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Please use separate answer books for Sections A and B.

SECTION A
Answer Only 2 Questions

(i) Explain the meaning of the terms tautology, contradiction, contingency and logical e-

quivalence.

For each of the following propositions, give its truth table, and hence or otherwise
determine if it is a tautology, contradiction or neither.

(@) (PVa) —p) ¢

(b) =(pAq) < (p = —q)

() (PAg) A (=pV )

(d) p— (pA-p)

Use the method of resolution to check if the following arguments are valid:

(a‘) {_'p_>Qa_'qV_'r,_'p_)r} |:p

(b) {pVaVr,(pVag —s,(gAr) = st s

(c){p—>¢qq—rr—s-p}E-s

State the completeness theorem of propositional logic, and by using it or otherwise show
the following

(a) F(pAg) = (aAp)

(b) Fp—=(pVa)

Find the disjunctive normal form of the following propositions.
(a) (pVa) < (r—q)

(b) ~(=pV 9

(c) (pVvp)—p

(ii) Using natural deduction, show the following.

(a) Fp—=(g—=(PAq)
(b) F(pVq) — (¢Vp)
() Fp——p

(d) F(—q) = (~g— —p)

p.t.o.
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SECTION B

Answer Only 2 Questions

Consider the equivalence (biconditional) connective «:

(a) Is it idempotent?

(b) Does it have an identity element (if so state the element)?
(c¢) Does it have an absorption element (if so state the element)?
(d) Write down the law of the complement for .

Using the laws of Propositional Calculus, prove the following:

(@) pA(g—=r)V-p=qg—=(p—r)

(b) a = (b— (na—¢c) =dA—d

(c) pA=(pAg)==(p—q)

(d) pAl=pV(p = -p)=q¢ ~q

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

Consider the following argument:

“If it rains a lot in the Spring, the apple trees and pear trees will grow well. If either
the apple trees or the pear trees grow well, there will be a large number of insects in the
Autumn. Therefore, if it rains a lot in the Spring, there will be a large number of insects
in the Autumn”

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

(b) Write two alternative proofs, one using the Deduction Theorem, and the other using
Reductio ad Absurdum.

Prove that

(a) Constructive Dilemma

(b) Disjunctive Syllogism

are valid inference rules.

Let R = {z € S|R(z) = 1} and P = {z € S|P(z) = 1} where R and P are functions
from S to the Boolean set B = {0,1}. Draw Venn diagrams to illustrate the statements
(a) “All R are P”

(b) “Some R are P”

(c) “Some P are R”

(d) “No R is P”

(e) “All R are not P”

Are any of these pictures the same?

Let U; be the Universe of people (z,y € U;) and Us be the Universe of languages
(p,q € Us) on which we define the following Atomic Predicates:

N(z,y) : z and y have the same nationality

S(z,y,p) : = speaks to y in language p

I(z) : z is Irish

P(z) : z is Polish

Represent the following statements in Predicate Calculus:

(a) Some Irish people speak to one another in the Irish language.

(b) People who are not of the same nationality always speak English to one another.
(c) Irish people never speak the Irish language to Polish people.

(d) If three people have the same nationality, then none of them is Irish.



