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ATTEMPT ALL SEVEN QUESTIONS AND SHOW THE DETAILS OF YOUR

WORK.

Q1: (a) [6 marks] For what value(s) of h and k does the following system of equations

x1 + 3x2 = k
4x1 + hx2 = 8

(i) have no solution (ii) have in�nitely many solutions (iii) have a unique solution.

(b) [4 marks] Use the determinant to �nd the value(s) of a such that the following vectors are
linearly dependent in R3: 24 10

a

35 ;
24 �a1
a

35 ;
24 a

0
a+ 2

35
Q2: (a) [5 marks] Let

A =

24 0 0 0
1 0 0
0 1 0

35 :
Show that A3 = 0: Use matrix algebra laws to compute the product (I � A)(I + A+ A2):
(b) [5 marks] Let A and B be two 2� 2 matrices such that

B =

�
7 3
2 1

�
and AB =

�
5 4
�2 3

�
:

Find A.

Q3: (a) [8 marks] Let a, b and c be real numbers. Show that

det

24 1 a a2

1 b b2

1 c c2

35 = (b� a)(c� a)(c� b):
(b) [8 marks] Find the value(s) of k such that the matrix

A =

�
1 2 k
2 1 1

�24 0 k
1 1
2 0

35
has an inverse.

Q4: (a) [8 marks] Let

H =

8>><>>:
2664
a
b
c
d

3775 2 R4 : a� 3b+ c = 0a = 3d+ c

9>>=>>; :
Find two matrices A and B such that H = NulA and H = ColB.

(b) [8 marks] Determine whether the following sets are subspaces of R3: Justify your answer.

(i)H =

8<:
24 ab
c

35 2 R3 : a = b+ c
9=; ; (ii)H =

8<:
24 ab
c

35 2 R3 : a2 = b2 + c2
9=; :



Q5: Let P =

24 �1 1 1
1 �1 1
1 1 �1

35 and let � = f�1 + t+ t2; 1� t+ t2; 1 + t� t2g:

(a) [6 marks] Compute the adjoint ( adjugate) of P , and then obtain P�1:

(b) [3 marks] Show that � is a basis for P2; the set of real polynomials of degree at most 2.

(c) [3 marks] Use P�1 to �nd the coordinate vector of the polynomial p(t) = t + 2t2 relative
to the basis �:

Q6: Let

A =

24 2 2 3
1 2 1
2 �2 1

35 :

(a) [3 marks] Is u =

24 2
3
�2

35 an eigenvector of A? Justify your answer.
(b) [5 marks] Show that � = �1 is an eigenvalue of A? Find the eigenvector of A that is
corresponding to this eigenvalue.

(c) [4 marks] Given the characteristic equation of A : �3�5�2+2�+8 = 0; use this equation
to �nd all eigenvalues of A.

(d) [10 marks] Diagonalize A.

Q7: [14 marks] Two of the following statements are TRUE while the other two are FALSE. Prove
the true statements and explain why the others are false.

(a) If a matrix A is similar to a matrix B then detA = detB:

(b) If A is a 3 � 5 matrix and B is a 5 � 3 matrix such that dim NulA =dim NulB, then
rankA = rankB + 2.

(c) If A and B are n� n matrices, then (A+B)(A�B) = A2 �B2:
(d) If T : Rm ! Rn is a linear transformation and A the standard matrix for T , then T is
onto if and only if the columns of A are linearly independent.


