Classroom Voting Questions: Linear Algebra

Chapter 1: Linear Equations in Linear Algebra

Systems of Equations

1. What is the solution to the following systemof equations?

I
w

X +y
X vy =7

(@ x=4andy= 5

(b) x=4andy=5

(c) x=2andy= 1

(d x=2andy= 1=2

(e) There are anin nite number of solutionsto this system.

(f) There are no solutionsto this system.

2. Which of the following systemsof equationscould be represeted in the graph belon?

4

24 -é 0 2 4
X

(@ 3x+3y= 6,x+2y=3

(b) x y= 5 2x+y=4

(c) 8 +4y=12,2x+4y= 8

(d x+3y=9,2x y=4



3. What is the solution to the following systemof equations?

2X+y
IxX + 2y

I
D W

(@ x=0andy=0

(b) x=2andy= 1

(c) x=0andy=1

(d x=0andy =3

(e) There are an in nite number of solutionsto this system.
(f) There are no solutionsto this system.

4. Which of the graphsbelown could represen the following linear system?

X y = 2
X+3y = 6
(a) (b)
4 . 4 : -
2 2
> 0 > 0
2 2
4 2 0 2 4 4 2 0 2 4
X X
(c) (d)
4 4
2 2
> 0 > 0
2 2
& 2 0 2 4 & 2 0 2 4
X X

5. Which of the following systemsof equationscould be represeted in the graph belon?



@ x+3y=6,2x+6y= 6
(b) x+3y=6,2x+6y=12
(c) x+3y=6,2x+6y=12
(d x+3y=6,x+3y= 3

6. What is the solution to the following systemof equations?
X+2y = 4
12x 8y = 10

(@ x= 4=B3andy=0

(b) x=1=2andy= 1=2

(c) x=0andy=2

(d) x=1=B3andy = 5=2

(e) There are anin nite number of solutionsto this system.
(f) There are no solutionsto this system.

7. We have a systemof three linear equationswith two unknowns, asplotted in the graph
below. How many solutions doesthis systemhave?

4




(@) 0
(b) 1
(c) 2
(d) 3
(e) Innite

8. A systemof linear equationscould not have exactly ________ solutions.

(@ o

(b) 1

(c) 2

(d) innite

(e) All of theseare possiblenumbers of solutionsto a systemof linear equations.

9. The system

I
N

X+y
2X+ 2y

I
N

hasanin nite number of solutions. Which of the following descritesthe setof solutions
to this system?

(@ x=l1landy=1

(b) x=2 tandy=1t

(c) x andy could eat be anything.
(d) None of the above

10. Which of the following options descrikesthe set of solutionsto the systembelon?

x+y = 1
x y =20
2x+y = 3

(@ x=1 tandy=t
(b) x=21landy=1
(c) no solution exists
(d) None of the above



11. Which of the following options descrilkesthe set of solutionsto the systembelon?

X+y = 2
Xy = 2
X 2y = 4

(@ x=tandy=2 t
(b) x=0andy= 2
(c) no solution exists
(d) None of the above

12. x = 3 2t andy = t represen the set of solutionsto a systemof equations. What line
in <? doesthis set of solutions represetf?

(@ x+2y=3

(b)y x 2y=3

(c) x+y=3 t

(d) It isimpossibleto answer this questionwith the information given.

13. The set of solutions to a system of linear equationsis plotted belon. Which of the
following parameterizationsrepresets this solution set?

4

(@ x=2tandy=4t+ 1
(b) x=3t Zandy=t
(c) x=t landy=2t 1
(d x=tandy=2t+1
(e) All of the above



14. A certain mini-golf coursedoesnot list their prices. | paid $26.25for 3 children and 4
adults. The group in front of me had paid $25.50for 6 children and 2 adults. Which
systemof equationswould allow us to determinethe pricesfor children and adults?

(@)

26:25
2550

3X + 6y
ax + 2y

(b)

26:25
2550

3X + 4y
o6X + 2y

(€)

2625« + 2550y = 5175
9x + 6y 15

(d)

(26:25=3)x + (26:254)y
(25:50=6)x + (25:50=6)y

I
o O

15. A systemof 3 linear equationswith 3 variablescould not have exactly
solutions.

@ 0

(b) 1

(c) 2

(d) 3

(e) More than oneof (a)-(d) areimpossible.

(f) All of (a)-(d) are possiblenumbers of solutions.

16. A linear equationwith two variablescan be geometricallyrepreseted asa line in <2,
How can we best represen a linear equation with three variables?

(a) As alinein <?
(b) As aline in <3

(c) As aplanein <3
(d) As avolumein <3



17. We nd that a systemof three linear equationsin three variableshasanin nite number
of solutions. How could this happen?

(a) We have three equationsfor the sameplane.

(b) At leasttwo of the equationsmust represet the sameplane.
(c) The three planesintersectalonga line.

(d) The planesrepreseted are parallel.

(e) More than one of the above are possible.

18. We considera system of three linear equationsin three variables, and visualize the
graph of ead equation as a plane in <3. Supposeno solutions exist to this system.
This meansthat

(@) all three planesmust be parallel.

(b) at leasttwo of the planesmust be parallel.

(c) at leasttwo of the equationsrepresemn the sameplane.
(d) noneof theseplaneseer intersectswith another.

(e) None of the above

19. We have a systemof four linear equationsin four variables. We can think about the
graph of eath equation asa 3-dimensionalvolumein <4. Which of the following could
geometricallyrepresen the solutionsto this system?

(@) A point in <4

(b) A linein <*

(c) A planein <*

(d) A three dimensionalvolumein <4

(e) All of the above
(f) None of the above

20. How canwe geometricallyrepresen the parametric equationsx = 2t,y = t+ 1, and
z=1t?
(@) A linein <?
(b) A linein <3
(c) A planein <3
(d) A volumein <3



21. A systemof 5 linear equationsand 7 variables could not have exactly
solutions.

(@) O

(b) 1

(c) innite

(d) More than one of theseis impossible.

(e) All of theseare possiblenumbers of solutions.

22. A systemof 8 linear equationsand 6 variables could not have exactly
solutions.

(@) O

(b) 1

(c) innite

(d) More than one of theseis impossible.

(e) All of theseare possiblenumbers of solutions.

23. Howard's store sellsthree blendsof our: standard, extra wheat, and extra soy. Each
is a blend of whole wheat our and soy our, and the table belov shovs how many
poundsof eat type of our is neededto make one pound of ead blend.

whole wheat our | soy our
0.5 0.5 Standard Blend
0.8 0.2 Extra Wheat
0.3 0.7 Extra So/

A customercomesin who wants one pound of a blend that is 60%wheat and 40%s0y.
Which systemof equationsbelon would allow usto solwe for the amourt of eat blend
neededto ful Il this special request?

(@)

05x;+ 05x, = 1

0:8x1+ 0:2x, = 1

0:3x1+ 0:7x, = 1
(b)

0:5x1 + 0:5x, = 06

0:8x1 + 0:2x, = 04

03xy+ 0:7x2 = 0



(©)

0:5x1+ 0:8x,+ 0:3x; = 1

0:5x;+ 02X, + O0:7x3 = 1
(d)

0:5x1 + 0:8x,+ 0:3x3 = 0:6

0:5x1 + 0:2X, + O0:7x3 = 04

24. In the previous questionyou set up a systemof equationsso that you could nd the
amourt of eat blend neededto make a new mixture. How many solutions must this
systemhave? (You do not needto solwe the system.)

(@) O
(b) 1
(c) 2
(d) 3
(e) Innite

25. The previoustwo questionsdealt with the system

0:6
0:4

0:5x4 + 0:8x, + 0:3x3
0:5x1 + 0:2x5 + 0:7X3

In the context given, what quartity or unit doesO0.6 represet?

(a) pounds

(b) %

(c) pounds

(d) poundsper %

(e) 0.6 doesnot have units

Matrix Representations of Systems of Equations

26. You have a businessthat sellstables and chairs. You have brown tables and white
tables, and correspnding chairs. Your current inventory is 4 brown tables, 6 white
tables, 20 brown chairs, and 24 white chairs. Which matrix would best represen this
information?



(@)

(b)

(c)
6 4
20 24

(d) They all represen the information equally well.

27. Which augmerted matrix represets the following systemof equations?

X+2y = 3
¢y +5x = 6

(@)

~ O
N
(28]

(b)

()

=
N
w

(d)

[6) @]
AN
[o2NON]

28. The rows of which augmened matrix represeh equationsplotted belowv?

* 5
2_....................................é ................................ -
ol AL
Invs T
=L

10



(@)

1 0 3
3 34
(b)
22 3
01 4
(c)
1 2 4
3 2 2
(d)
2 1 1
1 24

(@)

B
w o

(b)

(©)

O+
= O
w o

30. The rows of which augmened matrix represen the equationsplotted belon?

4

11



(@)

3 24
6 4 8
(b)
3 2 2
3 2 4
(c)
3 2 2
3 2 2
(d)
6 4 8
3 2 2

31. What is the solution to the system of equations represeted with this augmerted

matrix?
00

1 2
4010 35
0014

@ x=2y=32z=4

(b)) x= Ly=1z=1

(c) There are an in nite number of solutions.
(d) There is no solution.

(e) We can't tell without having the systemof equations.

32. What is the solution to the system of equations represeted with this augmerned

matrix?
00

1 2
401035
00 4

(@ x=2y=3,z=14

(b) x= Ly=12z=1

(c) There are an in nite number of solutions.
(d) There is no solution.

(e) We can't tell without having the systemof equations.
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33. Supposewe want to graph the equationsrepreseted by the rows of the augmered
matrix belonv. What will they look like?

2
4

O Ok
ol o]
oNoNel
A WN
g W

(a) Theseequationsrepreseh two linesthat intersectat x = 2andy = 3.
(b) Theseequationsrepreseh three parallel planes.

(c) Theseequationsrepreseh three planesthat are not parallel, but which do not
sharea commonpoint of intersection.

(d) Theseequationscannot be represeted geometrically

34. What is the solution to the system of equations represeted with this augmerned

matrix?
0 3

1 2
4012353
00 0

(@ x=2y=3,z=4

(b) x= Ly=12z=1

(c) There are an in nite number of solutions.
(d) There is no solution.

(e) We can't tell without having the systemof equations.

35. Supposewe want to graph the equationsrepreseted by the rows of the augmered
matrix belonv. What will they look like?

2
4

O Ok
OO
oOnN W
SO WN
g W

(a) Theseequationsrepresen two equationsfor the sameplane.

(b) Theseequationsrepresen three equationsfor the sameplane.

(c) Theseequationsrepresem two planesthat have a line of points in common.
(d) The intersection of theselinear equationsis represeted by a planein <3,
(e) Theseequationscannot be represeted geometrically
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Gaussian Elimination

36. Which of the following matricesis NOT row equivalert to the one belon? In other
words, which matrix could you NOT get from the matrix below through elemenary
row operations? 2 3

4 5

R ON
N R
O ww
O N

(@)

N
w

w w

(b) 2 3

N
R ON
wkR R
W ww
(o I N

(c) 2

[62 BN OV]

N
N
o

O ww

N

(d) More than one of the above
(e) All are possiblethrough elememary row operations.

37. Which of the following matrices is row equivalert to the one belon? In other words,
which matrix could you getfrom the matrix below through elemenary row operations?
2 3

4 5

O o
O O
= OO

(@)

5N
rnowN
© R O
W~
ol

(b)

AN
w N w
w o
= W o

g w

14



(©)

AN
N W
© PR P
N O W
g w

(d) More than one of the above

(e) All are possiblethrough elememary row operations.

38. Which of the following matricesis NOT row equivalert to the one belon? In other
words, which matrix could you NOT get from the matrix below through elememary

row operations? 2 3
6 047
420195
5035
() 2 3
12 0 8 14
42 01 95
1 01 2
(b) 2 3
12 0 8 14
40 01 205
2 13 0
(c) 2 3
6 04 7
42 01 95°
7 0 4 14

(d) All are possiblethrough elememary row operations.

39. A linear system of equationsis plotted belon. We create an augmeried matrix to
represen this linear system,then perform a seriesof elemetary row operations. Which
of the following graphscould represen the result of theserow operations?

15



(a)

(c)

o

40. We have a systemof two linear equationsand two unknowns which we solwe by per-
forming Gaussianelimination on an augmerted matrix. Along the way we create the
graphsbelow, shoving geometricalrepresetations of the initial system,the systemat
an intermediate step in the row reduction process,and the system after it has been
put into reducedrow etelonform. Put thesegraphsin order, starting with the initial
systemand ending with the systemin reducedrow edelon form.

Graph 1
4 4
3 2
> 0 > 0
2 2
44 2 0 2 4 4

Graph 2

~4

16

4

2

Graph 3




(@) Graph 2, Graph 3, Graph 1
(b) Graph 1, Graph 3, Graph 2
(c) Graph 1, Graph 2, Graph 3
(d) Graph 2, Graph 1, Graph 3
(e) Graph 3, Graph 2, Graph 1

41. What is the value of a sothat the linear systemrepreseted by the following matrix
would have in nitely many solutions?

2 6 8
1 ali4
(@ a=0
(b) a=2
(c) a=3
(d) a= 4

(e) This is not possible.
(f) More than one of the above

42. We start with a systemof two linear equationsin two variablesand we translate this
systeminto an augmened matrix M. After performing Gaussianelimination, putting
this matrix into reducedrow edelon form, we get the matrix R which tells us that
this systemhasno solution. How could we geometricallyrepresen the linear equations
cortained in the rows of the augmerned matrix R?

(a) We canrepresen the equationsof R astwo parallel lines.

(b) We can represen the equationsof R astwo linesthat may not be parallel.
(c) We canrepresen the equationsof R asa singleline.

(d) The equationsof R cannot be represetted geometrically

43. We start with a system of three linear equationsin three variables and we translate
this systeminto an augmerted matrix M. After performing Gaussianelimination,
putting this matrix into reducedrow edelon form, we get the matrix R which tells us
that this systemhasno solution. How could we best geometricallyrepresen the linear
equationscortained in the rows of the augmened matrix M ?

(&) We canrepreseh the equationsof M asthree parallel lines.
(b) We canrepresen the equationsof M asthree parallel planes.

17



(c) We canrepresen the equationsof M asthree planes,whereat leasttwo must be
parallel.

(d) We can represen the equationsof M as three planes, where none of the planes
ewer intersectswith another.

(e) We can represen the equationsof M as three planes, which do not shareany
points in common.

(f) The equationsof M cannot be represeted geometrically

44, Howard's store sellsthree blendsof our: standard, extra wheat, and extra so/. Each
is a blend of whole wheat our and so/ our, and the table belov shovs how many
poundsof eat type of our is neededto make one pound of eat blend.

whole wheat our | soy our
0.5 0.5 Standard Blend
0.8 0.2 Extra Wheat
0.3 0.7 Extra So/

A customercomesin who wants one pound of a blend that is 60%wheat and 40%s0y.
We can solwe the following systemof equationsto determinethe amourt of Standard
Blend (x;), Extra Wheat Blend (x;), and Extra Soy Blend (x3) neededto createthis
special mixture.

0:5x1 + 0:8x5 + 0:3x3
0:5x1 + 0:2x, + 0:7X3

0:6
0:4

If we form an augmened matrix for this system, the reducedrow edelon form is
R = 1 0 53 23

~ 01 2=3 1=3
If the storeis out of Extra Soy Blend, how much of ead of the other blendsis needed?

() 2/3 pound of Standard Blend and 1/3 pound of Extra Wheat Blend
(b) 5/3 pound of Standard Blend and 2/3 pound of Extra Wheat Blend

(c) There are an in nite number of options for the amourts of Standard and Extra
Wheat Blend.

(d) It is not possibleto createthis mixture without Extra Soy Blend.

45. Referringto the previousquestion, if the storeis out of Extra Wheat Blend (x;), how
much of eat of the other blendsis neededto make the special mixture?

() 2/3 pound of Standard Blend and 1/3 pound of Extra Soy Blend
(b) 1/6 pound of Standard Blend and 1/2 pound of Extra Soy Blend

18



(c) There are an in nite number of options for the amourts of Standard Blend and
Extra Wheat Blend.

(d) It is not possibleto createthis mixture without Extra Wheat Blend.

46. Referringto the previoustwo questions,what valuesare realistic for x3 in this context?

(a) x3 canbe any value.

(b) x3 O

(c) % X3 %
d 3 xs &
(e) 0 xs %

Linear Com binations

2 3 2 3
1 2
47.fu=425andv=4 0 S:whatis2u 3v?
4 5
2 3
4
(a)4 4 5

23
2 3
8

() 4 45
7

2 3
8

(0)445
23
2 3
7

(d) 465
2
2 3 2 3 2 3
5 1 3
48. Write z= 4 3 9 asalinear conbination ofx=4 19 andy=4 2 5:
16 4 6

(@ z= 5x
(b) z= 2x+y
() z=x+2

19



d) z=2x+y
(e) z cannot be written asa linear combination of x andy.
(f) None of the above

49. Write the vector w as a linear combination of u and v.

@ w=2u+v

(b)) w=u+v

(c)w= u+v

dw=u v

(e) w cannot be written asa linear combination of u and v.

50. Write the vector w as a linear combination of u and v.

@ w=2u+v
(b)) w=u+v
(c)w= u+v
dw=u v

20



(e) w cannot be written asa linear conbination of u and v.
2 3 2 3 2 3
2 2 4
51. Write z= 4 2 5 asalinear conbination ofx =4 3 Sandy=4 55:
6 1 7

(@ z=x+y

(b) z= x+y
(c) z=3x+ 2
(d) z= 3x+y

(e) z cannot be written asa linear conbination of x and y.
(f) None of the above

2 3 2 3
3 5
52. Supposewe have the vectors4 1 9 and4 0 5 : Which of the following is not a linear
2 1

conbination of these?

2 3
6

(a)425
4
2 3
8
(b)405

3
2 3
8

(0)415
3

2 3

2

(d)4 15

1

2 3
40

(e) 4 5§ 5
15

(f) More than one of the above is not a linear combination of the given vectors.

2 3 2 3

3 5
53. Supposewe have the vectors4 1 5 and4 0 5 : Which of the following is true?
2 1

21



(a) Every vector in <3 can be written asa linear conmbination of thesevectors.

(b) Some,but not all, vectorsin <® can be written as a linear conrbination of these
vectors.

(c) Every vectorin <? canbe written asa linear corbination of thesevectors.
(d) More than one of the above is true.
(e) None of the above are true.

54. Which of the following vectors can be written as a linear conbination of the vectors
(1, 0) and (0, 1)?

(@) (2;0)

(b) ( 31)

(c) (0:4;3:7)

(d) All of the above

55. How do you descrile the set of all linear conbinations of the vectors(1, 0) and (0, 1)?

(&) A point

(b) A line segmen
(c) A line

(d) <?

(e) <®

56. Which of the following vectors can be written as a linear conbination of the vectors
(1, 0,0), (0, 1,0), and (0, 0, 1)?
(@) (0;2,0)
(b) ( 3;0;1)
(c) (0:4;3.7; 1.5)
(d) All of the above

57. How do you descrile the set of all linear conbinations of the vectors(1, 0, 0), (O, 1,
0), (0, 0, 1)?

(a) A point
(b) A line segmen

22



58.

59.

60.

61.

62.

(c) A line
(d) <?
(e) <®

How do you descrile the set of all linear conbinations of the vectors(1, 2, 0) and (-1,
1, 0)?

(&) A point

(b) A line

(c) A plane

(d) <?

(e) <®

Let z be any vector from <3: If we have a set V of unknown vectors from <3; how
many vectorsmust bein V to guarartee that z can be written asa linear combination
of the vectorsin V?

(a) 2
(b) 3
(c) 4
(d) It is not possibleto make sut a guarartee.

Supposey and z are both solutionsto Ax = b: True or False All linear combinations
of y and z alsosolve Ax = b: (You should be preparedto support your answer with
either a proof or a courterexample.)

Supposey and z are both solutionsto Ax = 0: True or False All linear combinations
of y and z alsosolve Ax = 0: (You should be preparedto support your answer with
either a proof or a courterexample.)

Lucinda owns two ice creamparlors. The rst ice creamshopsells5 gallonsof vanilla
ice creamand 8 gallonsof chocolate ice creamead day. The daily salesat the second
store are 6 gallons of vanilla ice cream and 10 gallons of chocolate ice cream. The

daily salesat storesone and two can be represeted by the vectorss; = g and
S, = 160 ; respectively. In this corntext, what interpretation can be given to the

vector 15s,?

23



63.

64.

() 15s; showsthe number of peoplethat can be sened with 15 gallonsof vanilla ice
cream.

(b) 15s; shaws the gallons of vanilla and chocolate ice cream sold by store 1 in 15
days.

(c) 15s; givesthe total reverue from selling 15 gallonsof ice creamat store 1.

(d) 15s; represets the number of days it will take to sell 15 gallons of ice cream at
store 1.

Lucinda owns two ice creamparlors. The rst ice creamshopsells5 gallonsof vanilla
ice creamand 8 gallonsof chocolate ice creamead day. The daily salesat the second
store are 6 gallons of vanilla ice cream and 10 gallons of chocolate ice cream. The

daily salesat storesone and two can be represeted by the vectorss; = g and
S, = 160 ; respectively. The storesare run by di erent managers,and they are not

always able to be open the samenumber of days in a month. If store 1 is open for
c; days in March, and store 2 is open for ¢, days in March, which of the following
represets the total salesof ead avor of ice creambetweenthe two stores?

(@) ¢s1+ &S,

5 6 Cy
(0) 8 10 C

5¢; 6Co
© &, T 100

(d) All of the above
(e) None of the above

Lucinda owns two ice creamparlors. The rst ice creamshopsells5 gallonsof vanilla
ice creamand 8 gallonsof chocolate ice creamead day. The daily salesat the second
store are 6 gallons of vanilla ice cream and 10 gallons of chocolate ice cream. The

daily salesat storesone and two can be represeted by the vectorss; = g and
S = 160 ; respectively. Lucinda is getting ready to closeher ice cream parlors for

the winter. Shehasa total of 39 gallonsof vanilla ice creamin her warehouseand 64
gallons of chocolate ice cream. Shewould like to distribute the ice creamto the two
storessothat it is usedup beforethe storesclosefor the winter. How much ice cream
should shetake to ead store? The storesmay stay open for di erent number of days,
but no store may run out of ice creambeforethe end of the day on which it closes.

(a) Lucinda should take 3 gallonsof eat kind of ice creamto store 1 and 4 gallons
of ead kind to store 2.

24



(b) Lucinda should take 3 gallonsof vanilla to ead store and 4 gallonsof chocolate
to ead store.

(c) Lucinda should take 15 gallons of vanilla and 24 gallons of chocolate to store 1,
and sheshould take 24 gallonsof vanilla and 40 gallonsof chocolate to store 2.

(d) Lucinda should take 15 gallons of vanilla and 32 gallons of chocolate to store 1,
and sheshould take 18 gallonsof vanilla and 40 gallonsof chocolate to store 2.

(e) This cannot be done unlessice creamis thrown out or a store runs out of ice
creambeforethe end of the day.

Solution Sets of Linear Systems

65. Which of the following are solutionsto the systemof equations?

xX+y+22 = 0
x+2y 6z = O
2 3 2 3
X 2
Z 1
2 3 3
X 2
by 4dyd5=4 25
Z 1
2 3 2 3
X 6
V4 3
2 3 2 3
X 4
(d 4yd5=4 45
Z 2

(e) None of the above.
(f) More than one of the above.

66. What is the solution to the following systemof equations?

I
o

X+ 2y+2z
X+3y 2z

1
o

2 3 2 3

X 7

(@ 4yd5=4 3 55
z 1
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2 3 2 3
X 7
(b)4y5:4 35g
z 1
2 3 2 3
X 7
(C)4y5=4 35
z 0
2 3 2 3
X 7
(d 4yd5=4 35
z 0

(e) None of the above.
(f) More than one of the above.

67. What is the solution to the following systemof equations?

X+2y+ 2z
X+ 3y 2z
2 3 2_3 2 3
X 7 1
(@ 4y5=435+415s

z 0 1
2 3 2 3 2 3
1 7

x

by 4yd5=4 15+4 3 55
z 0 1
2 3 2 3 2 3
X 1 7
(C)4y5:415+435s
z 0 1

(d) None of the above.
(e) More than one of the above.

68. What is the solution to the following systemof equations?

X+ 2y+2z
X+3y 2z
2 3 2 3 2 3
X 8 7
(@ 4ydS5=4 35+4 3 55
z 0 1
2 3 2 3 2 3
X 8 7
(b)4y5=4 35+4 3 5g
z 0 1
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2 3 2 3 2 _3
8 7

X
(c)4y5=435+4 35g
z 0 1

(d) None of the above.
(e) More than one of the above.

69. The set of solutions to a system of linear equationsis plotted belonv. Which of the
following expressiongepresets this solution set?

(a)X:O+1_s

y 1 1=2
® 3= 1+ 508
(d)§:g+125

(e) None of the above.
(f) More than one of the above.

70. The set of solutionsto a linear systemare represeted by the expressionbelov. How
can we geometrically represen this solution set?
2 372 3 2 3 2 3

X
4y5=405+4 1 5s+405¢
z 0 0 1

(a) As alinein <?
(b) As aline in <3
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71.

72.

73.

74.

75.

76.

(c) As aplanein <3
(d) As avolumein <3
(e) None of the above

2 3
1001
Let R=40 1 0 15:If R is the reducedrow ecelon form of the augmered
0012

matrix for the systemAx = b;what are the solutionsto that system?

(@ x1=1Lix,=1, andxz= 2

(b) x3=Lixo=1;x3=2; andxs =0

(€) xa= txp= tixzg= 2, andxs=1t
(d) There are no solutionsto this system.

2 3
1001
LetR=40 1 0 15:IfRisthereducedrow ethelonform of the coe cien t matrix
0012
for the systemAx = 0O; what are the solutionsto that system?

(@ x1=1Lix,=1, andxz= 2

(b) x3=Lixo=1;x3=2; andxs =0

(€) xa= txp= tixzg= 2, andxs=1t
(d) There are no solutionsto this system.

Let matrix R be the reducedrow edelon form of matrix A. True or False The
solutionsto Rx = 0 are the sameasthe solutionsto Ax = O:

Let matrix R be the reducedrow edelon form of matrix A. True or False The
solutionsto Rx = b are the sameasthe solutionsto Ax = b:

Linear Indep endence

True or False The following vectorsare linearly independen: (1,0,0), (0,0,2), (3,0,4)

Which set of vectorsis linearly independen?

(@) (2;3);(8,12)

28



(b) (1;2;3);(4,5,6);(7;8,9)

© ( 3,13,0);(452);(1;6;2)

(d) Noneof thesesetsare linearly independer.

(e) Exactly two of thesesetsare linearly independer.
(f) All of thesesetsare linearly independen.

77. Which subsetsof the set of the vectorsshovn below are linearly dependen?

(@ u;w

(b) t;w

(c) t;v

(d) t;u;v

(e) None of thesesetsare linearly dependert.

(f) More than one of thesesetsis linearly dependert.

78. Supposeyou wish to determine whether a set of vectorsis linearly independen. You

form a matrix with, those vectorg as the columns, and you calculate its reduced row
1001

0101
0012
00O0O

edelonform, R = § Z : What do you decide?

(a) Thesevectorsare linearly independen.
(b) Thesevectorsare not linearly independert.

29



79. Supposeyou wish to determine whether a set of vectorsfvs; vo; v3; v4g is linearly in-

80.

81.

dependert. You foz'm the matri>g A = [v1VaV3vy], and you calculate its reducedrow
1021

ecdelonform,R=4 0 1 3 1 5: Younow decideto write v, asa linear combination
00O00O

of vq; v,; and v3: Which is a correct linear conbination?

(@) va=Vvi+ Vy

(0) va= vi  2vs

(c) v4 cannot be written asa linear conbination of vy;Vv,; and va:

(d) We cannot determinethe linear combination from this information.

Supposeyou wish to determine whether a set of vectorsfvy;v,; v3; v4g is linearly in-

dependert. You foz'm the matri>3 A = [v1VoV3vy], and you calculate its reducedrow
1021

ecelonform,R=4 0 1 3 1 5: Younow decideto write v3 asa linear combination
00O00O

of vq; v,; and v,: Which is a correct linear conbination?

(@) va= (1=2)vi (1=2)v4

(b) vz = (1=2)vs + (1=]3)v;

(C) va= 2vi + 3vz

d) vs= 2v; 3w,

(e) vs cannot be written asa linear combination of vq; v,; and vy:

(f) We cannot determinethe linear conbination from this information.

Supposeyou wish to determine whether a set of vectorsfvy;v,; v3; V49 is linearly in-

dependent. You fogm the matrix A = [vi1V2vaVv4], and you calculate its reduced row
1021

ecelonform,R=4 0 1 3 1 5:Younow decideto write v, asa linear combination
00O0O

of vq; va; and v4: Which is a correct linear conbination?

(@) vo= 3vz+ vy

(b) v2= 3vz V4

() va=vs 3vs

d) vo= vi+ vy

(e) v, cannot be written asa linear combination of vq; vz; and vy:

(f) We cannot determinethe linear conbination from this information.
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82 3 2 3 2 3
51 3 1

280l
82. Are thevectorsgg5 X 157 2

2 4 1

39

2
14 3
13 4 ,

;g 7 ZB linearly independen?
19

(a) Yes,they are linearly independert.
(b) No, they are not linearly independer.

83. To determinewhether a set of n vectorsfrom <" is independen, we canform a matrix
A whosecolumnsare the vectorsin the set and then put that matrix in reducedrow
edelonform. If the vectorsare linearly independen, what will we seein the reduced
row edelon form?

(@) A row of all zeros.

(b) A row that hasall zerosexceptin the last position.
(¢) A column of all zeros.

(d) An identity matrix.

84. To determine whether a set of fewer than n vectorsfrom <" is independen, we can
form a matrix A whosecolumnsare the vectorsin the setand then put that matrix in
reducedrow edhelon form. If the vectorsare linearly independert, what will we seein
the reducedrow edelon form?

(a) An identity submatrix with zerosbelow it.
(b) A row that hasall zerosexceptin the last position.

(c) A columnthat is not an idertity matrix column.
(d) A column of all zeros.

85. If the columnsof A are not linearly independer, how many solutions are there to the
systemAx = 07

(@) 0

(b) 1

(c) innite

(d) Not enoughinformation is given.

86. True or False A setof 4 vectorsfrom <3 could be linearly independen.
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87.

88.

89.

90.

91.

92.

True or False A setof 2 vectorsfrom <2 must be linearly independen.
True or False A setof 3 vectorsfrom <2 could be linearly independen.
True or False A setof 5 vectorsfrom <4 could be linearly independer.

Which statemert is equivalert to saying that v;;Vv,; and v; are linearly independen
vectors?

(@) The only solutionto ¢c;vi + Vo + Cva = 0isc = 6 = 3= 0:
(b) vz cannot be written asa linear combination of v, and v,:

(c) No vector is a multiple of any other.

(d) Exactly two of (a), (b), and (c) are true.

(e) All three statemeris are true.

Linear Transformations and Pro jections

0

De ne T(v) = Av, whereA = (1) 1 Then T(v)

(a) re ects v about the x,-axis.

(b) re ects v about the x;-axis.

(c) rotatesv clockwise =2 radiansabout the origin.

(d) rotates v courterclockwise =2 radiansabout the origin.
(e) None of the above

De ne T(u) = Au, whereA =
this meansthat

1 2 . Using the vectors from <? plotted below,

0

(@ T(u)=w.
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(b) T(u) = w.
(c) T(u) = x.
(d) T(u)=y.
(e) None of the above

93. If the linear transformation T(v) = Av rotates the vectorsv; = ( 1;0) and v, = (0;1)
clockwise =2 radians, the resulting vectorsare

(@) T(vq) = P 2=2; P 2=2 and T(v,) = P 2=2; P 2=2

(b) T(vy) = p§:2; P 2=2 and T(v,) = P 2=2: p§=2
(€) T(va) = (0; 1)andT(vz) = ( 1;0)

(d) T(vi) = (0;1) and T(v2) = (1;0)

(e) None of the above

94. If the linear transformation T (v) = Av rotates the vectors( 1;0) and (0; 1) clockwise
=2 radians then

(@) A= é 01
© A= 018

(e) None of the above

95. If the linear transformation T(v) = Av rotates the vectorsv,; = ( 1;0) and v, = (0;1)
clockwise radians, the resulting vectorsare
(&) T(vi) = (1;0) and T(v2) = (0; 1)
(b) T(vi) = ( 1,0)and T(v) = (0;1)
(€) T(va) = (0;1) and T(vz) = (;0)
(d) T(v)) = (0; 1)andT(vz) = ( 1,0)
(e) None of the above

96. If the linear transformation T(v) = Av rotatesthe vectors( 1;0) and (0;1) radians
clockwise then
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(@ A=

0o 1
a1l
(©) A= 01 01
ons 93

(e) None of the above

97. If the linear transformation T(v) = Av rotates the vectorv radians clockwise, then

s o
wa- @
- S
or G

(e) None of the above

98. The linear transformation T(v) = Av producesT (u) = w, T(v) = x and T(w) = vy, as
shovn belon. Which of the following could be the matrix A?

10
(a)A_ O 1
_ 0 1
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0 1
(C)A_ 10
10
@A="¢9 1

(e) None of the above

99. The linear transformation T(x;y) = , can be written as

(@) T y) = (xy)
(b) T(xy) = (y;%)
© Txy)=( xY)
(d) Txy)=( y:x)
(e) None of the above

100. The linear transformation T(x;y) = (X + 2y;X 2y), can be written as a matrix

transformation T(x;y) = A § where

_ X %
(a) A= X 2y

1 2

1 2
(C) A= 1 2

(d) It can't be written in matrix form

101. Which of the following is not a linear transformation?

(@ Ty)=(xy+1)

(b) T(x;y) = (x  2y;x)

(© T(y) = (4y;x  2y)

(d) T(x;y) = (x;0)

(e) All arelinear transformations

(f) More than one, but not all are linear transforms
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102. True or False If a transformation producesT(a) = b, T(c) = d, and T(e) = f, for
the vectorsplotted below, then this transformation must be nonlinear.

103. Is the transformation T(X;y;z) = (Xx;y;0) linear?

(&) No, it is not linear becauseall z componerts map to O.

(b) No, it is not linear becausedt doesnot satisfy the scalarmultiplication property.
(c) No, it is not linear becauset doesnot satisfy the vector addition property.

(d) No, it is not linear for a reasonnot listed here.

(e) Yes,it is linear.

104. True or False If a transformation producesT(x) = vy, T(y) = u, T(u) = v, and
T(v) = w for the vectors plotted below, then this transformation must be nonlinear.

105. Is the transformation T(f ) = f °linear?

(&) No, it is not linear becausdt doesnot satisfy the scalarmultiplication property.
(b) No, it is not linear becauset doesnot satisfy the vector addition property.

(c) No, it is not linear for a reasonnot listed here.

(d) Yes,it is linear.
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106. What is the rangeof T(v) = Av whereA = ; 22 8 ?
(@) All of <3
(b) All of <?

(c) A linein <?
(d) A planein <3
(e) A linein <3

107. When we map w to Aw and w is an eigervector of A, what is the geometrice ect?

(&) Aw is arotation of w.

(b) Aw is are ection of w in the x-axis.

(c) Aw is are ection of w in the y-axis.

(d) Aw is parallel to w but may have a di erent length.

Chapter 2: Matrix Algebra

Matrix Op erations

108. What sizeis this matrix?

6 11 2
23 31 5
(@) 2x3
(b) 3x2
(c) 6
_ 4 6 25
109. Let A = 20 24 and B = 3 7
What isA+ B?
(@ 71
(b)
6 9
7 11
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(©)

(d)
(e)
3
2 3 1
110.1fA=4 0 1 35 whatisAT?
2 0 4
2 3
2 3 1
(@ AT=4 0 1 35
2 0 4
2 3
2 0 2
(b) AT=43 1 05
1 3 4
2 3
2 0 4
(c0AT=4 0 1 35
2 3 1
2 3
1 3 4
(d AT=43 1 05
2 0 2
111. If A = 2403 what is 5A?
9 6
(@) bA = 20 7
9 11
(b) 5A = 25 12
20 6
(c) 5A = 20 7
20 30
(@) 5A=" 100 35
112. If A = g; and B =

6 11
23 31

26 62
112 268

4 6

25
20 24 3 7

then calculate the product AB .
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(a) AB

2
(b) AB= 10 7
_ 8 4
(c) AB = 3 9
4
(d) AB = 10

(e) None of the above.
(f) This matrix multiplication is impossible.

113.If A = g ; and B = 41 then calculate the product AB.

_ 5

(@) AB = 5

(b) AB = 10 7
_ 8 4

(c) AB = 3 9
7

(d) AB = 10

(e) None of the above.
(f) This matrix multiplication is impossible.

2 0 0O 1
114. Calculate 31 5 9
3 1
(@) 5 o
0o 2
(b) 2 5
0 O
(c) 6 2

(d) None of the above.
(e) This matrix multiplication is impossible.

0O 1
115. Calculate 5 9 3
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@ 5 5
® 55
© %3

(d) None of the above.
(e) This matrix multiplication is impossible.

116. True or False If A and B are squarematriceswith the samedimensions,then (A +
B) (A+B)= A%+ 2AB + B2,

117.1f A and B are both 2x3 matrices, then which of the following is not de ned?

(@ A+B

(b) ATB

(c) BA

(d) ABT

(e) More than one of the above
(f) All of theseare de ned.

118. If A is a 2x3 matrix and B is a 3x6 matrix, what sizeis AB ?

(a) 2x6
(b) 6x2
(c) 3x3
(d) 2x3
(e) 3x6
(f) This matrix multiplication is impossible.

119. In order to compute the matrix product AB, what must be true about the sizesof A
and B?
(&) A and B must have the samenumber of rows.
(b) A and B must have the samenumber of columns.
(c) A must have as many rows asB hascolumns.
(d) A must have as many columnsasB hasrows.
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120.

121.

122.

3 2 3

2 3 1 30 2

fA=4 0 1 3%5andB=41 2 15 whatisthe (3,2)-ertry of AB? (You
2 0 4 310

should be able to determinethis without computing the ertire matrix product.)

(&1
(b) 3
(c) 4
(d) 8

You have a businessthat sellstables and chairs. You have brown tables and white
tables, and correspnding chairs. Your May salesare 4 brown tables, 6 white tables, 20
4 6

20 24
wherethe rst row is tables, the secondrow is chairs, the rst columnis brown items,
and the secondcolumn is white items. If your October salesare 50% more than your
May sales,which of the following would represet your October sales?

brown chairs, and 24 white chairs, which is represeted by the matrix M =

(@) M + 50
(b) 0:5M
(c) 1.5M
(d) M

You have a businessthat sellstables and chairs. You have brown tables and white
tables, and correspnding chairs. Your May salesare 4 brown tables, 6 white tables, 20
4 6
20 24
wherethe rst row is tables, the secondrow is chairs, the rst columnis brown items,
and the secondcolumn is white items. Your June salesare given by the analogous

brown chairs, and 24 white chairs, which is represetted by the matrix M =

matrix J, whereJ = 262 3?2 : Which of the following matrix operations would
make sensein this scenario?Be preparedto explain what the result tells you.
@M+

by M J

(c) 1:27

(d) MJ

(e) All of the above make sense.
(f) More than one, but not all, of the above make sense.

41



123. You have a businessthat sellstables and chairs. You have brown tables and white
tables, and correspnding chairs. Your May salesare 4 brown tables, 6 white tables, 20
4 6

20 24
wherethe rst row is tables, the secondrow is chairs, the rst columnis brown items,

and the secondcolumn is white items. All tables cost $350and all chairs cost $125,
350
125
operations could be useful in this scenario? Be preparedto explain what the result
tells you.

brown chairs, and 24 white chairs, which is represeted by the matrix M =

which we represen with the costvector C = : Which of the following matrix

(a MC
(b) CM
(c) C™™M
(d) mMCT

124. True or False Given the vectors x and y plotted belov and somematrix A, if we
know that Ax = 0, this meansthat Ay = 0 aswell.

125. Giventhe vectorsx, vy, u, v, and w plotted belonv and somematrix A, if we know that
Ax = u, what doesthis tell us about the product Ay?
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(@ Ay = u
(b) Ay =v
(c) Ay = w

(d) We cannot say anything about Ay without knowing more about A.

Matrix Inverses

126. Which of the following matrices doesnot have an inverse?

(@)

(b)

(€)

(d)

AN WP
AN BN

10
0 3

0 4
20

(e) More than one of the above do not have inverses.

(f) All have inverses.

127. When we put a matrix A into reducedrow edelonform, we get the matrix

This meansthat

(a) Matrix A hasno inverse.

(b) The matrix we have found is the inverseof matrix A.

(c) Matrix A hasan inverse,but this isn't it.

(d) This tells us nothing about whether A hasan inverse.

128. Let A =

(@)

(b)

g - What is A 1?

4
0

oOh~ NO
NO OB-
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0 1=
© 15 o

0 1=2
@ 1= 0

129. We nd, that for a squarecoe cient matrix Ay thg homogeneousmatrix equation

AX =4 09, hasonly the trivial solution X = 4 0 5. This meansthat
0 0

(a) Matrix A hasno inverse.
(b) Matrix A hasan inverse.
(c) This tells us nothing about whether A hasan inverse.

130. True or False If A, B, and C are squarematrices and we know that AB = AC, this
meansthat matrix B is equalto matrix C.

131. True or False Supposethat A, B, and C are squarematrices,and CA = B, and A
is invertible. This meansthat C = A !B.

132. We know that (5A) = é 2 . What is matrix A?

10

@ 51
50

®) 4 5
15 O

© o0 1=
5 0

@ 4 5

(e) Thereis no matrix A which solvesthis equation.

133. A and B areinvertible matrices. If AB = C, then what is the inverseof C?

(@ C 1=A B!
() C 1=B AL
(0 C 1= AB !
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d Cc=BA?
(e) More than one of the above is true.
(f) Just becauseA and B have inverses,this doesn't meanthat C hasan inverse.

134. Let A bea?2 2 matrix. The inverseof 3A is

() 3A 1
(b) 1A
(c) Al
(d) 3A 1
(e) Not enoughinformation is given.

135. If A is aninvertible matrix, what elsemust be true?
(@) If AB = C thenB = A IC:
(b) A?isinvertible.
(c) AT is invertible.
(d) 5A isinvertible.
(e) The reducedrow edelonform of A is .
(f) All of the above must be true.

Fundamen tal Vector Subspaces

136. How mary linearly independernt columnsare there in the matrix A = % (23 ?
(@) 2
(b) 1
(¢ 0

137. The column space of a matrix A is the set of vectorsthat can be createdby taking all

linear combinations of the columnsof A. Is the vectorb= 4 in the column space

12
12

of the matrix A = 3 6

(a) Yes,sincewe can nd a vector x sothat Ax = h.
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. 1 2 4
(b) Yes,since 2 3 1 6 - 12

(c) No, becausethere is no vector x sothat Ax = h.
(d) No, becauseherewe can't nd c; and ¢, sud that c;

(e) More than one of the above
(f) None of the above

138. The column spaceof the matrix A = L2 is

3 6
(a) the setof all linear combinations of the columnsof A.
(b) alinein <2,
(c) the setof all multiples of the vector :1%
(d) All of the above
(e) None of the above

139. Which line in the graph below represets the column spaceof the matrix A =

46

w
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(@) line A
(b) line B
(c) line C
(d) line D
(e) None of the above

140. How mary solutionsx are there to Ax = 0 whereA =

w
DN

(a) 0 solutions

(b) 1 solution

(c) 2 solutions

(d) In nite number of solutions

141. The null space of a matrix A is the set of all vectorsx that are solutions of Ax = 0.

Which of the following vectorsis in the null spaceof the matrix A = é é
_ 2

(@ x = 1
_ 0

(b) x= 4
_ 4

(c) x= 5

(d) All of the above
(e) None of the above

142. Which line in the graph below represets the null spaceof the matrix A =

w
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(@) line A
(b) line B
(c) line C
(d) line D
(e) None of the above

143. The row space of a matrix A is the set of vectorsthat can be created by taking all
linear combinations of the rows of A. Which of the following vectorsis in the row space

) 12
of the matrix A = 3 6
(@ x= 2 4
(b) x= 4 8
(c)x= 00
(d x= 8 4

(e) More than one of the above
(f) None of the above
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144. True or False: The row spaceof a matrix A is the sameasthe column spaceof AT.

145. The row spaceof the matrix A = é é consistsof

(a) All linear combinations of the columnsof AT,

(b) All multiples of the vector 5

(c) All linear combinations of the rows of A.
(d) All of the above
(e) None of the above

w
DN
N

146. Which line in the graph below represets the row spaceof the matrix A =

(@) line A
(b) line B
(c) line C
(d) line D
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(e) None of the above

147. The left null space of a matrix A is the set of vectorsx that solve XA = 0. Which of

the following vectorsis in the left null spaceof the matrix A = % (23
(@ x= 21
(b) x = 31
(c)x= 1 3
dx= 1 2

(e) More than one of the above
(f) None of the above

148. True or False: SincexA = 0 canbe rewritten asATx™ = 0, we canthink of the left
null spaceasthe null spaceof AT.

149. Which line in the graphbelow represets the left null spaceof the matrix A = ?

12
3 6
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(@) line A
(b) line B
(c) line C
(d) line D
(e) None of the above

g w

2
150. Let A= 4 : Which of the following vectorsare in the nullspaceof A?

2 3
151. Let A= 4 S : How mary vectorsare in the nullspaceof A?

N OB
R wN
N

(@) Only one
(b) Probably more than one, but it's hard to say how many
(¢) An in nite number

152. 1f Aisanm n matrix, then the column spaceof A is

(a) A subsetof <™ that may not include the origin.
(b) A subsetof <™ that includesthe origin.
(c) A subsetof <" that may not include the origin.
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(d) A subsetof <" that includesthe origin.
(e) None of the above

153. If Alisanm n matrix, then the row spaceof A is

(@) A subsetof <™ that may not include the origin.
(b) A subsetof <™ that includesthe origin.

(c) A subsetof <" that may not include the origin.
(d) A subsetof <" that includesthe origin.

(e) None of the above

154.If Alisanm n matrix, then the null spaceof A is

(a) A subsetof <™ that may not include the origin.
(b) A subsetof <™ that includesthe origin.

(c) A subsetof <" that may not include the origin.
(d) A subsetof <" that includesthe origin.

(e) None of the above

155.If Alisanm n matrix, then the left null spaceof A is

(@) A subsetof <™ that may not include the origin.
(b) A subsetof <™ that includesthe origin.

(c) A subsetof <" that may not include the origin.
(d) A subsetof <" that includesthe origin.

(e) None of the above

156. Two vector spaces,V and W are orthogonal complementsif and only if V is the set
of all vectorswhich are orthogonal to ewvery vector in W. Recall that for the matrix

A= é é the null spaceconsistsof all multiples of the vector ( 2;1) and the left
null spaceconsistsof all multiples of the vector ( 3;1). Which of the following are

true?

(a) The column spaceand null spaceare orthogonal complemetts.
(b) The column spaceand row spaceare orthogonal complemets.
(c) The column spaceand left null spaceare orthogonal complemets.
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(d) None of the above

157. Recall that for the matrix A = é g the null spaceconsistsof all multiples of the

vector ( 2;1) and the left null spaceconsistsof all multiples of the vector ( 3;1).
Which of the following vector subspacesre orthogonal complemers?

(@) The row spaceand null spaceare orthogonal complemets.

(b) The row spaceand column spaceare orthogonal complemets.
(c) The row spaceand left null spaceare orthogonal complemets.
(d) None of the above

Dimension and Rank

2 3 2 3

5 4 8 1 1001

_ 13482_ .§0101Z

158. LetA—g 0 2 1 3 : The reducedrow edelonform of A is 001 1

1 2 4 1 0O00O0O

What is the rank of A?

(@ o0
(b) 1
(c) 2
(d) 3
(e) 4

159. Supposea4 4 matrix A hasrank 3. Are the columnsof A linearly independen?

(a) Yes,they are linearly independert.
(b) No, they are not linearly independert.
(c) We do not have enoughinformation to decide.

160. Supposea 4 4 matrix A hasrank 4. How many solutions doesthe systemAx = b
have?

@ 0
(b) 1
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(¢) Innite
(d) Not enoughinformation is given.

161. Supposea 4 4 matrix A hasrank 3. How many solutions doesthe systemAx = b
have?

(@) O

(b) 1

(¢) Innite

(d) Not enoughinformation is given.

162. Supposea 4 4 matrix A hasrank 3. If it is known that (4, 5, 0, 1) is a solution to
the systemAx = b, then how many solutionsdoesAx = b have?

@ 1
(b) Innite
(c) Not enoughinformation is given.

163. Supposea 5 5 matrix A hasrank 3. If it is known that (-1, 4, 2, 0, 3) is a solution
to the systemAx = b, then how many parametersdoesthe solution set have?

(CYV
(b) 1
(c) 2
(d) 3
(e) 4
(f) Not enoughinformation is given.

164. True or False If AX = BX for all matrices X wherethe products are de ned, then
A and B have to be the samematrix.

165. True or False If Ax = Bx for all vectorsx wherethe products are de ned, then A
and B have to be the samematrix.
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Chapter 3: Determinan ts

Determinan ts

166. What is the determinart of

(@ 4
(b) 11
(c) 15
(d) 19

2

167. What is the determinart of 4

(CYV
(b) 15
(c) 24
(d) 26

2

168. What is the determinart of 4

(@ o
(b) 9
(c) 15

2

169. What is the determinart of 4

(@) O
(b) 6
(c) 15
(d) 22

5 4
13

= Ol

O O Ul

o »
w

o
o

o w

N

?
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170. Which of the following matrices are not invertible?

2 3
@ 5 5
2 3
©) 5 3
3 3
(c) 5
2 3
3 3
d4 2 2 25
0 0 ©

(e) More than one of the above
(f) All of the above have inverses

171. True or False det(A + B) = detA + detB: Be preparedto support your answer
either with a proof (at leastfor the 2 2 case)or a courterexample.

172. True or False det(AB) = detA detB: Be preparedto support your answer either
with a proof (at leastfor the 2 2 case)or a courterexample.

173. Supposethe determinart of a2 2 matrix A is equalto 3. What is the determinart
of A 1?
(@) 1/3
(b) 3
(c) 9
(d) Not enoughinformation is given.

174. Supposethe determinart of a2 2 matrix A is equalto 3. What is the determinart
of 5A?
(@ 3
(b) 9
(c) 15
(d) 75
(e) Not enoughinformation is given.

175.1f Aisa2 2 matrix, then det(kA) is
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(@) kdet(A)

(b) 2k det(A)

(c) k?det(A)

(d) Not enoughinformation is given.

176. Which of the following statemeris is true?

(a) If asquarematrix hastwo iderntical rows then its determinart is zero.
(b) If the determinart of a matrix is zero,then the matrix hastwo identical rows.

(c) Both aretrue.
(d) Neither is true.

177. Supposethe determinart of matrix A is zero. How many solutions doesthe system
AX = bhave?
(@) 0
(b) 1
(¢) Innite
(d) Not enoughinformation is given.

178. Supposethe determinart of matrix A is zero. How many solutions doesthe system
Ax = 0 have?

(@) O

(b) 1

(c) Innite

(d) Not enoughinformation is given.

Chapter 4: Vector Spaces

Vector Spaces and Subspaces

179. Which property of vector spacess not true for the following set?

2 1 0 .1 2
2’ 1’ 0 ' 1 2
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(a) Closureunder vector addition

(b) Existenceof an additive idertity

(c) Existenceof an additive inversefor eat vector
(d) None of the above

180. A vector subspacedoesnot have to satisfy which of the following properties?

(a) Assciativity under vector addition

(b) Existenceof an additive idertity

(c) Commutativit y under vector addition

(d) A vector subspacemust satisfy all of the above properties.

(e) A vector subspaceneednot satisfy any of the above properties.

181. A vector spacedoesnot have to satisfy which of the following properties?

(@) Closureunder vector addition

(b) Closureunder scalar multiplication

(c) Closureunder vector multiplication

(d) A vector subspacemust satisfy all of the above properities.

(e) A vector subspaceneednot satisfy any of the above properties.

182. Which of the following setsof vectorsare cortained within a proper subspaceof <2?

i Xy i, u;v;w
ii. x;v iv. y;u;w
(@) i, ii, iii, andiv

(b) i, iii, andiv only

(c) i andii only
(d) ii andiv only
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(e) iii andiv only
(f) ii only

183. The setof all 2 2 matrices with determinart equal to zerois not a vector space.
Why?

(@) 2 2 matricesare not vectors.
(b) With matrices, AB neednot equalBA.

11 12 2 3 2 3 . .

(© 11 + 11 ° 209 and 5 5 IS not in the set.
10 01 _ 11 11 . .

(d) 0 0 + 01 - 01 and 01 'S not in the set.

(e) None of the above

184. Which of the following setsof vectorsis a basisfor <3?

(@) f(1,0;0);(0;1,0);(0;0,1)g
(b) f(1;0,1);(1;1,0); (1,1, 1)g
(c) 1(2;0;0);(0;5;0);(0;0;8)g
(d) All are basesfor <3.

2 3 2 3 2 3
1 3 6
185.Let v; = 4 195;v, =4 0 5;v; = 4 0 5: Which of the following sets has the

2 1 2
samespanasthe set of all three vectorsfvy;v,; vsg?

(@) fvi;vag

(b) fvz;vsg

() fvi;vag

(d) None of the above

(e) More than one of the above

2 3 2 3 2 3
1 3 6
186. Letv; =4 15:v,=4 0 5;v3=4 0 5:Which of the following vectorsis not in
2 1 2

the subspaceof <3 spannedby fvi; V,; v3g?

(@) (1;0;0)
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(b) (4,1,1)
(©) (3:3,6)
(d) All of theseare in the subspaceof <3 spannedby f v; v; vag.

2 3 2 3 2 3
1 3 6
187.Let v, = 4 15:v, = 4 0 S:v; = 4 0 5: Geometrically what is the subspace

2 1 2
spannedby the set fvy; vy vag?

(a) apoint
(b) aline
(c) aplane
(d) avolume
(e) all of R®
2 3 2 3 2 3 2 3
1 0 0 k
188. Letv; = 4 05:v, =4 15;v3=405;w=4 2 5: For how mary valuesof k
0 0 1 3

will the vector w be in the subspacespannedby fvi; vy; v3g?

(a) No valuesof k - vector w will newver be in this subspace
(b) Exactly onevalue of k will work.
(c) Any value of k will work.

2 3 2 3 2 3 2 3
1 0 1 k
189. Letv; =4 25:v, =4 15;v;=4 35:w=4 8 5: For how many valuesof k will
3 1 4 11

the vector w be in the subspacespannedby fv;; v,; v30?

(a) No valuesof k - vector w will newer be in this subspace
(b) Exactly onevalue of k will work.
(c) Any value of k will work.

2 3 2 3 2 3 2 3
1 0 1 1
190. Letv; =4 25;v,=415;v3=4 35;w=4 k 5: For how many valuesof k will
3 1 4 k

the vector w be in the subspacespannedby fv;;v,; v30?

(a) No valuesof k - vector w will newer be in this subspace
(b) Exactly onevalue of k will work.
(c) Any value of k will work.
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Linear Indep endence

191. True or False The following vectorsare linearly independen: (1,0,0), (0,0,2), (3,0,4)

192. Which set of vectorsis linearly independen?

(@) (2;3);(8;12)

(b) (1;2;3);(4;5;6);(7:8,9)

(©) ( 31,0);(4,52)(1,6,2)

(d) Noneof thesesetsare linearly independer.

(e) Exactly two of thesesetsare linearly independen.
(f) All of thesesetsare linearly independen.

193. Which subsetsof the set of the vectorsshavn below are linearly dependernt?

(@ u;w

(b) t,w

(c) t;v

(d) t;u;v

(e) None of thesesetsare linearly dependert.

(f) More than one of thesesetsis linearly dependert.

194. Supposeyou wish to determine whether a set of vectorsis linearly independen. You

form a matrix withy those vectorg as the columns, and you calculate its reducedrow
1001

0101
0012
00O0O

edelonform, R = é : What do you decide?
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195.

196.

197.

(a) Thesevectorsare linearly independen.
(b) Thesevectorsare not linearly independert.

Supposeyou wish to determine whether a set of vectorsfvy; v; V3; V4g is linearly in-

dependent. You fgym the matri A = [vi1Vovav4], and you calculate its reduced row
1021

ecelonform,R=4 0 1 3 1 9:Younow decideto write v, asa linear combination
00O00O

of vq; v,; and v3: Which is a correct linear conbination?

(@ va=vi+ vy

(0) va= vi  2vs

(c) v4 cannot be written asa linear combination of vq; v,; and vs:

(d) We cannot determinethe linear combination from this information.

Supposeyou wish to determine whether a set of vectorsfvy; v; V3; V4g is linearly in-

dependert. You fggm the matriy A = [vi1V2vaVv4], and you calculate its reduced row
1021

ecdelonform,R=4 0 1 3 1 5:Younow decideto write v; asa linear combination
00O0O

of vq; v,; and v,: Which is a correct linear conbination?

(@) vs= (1=2)v; (1=2)v4

(b) vz = (1=2)vs + (1=]3)v>

(C) vz = 2vi + 3v2

d) vs= 2v; 3w,

(e) vs cannot be written asa linear combination of vq; v,; and vy:

(f) We cannot determinethe linear combination from this information.

Supposeyou wish to determine whether a set of vectorsfvy; v; V3; V4g is linearly in-

dependert. You foz'm the matrié A = [v1VoV3vy], and you calculate its reducedrow
1021

ecdelonform,R=4 0 1 3 1 5: Younow decideto write v, asa linear combination
00O0O

of vq; va; and v4: Which is a correct linear conbination?

(@ V2= 3vs+ vy
(b) va= 3vs v
(€) Vo=vVvs 3v3
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(d) va= vi+t vy
(e) v, cannot be written asa linear conbination of vy;vs; and vg:
(f) We cannot determinethe linear combination from this information.

82 3 2 3 2 39
3 13 2

198. Are the vectorsgg Z § Z § é g Z linearly independen?
2

() Yes,they are linearly independer.
(b) No, they are not linearly independer.

199. To determinewhether a setof n vectorsfrom <" is independen, we canform a matrix
A whosecolumnsare the vectorsin the set and then put that matrix in reducedrow
edelonform. If the vectorsare linearly independen, what will we seein the reduced
row edelon form?

(@) A row of all zeros.

(b) A row that hasall zerosexceptin the last position.
(c) A column of all zeros.

(d) An identity matrix.

200. To determine whether a set of fewer than n vectorsfrom <" is independer, we can
form a matrix A whosecolumnsare the vectorsin the setand then put that matrix in
reducedrow edelonform. If the vectorsare linearly independer, what will we seein
the reducedrow edelon form?

(@) An identity submatrix with zerosbelow it.
(b) A row that hasall zerosexceptin the last position.

(c) A columnthat is not an identity matrix column.
(d) A column of all zeros.

201. If the columnsof A are not linearly independernt, how many solutions are there to the
systemAx = 07

(CYRY
(b) 1
(c) innite

63



202.

203.

204.

205.

206.

207.

(d) Not enoughinformation is given.

True or False A setof 4 vectorsfrom <2 could be linearly independen.
True or False A setof 2 vectorsfrom <2 must be linearly independen.
True or False A setof 3 vectorsfrom <2 could be linearly independen.
True or False A setof 5 vectorsfrom <4 could be linearly independer.

Which statemert is equivalert to saying that vy;Vv,; and v; are linearly independen
vectors?

(@) The only solutionto c;vi + GV, + Geva = 0isc, = 6 = ¢3 = O
(b) vs cannot be written asa linear conbination of v; and vs:

(c) No vector is a multiple of any other.

(d) Exactly two of (a), (b), and (c) are true.

(e) All three statemerts are true.

Linearly Indep endent Sets

To determine whether a set S of vectorsis linearly independer, you form a matrix
which hasthose vectors as cgjumns, and yau calculate its reducedrow edelon form.
1010

Supposethe resulting formis4 0 1 2 0 9 : How mary linearly independer vectors
0001
arein S?

(@) 0
(b) 1
(c) 2
(d) 3
(e) 4
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208. To determine whether a set S of vectorsis linearly independen, you form a matrix

which has those vectors as cojumns, and yayl calculate its reducedrow edelon form.
1010

Supposethe resulting formis4 0 1 2 0 S : Which of the following subsetsof S are
0001

linearly independen?

(@) The rst, second,and third vectors

(b) The rst, second,and fourth vectors

(c) The rst, third, and fourth vectors

(d) The second,third, and fourth vectors

(e) All of the above

(f) More than one, but not all, of the above

209. Considerthe vectorsx, y, u, v, and w in <2 plotted below and form a matrix M which
hasthesevectorsas columns. What is the rank of this matrix?

(@ rank(M) = 1
(b) rank(M) = 2
(c) rank(M) = 3
(d) rank(M) = 4
(e) rank(M) = 5

210. To determinewhether a setof vectorsis linearly independen, you form a matrix which
hasthosevectorsas columns. If the matrix is squareand its determinart is zero,what
do you conclude?

(&) The vectorsare linearly independen.
(b) The vectorsare not linearly independert.
(c) This test is inconclusiwe, and further work must be done.
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211. Which of the following expressionds a linear conbination of the functions f (t) and
9(t)?
(a) 2f (t) + 3g(t) + 4
(b) f(t) 29(t)+t
(c) 2f (t)g(t) 3f ()
(d) f(t) o)
(e) All of the above
(f) None of the above

212. True or False The function h(t) = 4+ 3t is a linear combination of the functions
f()=(1L+t)2andg(t) =2 t 2%

213. True or False The function h(t) = sin(t + 2) is a linear conmbination of the functions
f (t) = sint and g(t) = cost:

214. True or False h(t) = t? is alinear conbination of f (t) = (1 t)? andg(t) = (1+ t)%

215. Let y,(t) = sin(2t): For which of the following functions y,(t) will fy;(t);y.(t)g be a
linearly independern set?

(a) y2(t) = sin(t) cost)
(b) y2(t) = 2sin(2)

(€) yz(t) = cos(z2  =2)
(d) yo(t) = sin( 2t)

(e) All of the above

(f) None of the above

216. Let y,(t) = €*: For which of the following functions y,(t) will fy.(t);y.(t)gbealinearly
independen set?

(@) yo(t) = e *

(b) ya(t) = te*

€ yo(t) = 1

(@) yat) = €

(e) All of the above
(f) None of the above
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217. The functions y;(t) and y,(t) are linearly independert on the interval a< t < bif

(a) for someconstart k; yi(t) = ky,(t) fora< t < b:

(b) there exists somety 2 (a;b) and someconstaris ¢; and ¢, sud that c,y;(tg) +
C2Y2(to) 6 O:

(c) the equationcyyy(t) + coy,(t) = 0 holdsfor all t 2 (a;b) only if ¢; = ¢, = O:
(d) the ratio y;(t)=y»(t) is a constarnt function.

(e) All of the above

(f) None of the above

218. The functions y;(t) and y,(t) are linearly depender on the interval a< t < bif

(a) there existtwo constarts c; and ¢, sud that ¢,y (t) + cy»(t) = Oforalla< t < b:

(b) there exist two constarts c; and ¢,; not both 0, sud that c;y,(t) + cy»(t) = O for
ala<t<hb:

(c) for eat t in (a;b); there existsconstarts c; and ¢, sud that ¢,y (t) + cy»(t) = O:

(d) for somea < tg < b; the equation c1yi(tg) + Cy2(tg) = 0 can only be true if
ct=0c=0:

(e) All of the above
(f) None of the above

Spanning Sets, Bases, and Dimension

219. Write d = (3; 5;10) asa linear combination of the vectorsa= ( 1;0;3);b= (0;1;5);
andc= (4, 2,0):
(@) d= 3a 65b+c
(b) d=5a b+ 2c
(c) d= (10=3)a+ (5=2)c
(d) d cannot be written asa linear conbination of a, b, and c:

220. Which of the following setsof vectors spans<?3?
gich oL ing tofloying P 2 ,32 32 3

i 4 15;4 5 5 ii.405;4 15;425
3 1 4 1 0
2 32 32 32 3 2 32 32 32 3
2 1 3 6 4 3 8 6
i. 409;425;4 054 25 iv. 4 65:425:4125:4 45
0 0 2 2 2 1 4 2
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(@) i, ii, iii, andiv
(c) ii andiii only
(d) i, ii andiii only
(e) iii andiv only
(f) ii only

221. Which of the following setsof vectors spans<?2?

i Xy i, u;v;w
i, x;v V. y;u;w
(@) i, ii, iii, and iv

(b) ii, iii, andiv only

(c) ii andiii only
(d) ii andiv only
(e) iii andiv only
(f) ii only

222. ngch o%the foIIov§/ing setsof vectorsforms a basisfor <3?

32 3
0 1
.4 15:4 55 i.4 05:4 15:425
3 1 4 1 0
2 32 32 32 3 2 32 32 32 3
2 1 3 6 4 3 8 6
0 0 2 2 2 1 4 2
(@) i, ii, iii, andiv
(b) i, iii, andiv only

(c) ii andiii only
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(d) i, ii andiii only
(e) iii andiv only
(f) ii only

223. \Which of the foIIowin3q describesthe subspaceof <2 spannedby the vectors
2 32 32 2 3

465:425:4125:4 457
2 1 4 2

(@) A line

(b) A plane

(c) <2

(d) All of <3

(e) Both (b) and (c)

224. Which of the following descritesa basisfor a subspacev ?

(a) A basisis a linearly independert spanningset for V.

(b) A basisis a minimal spanningsetfor V.

(c) A basisis a largest possibleset of linearly independen vectorsin V.
(d) All of the above

(e) Someof the above

(f) None of the above

2 3 2
1 0 2 3 1
_fo 2 11 é o § 0
225. LetA—§O 1 0 1 : The reducedrow edhelonformof AisR = 0
3 1 0 2 0
What is the dimensionof the column spaceof A?
(@) 1
(b) 2
(c) 3
(d) 4
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2 3 2
1 0 2 3
0O 2 11 .
226. Let A = 01 0 1 é : The reducedrow echelonform of AisR = §
3 1 0 2

Which columnswould form a basisfor the column spaceof A?

loNeNaN
oo r o
Or OO
o S N

NN

(@) All four

(b) The rst three
(c) Any three

(d) Any two

3
2 3

2

10

227.LetB =40 2 1 15:Which of the following descritesthe column spaceof B ?
01 0 1

(a) The column spaceof B is all of <2:

(b) The column spaceof B is a proper subsetof <3:
(c) The column spaceof B is <*:

(d) The column spaceof B is a proper subsetof <*:
(e) None of the above

3
2 3

2

10

228.LetB=40 2 1 15:Whatisthe dimensionof the column spaceof B ?
01 0 1

(CYY
(b) 1
(c) 2
(d) 3
(e) 4
(f) Innite

2 3
229. LletA =4 S : What is the dimensionof the nullspaceof A?

N O P
P Wi
N Y

(@) O
(b) 1

70



(c) 2
(d) 3
(e) 4
(f) Innite

230. Let A beann n matrix. If A is an invertible matrix, what elsemust be true?

(@) The columnsof A form a basisof <":

(b) The rank of A isn.

(c) The dimensionof the column spaceof A is n.

(d) The dimensionof the null spaceof A is 0.

(e) All of the above must be true.

(f) More than one, but not all, of the above have to be true.

231. Howard's store sellsthree blendsof our: standard, extra wheat, and extra soy). Each
is a blend of whole wheat our and soy our, and the table belov shovs how many
poundsof eat type of our is neededto make one pound of ead blend.

Standard Blend | Extra Wheat | Extra Soy
0.5 0.8 0.3 whole wheat our
0.5 0.2 0.7 so/ our

Do the column vectorsin this table span<?2? Do they form a basisfor <2?

(a) Yes,they span<?; and they form a basis.

(b) They do span<?; but they do not form a basis.

(c) They do not span<?; but they do form a basisfor <2:
(d) They do not span<?; nor do they form a basis.

232. Howard's store sellsthree blendsof our: standard, extra wheat, and extra sgo/. Each
is a blend of whole wheat our and so/ our, and the table belov shovs how many
poundsof eat type of our is neededto make one pound of ead blend.

Standard Blend | Extra Wheat | Extra Soy
0.5 0.8 0.3 whole wheat our
0.5 0.2 0.7 so/ our

To save rent money the store will be moving to a smaller spaceand will needto cut
badk on invertory. If possible,the managerwould like to only stock two of these
blends, and make the third from those as necessary Which blendscan be made from
the others?
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(a) Standard Blend can be madefrom Extra Wheat Blend and Extra Soy Blend.
(b) Extra Wheat Blend can be made from Standard Blend and Extra Soy Blend.
(c) Extra Soy Blend can be madefrom Standard Blend and Extra Wheat Blend.
(d) Any oneblend can be madefrom the other two.

233. Howard's store sellsthree blendsof our: standard, extra wheat, and extra soy. Each
is a blend of whole wheat our and soy our, and the table belov shovs how many
poundsof eat type of our is neededto make one pound of eat blend.

Standard Blend | Extra Wheat | Extra Soy
0.5 0.8 0.3 whole wheat our
0.5 0.2 0.7 so/ our

If the store cortinuesto stock all three of theseblends, which special-requestblends
could be madefrom thesethree?

(a) Any special requestcould be accomalated by mixing the right conmbination of
thesethree blends.

(b) It would be possibleto make any blendthat is between30%and 80%wholewheat.

(c) It would be possibleto make a broaderrange of blendsthan what is descrited in
answver (b), but there are still someblendsthat would not be possible.

(d) It would be possibleto satisfy some special requests, but not all of the ones
descriked in answer (b).

Mark ov Chains

234. A vector with nonnegatiwe ertries that add up to oneis called a probability vector.
Which of the following vectorsis a probability vector?

2 3

(d) More than one of the given vectorsare probability vectors.
(e) None of the given vectorsare probability vectors.
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235. A stochastic matrix is a squarematrix whosecolumnsare probability vectors. Which

of the following matricesis a stochastic matrix?

@) 0:2 08
08 0:2
02 06
(0) 0:8 04
0:2 08
© 03 07

(d) Both (a) and (b) are stochastic matrices.
(e) Both (a) and (c) are stocahstic matrices.
(f) All three are stochastic matrices.

236. A small, isolated town has two grocery stores, Mike's Market and Sharon's Shoppe.

237.

While somecustomersare completely loyal to one store or another, there is another
group of customerswho changetheir shopping habits eady month. Of the shoppers
who favor Mike's Market onemonth, only 70%will still shopthere the following morth,
while Sharon'sShoppe retains 78% of its customerbaseead month. Everyonein the
town shopsat one of the two stores,and no one from out of town ever shopsat either
store. If Mike's Market currertly has 2500 customersand Sharon's Shoppe has 1900
customers,how many customerswill Mike's Market have next month?

(a) 418
(b) 1750
(c) 2168
(d) 3080

Referring to the scenarioin the previous question,what will the product

0:70 0:22 2500
0:30 0:78 1900

tell us?

(a) This product will tell us the perceriage of customersthat will switch from one
store to the other store next mornth.

(b) This product will tell us the number of customerswho will shop at eat store
next morth.

(c) This product will tell usthe total number of customerswho switched storesthis
morth.
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(d) This product doesn't have any meaning.

238. Cortinuing the scenariofrom the previousquestions,what doesthe (2, 1)-ertry of the
3
0:70 0:22

matrix 030 0:78 represeif?

(a) This represets the probability that a customerwill switch from Mike's Market
to Sharon'sShoppe betweenmonths 3 and 4.

(b) This represets the probability that a customerwill switch from Sharon'sShoppe
to Mike's Market betweenmonths 3 and 4.

(c) This represets the probability that a customerwho currently shopsat Mike's
Market will be shoppingat Sharon'sShoppe three months from now.

(d) This represets the probability that a customerwho currertly shopsat Sharon's
Shoppe will be shoppingat Mike's Market three months from now.

239. A steady-state(or equilibrium) vector for a stochastic matrix P is a probability vector

x sudh that Px = x: Which of the following is a steady-statevector for 0570 0522 ?
0:30 0:78

22

@ 54
11=26

(b) 15=26
0

©

(d) All of the above

240. What doesthe steady-statevector meanin the cortext of Mike's Market and Sharon's
Shoppe?

(&) In the long-run, the probability of staying at Mike's Market will be 11/26 and the
probability of switching to Sharon'sShoppe will be 15/26.

(b) In the long-run, the probability of staying at Mike's Market will be 11/26 and the
probability of staying at Sharon'sShoppe will be 15/26.

(¢) In the long-run, Mike's Market will approad 11/26 of the market share, while
Sharon'sShoppe will approad 15/26 of the market share.

241. True or False A stochastic matrix will always have a steady-statevector.
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Chapter 5: Eigenvalues and Eigenvectors

Eigenvalues and Eigenvectors

242. Compute the product é i 1
@ 33
® 3
) 33
@ 5
(e) None of the above
243. Compute the product ; i 2 1
@ 3
® 2
© .
O

(e) None of the above
(f) This matrix multiplication is impossible.

4

244. Compute the product ; i i
@ 3
® o
© 3
@ 72
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(e) None of the above

245. For any integer n, what will this product be?

N
=N
=

@ o

(f) More than one of the above

246. SupposeA isann n matrix, cisascalar,andx isann 1 vector. If AX = cx, what
is A%x?
(a) 2cx
(b) cx
(c) cx
(d) None of the above

12 1
247. Compute the product 5 1 1
1
(a)
3
b
1
©
3
N
(e) None of the above
. I 12" 1
248. For any integer n, what will this product be? 5 1 1
1
n
@ (1" 7
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® (1

1
n
© (3
(1)
(d) ( 1)n+l
(e) None of the above
(f) More than one of the above

249. For any integer n, what will this product be?

(@ 3"

(b) 2

(c) 6"

(d) 3"

PP, FRPFEP WOW NN

(e) None of the above
(f) More than one of the above

250. For any integer n, what will this product be?

5

(@ 3 5

O (1

© (5 7

(1
@5 ¢ 1y

(e) None of the above
(f) More than one of the above

251. Compute the product ; i
3
@ 15

s

N -

N -

PN

PN

NN



(O
© Y
@
(e) None of the above
252. For any integer n, what will this product be? ; i n
(a) 11" 5
0) ™ o
©
@ o

(e) None of the above
(f) More than one of the above

253. Write the vector 1 as a linear conbination of 1 and

5 1
(a)é:1+11+51
T
(0)2231211

(d) None of the above
(e) More than one of the above

254. For any integer n, what will this product be?

N -
PN

1
1

3 (1 ; +(2 3

@ 1 3 i 3 (2r
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@3 @ ] +(2 (1 Y
@3 3 ;7 +(1 (20

(e) None of the above
(f) More than one of the above

255. Which of the following is an eigervector of the matrix

@
®
©
@

(e) None of the above
(f) More than one of the above

256. Which of the following is an eigervector of the matrix

@

0 °
©
@

(e) None of the above
(f) More than one of the above

257. Supposethe matrix A = 2 db
X = g : What is Ax?
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ab

@ 4
50 b‘SO
(b) 0 oo
© 2
250
@ 50

(e) Way too hard to compute.

258. Vector x is an eigervector of matrix A. If x = % and Ax = 142 , then what is

the assaiated eigervalue?

(@) 1

(b) 3

(c) 4

(d) Not enoughinformation is given.

g 411' ? (You should be able to

ansver this by cheding the vectors given, rather than by nding the eigervectors of
A from scratd.)

259. Which of the following is an eigervector of A =

(@)

A WN

(b)

©

(d) None of the above

260. The vectort is an eigervector of the matrix A. What could be the result of the product
At?
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(@ At =u
(b) At =v
(c) At=w
(d) None of the above

261. The vector u is an eigervector of the matrix A and Au = v, wherethe vectorsu and
v are showvn below. What could be the result of the product Av?

(@ Av=u
(b) Av = v
(c) Av =w
(d) Av = x
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() Av =1y

4=3 . . 2 4
262. 1 is an eigervector of 31

Don't solwe for all the eigervaluesand eigervectors.)

: What is the assaiated eigervalue? (Think!

(a) 4/3
(b) 5
(c) -2
. 14 . . . . 1
263. The matrix A = 3 0 hasan eigervalue 3 with asseiated eigervector x = 1

Lety= g : Which of the following statemerts is true?

(&) Ax = 3X

(b) Ay = 3y

(c) For any scalarsc and d, A(cx + dy) = 3(cx + dy)
(d) All of the above are true.

(e) Only (a) and (b) are true.

2 3
200
264. The matrix A = 4 0 2 09 has an eigervalue 2 with assiated eigervectors x =

2 3 2 903

1 0
4 05 andy =4 1 5: Which of the following statemeris is true?

0 0
(@) Ax = 2x
(b) Ay = 2y

(c) For any scalarsc and d, A(cx + dy) = 2(cx + dy):

(d) For any nonzeroscalarsc and d, cx + dy is an eigervector of A correspnding to
the eigervalue 2.

(e) All of the above are true.
(f) Only (a) and (b) are true.

265. True or False Any nonzerolinear conbination of two eigervectorsof a matrix A is
an eigervector of A.
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266. If w is an eigervector of A, how doesthe vector Aw compare geometrically to the
vector w?

(a) Aw is arotation of w.

(b) Aw is are ection of w in the x-axis.

(c) Aw is are ection of w in the y-axis.

(d) Aw is parallel to w but may have a di erent length.

267. What doesit meanif O is an eigervalue of a matrix A?

(@) The determinart of A is zero.

(b) The columnsare A are linearly dependeri.

(c) There are anin nite number of solutionsto the systemAx = O:
(d) All of the above

(e) None of the above

2 3
12 3
268.Let A=4 0 0 65 and note that all of the rows sumto six. Which of the following
0 4 2
is true?
2 3
1

(@) w= 4 15 is an eigervector of A.
1

(b) 6 is an eigervalue of A.
(c) Both statemeris are true.
(d) Neither statemernt is true.

Eigenspaces

269. If a vector x is in the eigenspacef A correspndingto ,and 6 0O, thenx is

(@) in the nullspaceof the matrix A:

(b) in the nullspaceof the matrix A | :

(c) not the zerovector.

(d) More than one of the above correctly completesthe sertence.
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270. Which of the following statemernts is correct?

(&) The setof eigervectors of a matrix A forms the eigenspacef A.
(b) The setof eigervectors of a matrix A spansthe eigenspacef A.

(c) Sinceany multiple of an eigervector is alsoan eigervector, the eigenspacealways
hasin nite dimension.

(d) More than one of the above statemens are correct.
(e) None of the above statemerts are correct.

271. Which of the following statemerns is correct?
(a) The setof eigervectorsof a matrix A correspndingto a particular eigervalue 1,
together with the zerovector, forms the eigenspacef A correspndingto ;:
(b) An eigenspaceorrespnding to a non-repeated eigervalue has dimensionone.

(c) An eigervalue of multiplicit y two has a correspnding eigenspaceof dimension
two.

(d) All of the above statemerts are correct.
(e) Exactly two of the above statemernts are correct.

Diagonalization

onN

272. What are the eigervaluesof D =

(@ 2and 3
(b) Oand 2
(c) 0and 3
(d) 5and6

273.1f D = - what is D°?

oON
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(d) Too hard to compute by hand.

274. Why might we be interestedin diagonalizinga matrix?

(a) Becauset is easyto nd the eigervaluesof a diagonal matrix.
(b) Becausdt is easyto compute powers of a diagonal matrix.
(c) Both of thesereasons.

275. Which of the following statemens are true?

(@ An n n matrix with n linearly independen eigervectorsis diagonalizable.
(b) Any diagonalizablen n matrix hasn linearly independen eigervectors.
(c) Both aretrue.

(d) Neither is true.

276. Which of the following statemeris are true?

(@ An n n matrix with n distinct eigervaluesis diagonalizable.
(b) Any diagonalizablen n matrix hasn distinct eigervalues.
(c) Both aretrue.

(d) Neither is true.

277. Which of the following statemerts are true?

(&) If A is adiagonalizablematrix, then A doesnot have any zeroeigervalues.
(b) If A doesnot have any zeroeigervalues,then A is diagonalizable.

(c) Both aretrue.

(d) Neither is true.

278. True or False Invertible matrices are diagonalizable.
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Complex Eigenvalues

279. True or False Real matriceshave only real eigervalues.

280. Which of the following could not be the set of distinct eigervaluesfor a3 3 real

matrix?

@ 2,5

(b) 1,3,5

(c) 2,3,4+ Ti
(d) 3,2+i,2 i

281. True or False Realeigervaluesof a real matrix correspnd to real eigervectorsonly.

Solving Homogeneous Systems of Dierence Equa-
tions

282. If we are told that the generalsolution to a systemof di erence equationsis

Ap = Eq” =¢ (0:9)" % + c( 0:5)" 11 ;
8
then which is an equivalert form of the solution?
(@) a, = ¢ (0:9)" + gcl(O:Q)” andh, = c( 05"+ ¢c( 05"
(b) a, = ¢c1(0:9)" c¢( 05" andh, = 501(0:9)” + ¢( 05"
(€) an = ¢ (0:9)" ¢ ( 0:5)" and by = {6 (0:9)" + ¢ 0:5)"
(d) All of the above
(e) None of the above
283. The solution to a systemof di erence equationsis
_ an _ gn L en L
A, = =c (0:9) + ¢( 05)
n b'] 1 % 2 1

Which of the following is a true statemert?

(a) This systemhasan unstable equilibrium.
(b) In the long-run, b will hold 7/8 of the population.
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(c) The equilibrium value of this systemis 8

(d) All of the above
(e) None of the above

284. If we wish to solwe this system,

ans1 = a, 0:2a, + 0:30,
b = b 03,

which matrix do we needto nd eigervaluesand eigervectorsfor?

(@)
1 02 03
1 03 O

(b)
1 02 03
0 1 0:3

(©
0:8 03
07 O
(d)
0:8 03
0 07

(e) None of the above

285. In solving the system

any1 = a8, 0:2a, + 0:3b,

bher = b 03
we nd that the eigervaluesof the coe cien t matrix are0.8and 0.7 with correspnding
eigervectors of (1) and 13 : What is the solution to this system?
. 1 _ 3
(@) A, = c1(0:8)" 0 + ¢ (0:7)" 1
_ 3 _ 1
(b) An = ¢ (0:8)" 1 * c(0:7)" 0
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n

n
c1(0:8) (])- + ¢(0:7) 3

(©) An

1
3" 1"
(d) An=ci(0:8) ° +c07) 0

(e) None of the above

3

286. The solutionto a systemof di erence equationsis A, = ¢;(0:8)" é +c(0:7)" 1

If Ag= : what are ¢; and ¢,?

2
3
(@ co=2andc, =3

(b) ¢, = 554 andc, = 1108
(c) g=11andc, = 3

(d = 7andc, =3

(e) None of the above

287. The following systemof di erence equationsallows us to predict how the populations
of two towns, A and B, changeead year.

ans1 = a8, 0:2a, + 0:3b,
bh+e1 = b 03,

The solution to this systemis

3

A, = ¢(0:8)" 1

1
0 + ¢(0:7)"

Which of the following is a true statemert?

(a) This systemhasa stable equilibrium.

(b) In the long-run, both of thesetowns will be ghosttowns.

(c) If there are initially 10,000peoplein town B, then by = 282 people.
(d) All of the above

(e) None of the above

288.1f A, = (2)" i + % " 11 is a solution to the system of di erence equations

An+1 = RA,; which of the following is also a solution?

88



1

@ @) 1
3@ ; 41"}
@8 1 11

(d) All of the above
(e) None of the above

289. True or False If either column of the coe cient matrix of a systemof homogeneous
di erence equationssumsto a value greaterthan one,then the systemhasan unstable
equilibrium.

290. True or False When solving a systemof two homogeneousli erence equations,if one
eigervalue is greater than one and oneis between 0 and 1, then one population will
grow without bound while the other declines.

Solutions to Linear Systems

291. Considerthe linear systemgiven by

dy _ 2 3 _
G- 0 4
e2t
True or False: Yi(t) = 0 is a solution.
. , Y . . t
292. Considerthe linear systemctlj—t = S 34 Y with solution Yy(t) = e;

True or False: The function k Y;(t) formed by multiplying Y,(t) by a constant Kk is
alsoa solution to the linear system.

. . dy .
293. Consider the linear system r = S 34 Y. The functions Yy(t) and Y,(t) are

solutionsto the linear system.

True or False: The function Yy(t) + Y,(t) formed by adding the two solutions Y (t)
and Y,(t) is alsoa solution to the linear system.

89



294. True or False: The functions Yy(t) = ;nég and Y,(t) = Z?nsgg arelinearly
independert.
295. True or False: The functions Y(t) = i:;ns(g and Yy(t) = gi)ns(g are

linearly independer.

296. If we are told that the generalsolution to the linear homogeneousystemY = AY is

Y =ce® + ce , then an equivalert form of the solution is

2
1 3
(@) y1= 2cie *+ e *andy, = 2¢€™ + 3ce™
(b) y1= 2cie *+ 2ce™ andy, = cie # + 3¢,
(€) yi= 2ce *+ e *andy, = 2c,e™ + 3¢,
(d) y1= 2cie *+ 2c.e* andy, = e # + 3ce™
(e) All of the above

(f) None of the above

1

297.1f Y = e 2 +e X :23 is a solution to the linear homogeneousystemY %= AY,

which of the following is alsoa solution?

(@ Y=2?2

NEFE NP
N

(b) Y = 3e 2 e *

2
3
(d) All of the above
(e) None of the above

(c) Y = 1=de *

298. The eigervaluesand eigervectorsfor the coe cien t matrix A in the linear homogeneous
systemY%= AY are ; = 4with v; =< 1;2> and , = 3with v, =< 21>,
What is a form of the solution?

2

— 4t
@ Y = ce 1

1
2 + G et

(b) Y = ¢ e + e ¥

1
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1
At 3t
(€) Y = € 5 tGe .

(d) Y=ce? + et

1

1 2
299. You have a linear, homogeneoussystem of di erential equationswith constart co-
e cien ts whosecoe cient matrix A has the eigensystem:eigervalues-5 and -2 and
eigervectors<  1;2 > and < 4;5 >, respectively. Then a general solution to

Z—T = AY is given by:
_ kle 5 4 2kge A
(a) Y= 4kle Sty 5kze 2
_ kle A 4kge 5t
B) Y= e 24 skge &
_ kie 5t 4k,e &
© Y= e 5+ skee 2
@ Y = kie 2+ 2k,e

4kle 2 4 5kze St

300. The eigervaluesand eigervectorsfor the coe cien t matrix A in the linear homogeneous
systemY®= AY are ;= 4with vy =< ;2> and ,= 3with v,=< 2;1>.In
the long term, phasetrajectories:

(a) becomeparallel to the vectorv, =< 2;1>.
(b) tend towards positive in nit .

(c) becomeparallel to the vectorv, =< 1;2>.
(d) tend towards 0.

(e) None of the above

301. If the eigervaluesand eigervectors for the coe cient matrix A in the linear homoge-
neoussystemY®= AY are ;= 4with v; =< 1;2> and , = 3with v, =< 2;3>,

. 1 .
iSy.= e 5 a solution?

(@) Yes,it is a solution.

(b) No, it is not a solution becauseat doesnot cortain 5.
(c) No, it is not a solution becauset is a vector.

(d) No, it is not a solution becauseof a di erent reason.
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302. The eigervaluesand eigervectorsfor the coe cien t matrix A in the linear homogeneous
systemY%= AY are ;= 4with vy =< 10> and , = 4 with v, =< 0;1>. What is
a form of the solution?

(@) Y = c.eM + ceM

1
0 1
1 0

- 4t 4t
(b) Y = cie 0 + ce 1

() Y = ¢ e + cote™

1
0 1

(d) Y=ce® 2 + ce M

1 1
1 3
multiplicit y 2, and all eigervectors are multiples of v =< 1; 1 >. TestingyY =

e 11 ,we nd that

303. The system of di erential equationsY? = Y has eigervalue = 2 with

(@) Y is a solution.
(b) Y is not a solution.

1 1
1 3
multiplicit y 2, and all eigervectorsare multiples of v =< 1; 1>. Onesolution to this

304. The system of di erential equationsY? = Y has eigervalue = 2 with

equationis Y = e* . TestingY = te* , we nd that

1 1

(@ Y = te* ll is also a solution.

(b) Y = te? 11 is not a solution.

305. The eigervaluesand eigervectorsfor the coe cien t matrix A in the linear homogeneous

systemY®= AY are = 4 with multiplicit y 2, and all eigervectorsare multiples of
v=<1, 2>. What isthe form of the generalsolution?
(@) Y = ce + gte & !
: 2 2 2
(b) Y = ce® , tGe 4t >
1 1 0
() Y=rce® 5 t G te 4 5 +e™ 1
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Geometry of Systems

. . . dy . : . :
306. The di erential equation rm = AY hastwo straight line solutions correspnding to

; and v, = 12 that are shavn on the direction eld below.
We denotethe assaiated eigervaluesby ; and ».

eigervectorsy; =

We candeducethat 1 is

(a) positive real

(b) negative real

(c) zero

(d) complex

(e) There is not enoughinformation

307. The di erential equation c;_t = AY hastwo straight line solutions correspnding to

; and v, = 12 that are shavn on the direction eld below.
We denotethe assaiated eigervaluesby ; and ».

eigervectorsy, =
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We can deducethat - is

(a) positive real

(b) negative real

(c) zero

(d) complex

(e) There is not enoughinformation

. . . dy . : . :
308. The di erential equation a9t = AY hastwo straight line solutions correspnding to

eigervectorsy, = and v, = that are shavn on the direction eld below.

1 1
2 2

Supposewe have a solution Y (t) to this systemof di erential equationswhich satis es
initial condition Y (t) = (Xo;Yo) Wherethe point (Xo;Yo) is not on the line through the
point (1; 2). Which statemen best descrikesthe behavior of the solutionast! 1 ?
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(a) The solution tends towards the origin.

(b) The solution movesaway from the origin and asymptotically approatesthe line
through < 1;2>.

(c) The solution movesaway from the origin and asymptotically approadesthe line
through< 1; 2>.

(d) The solution spirals and returns to the point (Xo; Yo)-
(e) There is not enoughinformation.

309. Supposeyou have a linear, homogeneousystemof di erential equationswith constart

310.

coe cien ts whosecoe cien t matrix hasthe following eigensystem:eigervalues-4 and -
1 and eigervectors< 1;1> and< 2;1> respectively. The function Y (t) is a solution
to this systemof di erential equationswhich satis es initial value Y(0) = ( 15;20).
Which statemen best descritesthe behavior of the solutionast! 1 ?

(a) The solution tends towards the origin.

(b) The solution movesaway from the origin and asymptotically approatesthe line
through < 1;1>.

(c) The solution movesaway from the origin and asymptotically approadesthe line
through< 2;1>.

(d) The solution spirals and returns to the point ( 15; 20).
(e) There is not enoughinformation.

Supposewe have a linear, homogeneousystemof di erential equationswith constart
coe cien ts who coe cient matrix hasthe following eigensystem:eigervalues 4 and

1 and eigervectors< 1;1> and< 2;1> respectively. Supposewe have a solution
Y (t) which satis es Y (0) = (Xo; Yo) Wherethe point (Xo;Yo) is not on the line through
the point (1;1). How can we best describe the manner in which the solution Y (t)
approadesthe origin?

(a) The solution will approad the origin in the samemanner asthe line which goes
through the point (1; 1).

(b) The solution will approad the origin in the samemanner asthe line which goes
through the point ( 2;1).

(c) The solution will directly approad the origin in a straight line from the point
(Xo; Yo)-

(d) The answer canvary greatly depending on what the point (Xq; Yo) IS.

(e) The solution doesn't approad the origin.
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311. Using the phase portrait below for the systemY® = AY, we can deducethat the
eigervaluesof the coe cient matrix A are:

(a) both real

(b) both complex

(c) onereal, onecomplex

(d) Not enoughinformation is given

312. Using the phase portrait below for the systemY® = AY, we can deducethat the
eigervaluesare:

(a) of mixed sign
(b) both negative
(c) both positive
(d) Not enoughinformation is given

313. Using the phase portrait below for the systemY® = AY, we can deducethat the
dominart eigervector is:
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@< 11>
(b) < 1;3>
(c) <1 2>

(d) There is no dominart eigervector becausethere is no vector that is being ap-
proadied by all of the solution curves.

(e) Not enoughinformation is given

314. Which phaseportrait belon correspndsto the linear, homogeneoussystemof di er-
ertial equationswith constart coe cien ts whosecoe cient matrix has the following
eigensystem:eigervalues-5 and -2 and eigervectors< 1;2> and< 4;5>, respec-
tively?
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315. Classify the equilibrium point at the origin for the system

dy _ 1 1 ,
G- 41V
(@) Sink
(b) Source
(c) Saddle

(d) None of the above

Chapter 6: Orthogonalit y and Least Squares

Dot Pro ducts

2 3 2 3
0

4
316. What is the dot product of 4 1 S and4 2 52
1 3
2 3
0
(a) 4 25
3
(b) 5
()0

(d) The dot product cannot be computedfor thesevectors.

2 3 2 3

0 4
317. What is the dot product of 4 1 5 and4 05?
2 0
2 3
4
@4 15
2
(b) -4
(c) O

(d) The dot product cannot be computedfor thesevectors.

318. The magnitude of a vector v is de ned to beits dot product with itself v v. What is
the magnitude of the vector (2; 1; 1)?
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(@) 0
(b) 2
(c) 4
(d) 6

319. It is possiblefor a vector to have a negative magnitude?

(@) Yes
(b) No
(c) Not enoughinformation is given

320. What canwe say about two vectorswhosedot product is negative?

(a) The vectorsare orthogonal.
(b) The angle betweenthe two vectorsis lessthan 90 :
(c) The angle betweenthe two vectorsis greaterthan 90 :

321. Rank the dot productsu v,u tandu w.

@ uv>u w>u't
(b) u v>ut>u w
(c)u w>u t>u v
(duw>uv>ut

322.True or False If x andy aren 1 vectors,thenxTy = yTx:
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323.

324.

325.

326.

327.

328.

True or False If x andy aren 1 vectors,thenxy’ isann n matrix.
True or False If x andy aren 1 vectors,then xy™ = yx'.

True or False If x andy aren 1 nonzerovectors,thenxy’ isann n matrix with
rank 1.

If A and B are matriceswhich can be multiplied, then the (i; j )-entry of AB is
h i h [

(@) the ith rowof A the ] th column of B
h i h [

(b) the ith columnof A the | th row of B

(c) None of the above

When we are in the vector spaceof real valued functions, it is often useful to have
the equivalent of a dot product, which we call an |I’F§1er product: We de ne the inner
product of two functions f (x) and g(x) asHf;gi f(x)g(x)dx Considerthe func-
tions f (x) = sin2 x on the interval (a;b) = (0; 1). What is the inner product of this
function with itself if;fi?

(a)
(b)
(c)
(d) 2

(e) This is not a meaningful statemen.

= e O

R
hsin(2 x); sin(4pix)i 01 sin(2 x) sin(4 x)dx = 0. What doesthis mean?

(a) Theseare parallel functions.
(b) Theseare orthogonal functions.
(c) Theseare acute functions.

(d) Theseare obtusefunctions.
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Orthogonal Sets

329. Which of the following setsof vectorsis not an orthogonal set?

(@ (1;31)(1;0; 1)

(b) (2;3);( 6:4)

() (3;0,0;2);(0;1;0;1)

(d) (0;20);( 1,0;3)

(e) (cos ;sin );(sin ; cos)

330. Which of the following setsof vectorsis not an orthogonal set?

(@ u;w

(b) x;v

(c) viy

(d) u;w;y

(e) More than one of the above
(f) None of the above

331. Let A be a squarematrix whosecolumns are mutually orthogonal, nonzerovectors.
Which of the following are true?

(a) The dot product of any two di erent column vectorsis zero.
(b) The setof column vectorsis linearly independer.

(c) det(A) 6 O:

(d) For any b, there is a unique solution to Ax = b:

(e) All of the above.
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332. True or False If two vectorsare linearly independen, they must be orthogonal.

333. True or False Any orthogonal set of nonzerovectorsthat spansa vector spacemust
be a basisfor that space.

334. Let A be any matrix. Which of the following are true?

(@) The row spaceof A and the nullspaceof A are orthogonal to eat other.

(b) The column spaceof A and the row spaceof A are orthogonalto eat other.
(c) The column spaceof A and the nullspaceof A are orthogonalto ead other.
(d) Exactly two of (a), (b), and (c) are true.

(e) All of (a), (b), and (c) aretrue.

2 3
101
335.Let A= 4 0 2 25: Which of the following vectorsis orthogonal to the row space
011
of A?
@ L1 1)
(b) (1,4,2)
() (0,0,5)
d ( 101)
2 3
101
336.Let A = 4 0 2 235: Which of the following vectors is orthogonal to the column
011
spaceof A?
@ L1 1)
(b) (1,4,2)
© 61 2
(d) (2,0;2)
2 3
101
337.LetA=4 0 2 2 5:Which of the following vectorsis orthogonalto the nullspaceof
011
A?
@ L1 1)
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(b) (1,4,2)
() ;1 2)
(d) (2:0;2)

338. Which of the following setsof vectorsis an orthonormal set?

339.

340.

341.

342.

343.

(@) (1;1,1);(1;0, 1)

(b) (2:3);( 6;4)

(c) (0;2,0);( 1,0;3)

(d) (cos ;sin );(sin ; cos)

Let A be a matrix whosecolumns are mutually orthogonal. Which of the following
must be true? Try seweral examplesof matrices with mutually orthogonal columnsto
build your intuition, then try to provide a proof.

(@) A is symmetric.

(b) A 1=AT:

(c) ATA is diagonal.

(d) det(A) & O:

(e) All of the above must be true.

(f) More than one, but not all, of the above must be true.

Let M beany matrix. True or False The columnsof M are orthonormal if and only
if MTM is an idertit y matrix.

Let Q be a squarematrix with orthonormal columns. True or False Q 1= QT:

True or False Any setof nonzeroorthogonalvectorsmust alsobelinearly independert.

([@X )
=

True or False The only orthonormal basisfor <2 is
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Orthogonal Pro jections

344.1f b= 31 andy = i ; then the orthogonal projection of bonto y is
2
@
3=
b 2
10
©
1=10
(d) 3=10
345.If b= 3 and | is the line y = 1x; then the orthogonal projection of b onto | is
1 2
2
(@ 1
3=2
(b) 1=2
10
©
1=10
(d) 3=10

346. If | isthe line y = 3x; b2 <2; and z is the orthogonal projection of b on |; then which
of the following are true?

(@) b zis perpendicularto I.

(b) b zisapoint onl.

(c) z is of the form (c;3c)

(d) Exactly two of the statemeris are true.
(e) None of the above are true.

347.Let A beann p matrix. Let W be the column spaceof A; soW is a subspaceof
<": Let b2 <" and let z be an orthogonal projection of b on W: Then which of the
following is not true?
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(@ AT(b z)=0:

(b) z is orthogonalto W.

(c) b zisorthogonalto W.

(d) z is the vectorin W closestto h.

2 3 2 3 2 3
2 1 1
348.Letv; =4 15:v,=4 25:andv=4 35: Let z be the orthogonal projection of

0 5 0
v onthe spanof fvy;v,g; andlet A= vy Vv, : Which of the following are true?

(a) z= Ax for somex.
(b) z is alinear conmbination of v; and v,:
2 3 2 3

(c)z= 14 15+ L1425
0 5
(d) All of the above statemerts are true.
(e) Exactly two of the above statemerts are true.
(f) Noneof the above statemeris are true.

Gram-Sc hmidt Orthogonalization

(a) an orthogonal basisfor A.

(b) an orthogonal basisfor the column spaceof A.
(c) an orthogonal basisfor the row spaceof A.

(d) an orthogonal basisfor the null spaceof A.

350. Let v; = (2; 1;0) and v, = (1;1;1): The Gram-Sdmidt process,when applied to
thesevectors, producesf v{; vig where

@ vi=(2;, L0andvy=( 1,2;1):

(b) vi= (2; 1;0) andv; = (3=5;6-5; 1):
(c) V9= (2; 1,0)and V9= (2=5; 1=5;0):
(d) vi=(2; 1;0) andv; = (7-5;6-5; 1):
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(e) V?= (2; 1,0)and V9= (3=2;3;1):

82 3 2 39 82 32 39
< 2 1 = < 2 3 =

351. True or False If W=span 4 15;415 ;thenS=_ 4 15;465 isan
' 0 1 ' 0 5 7
orthogonal basisfor W:

Chapter 7. Symmetric Matrices and Quadratic Forms

Symmetric Matrices

352. True or False If A is a symmetric, invertible matrix, then A 1= AT:

353.If Alisann n real symmetric matrix, then which of the following is true?

(a) Ead eigervalue of A is real.
(b) If A isinvertible, then its inverseis also symmetric.
(c) If Ax = 2x and Ay = 3y thenx y= 0:

(d) If ;and , aretwo dierent eigervaluesof A and W; and W, arethe correspnd-
ing eigenspaceghen W; and W, are orthogonal sets.

(e) All of the above are true.
(f) More than one, but not all, of the above are true.

Chapter 8: The Geometry of Vector Spaces

Ane and Convex Com binations

354. How do you descrike the setof all a ne combinations of the vectors(1, 0) and (0, 1)?

(&) A point

(b) A line segmen
(c) Aline

(d) <?

(e) <®
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355. How do you descrike the set of all corvex combinations of the vectors (1, 0) and (0,
1)?
(&) A point
(b) A line segmen
(c) A line
(d) <?
(e) <®

356. How do you descrite the set of all a ne conbinations of the vectors (1, 0) and (0, 1)
and (1, 1)?
(@) Three lines (the lines through ead pair of vectors)
(b) The boundary of the triangle formed by thesethree vectors
(c) The boundary and interior of the triangle formed by thesethree vectors
(d) <?

357. How do you descrile the set of all convex conmbinations of the vectors(1, 0) and (0, 1)
and (1, 1)?
(&) Three lines (the lines through ead pair of vectors)
(b) The boundary of the triangle formed by thesethree vectors
(c) The boundary and interior of the triangle formed by thesethree vectors
(d) <?

358. Supposex and y both solve Ax = b: True or False All linear combinations of x and
y also solve Ax = b: (You should be preparedto support your answer with either a
proof or a courterexample.)

359. Supposex andy both solve Ax = b: True or False All ane conbinations of x andy
alsosolve Ax = b:(You should be preparedto support your answer with either a proof
or a courterexample.)

360. What is the maximum number of a nely independen vectorsin <"?

@n 1
(b) n
c)n+1
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361. Which of the following statemernts is correct?

() A setof vectorsthat is linearly independert must be a nely independer.
(b) A setof vectorsthat is a nely independert must be linearly independen.
(c) Both statemeris are true.
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