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Question 1

(a) The universal setis {1,2,3,4,5,6,............... , 18}.
LetP=1{2,3,5,12,15, 18} and Q= {2,5,7,8,9, 10, 12} and
R=1{1,2,3,4,57,11}.

(i) Represent the sets U, P, Q and R in a Venn diagram, marking all the elements in
the appropriate places.

(5 marks)
(i) List the elements of the following sets:
(1 PNnQ,
2P O R
() R\(P U Q)°
(10 marks)

(b)
(i) Given {(x,y)| x,y € 4, and x? — y? is divisible by 3} when
A is the set {0, 1, 2, 3}

(1) Express the relation as a set of ordered pairs.
(2) Draw a digraph to represent this relation.

(3) Investigate whether the relation is an equivalence relation? Explain your
answer fully.

(10 marks)
(i) fZ-Zf(x)= —x+5andg:Z->Z,g(x)=x*—-2x+1
(1) Find fogand go f.
(2) Explain why f'has an inverse but g does not.
(10 marks)

Question 1 continued overleaf



Question 1 continued

(©)
(i) Investigate using Venn diagrams for all sets X, Y and Z whether
X\Yu2)eX\Y)uZz
(5 marks)
(ii) Prove using ‘is an element of” and the laws of set theory that
(ANB)*NAs(A°UBY)NA
(5 marks)
(iii) Prove using set identities that
[AUBNO)*=A°NCY) U (A° N BY)
(5 marks)
(Total 50 Marks)
Question 2
(@
(i) Construct the truth table for:
[(p X q) + (rx Q)]
or
[ A QDv(rr=q)]
(7 marks)

(ii) Using a truth table prove that the following logical equivalence is a tautology.

[(@+q).p->1).(@o1)] -7

or

AN CER N CIED) s
(8 marks)



Question 2 continued overleaf



Question 2 continued

(b)
(1) Using the laws of logic (at the end of the exam paper), investigate if
(r+@.0)=p.q
or
=(pv(=pAq@))=—pAr—g
Ensure you specify which of the logic laws you are using at each stage of the
proof.
(6 marks)
(2) Simplify fully the following Boolean expression:
G-l ->p
or
[mar@=>a)]>-p
(9 marks)
(©)

(i LetP=1{2,3,4,57,8,9,10,11,12,15}.
Determine the truth value of each of the following statements for x € P. Explain

your answer fully in each case.

(1) Ifxisoddorx > 11 then x < 15.

(2) Ifxisoddthen3dxeP, x <7.

3) If(x < 7)v(x > 10) then x is odd.

4) If(x > 4)a(x < 5) then x is the null set.

(8 marks)
(ii) Prove by mathematical induction
I T I TP TR L vn e N,,
12 23 34 45 nn+1)  n+1
(12 marks)
(Total 50 Marks)



Question 3

(@)

(i) How many different ways are there of arranging the letters in the word

DISCONNECTED
(2 marks)
(ii) How many of these ways start with the consecutive string “DIS”?

(2 marks)

(iii) How many even numbers are in the range 1000 and 9999 if there are no repeating
digits?
(4 marks)

(iv) How many committees of six people can be chosen from 10 men and 15 women?
(1) If exactly four women must be on each committee.

(2) If at least four women must be on each committee.

(7 marks)
(b)  Consider the binomial expansion of (3x3 — 2y?)8
(1) Write out the first three terms and simplify fully.
(2) Evaluate the coefficient of y19?
(15 marks)

(©)
(i)  Construct a generating function G(x) for the number of ways of selecting
2 red, 5 green and 3 blue balls from a pack if at least 1 red ball and at least two
green balls must be selected.
(10 marks)
(ii) Determine using generating functions the number of ways of selecting
6 balls from the pack above.
(10 marks)

(Total 50 Marks)



Question 4

(@
(i) Draw the graph with five vertices of the following degrees:
3,3,4,4,4
(3 marks)
(i) Draw the following graphs K, 3 and W;
(4 marks)

(iii) Explain fully what is meant if a graph is bipartite using the graph in Figl below

Fig 1
(8 marks)

Question 4 continued overleaf



Question 4 continued

(b)
(i) Investigate the graph in Fig 2 below to see whether it has a Eulerian circuit.
Construct such a circuit if one exists. If it does not exist give an argument to show

why no such circuit exists.

(ii) Show the graph in Fig 2 below is Hamiltonian. Confirm with an appropriate

diagram.
A _B
I =
D
Fig 2

(8 marks)

(iii) Write out the degree of each node A to G and investigate whether the graph in

Fig 3 below is Eulerian. Justify your answer.

A _‘B

Fig 3
(8 marks)

Question 4 continued overleaf



Question 4 continued

(iii) Using Fig 3 above write out the corresponding adjacency matrix.

(4 marks)

(©)

(i) A sequence is defined recursively by ap = 1, a; = 4 and

a, = 4a,_; —4a,_, forn = 2. Find the first 5 terms of the sequence.

(3 marks)

" . o 1 . : )
(ii)) Find X5, iDmes) Using the method of partial fractions.
(12 marks)

(Total 50 Marks)



PLEASE ASK FOR THE NEW MATHEMATICS TABLES

Laws of Set Theory
Equivalence Name
ANUs A
AU <A Identity Laws
ANp<=0
AUuU < U Domination Laws/Bound Laws
ANAS A
AUASA Idempotent Laws
A=A A) <A Double Negation
ANB<BNA
AUB<BUA Commutative Laws
(ANB)NC=ANBNO)
(AUB)UC<= AU (BUO) Associative Laws
AUBNC)< (AUB)N(AU0)
AN(BUC)< (ANB)U(AND) Distributive Laws
(ANB)*< A°UBC‘or
(AnB) < A'UB’ De Morgan’s Law

(AUB)* < A°NnBCor
(AUB) ©A'nB’

AUA°<U
ANA <= Q Complement Laws
P‘=U
Uc=0 0/1 Laws
AN(AUB)sA Absorption laws

AU(ANB)s A
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Table of Logical Equivalences Boolean Algebra symbols

Equivalence Name
p.1<p
Identity Laws
pt0&p
ptleld
Domination Laws
p.0<0
ptpep
Idempotent Laws
p.p=p
E &p Double Negation
ptq<qtp )
Commutative Laws
pP.-9<4q.p
P+@+rept(qtn)

(p.9.Tr<p.(q.1)

Associative Laws

pt@.ne@+tq.(ptr)

p.(q+tN<(p.q +(p.1)

Distributive Laws

(p.q9) = p+t g

(prq9)ep.q

De Morgan’s Law

p+;<:>l
p.;<:>0

Complement Laws

poqe prqegpe p=gq

Material Implication (MI)

ppt+q <p
ptpgep

Absorption Laws
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Table of Logical Equivalences Discrete Maths symbols

Equivalence Name
pArTSp Identity Laws
pvFEF&Sp
pvToT Domination Laws
pAF&SF
pvp&p Idempotent Laws
pApP<=Dp

- (=p)p Double Negation

pvqeqvyvp Commutative Laws

PAQEqAD

(pvqvrepv(qyr) Associative Laws
(PA@Ar=pAa(qAar)
pv@ann<epPvga(pvr) Distributive Laws
pAr(@v)e(Paq vpAar)
—(pArqQ & —pVv —q De Morgan’s Law
-(pvq e —p A—q
pv—peT Complement Laws
pA—p<F
p—>qe—-pVvq Material Implication (MI)
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