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Instructions

A) Do not write on the barcode area at the top of each page, or near the four circles
on each page.

B) Fill in your name, the correct boxes for your BYU ID and for the correct answer
on the multiple choice completely.

C) The 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. For multiple choice questions
with more than one correct answer, each option will be graded with equal weight.

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) Please do not talk about the test with other students until after the last day of
the exam.
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Part I: Multiple Choice Questions: (4 points each) Questions marked with o &
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
il the box completely for each correct answer, but DO NOT mark in the other bozes.

1 Suppose that 7' : R® — R™ is a linear transformation. Which of the following
statements about T" must be true? Mark all that apply.

B 7(x) = Ax for some m x n matrix A.

D The codomain of T is R™.

[ 1 For every vector b in R™, there is an x in R™ such that T(x) = b.
B+ dv) = cI'(u) + dT'(v) for all u and v in R", and all ¢ and d in R.
B o =o0

. The range of T is a subspace of R™.

2& Which of the following sets are subspaces of R2? Mark all that apply.
o =
1] 12
s {L3] 1]}
[] 1] {0
11710
[ The set of all vectors [gﬂ with z = 9%

. Row A, where A is a 4 x 2 matrix.
[ ] The line in R? defined by the equation z — y + 4 = 0.
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3 Let B be the basis for R? given by
1 1
B=1{12],] 1|,
1 =1 |

2
Find the coordinator vector of x = |'—4j| with respect to the basis B.
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4 Let S be the set consisting of all vectors Lﬂ in R? with 2y > 0. Consider the

following statements:
I. S contains the zero vector.
II. S is closed under vector addition.
III. S is closed under scalar mulitplication.
Which of the following statements is true?

|:| Statements I., II., and III. are true, and hence S is a subspace.
D Statements II. and II1. are true, while 1. is false.

Bl statements 1. and IIL. are true, while II. is false.

D Statements I. and II. are true, while II1. is false.

D Statement 1., II., and IIT. are all false.

[ ] Statement II. is true, while I. and III. are false.

D Statement L. is true, while II. and IIL are false.

D Statement III. is true, while I. and II. are false.

5 Let A be a 5 x 7 matrix. Which of the following statements must be true?
Mark all that apply.

D The columns of A span R®.

[ ] dim(Col A) + dim(Nul A) = 5

[ ] rank A is either 5, 6, or 7.

B din(Col 4) = dim(Row A)

B vuity A >0

. The columns of A are linearly dependent.
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Which of the following sets give a basis for R™ (for the appropriate n)? Mark

I e

11

m O O O

o b

7
apply.

Let A be an n x n matrix. Which of the following must be true? Mark all that

[ ] If Ax = b has infinitely many solutions for some b € R", then det(A) # 0.
[ B det(A) # 0, then the columns of A are linearly independent.

[ ] If row(A) # R™, det(A) # 0.

B £ NVul(A) = {0}, then det(4) # 0.

B if det(A) = 0, rank(A) < n.

[ ] 1f det(A) = 0, the columns of A span all of R™.
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8 If A and B are n x n matrices with det(4) = —3 and det(B) = 4, what is
det(4°BH(A71BH)T)?

[]o

[]1

[]-3

[]4

B -

D Not enough information to determine.

[ ]27/4

[]12

9 & Let x be an eigenvector of the n x n matrix A, with corresponding eigenvalue
A. Let I, denote the n x n identity matrix. Which of the following must be true? Mark
all that apply.

[[] A% =2)x.

[]IfAis invertible, A™'x = Ax.

[ ] rank(A - AL) =n

B 4-\Dx=0

B 1f ¢ is some nonzero scalar, cx is also an eigenvector of A with eigenvalue A,
B Ax = )x
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10 & Suppose A is similar to B. Which of the following must be true? Mark all
that apply.

B 47 is similar to B”.

- A and B have the same eigenvalues.

[ ] A+ B is similar to A.

B 47 is similar to B~

- If C is also similar to A, then C is similar to B too.

11&  Suppose A is a 6 x 6 matrix with four distinct eigenvalues A1, A2, Ag, As. Which
of the following would guarantee that A is diagonalizable?

[:l A1 has algebraic multiplicity 3.

B . has geometric multiplicity 3.

B 4 hes 6 linearly independent eigenvectors.
D Each eigenvalue has geometric multiplicity 1.
D A1 and Ay both have algebraic multiplicity 2.
[ . and ), both have geometric multiplicity 2.
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Part II: Short Answer Questions: Neatly write complete solutions for these prob-
lems directly on the exam paper. Work on scratch paper will not be graded.
12

a) State the precise definition of a subspace S of R™:
b) State the precise definition of a basis B for a subspace S:

c) Let B= { {_2} , [_ﬂ } be a basis for R?, and let x = [_g} . Find the coordinate
vector [x]g of x with respect to the basis B.

d) True or False: If S is a 4-dimensional subspace of R®, and B = {by, by, bs, by, bs}
is a set of vectors that spans S, then B is a basis for S.

e) True or False: If B = {v1,Vv2,v3} is a linearly independent set of vectors that
spans a subspace H, then {v;,vy — vy, vy — v1} will be a basis for H.

f) Find a basis for the subspace of R? given by

1 -1 4 1
1 -2 6| [4

W - Spa'n -1 ) 11> ___4 ) 2 ’
1] | 1 0] |1

and find dim W =
g) True of False: det(AB) = det(BA)

h) If Ais an 3 x 3 matrix with det A = 5, then det(2A) =

() A collichon oF veckers € 18 & shsace T Des @YarveS fc all B S,
nna’(gﬁj eV &S Cor all VeSS angd all §"‘t‘wr5 -

(L) & oseb b veckors B &8 § 6 a bage b § & W) cpeal(RY>S
1A
¢ ) E?:Sg: [—é] @B e =Y ndevendend

‘\é\\ F&‘\LS—&
K@) Teue

! -\ o

(—C)@aw} {[“‘\I,’\l [;]E ((Lwhéw,t—, K9
VLR '

(9 Troe

&\A\ etz AN~ 'Lr’g detCa): §-5 =2y p
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Part III: Free Response Questions: Neatly write complete solutions for these prob-
lems directly on the ezam paper. Work on scratch paper will not be graded.

13
Let
1 o0 0 1 1 -3
A= -3 1 0 -5 -5 10
] -1 2 1 -4 -7 8

-4 -2 3 3 -6 19
Find bases for Row 4, Col 4, and Null A. Clearly label which basis is which.

- [ o o .l \ -
\ © O }1 \ ? B“S“‘; P@f Q&NCA)'- {[[O Ve e 1\3
) yv b L -2 ‘ , - l
s o© V. \ -2 3 QO S e A
{2’ A~
0 o 0 O o © e 1
Bases For Col (a)- 0 1L o o
0
-\ 7 \
L S Ve N VI 4
\f“ t ?(5- ) XC 'QT'Q—(, Vﬂ‘f\ﬁyklg.
\&L(: (‘[ Xglsi XC:; t
S
= X - v Sagk -1 - -1
X C-$ Bt ! e bleg-4 2
®, T Lvi¥le-i - ! ' E
z X_S -\ 7 ¢ 5t - X = 3(,5 pA ’k{-
Ko = "CA2¢-1 ¢ % ¥ \ & O
XS S 0 \ ?
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14

Let u= [ﬂ, and let 7: R®* — R? and S : R? — R2 be linear transformations defined

. Ty _|2—y
T6d = projyx  and SQJ>_L+J
Find the standard matrix for the linear transformation S o o T(x) = S(T(x)).

L Fail 2 .
) R AT PSR R R
( F]&l[.l xoLB
SRR |
LRI AN A

s Lo =[]0 )

by
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15
Diagonalize the matrix
111
A=10 0 1}.
110

In other words, find a diagonal matrix D and an invertible matrix P so that A=

PDP.
Bugeavalucs \\ | o \
o A | S0 A ARt
X N Q Qﬂ . —\\“b f\‘\/A \ )

\

() s s N0 )
‘ Q*\\@\ Lo )= A (2oa) =

Q. 3/( AN \\I\Q_S

t

7

A= -\ T \
0 \
\ \
[ SR \
/\ © O O \l
LR SN
/\‘;7/ ~\ \ \
o -2 )
\ A\
-\ ©
D=| oo
O 0
T
/
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16
1 1 1 1
. 111 2
Compute the determinant of the matrix 3 9 _1 1|
4 -2 3 2
R T W » | D A
vy © 0 o | : 00 |
3 - = o -\ -4 4] = L] -6+ o ~ o
o232 o -6 -\ -1 Lt -\ -2
[P ";\(Z Cotan e expan )
LAY ;
Qq"’!Q\ CO[\‘MW \

~—

S 0-0 &y 7L A

N (-%)G(o):— V=74 = ’L’S




