(Draft) KING SAUD UNIVERSITY
COLLEGE OF SCIENCES '
DEPARTMENT OF MATHEMATICS

MATH-244 (Linear Algebra); Final Exam; Semester 1 (1443 H)
Max. Time: 3 hours

Max. Marks: 40
Note: Attempt all the five questions!

1 20
a) Find adjoint matrix and matrix of cofactorsofA=] 2 6 2
-2 3 6

b) Evaluate def(det(A)B2A™), where A and B are square matrices of order 3 with det(A)=3

Question 1 [4+2+2 marks]:
] and also find A*,

and de#B) = 2.
1 2 -2 1 2 0
c) LetA=[2 6 3] and B=| 0 1 4|.Explain why the matrices A and B
0 2 6 -1 0 8

are not row equivalent to each other?

Question 2 [5+3 marks]:
a) Find the values of o and B such that the following linear system:
x —2y+3z =4
2x =3y t+az =3
3x =4y +5z =

has:
i) No solution;
ii) Infinitely many solutions.
b) Let 5,=3—-2x,5,=2+x, s3=1+x—2x?, 54 =x+ x? — x3. Find the values

of a,b,c and d suchthat 1 —6x —3x% —4x® = as; + bs; + ¢53 + ds,.

Question 3 [4+4 marks]:
a) Let{u, = (1,1,1,1),u, = (0,1,2,1),u; = (1,0,-2,3), uy = (1,1,2, —2)} generate the

subspace F of the Euclidean space R*. Then:
i) Find dim{F)

i) Show that (1,1,0,1)eF.
b) LetB ={v; = (1,1,2), v, = (3,2,1),v3 = (2,1,5)} and € = {u;,u,, 3, } be two bases

for R? such that
I 2 1
gFp=y 1 -1 0
-1 1 1

is the transition matrix from C to B. Find the vectors u,, u, and i, .
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Question 4 [(1+2)+(1+1)+3 marks]:
a) Let wy=(0,0,1), w,=(0,1,1), w3= (1,1,1) be vectors in the Euclidean space R3. Then:
i) Find the angle between w,; and ws.
ii) By applying the Gram-Schmidt process on {wy, W,, W3} to find an orthonormal basis
of the Euclidean space R3.
b) Let T: R? —» R? be the linear transformation given by T{x, y) = (x + 4y, 2x + 3y). Find:
i) KenT) i) dim Im(T)
c) Let the linear transformation T : R? — R be defined by:
TCe,y) =(x+2y,x—y,3x+y).
Find matrix of the transformation [T]§, where B and C are the standard bases of
R? and R3, respectively.

Question 5 [4 + 4 marks]:

1 0 0
a) LetA = ’1 1 0]. Find eigenvalue/s of the matrix A and determine one
0 11
basis of the corresponding eigenspace/s. Then, give reason for the non-
diagonalizability of A.
0 1 ¢
b) Show that the matrix P = [1 0 1] diagonalizes the matrix
0 -1 -1
1 0 0
A=]-1 1 —1‘ and then use this fact to compute A~ 2,
1 0 2
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Soluttan of Question 1:
w12 ¢
3) adjta)= ¢ = ’ -16 6 —z] 11 ki)
wd W=z 18 -7 2 .
3 - 1
p . -15 & -2 fiontd
Henee, A'= |AModjf(A)=| B -3 ll : 1
<9 112 - . s
b) der(eet AN = (e A iden B AN = {det(ATPided DY ~ 36 12 ek}
C] 1A] = =2 and |B] &= D=3 A ks vertible but @ b norrinvertible = A and B are not torw equbvatent. {2 marks)
Solution of Question 2! '
8’ Itll -12 3 cl
1A 0] ~ -6 1 ~3)
¢ 0 8-2ai ﬂ—ﬁ‘l (i)
Herice, the linear system ha:
) nosolutenif o= 4 and fi= 6; {25 warks)
i lnitely many 1oluboni d & = 4 and fim 6, h i3 Ve
b) a=dba-%e=1,d=4 ' ' 13 mariay
Solutigm of Question 3.
8 1t
-a) )} lu, g uy ud~ g ; -‘ll'? (REE] {1 o)
4 o 0 o
= F aspanfuy, u;, u;) = dm{fz3. 13 wiarksy
H) {uy g, g, (1,10, 1)) s Hnearty independent and F = spanfu,, uz,uy). S0, (110,038 F 4 maenzy
| I S :
b) alex| 1 =1 Di = [uifn fusle el . fi.rmarmy
-f 1 1
Hence, iy = Sty + 1y ~ Ty = (2.2, ~2). Simifarky, uy = (1,18) and vy = (3,27, 1§ mar
Sokition ot Quesiinn 4
a) o 8 = cos™" = 0955 red {t mark}

iy =y 0.0, 1Ly, 2wy~ 5—;"-21!.?,55-1:, ={U, 1.0
Ll

amd uy =Wy~ Mu, - wuj EXIRINR ) {5 manis)
T [EX] '
So. foy = uy = (00,1} €0 =y = (0.10), €5 % 1z = (L04)]) 15 an anthanormal bams of R,
by i Ker(Th= j(0.0)) frp—"
110 rom Past 1n, T 1 one-one aid s T = RA, Heiwe, dem i T = ), 11
1 2 .
©) [T = (700N, el li - ||. 2ty
3
Sttt of Queslinn &,
a)  tyervalieaz1,1,2 {Lmat
I, x spun |(0.0.11) th ek,
S0, the algebrax muitiplesty of thr egenvakie i 3 vituch s different from b grometrie multpary 1
Heree, the piven matan A 15 oot diagonahzable. ) (et
(IS B oo e oy
b) P".ﬂ, 1 a » I.wﬂm b -éP"df-‘ = ‘D 1 o)t AT = PO 2 2 L B2 el e
=1 0 -1l | n o2
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