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. No Calculators, electronic equipment, or paper material other than this examination and scantron
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Students arriving late will not normally be admitted after one-half hour of the examination time has
passed.
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The penalty for violation of these rules is suspension or expulsion or such other penalty as may be
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Discarded matter is to be struck out and not removed by mutilation of the examination answer book.

Candidates are cautioned against writing in their answer books any matter extraneocus to the actual
answering of the question set.

. A candidate must, report to a supervisor before leaving the examination room.
10.

Answer books must be handed to the supervisor-in-charge promptly when the signal is given. Failure
to comply with this regulation will be cause for rejection of an answer paper.
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Part A: Mark your answers on the scantron sheet provided. Exam version: 0

Each question is worth 2 points.
1. What can you say about the following system of linear equations?

Tz o4 2y + 3z
r 4+ ¥y 4+ =z
(a) It has no solution.
(b) It has one solution.
c) It has three solutions.
(d) )It has infinitely many solutions.

(e) None of the above.

2. What can you say about the following system of linear equations?

1 + 2z + 3x3 + x4 ==
1 + 230 + 4dz3 + 4=

a) It has no solution. } D = { U\g
e O

(
(b) It has one solution.
(

o O

¢) The general solution involves one parameter. Q\/ e A

@'he general solution involves two parameters.
A0 w2 o
D © '

(e) None of the above.

o}

equations? ~ [! —| — O
T — y — z =

r + y + z = 4 ) f Lo

(@) z=2y=02=2 d/\'TQ)F

(b) z=2,y=12=1

:2"‘J=2“S:Z=s A= NS | o o2
(d) z2=2y=2+52=5 ES""‘ &_S G l L e

(e} None of the above.
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4. Consider the following homogeneous system of linear equations:

Ty + 220 + dxs
r + 3$2
1 + 2x»

Any solution of the above system AX = 0 is a linear combination of the following matrices:

S F 6 b O

T O
=3

@) [-401 —6 —2.
(b) [8 0 —2 3 1T,

+ 4$3
4 4z

rred-

()[-4010 0] and [-8 0 2 0 0],

-+ T
+ Ty
+ 224

)

(@)l 0 100 and [0 003 17

b N

(e) None of the above.

of its augmented matrix is:
(a} 0.

( (b) At least 1.

(c) At least 2.
(d) n+1.

(e) None of the above.

6. The system of linear equations

2$1
~2$1
Iy
—3$1

(a) has a unique solution.

+ |+

2$2
2$2

Ta
3xq

Ay

Ay
L5 .

5. Consider a system of m linear equations in n variables. If the system is inconsistent, then the rank

Nee® au veo e\ Ha eren

+

+

7$3
9$3
4$3
12$3

(&}
O

—%S

I+ 1 +

(b) has infinitely many solutions with one parameter.

@has infinitely many solutions with two parameter.

(d) is inconsistent.

(e) None of the above.

O
0

3t
o

"

-é(_

0
0
0

Exam version: 0
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Exam version: 0

7. A system of five linear equations in four variables has coefficient matrix C' and augmented matrix
A. If rank C = 4, then which of the following statements about this system must be true?

pe

(a) It has a unique solution or infinitely many solutions. \r o © b
2\
(b) !t has no solution or infinitely many solutions. vy 5V 0
i

O O
. | | cotro |1
@j@ has no solution or a unique solution. - -
O e o\
(d} It has no solution, a unique solution, or infinitely many selutions. oo O
(e) None of the above.
1 1 -1 1 0
8. letXs=| 2|, Xy= 1], X3= 0|, Y=|0]|,andZ=1{1 u) 7.
-1 -2 3 0 1
(a) both Y and Z are linear combinations of X;, X5, and Xj. v i \Q
(b) neither Y nor Z is a linear combination of X;, X3, and Xj. ;“\ \ 2 C
—\ —Z f !
(c) Y is a linear combination of X, X3, and X3, but Z is not. @)
is a linear combination of X7, Xs, and X3, but Y is not. \\\f L’f&\(
e) None of the above. | o ! -1 i
L T2 2

U
9. Let T : R? — R? be the reflection through the line y = —z. The matrix of T' is: L

10 .
wp o TR
(b)(l) é} A\ M:L- —L O “y

Ok

@]

(e) None of the above. ‘ —x

il
\
2~
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Exam version: (

10. Consider the matrix transformation T induced by the matrix A = [ (1] _(1) ] Then T is:

eflection in the z axis. ‘ ‘
(b) reflection in the y axis. ““\”\:3{(&‘ &l Q} % 5(’_\ X
(c) rotation through —= /2 (clockwise ). 07 o~ "’) 7 s
(d) rotation through /2 (counterclockwise).

(e) None of the above.

11. Let A and B be m x n matrices, and suppose I is an invertible matrix so that B = UA. Then

(a) A=BU™.

(b) A= BU. W= S EAS
VRl N U{QA A}

(d) A=UB.

(e) None of the above. 6\\ B: L'L?L_\Lk\ )QS
O = &

12. Find values of a 50 that the matrix A = [ i ? } is invertible,

Aaa = 1\— e = |~ Ze
Q&sﬁ\q{.\‘;(} Jg@f'&:ql"

%0 f;\_y‘\x AR UQT‘\\XK
<5 Adip 20
&> o Y

—
jon 18]
et et
] 2
“H.

[T T B

o W
)
S

(e) None of the above.
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Exam version: 0

13. Find A if o
(A —21)7 [ } ) | g
- - Q
PP R I
4|73 |
(c)A::‘f _H o W RB 1 \% \\
(d)A::éé].

(e) None of the above.

14. Compute and simplify the following matrix product:

(@) a+b - [2& ‘ﬂs_\ffl _ e to = — 20

(b) 2a -
(c) #2a

(d) 2a+b

(e) None of the above.

15. Consider the z-shear transformation 1" given by

][4 = LS

Then T~! is induced by the following matrix:

a} __—\l \ —Co
Ll

i AT

(c) :_(13 _C”. {\“3 \(\“&Qu&\ K@b, R%\
@ o 1)

(e) None of the above.

(a)
(b)

T T
e S e R
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Il solution on these pages. Exam version: 0

vid

& your fu
nzs} Wlth full explanation, find (if possible) conditions on a and b such that ihe
“solution; one solution, or infinitely many solutions.

T + & o= 2
Yy = =3
T 4+ oy +oa o= -1

a clear ‘and complete solution, and provide your final answer in the box below:

uﬂ?{ s l & i 2
— @ i o -2
L | N bt
- K &3 \%
Ty 0 2
Ol el b-3
i Q'}. * ig BN \L -

Pt ——

! i i
No solution: C{ =\ ‘k{.} :%‘I; f-}

ANSWER: One solution: __ R —]| =0

 Infinitely many solutions: (% = | k) — )
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rovide your full solution on these pages. Exam version: 1

(Epomts) With full explanation, find (if possible) conditions on « and b such that the
as no solution, one solution, or infinitely many solutions.

a + z = 2
y = -3
T 4+ y +a = b-1

. Write a ¢§_éar_a_nd complete sTon, and provide your final answer in the box below:

J"’f?i” Lo ] A W
e Oy |

.
I R
— R 43 NS

L Oy \ L \i
a 1o Th X
ﬂ O Lo e
— [y 2y \Y,

o —
o~
9

4

{
\(\o’wiw

Mo solution: G\\G = \ b:‘% \;3
140 (o)
=\ \ZD “:-:a:}

ANSWER: One solution:

Infinitely many solutions:
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Exam version: 2

Question 1 (5 points)  With full explanation, find (if possible) conditions on « and b such that the
system has no solution, one solution, or infinitely many solutions.

v -+ = 2
y = -1
T + Yy + -2 = b+2

Wiite a clear and complete solution, and provide your final answer in the box helow:

P \‘[/_}\_,Df i @ | \ Q\J —_\

e 1 - _~ T
M\f\,\ oL & | A (

oD
‘__Y\}\ ~ (‘\,3) \‘t\f
S O -

) 1 CERN 1> -

No solution: Ci-:“ q\_» gﬂ\ :% - { -

Q<40 (a4}

ANSWER: One solution: ' _'?) K
A=3 b=

Infinitely many solutions:
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Exam version: 0

Question 2 (5 points) Consider the system of linear equations AX = R wheve:

1 0 -1 1 §
A== 3 2 0] andB=10
-1 -1 0 0
N\
1. Use the matrix inversion algorithm to find A~1, /c\g\(’,\m
(oY

2, Use your answer in part 1. to solve for X.

P s L L S S S
A4 { < —\ (I G . [
Q 5 o = \ o .- < . > ""% t (&
_- = & o Qi S & Sa
(Lt B U - = Y s Loe L te 8
- T T S e & oo T
[T S p— [ o ST S Lo o
T & o
N o~ ) £ AN frpTeima & LS ; i
&9 ( t € i = © - BN ‘l .
e G & Y — b b).., ) - &y < 4 =1 1 s
i e S T = N R (I U GRS SO W G
BN e G L TN b a b e G v o |8 e =y
<o\ O O =3 N T 2 e N
. ‘\\ ) & L v\!«wj
o
’{%ﬂ - s S -»-—?,;‘
e S i (/ @
E i { x} E
:,3 ‘_% ! } — o
—y = tz (2 ” -
i ; R ! E —
| T
H
PR ;)La Wé Tt
i ii i— ) ; l fz'\
A=} b - L= "
£ i s
i By b {
LTy S —_
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Question 2 (5 points) Consider the system of linear equations AX = B where:

1 0 -1 0
A= -1 2 0| andB=]1
2 1 =3 0

Exam version: 1

1. Use the matrix inversion algorithm to find A%, ( (5/ '
2
2. Use your answer in part 1. to solve for X.
&) B S B TS (7 eI S S T LQ
"\'ﬂiaaakﬁm% o2 L L Q
(R e N A T & S AoV R 3oy
-
T (G r o
—B S-S B B S N 1/ S O - P o o
s a0 t o g O o { g -2
{ % i ~1 -2 - { p L @___\ -3 8 }
© ( —< fa_'igﬁg Ty o © & v -
S BN VI R &L LT -y
. Gov g . ._
-2 O “ ES A
G o2 ] A

::;:. A g
2 .
oot
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Question 2 (5 poinis) Consider the system of linear equations AX = B where;

/pere;

-0 -1 0 T
A=12 2 -3 | andB=10
21 -3

1
1. Use the matrix inversion algorithm to find A~L.

l( :3’!*5‘1’(? AN
2. Use your answer in part 1. to solve for X,

s g
A

o -l I o @ L
e % - o 3’%\'\ k %g“- 2 1
f.}'}‘"‘- c‘;}"‘* @ ‘

. -:)) f::‘, . -j C} ’?’3:__,_; — ‘ ___’}\ l ™y
L Dl S S S A e S I [

T T I A SN N T S B T
AN &Y B A ,
o \ & 3 A ~2- L 4 (ST S S o
Lo T S e S e
. o N - -, Ty
- iw 5 Q* iig i o - ! i “o - \‘?} : < K e
b | O T B e - 4 o o -
; i) .
{ | -2 -2 -
- oo -l =2 =
\i:) L ! (! O EN { —{ S
. t t U, R
&y o e = O
SR EO N
A xy ‘ =~ (e
SO o =y Lok ~ E B
. R
A ) § } \ . |
— ]}
i o Y me F E émg jg g L v
S . —
A S
At = % / \ — | % X = E% ! i



