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B1l. (i)

Please use separate answer books for Sections A and B.

SECTION A

Answer Only 2 Questions

Define what it means for two propositions to be logically equivalent.

For each of the following propositions, give its truth table, and hence determine if it is

a tautology, contradiction or neither.

(@) =(-pV—q) < (pAq)

(b) (PAG) A (=pV—g)

(c) =(=(pV -p))
)

(d) (pAg) =)= (—T)

Give the truth tables for ¢ — 1, and ¢ <> .

Use the method of resolution to check if the following arguments are valid:
(@) {p 2> a ¢ rr—s-st=-p

(b) {pVa,qVr,g—-s,pAr}=-s

(©) {p—=(qvr),~r—-qr}Ep

Find the disjunctive normal form of the following propositions.
(@) (pA(mge ) =7

(b) p—= (aAr)

() (mpea)A(pVa)

Using natural deduction, show the following.

(a) k(=g = —=p) = (p = 9)

(b) F=(=pAp)

(c) Fp—=(p—0q).

SECTION B

Answer Only 2 Questions

Give an example of each of the following:

(a) Associativity of V

(b) Commutativity of A

(c) Absorption element of A

(d) Distribution of A over V

Using the laws of Propositional Calculus, prove the following:
(@) p=>(@—=r)=qg—>(p—r)

(b) pA=(pAg) =pA—g

() ((qvp)Vr)Vs=pV(gV(sVr))

(d) (p—=—q) «r=(gAr) = -p

(€) [pA(gVr)]A-q=(pA-g) Ar

Give a reason for each step, and if you combine several steps into one, list all the laws
used.



B2.

B3.

(i) Consider the implication p — ¢g. Write down (a) the antecedent, (b) the conclusion, (c)

the converse, and (d) the contrapositive of this statement.

(ii) Define p = ¢g to mean (p A q) V (—p A —¢q). Prove, stating the laws you use at each step,

that an equivalent definition is p =¢ = (p — ¢) A (¢ — p).

(iii) Consider the following statements:

(i)

S1: The Sun is in orbit around the Earth.
S2: At most one of these statements is true (i.e. at least one of S1 or S2 is false!).

Can a consistent set of truth values be assigned to S1 and $27 If so, state the assign-
ment(s) and the resulting value(s) of S1.

Consider the following argument:

“If Ireland beat Germany then they will beat Japan. Ireland beat Germany and Ireland
win the World Cup. Ireland don’t beat Japan or Ireland don’t win the World Cup.
Therefore the Farth is Flat”

(a) Using Propositional Calculus, show whether or not the argument is valid, stating
the laws you use.

(b) Explain why the premises of the argument allow one to reach such a strange con-
clusion.

Let U be the Universe of people (z,y € U) on which we define the following Atomic
Predicates:

F(z,y) : z is a friend of y

M (z,y) : = is married to y

Y (z,y) : z is younger than y

Represent the following statements in Predicate Calculus:

(a) Everyone has a friend.

(b) Everyone has a married friend who is older than themselves.
(c) Bob is unmarried and has no friends.

(d) The oldest person is a friend of everyone.



