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PART I: Multiple Choice Questions. Three marks each. No partial marks.
Circle the correct answer on the Multiple-Choice Answer Sheet on page 2.

December 2016

There is only one correct answer for each question.

L. Consider the following augmented matrix of a system of linear equations:

1 22 2|3
0 12 } :4, - The system has  ~J
1 3 4 5|7

-1 -1 0 111

(a) a unique solution

(b) infinitely many solutions with one free variabl

{ 2

o |
o |
0

e

@uﬁnitely many solutions with two free variables

(d) infinitely many solutions with three free variables

(e) no solutions

2. Let T:R? — R? be a linear transformation such that

() ()= [2 e ([ 2)

@[] ®| 3] o

|
T([23) -7 (s[6)-2[5])-

Jage

)

3

2 2(3
23 \wvlpoy 23
z 3 i !
1 2 3| & ’

T([ L) -2 T (LS

¢ =
3. Let A~ = 18 and b= 0 Ifr=| " is the solution of the matrix
2 4 -1 Iy

equation Az = b, what is z,?

() 2 @1 (@ -1
-1 I 3 s
[;‘A = Ab = [1 4][’13

Ok

s-3 | _
lo -4

(

2
é
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1 2 3
2 3 1
4. Let u = 0ol v= 1 and w = 5
-1 . | ¢

For what value of t is the set {u, v, w} linearly dependent?

(a) -3 (b) -1 (c) 3 ()2 ) (e) 0

| ”é % ) 2 3 \ 2 3

7 -1 -5 -\ -5
o\ £ VT O T T2 1Y %% 0o

- -l 4 0 3+t o o -2t

—2rt=0 2 é =

5. Let A, B and C' be 3 x 3 matrices. If det A = 2, det B = 4, and det C = 8,
what is det(2AB~1CT)?

(a) 2° (b) 2° (d) 2! (e) 2°

-1 T
Jek (2 AB CT) = TodebA - det B et C
>

s
= 2 -2 Azz

6. Let A be a 5 x 8 matrix such that row echelon form has 5 pivot positions (leading entries).
Which of the following statements is FALSE?

(a) dimNulA = 3.
ulA = R3,
(c) RankA = 5.
(d) dimColA = 5.
(e) ColA = R>.
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11111
T.IetdA=12 2 2 2 2. What is the dimension of NulA?
41 4 4 4 4

@ (b) 1 (c) 0 d) 5 (€) 3

8 Let A = [ f2 - 1 } Find the matrix X such that 2X — B = AX +1.

0 0 1_1
S ECHHECHEHE O HICH IR
2X-AX =T +B 2 o \_[! 2 )X:({ -1}

. (’11"'A>X =T +B 9[0 z\&‘ E}-?]\ _-‘1 1 2

-1 _ -
oV,
2\ o | v
- L

J and B = [

| (2+z - 2F J:i i "'J
74 16 -1 - 32 loesyy o042 L S
9. Let A= 2 5 8|landzr= 1].
-2 -2 -5 0
You are given that r is an eigenvector of A. What is the corresponding eigenvalue?
@1  (b)-1 (-3 ()2
- -3 -
+ L4 lé o ++4
5 L \=|—2+s|=]| 3|=3]1
2 s £ O )

-7 =2 -5 0 2-2
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10. If the orthogonal projection of the vector 2 = | 0 | onto the veetoru= | —1 | is | b |,
9 2 ¢

what is the value of b?
éﬂ, B -1 @1 @+ (0

l |
L= XU :é:gui&4xzw[1}
0-u R R I

5+12i

11. What is the standard form a + b of the complex number ?

5

-3
(a) —2 — 3i (c) 2+3i (d) 3—2i (€) —3+2i

5 inc (5+‘15’)(1+36) _lo -3¢ + (15 +24) ¢

o

2-3¢ (2-35)(2+35) 4+ 19
= -26 +39¢ _ _q 4+ 3(
i3

—C
12. Let A = [ i ;) } What are the eigenvalues of 4 ?

(a) 1,6 (b) 2 + 4i (€)4£2 ()64 @

e
"2 =9 N2 (- 36 =0
b=

7 + 64
,_'7;):“'3( "5 ‘”7’ o
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PART II: Long answer questions. Show all your work.
[12] 1. Find the general solution of the following system of linear equations.
Write the solution in vector parametric form.
*-1'1+31‘2-213+4.’C4=0
21‘1"'6972'{"3'3—214”—“"3
- _ | 11"3332‘4-423—81‘4:2 _ — ’Z_
L3 -2 4o | =3 4 -g |2 | -3 ‘3‘__
2 -¢ ‘*Z*Sr\/i_él,z_sf’\/@O”?’ I 4
b -3 4 -8[2 ) -1 3 -2 k| o 0 0 2 42
l - 3 Lf‘ ..2‘(2.. ’ -3 O O -2
b’
"’00i~2\“00‘00f9
o o o0 0\b o @
ables (D
Xa ond x‘r oate {lm hia
Yz = |+ 22Xy
- =2 43X
F = = -3 o
S¢; -2 +3 X4 ”%ﬂ | N i
ill 7\1 ‘ +’X1 O + L}- ‘
X3 - | +2 Xy O
, 0 e
7‘11', x‘-} ’l
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3 4
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7
3

—

)
5

(8] 3. Let‘%»{

OO

I

and r = ;’ - You are given that det4 = 96.

3
I3

Use Cramer’s Rule to find z; (without solving for r,, 3 and Z4) in the matrix equation Ar = b.
3 0 3 |
1 5 3
+ 6 @)
Al “’) gy I O 2
90V 3

lawan 2

c‘:C&C{:o(‘ e’F(l\’\S':o\’\ 0(0%{- e {\\

d o
o | g
2 3
{Aq(b\\ \4‘ 7—\ \?g\?fz.\
90 3 WMWQ
=< 3

- 3[2! +108 +0 — (1} +#2 0

CLe+o+F - (2HHO MYB

S Q‘B{;
T L W o ,Lf
= 3 (129 - 991 (43-3 ) %‘?}@Sw»( L)

:3(30)-—lD = &0

)As“’)\ - %0 - = @

= —— 7 g4 &

1A\

oR %= +2 Jﬁ(‘\{‘%?na‘ down JUne, C,C’)(\(\QC‘(: ’AQ (lo) -
+ 4 CL(‘X\CM\;&\\O\(\ OJP“ Wﬂ QA,‘ (b)l

+ 2 P\\‘f\&\‘n% %
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(14 4. Let A=]0 1 6.
2 06

You are given that the characteristic equation of A is AMI=-MNA-7)=0

(a) Find the eigenvalues of the matrix A.

(b) For each eigenvalue, find a basis for the corresponding eigenspace.
(¢) Find an invertible matrix P and a diagonal matrix D such that A = PDP-!.

a) The e\aev\\}a\.ucs ase M=oy A, =1 7’3 7. @
by 2,=0 3 (A - 2I)X =0

. O = io’:‘:‘; ~ \Oc;:z
(A-OI)X\- 02(066 D 0o O
-3} -3

= m = -6133 =X3 ‘-GX@ @
X3 X3 | |

o

p PR B o 9 3¥\w 'o(())l

| I\X\:O*yle o 6lo 0o© 0

(A" 2 0 X . o -1|0 Y v Pree

Ay =F ¢ 606320 H‘o";% ¥o2 =23
(A-3T)X=07F] G gq0]) 99 =

|
Xy Lrs | @
da |z | By | = 1*3{"7“‘5
X3 X2 '
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1 2 3 5
[10] 5. Let H":Span{[ 3}\{1}.[4],[5}}.
-1 2 1 3

(a) Find a basis for W. What is the dimension of W?
4
(b) Writex = | 7 ] as a linear combination of the basis vectors of W, which you found in

0
part (a). -
V[P 2 3 2 hnl,e-s=0\W o1 1 ez
Q) 2 | 4 s O o
o2 )3 o 4 4 ¥ o ? ©
z:?w{- coluwmns
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1 1 -2 6
=] 3 0| ., 4

[12] 8. Let u; = L= [us= 1 W =Span{u,, u3, u3} and z = s |-
1 1 1 10

(a) Show that {u,, uz, ug} is an orthogonal set.
(b) Find the orthogonal projection of the vector z onto W.
(c) Write r as the sum of a vector in W and a vector orthogonal to W.

(d) Find the distance from x to W. @
a) U, -U, =0 U cUz =0) Uy U3 =0

2

X-Us
- X =Uz -Uz + usz
L) < rox ¥ o= XUy o+ e YT
- F 51)\) u‘.bu \A’L u'L 3
-12 +0 +8 110
oot B0 ) 4 EHI2EBID U, ¢ TESET 4
= m I +9 +\ +1

é
:5u‘+3,uz*d§3"' lg\®
® 3 ]
“l=151 0

2 !
o 9

LT\/\tx\)X‘_—QQ‘_%@ A
) dist(x, W) = dt (x,’i) “px-x )

___-—-—""—"") .

. ¢
C)%:%“X:‘ Lg

(-l) +1



