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SECTION A [40 Marks]: ANSWER ALL QUESTIONS

QUESTION A1 [20 Marks]

(a) Determine whether or not the given sentence is a proposition. If it is a
proposition, give its truth value.

i. Lend me your pen. iii. n is an integer.
ii. The moon is a sphere. iv. Vx € R, x? < 2,
(b) Give clear definitions of each of the following

i. A relation from a set A into a set B?
ii. A function from a set A into a set B.
iii. A partial order on a set A.

(c) Write down (i.) the inverse, (ii.) the converse, and (iii.) the contrapositive
of the following statement.

“If T cannot find accommodation on campus, then I have to live
at home."

QUESTION A2 120 Marks]

(a) In each of the following arguments, state (do not prove) whether it is
valid or not. If it is valid, state whether it is modus ponens or modus
tollens. If it is not valid, state whether it is the inverse error or converse

error.
Lp—g ii.p—g . p—g iv.p— g
P - q P
S L. Cop g
(b) Use a truth table to determine whether or not the following argument is
valid. _
(pAg) =7
-p \Y4 =
e

(c) Without using truth tables, show that —[(p — —g) V- (r A ~r)] = c.
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SECTION B: ANSWER ANY THREE QUESTIONS

QUESTION B3 [20 Marks]
(a) Prove: The product of two odd integers is odd. | (5)
(b) Prove: For an integer n, if 5n is even, then n is even. (5)
(c) Prove: For any integer n, the number n>® — n is even. (5)
(d) Leta,b,c€ Z,a#0,b #0. Prove: Ifa | band b | c, then a | c. (5)
QUESTION B4 [20 Marks]

(a) Let A = {1,2,3}, B = {3,4} be sets in the universalset U = {n € Z : 0 <

n < 5}. Write down the following sets. (6)
i. ANB iii. A\B v. Bx A
i, AUB iv. (ANB)* vi. #(B)

(b) Let A and B be sets in a universal set U. Prove

i @C A, 4)

ii, If ACB,then ANB = A. (4)

ii. (ANB)* = A“UB". (6)
QUESTION B5 [20 Marks]

(a) Use mathematical induction to prove that 3*" + 7 is divisible by 8 for all
integers n > 0. (7)

(b) Use strong induction to prove: Any integer n > 1 is either a prime number
or can be written as a product of prime numbers. (7)

(¢) Find a solution to the sequence recursively defined by
m=1am=4, a,=2a,1—0ay- n>3,

(6)

TURN OVER
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QUESTION B6 [20 Marks]

(@) Let A = {a,b,c,d} and B = {1,2,3,4,5,6,7}. Which of the following
relations from A into B are functions? Explain your answer.

i. {(a,4),(d,3),(0,3),(c,2)} ii. {a,5),(c,4),(d,3)}.
(b) Let f : A — B be a function. What does it mean to say that

i. fis an injection, ii. fis a surjection?

(c) Let f : Z — Z be defined by f(n) = 2n — 3.
i. Show that the range of f is the set of odd integers.
ii. Is f surjective? Explain.
iii. Show that f is injective.

(d) Let f : A — Band g: B — C be surjective functions. Show that go f :
A — C is also surjective.

QUESTION B7 [20 Marks]

(a) Let R be a relation on a set A. Explain what it means to say

i. Ris reflexive, iii. R issymmetric,

ii. R is anti-symmeltric, iv. R 1s transitive.

(b) Let A = {1,2,3,4}. Given that

R={(1,1),(1,3),(22),(2,4),(3,1),(3,3),(42),(44)}

is an equivalence relation on A (no need to prove this), write down the
equivalence classes of R. ’

(c) Define the relation ~ on Z as follows: For m,n € Z, m ~ n if and only if
m — n is divisible by 3. Show that ~ is an equivalence relation on Z.

(d) Let.of be a collection of sets. Let R be the relation on & defined as follows:
For A,B € &/, (A,B) € Rifand only if A C B. Show that R is a partial
order on 7.

END OF EXAMINATION PAPER
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