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Instructions:

1 Answer all the questions

2 Any rough notes must be done 1n your answer book

3 The mark for each question appears in brackeis next to the question

4 Please answer the questions 1n the given order If you want to do a question later, lez;we enough
space
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SECTION 1
SETS AND RELATIONS (Muitiple-Choice Questions)

Each question comprises 2 marks.
Choose only one alternative per question and then write the question number and the

alternative that you regard as the correct answer in the answer book. [16 marks]

Suppose U= {1, {1}, 2, a, b} 1s a universal set with the following subsets

A={1,2},B={{1),a} and C={1,3,b}

Answer questions 1 1 to 1.8 by using the given sets

Question 1.1
Which one of the following sets represents A\ B?

1. {1,2,a)
2. {{1},2,a}
3 {1, {1}}

4 {1, {1}, 2, a}

Question 1.2
Which one of the following sets represents C — B?

{1,b}

{a)

{b}
{1,{1},b)

Bwo e

Question 1.3
Which one of the following sets represents B m C?

1 {1, a}

2 {a}

3 {{1}.a,b}
4 {{1}, a}
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Question 1.4
Which one of the following sets represents B’ ?

1 U+B
2 {1,2,b}
3 (2, b}
4 {1,b)
Question 1.5

Which one of the following sets represents B + C?

1 {1, (1}, b}
2 {b}

3 {1,{1},a,b}
4 {1, a}

Question 1.6
What 15 the cardinality of P(A)?

1 32

2 8

3. 4

4. 2
Question 1.7

Suppose the set T 1s defined as T = { {1}, {{1}, a}, {2,b}} Which one of the following statements

regarding the set T 15 true?

1 Uisasubsetof T

2 T 15 a subset of U

3 T 1s the power set of U
4 T 15 a partition of U
Question 1.8

Let S ={(1, a), (b, 1), (b, b), (b, a)} be arelation on C Which ordered pair must be removed from S to

make S a strict partial order?

1 (b, 1)
2 (b, 2)
3 (1,3
4 (b, b)
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SECTION 2
SET THEORY

Write your answer to each question out in full in your answer book.

Question 2.1
a) Draw Venn diagrams to show that A+ (BN C)=(A+B)n(A+C),withA,B,Cc U,

1 not an 1dentity ’

{(Hint Draw the Venn diagrams step-by-step ) (6)
b) Provide a counterexample, and then use it to show that A+ BN C)£(A+B)n(A+C) (5)

1

Question 2,2 9)
Prove that, forall X, Y, Wc U,

Y uXnW) =Y uX)n (Y W)isanidentty.

(Note Do not make use of specific examples 1n your proof Do not draw Venn diagrams )

SECTION 3
RELATIONS AND FUNCTIONS

Write your answer to each question out in full in your answer book. [21 marks]

Question 3.1
a) Let A={1,2,3}, and let B be a relation on A defined by
B=1{(1,3),(2,1),(3,2)}

(1) Determine the composition relation B © B k)]

(u)y  Bisanureflexive relation Write down one ordered pair that can be added to B such that B
will then be neither reflexive nor wreflexive (1)

b) LetA={l,a) and B={1,b} Give an example of an injective function from A to B )
c) LetA={2,3,b},B={l,b,c,d}andC={1,2,a)} Foreach of the following functions, write down
whether 1t 1s jective, surjective or both

[TURN OVER]
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(1) Function M A + B, defined by M = {(2, 1), (b, b), (3, c)}
{u) Function N A » C, defined by N = {(2, 2), (3, 1), (b, a)}
() Function 8§ B » C, defined by S = {(1, 1), (b, 2), (¢, 2), (d, )} (£)]
Question 3.2
a) Let R be a relation on Z defined by (x, y) € R 1iff the difference between x and y 1s multiple of
3
Prove that R 15 symmetric
(Note Do not make use of specific examples in your proof ) 3)
b) Letfand g be functions on Z" defined by
X,y)e fiffy=2x-3
and
X, ye g1ffy=x3- 1
6} Prove that g 1s an injective function 4)
(1) Is (-1, -2) € g? Give a reason for your answer (1))
() Determmne f © g(x) (Show all the steps ) @

SECTION 4
OPERATIONS AND MATRICES

Write your answer to each question out in full in your answer book.

Question 4.1
Consider the matnces
1 2 3 0 1 3
A=(3 -1 2jand B =|2 0 2
1 0 1 310
a) Is A - B equal to B - A? Determine both matrices and then draw a conclusion (Show all your
calculations ) @
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b) Provide a matrix D such that &)
4 4 4
D-B= |4 4 4
4 4 4
Question 4.2

Consider the table for the binary operation ¢ on {a,b} and answer the guestions below

alb
alb
b
) Give a counterexample to prove that ¢ 1s not commutative 0}
(1)  Give a counterexample to prove that € 1s not associative 2)
(1) Does the binary operation 0 have an identity element? 1)
(v)  Write the binary operation ¢ 1n list notation . ()

SECTION 5
TRUTH TABLES AND SYMBOLIC LOGIC

Write your answer to each question out in full in your answer book.

Question 5.1

a)

For each of the following statements, write down whether the statement 15 true or false @
NO truth tables are needed for this question.

(1 pAP—>QP=pA(-pVa)

(i) -pvr=pvVv-r

() ~(-gAr)=qV-T

(v) (pAg)Ar=pv(qvr)

(TURN OVER]
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b) (1) Draw the following truth table in your answer book and then complete the table for the
following compound statement (3]

[ep = (@ V] < (pvr)

pla|r|-p|r| qvr{p—=@vD|e |pv-r
T|IT|T

TIT|F

T{F{T

T|F|F

FIT|T

F|T|F

F|F|T

F|F|F

() Is the given statement a tautology, a contradiction or neither? (1)

Question 5.2

(1) Consider the statement 3 xe Z, [(x-2) <-3) A (x£0)]

Write down the negation of the given expression Simplify the expression so that the not-symbol ()
does not occur to the left of any quantifier The not-symbol may also not occur outside of any
parentheses Show all the stcps )]

(1) Is the onginal statement, the negation statement, or are both the original and the negation
staterments true? (1)

[TURN OVER]
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SECTION 6
MATHEMATICAL PROOFS

Write your answer to each question out in full in your answer hook.

Question 6.1 - @)
Provide a direct proof to show that, foralln e Z,
1f n 1s a multiple of 5, then n”+3n+51sa multiple of 5

(Note* Do not make wse of specific examples n your proof )
Question 6.2
a) Provide the converse of the statement

if x 15 odd then x* + 3x + 4 1s even (1)

b) Provide a proof.by contrapositive to show that forall x € Z,
if X* + 4% + 2 15 0dd, then x 1s odd 4)

(Note Do not make vse of specific examples in your proof )
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