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{ 2z; — 4dxy — 223 + 84 = —4
(5) 1. Write the solution to the system ¢ —3x; + 4oy — 23 — 214 = 0
=1 + 3rg 4+ 3xr3 — 914 = 5
T2 -4 -2 8 -4 Ligifr -2 - & X
Y Z -~ =2 o] v’-'-g'ﬁ s -2 0
- 2 2 -9 g | < 3 2 -9 o
2R,+R, lﬂ,.,.RB
\ 2 __\ L -2 -"z'ez | -Z "‘ : ‘/— -2
o 1 2 5| 3 T e -1 -y e -6
0) \ 2 -S| 2 O | 2 -5 | ES
L"p)*kx
0 -Z R e, +R ’ ZD e i ‘/‘—1
o (v 2z 5|3 S sle &) % Eiila
(0 0 & €10 | ©c e 06 © -«
Y, t 3% -bxy =4 *x = ¢k - 34 + 64
%z = A
%o 2k
ol [ 6]
~ = A \ ,
3 o \ O 2
L e o J T e
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2. Given the following matrix A = 0k 0 1
0 4 0 &k
(a) Find |A| in terms of k.
305 4 . | 2
\A\ = - = -E(akl—'fs =3 kT 1
o k \ " e
o 4 k
(b) For what values of k is A non-invertible?
\Al =0 = ket ork=-2 L*< &
=2
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" (Marks)

2 -3 14
(4) 3. Find the inverse of 1 -2 -7

-3 5 22
% | ¥ i
fo -3 lio o pse, | =2 L O |
x | -2 -7 0 % O —1 2 =3 "'/“' / &
\ -3 ¢ XS VD \J 1"3 g 22,J O =
\L—Zk’ 1 R, L? R, +R;
-2 =3 ®© : K =& pH o
@Wo 1 -2 p|T
3 ' f © -] FTRpoO 3
o (W .l ) J
l?fs'rﬂ.
~ s 3
\ -1 O y2 g + 28, +8 ' c O | 7
o ' O )] -2 O >|e Voo ke
S
B o 1| v v 3] g
VRIS s
) e [
q 4 7 f \2 e g |
\ 2 o (|| - -3 :
| \ s 2'77 a1
o AR
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4. Given the following matrix A = [ 9

3

2 6
4 22

~12 12 -11

(a) Write A as the product of a lower triangular matrix L and an upper triangular matrix U.

PR )

o -

4Ry "’%3 0 -y

| o o©
= = l (o)
-4 Z | |

(b) What is |A|?

b

%

'/,\,\ - (» (=) (51 =

—2—22 -+ ﬁ; .

— 20

(2 =2
(o) -t
LO O

4

7]

b
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(a) Given that A and B are invertible, find the block matrix form for Af~!

o< o
Mmoo

S O N

5. Consider the following block matrix:
M=

° (Marks)

(3)

(a) to find the inverse of

(b) Use part

(3)
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(4) 6. Set up an augmented matrix for finding the loop currents of the following electrical network.

You do not have to solve the system.

e

Gj ; g 20 @ 15Vt N

S

Q

-

=

| 22 W Wy
L

L53Y Sibewsre e i
+ @ '= 10|

2

3

6¢

H Y=

d -

7Q

£y . (q.f-lt'Z)I, """il.-IU = 5
apr (eI, - 41, -2 Fo -t RO

((H)f; -¢I, = |0

29 3
dpp oDy =T/ = -1s
T, 1 T, L, .
3 PR s g
-4 12 -4 -2 D
O - b 'S o | O
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7. Let A be a 4 x 4 matrix with |A| = —3. Let B be a 4 x 4 non invertible matrix.

For each part, either provide an answer or write “not enough information”.

(1 (a) What the value of |2A4]?

__‘f- L =( 3):-48&
12Al =271A] =[2*(3)| 2D E) -G8

1 (b) What is the value of |AB|?

O

(1) (c) What is the value of |A+ B + I|?

wot st o -

(2) (d) What is the value of |(AT A)~1|?

AT
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8. Let A and B be n x n matrices and suppose AB is its own inverse. (Thzitw NlS,(fl B,):l:A B.)
— i o 5 j_wi«“-_ A

(2) (a) The inverse of BAB is: (choose the correct answer)

(1) ABA (3) AB ‘ (5) A G o

(2) BAB (4) BA (6) B

() : A
A
(1) (b) Is matrix B necessarily invertible? Justify your answer.
s \_ E: = ' P
(ABA B © T & RS = A2A.

1) (c) Prove that BA is also its own inverse.

(BA) (8A) = & (AB) A -
’ T B(ABTA
=g EAA

= X3 :I
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1) (d) Evaluate and simplify (AB + I)(AB + I). A 5 I =
. 1) A=1 \1
+3 [ Al |
- As(a8 -\'I) +1 (A8 » 13(3 + 1T (gg,qgﬁ ;_b 1
- ApAB +AST 3 | |
= ']:_‘ rABrAB T3 |
- 2A8 +21 =2 (An_efI) .

<.

(D (e) What is (AB + I)8?

(AR 1)8 = ((AB*: I)ly = (2 (AR *TBY )
= 2*((~8 1) =14 (2 (A+3)

-—

= (1)(v) (ABRDY = (16)(3) (AE+T)
T= iz gtaRilis 27 (A8 1)

(/C A8 e 2 (R *I) .
\\\*//J IR SR
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9. Find both 2 x 2 matrices A such that the transformation T'(x) = Ax transforms the unit square from
(4) position 1 to the rectangle in position 2 (as seen below).

Position 1 Position 2

....
-+
-

{
1)
S n
Lo
.
>
\
-
Q
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10. Given that

D)

(D

&D)

r-l[:-’ 1 ] g F—B—!
B 4 3 3
o o
=4 e M1 +a e
(o} -2 0>)
Bl s '
|l © d ; (o —-OJ :

~

[ /2~ /4%20 /7N 0 2 17
ao| 2t -4 22—
=l 1A0/ al1/83 2 1
ta/fa/ 6/ 5 =8 %
(1)0 4 0 =1 6 2
“‘—/;A"'
A | 0@ 3 0 -3 -5 -2
“loo0oo0o@ 2 4 3
(0000 0 0 0
¥

(a) Find a basis for the column space of A

. 2 “
2 -4
S o
~+d31 3

(b) Find a basis for the row space of A

( I,O,U—)O) ") 6)2‘)) (9) ()3) 0)-

(c¢) Find a basis for the null space of A

,\;'r:,.g,_-;} - Mg * 6N +Tr =0
A.{f&.pf‘g'fg -3% ~SHE LWy~ ©
Gprirs Mt 372

3k

fon )
%
O -
-3
(]
o

V

row reduces to

LR, &)

j’ (9.’0 ]6}"‘4‘)"’/2)9)”3)

= (‘,0)4" -/5 _5) Z’-/)
:\/}2} \

=0

{

|

/

3, -5, -2),

T A
1% = =48 +n -4 -2
yx?’ T -3q 32 #5424
75 7’1

Ky = 2+ -
Xz h
T 4
L 4

et <] [

bass 1|12 | |5 |2

L1582

] : o

6112 |o o

03,02 TiL" - ki

{0/ &-J@J /)?J ér)z)

e s
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(1) (d) What is raznk(A)?
ronk (A) = 3

¢D) (e) What is dim(Nul(A))?

é_
(1) (f) What is rank(AT)?

g
(1) (g) What is dim(Nul(AT))?

rank (A7) + Lim (NR(AT]) = #a,g‘,;/,r
3 - i (NLAT)) = 1y

/\IM(UWQ(AT)\) "
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1

(3

(1)

11. Let H be the set of all 2 x 2 matrices such that the sum of all entries is zero.

(a) Provide an example of an invertible matrix in H.

o 2]

(b) Find a basis for this subspace of Mo

4= SL\ EANAS ¥20d
I S
vx___f’_‘ t 'X(‘: :ﬂ il «jL iﬂ\ (w1y)€/lQ)?
T —

¢

L)

(c) What is the dimension of H?

Aon H
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“ (Marks)

(3

(1

12. Let H = {[ ; } 2] = |y|} be a subset of R2.

(a) Does H satisty closure under vector addition? Justify.

[L]eH = [1eH

it [T 5 (3] = RIeH

N ©

—

(b) Does H contain the zero vector of R?? Justify.

s tel 1ol [‘;]el—l .

e
(e

scuﬁl—" mﬂ’r)

©

—///,_

Q
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&)

(D

(c) Does H satisty closure under scalar multiplication? Justify.
e

V] edd = S
- Thow l’)cl ;1__,’
it Jc x| = [4e| /‘ I /y" . ’23]

S

{ ]e H : /

A2

(d) Is H a vector subspace of R?*? J ustify.ff;f::

N o WMSQ H >

wot et andler <dda it o
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7§ (2)

b »=§ el

(23

13. Find a specific example for each of the following:

(a) a2 x 2 matrix A such that Col(A) =Nul(4).

Lt A= 88l et = WU”U

Naa(a) = § ) | 10 31= 186

L [

=& ol weﬁ_
= Spa S [OR = fA

(b) a 3 x 3 matrix A with every entry different such that |A| =0

sl — -5
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(2) (¢) two orthogonal vectors in R? that have no zero entries.
4
5
-
(2) (d) A line in R? which i‘s,p@rallel«:t;(;uthgw‘y;-?pla,ne,.-i b
,,..a»—“'"//ﬂ’m -y g
% 9 [e | e
C T =[BT £ ] tese
> i ‘ ) = el
o ‘ e fo PO

. s i

e . ' o
Jor any 131 # [2]
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14. Let Py be the plane 2z + 3y + 3z = -8
t Po b lane z + 2y + 2z = —6
planea:+2y+2z=1'

S
«

(3 (a) Find the equation of the line of intersection between P; and ’Pz

P, x+zmtr2E -"”‘\\\ I =

P, > #3343 TS ‘ 3,' B
A A g é—
‘- \

:\; "-,-i []4‘1" 2 (o) l ' "

(3) (b) What is the cosine of the angle between P; and 'Pa?

e - (5> e

" b
.
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15. Let P be the plane containing the points Q(1,2,3), R(2,3,3) and S(6, 4, —2).

(3 (a) Find a normal vector to P.

5% -t hD T e s

(2) (b) Find an equation for the plane P (in standard form az + by + cz = d).

_g/xfgg_ —2a = -S(C1) +S(2)-33)
B E 3 AN

= —-&

B A A Mo e

om—e T - R IR T

[" Toae e +3 2 = QLJ

“ " .
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* (Marks) J—

8 3

<5 2
(@ 16. Find the point of intersection between the plape 3r~2y+5z = 3,_,a-}1d the line x = { —4 } +1 [ 2 }
S x = -2 4—/,?—”‘&t
Y =" v 12

2 =& =2F

ey +5083) = 3

3

(-2 ¥et)
"SI o 40 ~-/|S¢+ = 3
P

—¢ +ét + & "ft:f -
> . (o0 ntedt =3 ~ k2 =

m—

By & .

o -2 (3))
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17. Let T : V — W Dbe a one-to-one linear transformation.

(2) (a) Write the definition of “linearly independent”. Be precise.
o edrs v, v, - % ae LI o

e aﬂg ppf&ﬂb&- w—elares ﬂ"cb Ce, -

§, M,,e,,.a& o N Cali o + G Ve

)C—)«-) o e, - ,O)

. 5 Gl
=0

3
s

‘avl (C,, s, -

b (3) (b) Let {vi,v2,...,vx} be a linearly independent set in V' above.
Prove that {T'(v;),T(vq),...,T(vg)} is also linearly independent.

T rri) “GTeae + o TAL) = O,

.+ T (e ) =Ow
Mo Tlcn) + T (6. ) + Rl

Sewcl TF'JSCM]-&S

L 4
Swep T presevved adotle -
Conce T Eax A )
- e ’ 0
.8 (C/;fb) ¢ ¥ /Ch) ’[010’ -
et r\/')fz!‘,"‘!/;‘ale L

=GR TR < - - TR
@ I



