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Answer Six (06) Questions only.

Let A and B be any two subsets of a universal set E.
(a) Show by using the first principles that

(i) (AnB) =A"UB’

(i) (A-—B)UB-A4)=(AUB)—(ANB)
(b) Show, by using the algebra of sets, that

(B-C)—(A-C)=A-(BUC).

(c) Let P(X) denote the power set of X. Prove that if A € B then P(A) € P(B).

2,
(a) Let R be a relation defined on a set A.
Define
(1) what is meant by saying that R is an equivalence relation on A and

(ii)  the equivalence class [x] of x € A.
(b) Let R be a relation defined on Z* x Z* as follows:
(a,b)R(c,d) ifand only if a-d =b-c

(i) Show that R is an equivalence relation.
(i)  Find the equivalence class of (2,3) and represent graphically.

(c) Let A = {1,2,3}. Define a relation R on A such that R is reflexive and transitive but
not symmetric.
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(a) Let f: R — R be the function defined by f(x) =
() one-to-one
(i)  onto

(b) Let f: X = Y and g:Y — Z be two one-to-one functions. Show that g o f is also one-
to-one.

(c) Suppose that the function f: R — R is defined by f(x) = 3x — 1 and that the
function g: R — R is defined by g(x) = ax + b where a and b are constants. Find
constants a and b such that (g o f)(x) = x.

Determine whether f is

. (a) If A and B are two invertible matrices of the same order n, then show that
adj(AB) = (adjB)(adjA).

(b) Suppose A and B are two non-singular symmetric matrices. If A and B are
commutative then show that A~ B is a symmetric matrix.

(¢)  Using induction, prove that for all integersn = 1,
(A + A+ +A4,)"T = AT+ AT + - + AT,

@ Let A=[_01 i

Show that A® = I. Hence find A%°17,

. (a) Prove that the value of the real determinant |A| = |ai g |nxn in standard notation,

is unchanged when the elements of any row are added k times the corresponding
elements of another row, where k is a real constant.

(b) Solve the equation

a—x b—x c
a—x c b—x|=0,
a b—x c—x
where a, b and ¢ are real numbers.

(c) Using the properties of determinants simplify
a b b b

A=

ot Q Q
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oo R
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6. (a) Consider the system of linear equations

x+y =2
y—z =0
x +2w =1

x+y+z+ Aw = pu, where A and p are parameters.
Find the conditions on 4 and p such that the system
(1) has a unique solution,
(i)  has infinitely many solution, and
(iii)  has no solution.

(b) Let Ax = 0 be the matrix representation of a system of n equations in n variables,
where 0 denotes the n X 1 column vector of zeros. If det(A4) # 0, show that the
only solution of the system is the zero solution.

7. (a) For a Boolean algebra (B, +,-,',0,1), show that
(1) (a+b)+(a *b)=1foralla, b €B
(i) a=0ifandonlyifb=(a +b')+ (a'-b)forallb € B.

(b) Consider the following combinatorial circuit:

B _
L= 5

s tapEEas

(i) Find the Boolean function that represents the circuit.
(ii) Simplify the Boolean function.
(iii)  Sketch the equivalent simplified circuit.
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8. (a)

(b)

(©)

(d)

Determine, by using a truth table, whether the proposition

p->q) e (~pVa)
is a tautology.

Stating any result you use, simplify the proposition by using algebra of
propositions: ~(p Vq) A (~p A (@ = ~p)).

Determine the validity of the following argument:
“If you attend the class regularly you will pass the course unit. Passing this course

unit is necessary for getting the scholarship. Therefore, if you have not got the
scholarship, then you have not attended the class regularly.”

Prove, by using the method of contrapositive that, for a positive integer k greater
than 2, if 2% — 1 is a prime then k is an odd integer.

Bl SO Tl e e




