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PLEASE READ THESE INSTRUCTIONS g
) CAREFULLY. '
O. This is a closed book exam.
1. You have three hours to complete this exam. 9
2. Questions 1-6 are multiple choice. These questions 10
are worth 2 points each and no part marks will be _
given. Please record your answers in the space 11
provided opposite. 12

3. Questions 7-12 require a complete solution, and are
worth 6 points each, so spend your time Total
accordingly. The correct answer requires
Justification written legibly and logically — you
must convince me that your solution is correct. You
must answer these questions in the space
provided. Use the backs of pages if necessary.

4. Where it 1s possible to check your work, do so.

5. Good luck! Bonne chance!
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1. Find the value of the constant a for which the following system is inconsistent

X+ y+ z=1

2x+ay+4z=1

y-z=1
A, a=-4
B. a=-1
C. a=2
D. a=-2
. =1
F. a=0

Please record your answers on the title page.
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2. Whichof U={(xy, x -y)fxyen}v_{(xy,x+y)!xyen}and
W={(x,y,xy) | x,ye R} are subspaces of R3 ?

U and V only u:w'{ ({1010) @1(1—”]} /

V only

U and W only : .

Woonly V- W’M“"O‘n (o, 44y
U only

V and W only (l}o}o) + (Olﬁo) - ((‘,{10)

EW - W ¢W

Please record your answers on the title page.




3.

V()
X (2)
X (3)

A.
E.
F.

Which of the following is (are) a basis (bases) of R3 ?

{{(1,0,1) (1,4,0) (-4, -4, 7) }
{ (31 '1! 2) (Sa 11 1)}
{(2a1!3) (3:1"3) (1,1,9)}

None is a basis. t ol Lo o

2 and 3. L4 o) = 1k -

Only 1. —l -y T o-4 {

1and 3.

Only 3. 245 F A D

1 and 2. -3 Fls 20 -0
i1 ~5-20

Please record your answers on the title page.
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1 1 1
4. fA=|0.2 3|, what is the second row of A1 ?
5 5 1
@ [-15/8, 1/2, 3/8] { (| | 00
B. [-15/4, 1, 3/4]
C.  [13/8,-1/2, -1/8] 0 L53yo0t00
D. [-1/2,1/2,0] 5 g | o o |
E. [-15/8, 1/8, 3/8]
F. [-15, 4, 3]
[ l oo
0 T 0% O { ©
o o415
I o © ;
- 1
it A
’q7/1, qu
,3/?’111{

Please record your answers on the title page.



For which value(s) of x is

A.
B.
C.
D.

X+0
X = -1
X=1
X#1
X#+1
X # -1

1 01
0 1 0| invertible?
-1 0 x
| 0 |
O | © =
-1 0 X

Pilease record your answers on the title page.

I
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A is an 8 by 6 matrix such that Ax = 0 has only the trivial solution, x = Q.

Answer the following questions:

e
* What is the rank of A? g M b :
* Is Ax = b consistent for all b ¢ R8 ? & _J‘ "
A. 0, Yes
B. 8 No diwe I x A= 0y + vauk A= "‘*“’Q”{)P\
2, Yes A T iy A <
: 6, No
* . = b
E. 6, Yes ' WNQL A
F 8, Yes

EA [L,] (G R \{afaﬂﬂ be RE

= eds ) A g R

NG,

Please record your answers on the title page.

Lot
ﬂ@Q"ﬂ.P\ =6



7. Consider the linear system

r + 2y + =z =0
z + 3y + 2z = 0O
2r + 4y + kz = 0

oL a) If A is the coefficient matrix of the system above, find rank A for all values of k.

~ b) Find all k so that this system has
I*> i) a unique solution,
ii) infinitely many solutions, and
ili) no solutions.
9 { ¢) In case (ii) above, give a geometric description of the set of solutions in each

instance. . ;? :;a jg l

g [ atpol pra o) BER L ey hea
1 3 2kjoO| Y O &*RI1O WA' . 7{ %#g\l
a2 4 R 10 0 C &%) '

b)

ri)“"”““(‘“?fﬂg‘“ & noak A=woans & g Fa. f, % |
1) oobﬂwgaﬁﬂ”<:7mwﬂh&<3@ =2 1 Wq’
) QA «&J/mwg _Gfgmlew Y aﬁwmﬁd Constdtent.

—_— —- - 92
_ L 2 110 \ 0-5|° X =
e P AR EE I IR ST
S5 40 o o ol U,
oo O
7 - hd Y

Jhis < o @w u"“‘“"*f’@ &

Auig cha (5 -3, 1) |

(olene - O

.ﬁ&iﬂé wib IR & ,/(L‘)
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8. a) A pet fanatic, Pat, wishes to keep combination of dogs, cats and weasels.

They are to be fed 3 food types, A, B and C, and their weekly requirements (in kgs
per animal per week ) are given in the table below:

cats dogs weasels

A 2 0 2
B 2 1 1
c 3 1 2

Pat can only afford 12 kgs of A, 10 kgs of B and 16 kgs of C each week. Assuming

that all the available food is eaten by Pat’s furry friends, write down a linear system,
together with all constraints, describing the possible combinations of cats, dogs and

weasels that this lunatic can keep. Don't forget to define your variables and DO
NOT SOLVE THIS SYSTEM.

b) Find all solutions of the following constrained linear system:

2z + y + 2z = 14
3 + 3y = 15
52 + 4y + =z = 29

where z,y and z are integers, and z > 3, y > 0 and ;%(2 2.

St x= # eal  Pod can upll op gy fod b cater

e - # g 7
/ /aze ¥
3 - H weadil? CEM A ]
e o 7
Tome A x4 25 = 2] HMewn,) nyg €275
\af% Q‘ng.f% - (© j_ i 2) x '7/0_ L
C 5%+ J N 25 - 10 (g?% !i;' itjfj =
[ 312t e e
. L tofs t o119
N R
G) Dééé) {(;No—tl o I BN e el F- R o
s 4 1|29 o-t L iH =<
) 1
v G- Npd gel wttad g €47 TS e 6
47740 3 e gt el T 8T
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9. Let W={(a,a—-b,a+b)|a,becR).

{ a) By any method, show that W is a subspace of R®.
02,;/ b) Find a basis of W and give the dimension of . {You must explain why your
choice is a basis.)
]% ¢) Give a geometric description of W.
} d) Give an equation for W.

o 0, W f Cp R (200 Gong) =0
[ G e ax-y g = o

' o Jor W
— = O 3 G- iREy
A A B "

J;) — @3 \LP W A o :) o
_ @ \-/?Ww&\-\ bd am .jus\ R\mﬂh
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10. Consider the vector space
F[-1,1] = {f | f is a real-valued function with domain [-1,1}},

together with the usual operations on functions. Recall that the zero of F[-1,1]is
the function that has the value 0 for every z € [-1, 1]

';l a) Prove that {1,z,z?} is linearly independent in F[-1,1].
(Hint: Consider z = -1, 0, and 1.)

b) If f(z) = (2x + 1)%, is f € span{1,z,z2}7
c) Show that if g(z) = 35, then g ¢ span{1,z}

\\
A
\gl; d) What is the dimension of the subspace U = span{1, z, ;%}?

A) guﬂmx af+ bx+ ex = O ({'r.vailﬁ X € [~1,40
M g~ = o - b+ c=0 /7 he o

0 a :—_0 J:> b-:‘O
. = 0O
:' A ib +C =0 e {

o ) aw i oaw FE

b Simex f?c‘x) = Lf@(l'ﬁlﬁ’}((-{/ =44 b R
/¢ Ay L4, %,xF

) :ck;’[«i- ﬂLX PNd@QKf;E“fO- JM"’ a4
L’-> guﬁow_ é; wwwwwwww _ﬂ_,ﬂw‘}i . [ ot CMS
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11. a) Let A be a real n X n matrix. Give 3 different statements which are equiv-

alent to:
2 | det A 0, (/.w ot )
b) Say whether the following statements are TRUE or FALSE. No justification is
necessary!

i) If is A a real n x n matrix, then A is invertible iff § is not an eigenvalue of A. T RUE
x| i) A 3 x 4 matrix can have linearly independent columns. FALSE

iii) The solution space of a homogeneous system of 2 equations in 6 unknowns
can have dimension exactly 3.

A) N v nvekible & dd A+O | = dad®-0I)40 < O
ot o el G A

“u) I A bxy, Hew mRAZ3 S0 Fe asls 6
Maw Lod.

) Y AL 2x6
bk vk £ 2, S0 dA‘m{x[ﬁF“O\J z 4

ton cm §x L Ax=o = bk
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12. Let A= ':——1 5 2] . The eigenvalues of A are 0 and 6.
2 2 -2

a) Find a basisof Eg = {z € R®* | Az =0}. [
b) Find a basis of Eg = {z € R® | (4 — 6I)z = 0. /4

¢) Show that the set consisting of all vectors in the bases for Ey and Fj is a basis /
for R3.

d) If possible, find an invertible matrix_P such that P~1AP = D is diagonal and
give this diagonal matrix D.
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