[V King Saud University
College of Sciences
Department of Mathematics
Semester 462 / Final Exam / MATH-244 (Linear Algebra)

Max, Marks: 40 | . Time: 3 hours

Name: 1D Section: Signature:
Note: Attempt all the five questions. Calculators are not allowed.
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Question 1 [M:\rk\‘ 10]: Which ot‘tlfc given choices are correct? ' b,
! Q_ = A) (zrA) =

(1) lt square of a matrix 4n PAN AN m.\m\. then I—A4 is cqual'to: ' A-S p( py = -1
a) 0 b) (A4=D"" . ) A+l Hem(z-n)=(T4A)
&

A3) A1) is equal to: | -‘lz\A

an  IF A is a square matrix of order 3 with der(A) = 2, then dcr(dcl(

a) 1/4 b) 1/2 . c) 1/3 | Cd) 116 1A )= 1
@i 1 the general solution of AX = 0 1s (=2, 41, 1), € R, and (1,0,—2) is a solution of AX = B, then the |A)
general solution of AX = B is: ""}‘;“ "?{';

X, =Xp¥ X b) (=2r,0,=2r)  ol-2nanr) ) (-r-1L4nr-2)

(v) A subset S of R is a basis of the vector space R? if § is equal to:

AOC a=bRO
\o{‘-‘j b) ((1,1,0).(2.1,0).(3,2.0)) ¢) {(1, 10)(000)(3 1) d) (1, 10)(001)(221)}
olA ©

™ IF B ={u, =(21),u; =, 3)}and € = {v, = (0,1), vz = (6 0)} are ordcred bases of IR2 then the
transition matrix Peoy trom CtoB s L‘anl to:

g, Ve q 1/2 4y —2/ 3.
'C:( -‘15) uL | ["‘2 3/2 ) [1

(vi) If B is a square matrix of order 3 with det(B) = 2, then nullity(B) is equal to:

a) 2 by 1 .. 93

iy I£¢, ) is an inner product on R™and u,v € R" such that. I[uJI2 = 5 lvIl* = 1, (w,v) = =2, then -
e (u(+)2!-’. ou -';)pis‘g‘qlm‘l o £ u+.b0'l Su=v) = 5"\«\\“-\-‘\4 u\\r> - \N“\\L 5<%~ =S

. d ¢ of° ‘.\ 9 d) 41
a) VS \,‘ we) )

i IfS ={A, kL) S M-.v (R) where Alsa nonasymmetnc mam\ then S must be:

a) linearly dgpendent b) a sp'mmng set for szz(R) ¢) linearly mdepcndent d) 011ho"oml

(v), Let T be the transformation from the Euchdean space R? tole given by T(a) = ||u]| forall
WE R?, where ||u]| is the Euclidean norm of 1. Then, for v,w € R°and k € R, T satisfies:

‘;\)\T(.u +v) = T(u) + T(v) c) T(0)>0 d) T(T\IZ:;:\‘(:) 1 u“ 4 \N"n

444]

(X) Zero is an eigenvalue of the matrix [4 4 4 |with geometric multiplicity equal to:

) 3 d 4 -
S “ﬁT-’::U ""'“"“""'“&"""
\}k\\\‘élge&'jo ko\)“’)
| &= 3:"*“j(),‘0|'
P
)
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Question 2 [Marks 2 + 2 + 3]:

S AN |

(a) Find the square matrix 4 of order 3 such that AT' (A== {2 1 ll and evaluate det(A).
1 0 -1 -2 1 1 112

(b)) LetA=] 1 1 -2] and B =| -1 1 —2|. Find a matrix X that satisfies XA = B.

(c) Solve the f—oﬁox;inlg sys?cm of linear c:,qua1iion_s:1 g

Question 3 [Marks 3 + 3 + 2]:

101 1 01

LetA=[1 2 3] and B=[0 v i

" B | 1 0 0O

(a) Find a basis and the dimension for each of the vector spaces row(A), col(A), and N(A).

. Then:

(b) Decide with justification whether the following statements are true or false:

(1) row(A) = row(B) (ii) col(A) = col(B) (iii) N(A).= N(B).
(c) Find all square matrices Z of order 3 such that A7 = 0.

Question 4 [Marks 3 + (1 + 3)]:

(a) Construct an orthonormal basis C of the Euclidean space R? by applying the Gram-Schmidt

algorithm on the given basis B = {v, = (1,1,0),v, = (1,0,1),v; = (0,1,1)}, and then find the
coordinate vector of v = (1,2,0) € R3 relative to the orthonormal basis C.

(b) Let % denote the vector space of real polynomials with degree < 2. Consider the linear transformation
T:R>? 5% defined by: T(1,0,0) = x* +1,7(0,1,0) = 3x% + 2,7(0,0,1) = —x2. Then:
(i) Compute T(a, b, c), forall (a, b, c) € R3.
(i) Find a basis for each of the vector spaces /m(T) and ker(T).

2 2 -2
Question S [Marks 3 + 2 + 3]: LetA = [2 1 —1]. Then:
—

2 2
(a) Find the eigenvalues of A.

(b) Find algebraic and geometric multiplicities of all the eigenvalues of A.
(c) Isthe matrix A diagonalizable? If yes, find a matrix P that diagonalizes A.
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T //‘23-——?5%

Ly T (ab i)

_ aT(4,0,0) +b T(011,0) + ¢ T (0,90
= a (¥+4) +b(3x42) +C(~X°)
o @+35—C>)(2+<2-b+a)
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L —— =J
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