = 3.
0 v, + vy is an eigenvector of B with eigenvalue A = 2.

[:[ B must have another eigenvalue besides A = 2 and A = 3.
|:| 4 -w is an eigenvector of B with eigenvalue A = 12.

D B is diagonalizable.

D vy and vy are linearly dependent.

6 & In the following picture, unit vectors x are drawn (in black) along with their
image Ax (in blue) for a 2 x 2 matrix A, drawn head to tail. Based on the picture,
which vectors appear to be eigenvectors of A. Mark all that apply.
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- 7 Compute det l:

A
2
fles
o
"
o
.

8 The matrix

E

K
O OO CUl OH OW O

WO o OO0 HO NO NO

RO RGO
N 2

A=

[

is similar to which of the following diagonal matrices?

2 2
3 3

]

+597/5/44+



N R B B
NN B BB +597/6/43+

e Which of the following vectors are in Span {[1, 1,2,-11%,11,2,3, 4]T}:

@i 5, 4,12, —28)"

@ —6,—10,—16,-147
[]043,217

[ ]01,-9,4,5"

10 Find the coordinate vector of the vector 1 € R? relative to the basis

a=fe L] ‘1
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Part II: Short Answer Questions: Neatly write complete solutions for these prob-
rectly on the exam paper. Work on scratch paper will not be graded.

Flll in the blank with the approprlate answer 2 pomts per answer.

a) Compute the characterlstlc polynomlal of the matrlx

~t ]

AQ;fLJA ““%F

b) An eigenvector x of the matrix

corresponding to the eigenvalue A = 1 is given by x = |

i

c) If Aisa3x3 1nvert1ble matrlx Wlth eigenvalues X\ = —2,4, and 7, then the
‘ elgenvalues ofA are)\—~ ’/7, )\_” N4 and A= Y3z

d) True or false: the matrix

W {(1) ﬂ

risdiagonalizable;"’]:@:’ e .

el —3a ,;—3b —30 ,'4
 —7 thendet d+a e—l—b f—f—c;,,;




HE BN B B B
N EEE B BN +697/8/41+ Py

12

Fill in the blank with the appropriate answer. 2 points per answer.

b) True or 0 is an eigenvector of every matrix.

c) (True{or False: If (A — AI)x = 0, and x # 0, then x is an eigenvector of A.

d) Give the definition of a subspace S of R™
A sibseace S of "5« sed oF Vectorg 6%4\65;7“3;
U) '6 CS
() B all 3,05, U e

G Prall GeS and dleonshidts ¢ 5 e S

e) Give four different conditions equivalent to “A is an invertible matrix”.

D 5 ot an c.%;%m[\;e of A

cdet (K £ 0

. rm/\[é(/’c) = W

* Nl (A< go
SRULZZ RS /R T,
. m\(A):W/”
ey (AY =27

(W’ﬁwy 0 e s )
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Part III: Free Response Questions: Neatly write complete solutions for these prob-
lems directly on the exam paper Work on scratch paper will not be graded.

A3
; —2 2 4 6]
| 2 -2 —6 4
Compute the determmant of the matrlx ’__3 6 gl
3 -6 4 2

Be sure to show your work and make it clear what steps you are doing.
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Let T : R® — R* be defined by

. 2y — Tz
|3+ 7y
' ([D R
rT+y—=z
Prove that T is a linear transformation.

(V)

T/ (" t, B [Xmm 7 \7_'<7,1*7V>“}(9“\+%?/>
‘It]'%(\zz] = \ ;';\g;ﬂg -SCN’W"*}J'T(\/‘WP‘)

1/

# 2 Kb’y
() 4 (g y,) - (3,425 )
@,\,(T{ _2)> +@ V. F2, ) 2y -5, 1y.- T2, 7
: &3% n*‘ﬁ\/)) (P T \/b> = —@x,h'(\“ * :37‘1,*?“/7—-

Xl X
Devey =2 ) 4 (e by =R z)

2\ — % —/]<% ‘Vluﬂ Jr(*”%‘) « (27 7=
Q“ > ‘ (C LLK> i I<<c;;j> | Ble 1y ) e Q%m\%
. C X ;o
DA clxry-z)

e [ x
YD - - ~
C 3?; Y c [ %j ‘

Kpg=&

1l

e hre T 5 a \al%ﬁ.n/ ‘\“"“’\5‘[9 f’“tﬁ{“om“




e IImmE W oo °

Diagonalize the matrix

A=

O D
[EEEHE T

a

ij

In other words, find a diagonal matrix D and a 1nvert1ble matrix P so that we have :

A= PDP_

) o

‘\‘0/\‘\\ &\> | . 3@\\ > QQ(\ AT ~\>
- 5\(,\ D = ©

[

e
| Ciaaave 2

¥

0
%_’.9 o 0 b 7 Qté/(m\\f‘fﬂ(i'(“or \




HE BN B N B
Py HN NN BN N +597/12/37+ ®

16

Let A be an m X n matrix.
(i) Define the null space of A.

NACAD: {;é IR A As = ‘SE

(i) Prove that the null space is a subspace of R™.

) As-3 — B e N\(A)

' A(sz;f AT AT =T 4B - = *;,g;@\\u\(@
(3) T4 Re NAGY) 4T =3
Yove b ony scalar o
Alex ) c,@;f L .B D = T NdA)
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