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King Saud University
College of Sciences
Department of Mathematics
Math-244 (Linear Algebra); Mid-term Exam; Semester 1 (1443H)
Max. Marks: 30 Time: 2 hours

Note: Attempt all the five questions!

Question 1 [Marks: 4+2}:

1 1 2
a) LetA=|0 1 1| Find 47! and A 'adj(4™").
0 0 1
1 -1 1
1 1
b) LetA=|2 @ 2 |. Find the values of & for which the matrix A is not invertible.
1 1
z 2z ¢

Question 2 [Marks: 2+3x1]:

1 1 s|1
Let [A:B]=|-1 -2 0|-1| bethe augmented matrix of a system of linear
s 0 8|2

equations. Find the values of S such that the system has:
(i) unique solution.
(ii) infinitely many solutions.
{iii) no solution.

Question 3: [Marks: 3+3]

a} Let P; denote the real vector space of all polynomials in variable x of degree < 2.
Show that theset § = {mi=1+2x,v2=2—x, v3s =5+ x*} is a basis of Pz.

b) Let F be the vector subspace of R* spanned by the vectors vy = (1,-2,0,1),
v, =(0,1,3,0), v3 = (—1,—-1,0,—-1), vy = (0,1, —1, 0). Find a basis of F.
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Question 4: [Marks: 3+1+2]

Let B = {v1,V3,v3,V4} and € = {1y, Uy, U3, uy} be two bases of a vector space V

1 2 3 2
-1 6 0 1

and ~ PB = 0 10 1 3 is the transition mairix from B to C. Find.:
1 4 3 5

@ Gvie

(i) [v1—v3+v4lc

Question 5: [Marks: 3+4]

a) Find a basis of the solution space of the following system of linear equations:
Xy — 3xz2+ x5 = 0
2xy — 6x;+2x3 =10
4x; — 12x; +4x3 = 0.

0 2 1 -1
b) LetA=|1 -1 0 1| Find:
1 1 1 0
(i) a basis of row(A) (i1) rank(A) (i) nallity(A).
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SOLUTION KEY: 1443/Semester-1/Math-244/Midterm Exam

Solution of Question 1:

1 -1 -1
a) a=o 1 -1
0 0 1

and A ladj{A™1) = A1 |A|7'A = I because [4] = 1.

b) The given matrix A is non-invertible iff a? -% =Al=0iffa= i—;-
Solution of Question 2:

1 1 s/l
1 1 H
[A:B]= -1 -2 0-11 g (1) 8:252; 2—05'
s 0 8|2

Henice, the linear system has:

0] unigue solution if s € R\ {—2,2};
(i) infinitely many solutions if s = 2;
(ifi) no solution if s=-2.

Solution of Question 3:

a) a(1+2 ) +B (2 — x) +p(5+x) = vy +8v; + pv; = 0implies & =8 = y=0.
This means the given set § is linearly independent.
However, dim P;= 3.
Hence, § = {m=1+2x, v2=2—x, vs =5 +x} is a basis of P;.
1 0-1 o] ¢6-1 10
b) w, v v vi= _‘ZJ ; _; _ :] -I?) :] i _% (RE.F).
1 0-1 0 00 0 O

Hence, {¥;, V2, V3}is a basis of the space F.
[Note: Some students may use the matrix consisting of rows v, , v, ,v3,v,.}

Solution of Question 4:

From the given transition matrix sPc, we get:

1 2 3
(vl = I_(lj‘ [v.]c = l_lﬁola [vslc = (1) and [v,] =
1 4 3
1 0
Hence: () [2v)e = l_g‘ (i) [V ~vs+Va]c = [_f‘].
2 3

Solution of Question 5:

a)  Solution space of the given linear system = {(35 -1, 5, 1} | 5, teR}.
Hence, {{3, 1, 0], {-1, 0, 1}} is a basis of the solution space.

0 2 1-11 f1 -1 01
b} A={1—1 0 '1]~ 0 1 :-ilREFR).
1 1 1 0 0 0

27z
0 0
Hence:
) {(1,-1,0,1),(0,1,5.— )} is a basis of row(a)
{ii) rank(A)=dim A =2
{iii) nuffity(A} = 4 - rank{A} = 2.
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