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Instructions:

®

=

Answer five (085) questions only.
Number of pages in the paper is five (05).

All the symbols are in standard notation unless they are defined.

Some important notes

Axioms of real numbers

Let a,b and ¢ be real numbers

Al: a+b=b+a M2 :a.(b.c) =(a.b).c
A2: a+(b+c)=(a+b)+c M3:al=a

3 = 1
A3:a+0=a M4:a-—=1
Ald:a+(—a)=0 a

Ml:a.b=>h.a D:a{b+c)y=ab+ac

Axioms of ordex

There is a subset P of KR called the positive real numbers
satisfying:

Pl1:If abin P then a+bin P

P2;1f abin P then a.bin P

Exactly one of the following statements:

P3:a inlP, a=0,—a in P

Integer a divides integer b (alb) if and only if b= ac for

some integer C.
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Mathematical Induction:
If we can prove both of the following steps, we then know

that the proposition is a result (Theorem), true for all

n
(I The initial step:

Prove the proposition is true for n=1
(II) Inductive step:

Assume the proposition is true fo n=k, and on

this basis prove it is true for n=k+1

Results of sets.

A,B and C be any three subsets of the universal set E.

Union (U)
U(l): AUA=A4 U(4): AU(BUC)=(AuB)UC
U(2): AUB=BUA. U(5): AUB=B < ACR.

U(3): Aug=4

Intersection (N)

Int(i}): AnA=A Invt(4): ANBnC)=AnB)NnC
Int(2): AnB=BnNA Int(5): ANB=AACEB
Int(3): AnN@d=¢

Distribution
Dist{1))An(BUC)=(ANBYU(ANC)
Dist{1J AV (BNC)=(AUB)N(AUC)

Compliment

c(il): (A=A C(5): AUAS=E

c(2): (AUB): = A n B¢ C(6): ASB = B¢ c AC

C(3): (AnB)* = A°UB* C(7): A\B=AnBR"

C(4): ANA® =¢ C(8): AAB = {ANnB) U (4°nB)

= End of the notes =
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Q1 Leta, b € R Using the axioms of real numbers, prove that:

Q2.

Q3.

(a)

(b)

(c)

(a)

(®)

(c)

(@)

)

(c)

) IfabceRanda+b=a+c,thend =rc.
i) a0=0
i) Ifa,b € Randa. b = 0, theneithera = O or b = (.

1
Using the axioms of order, prove thatif a > 0, then p = (.

Using principle of mathematical induction, prove that {or all positive

integern, 1.1'+ 2.2+ 331+ 4+ nnl=(mn+ 1) -1

Using truth tables show that:

) ~p>@=pA~q

i) p=2@An=@E=29Ap=7).
iif) (p. = q) = (~g = ~p) is a tautology.
iv) ~[(pA @ e q)=> q]isacontradiction.
Consider the following argument:

If 1 study Logic, then I will get A pass. If I do not go to a party, then I

will study Logic. But I did not get A pass. Therefore, I went to the party.

i).  Express the above argument in symbolic form with following

notations. p: [ study Logic. q: 1 will get A pass. r: 1 go to a party.

ii} Determine the validity of the above argument.
Determine whether the collection of propositions p = g, ~p V ~q,

~(g = p) is consistent or inconsistent.

Using direct proof method, prove that the following.

1) Ifaevenand b is odd, prove that ab + 5 is odd.

iiy Ifnisan integer, then 1 + (—=1)"(2n — 1) is divisible by 4.
Forall x,y € R, show that the following;:

1) Assuming that {xy| = |x||v]|, deduce that |§| = :yii ify 0.
i) lx—y| >0 ifandonlyif x #y,

Find the set of all solutions of the inequality |x — 4| < 8 — |x + 2|, and

draw the related graph, where x is a real number.

(20%)

" (15%)

(15%)
(25%)

(25%)

(15%)
(15%)
(15%)
(15%)

(10%)

(10%)

(20%)

(15%)

(30%)

(10%)
(20%)

(25%)
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Q4

Qs

(2)

(b)

(c)

Using algebraic law of propositions, ~~p Zpandp > g=~p Vg,

prove that
) ~p=>2@=pA-~q (iD) ~pAg) =p=~q

Consider the following statement. ¢ : For all x and for all y in the real
mumbers, (x + y)? is greater than (x — y)? implies that xy is greater

than zero

i) Write down ¢ using quantifiers and symbols.
it) ) Deduce the symbolic form of ~ ¢.

1)  Prove that ¢ is true.

Consider the statement. 1 : There exist x and y in the real numbers such
that (x + y)? is less than (x — ¥)? and xy is greater than or equal to

ZCro.
1) Write down 1) using quantifiers and symbols.
i1} Deduce the symbolic form of ~).

ii1)  Prove that ¢ is false.

Let A, B and € be three subsets of the universal set E.

(a)

(b)

Give examples to show that the following statements are not generally

true.
i) AUB=AUC=B=C. 1) AnB=AnC=R8=/C(.
Using Venn-diagram method answer the following,
1) If A C B, then find

(w) A\B B Ank () AUB
i1y  AnB=A\(A\B)
i)  A\B = B\Aifand only if A = B.

vy (AnBHUU NB)=AUBNANE)°

| (20%)

(15%)
(15%)

{10%)

(15%)
(15%)

(10%)

(20%)

(15%)
(15%)
(15%)

(35%)
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Q6  Let A, B and € be three sub sets of the universal set £

Q7

Q8

(a)

®)

(®)

()

(b)

Using the results of sets, prove that the {ollowing
) A\(AUB) = (A\B) N (A\0)

) An(B\C)={UAnNBNANC)

i) AnE =A.

ivy AUB=Be ANnB =0

Using the logic method, prove that

) AnBul)=UAnB)UANC)

i)y ACBSA=ANB

Define the product A X B of the sets 4 and B. Prove that
N AxXxBnO)=UAXB)n(Ax()
i) Ax(B\C)=AXBN\NAXC)

(15%)
(15%)
(10%)
(20%)

(20%)
: (20%)

(05%)
(15%)
(15%)

Let A= {1,2,3,4}. Define arelation p on 4 and forany x,y € 4 xpy <

x+ yiseven

i}  Write down A X A and the set R and forany x,y € A, R =

(25%)

{(x, ¥} xpy }. State whether 4 X A = R or not. Justify your answer.

if) Express p~* as a set of ordered pairs.

11i)  Show that p is reflexive, symmetric, and transitive.

(10%)
(15%)

Define a relation p on R and forany x,y € R, xpy © x < y3. Show (15%)

that p is not reflexive, not symmetric, and nof transitive.

Define Greatest common divisor of two integers

(10%)

1) Let a and b be two integers. Show that there exist two integers x  (10%)

and y such that ax + by = 1, then a and b are relatively prime.

relatively prime show that ab|c.

ii) Let a,band ¢ be itegers such that a|b and b|c. If a and b are (20%)

Using well ordering principle of N and assuming v2 < /3, prove that

(ﬁ ' \/§)“ _ )’ : 3"

End
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