1. Let x and y be arbitrary real numbers. For each of the following statements,
(i) State whether it is true or false, and

(i) Prove the statement if it is true, or give a counterexample disproving the statement with
details if it is false.

If (i) is not stated, then (ii} will not earn credit.
a. Let x and y be arbitrary real numbers. If x + y is irrational, then x is irrational or y is irrational.
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b. Let x and y be arbitrary real numbers. If x is irrational and y is rational, then xy is irrational.

(i) Ferise
[4— S-‘_Lfk‘-w -‘-N ﬁwl X 'lrrl.'\\\wn‘) a<d \) TO\’\‘NA;\
b4 xa :3 ratRaaal.
;E‘(. K:&— "ibrsw—&é .\{rﬁ'\'?e‘u-_e\ o clo 52 .
v)_-_-o



2. Let A4, B, C, D and E be subsets of a universal set U.

a. Provethat AN (BNC) = ANBYU A\ O).

You are asked to prove Theorem 2.1.13(g). You may use any axiom or proposition/theorem
proven earlier, but you can neither use nor refer to Theorem 2.1.13(g) or its consequences. Simply,

saying “This follows a theorem in the book or lecture” will not earn any credit. You are expected to
provide a proof.
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b. Prove that if E D < U, then (U\ D) < (U\ E).
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3. DO ANY TWO OF (a), (b) and (c).
a. Give the definition of a functionf : 4 -+ B. You may assume that the relation f € 4 x B and f
is non-empty.
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b.Letf: A — B be a function. Prove that for every subset D < B, one has f[f"'(D)] < D.
You are asked to prove Theorem 2.3.16(b). You may use any axiom or proposition/theorem
proven earlier, but you can neither use nor refer to Theorem 2.3.16(b) or its consequences. Simply,
saying “This follows a theorem in the book or lecture” will not earn any credit. You are expected to

provide a proof.
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c. Letf: A ~+ Bbe afunction, Prove that if / [/ (D)] = D for every subset D < B, then fis
surjective. é
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4. a. State The Principle of Mathematical Induction.
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b. Prove The Principle of Mathematical Induction, by using The Well-Ordering Property of N,

You are asked to prove Theorem 3.1.2.You may use any axiom or proposition/theorem proven
earlier, but you can neither use nor refer to Theorem 3.1.2 or its consequences. Simply, saying “This
follows a theorem in the book or lecture” will not earn any credit. You are expected to provide a
proof.

Prnk Yoy (s sdcudtetion. o
S“?")au_ (?('\) s frue -@r o\l V\%INS \3 gﬂ‘l—( .

Fa, &N 3% p(n) s C-a\)-o..
e S= lv\Gn\l\ p(a) ‘Fulu.‘s‘

S’F?-(’;S\‘M* re €M and ?(n,):s —P.\s.‘:-. neS.
S e, Hewa by Mn. WeW- ordaina ad M=

FSsen (ngqg __;;aueSa—v‘neS,
f\\mi‘»%s a‘“:‘“:“s"

by (1) PO Avae,se _ "
N“lé"‘J) had wm—t &S e wm=wsa oo

P(m-.) 8 Arue \aa :‘4&-4'. S
byGi)  Rlw-) = p ()

\ &
P(m) ALY wMren  cowmtmdicds wlh MM S
v S = )uueaJ‘ p () “\S-Fa\so.."]_

'\.?,M)

* < .



“{were e 2 Vessions!
SGM sh&gw{.&'\s, bt A;ﬁ@_mv\\" Q(A.Q.ra
m (ORFALSE

C(‘-"" CIRCLE R ANSWERS. NO PARTIAL CREDITS. YOU ARE NOT EXPECTED TO
SHOW WORK
. OR Correct answers are +4 points each,
. of wrong answers are -1 point each,
ambiguous answers are -2 points each, and
J no answers are ( point each.
rext Total of problem 5 will be added to your total grade only if it is positive.
! aqs HINT: Read very carefully.
TRUE |
a. The negalion of the statement Vx e R, Vy e R,{(x < 5 = 3ze R 5 (x +z = l and y > 2))
isequiva}nk(?; eER2JyeR>sx>5and(VzeR,(x+z+ lory<2z))).
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“‘TRUE (FALSE )b, The set of rational numbers @ is an uncountable set
since it is an infinite set.
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FALSE e. For every non-empty set A4, in order to prove “In € 4 » p(n)" is false,

it suffices to show that “Vn € 4, ~ p(n)" is true.

ALSE d.3xeR > VyeR,VzeR, z> yimplies thatz > x + .

%‘)(:O ‘VLD'Q/Z- 'zva - z>x-t-~1=~a,

TRUE .e Every subset of a denumerable set is denumerable.
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e 5. TRUK o FALSE
CIRCLE YOUR ANSWERS. NO PARTIAL CREDITS. YOU ARE NOT EXPECTED TO
SHOW WORK.
Correct answers are +4 points each,
wrong answers are -1 point each,
ambiguous answers are -2 points each, and
no answers are 0 point each.
Total of problem 5 will be added to your total grade only if it is positive.
HINT: Read very carefully.

TRUE (
a. The negafion of the statement Vx e R, Vy e R,(x <5 = 3z R > (x +z=land y > z))
isequivalentto Ixe R > Fy e R s (x> Sand (Vz e R,(x+z + 1 ory < 2))).

FALSE b, For every non-empty set 4, in order to prove “In € A » p{(n)" is false,

it suffices to show that “vVn € 4, ~ p(n)" is true.

TRUE (FALSE Je. The set of rational numbers @ is an uncountable set
since it is an infinite set.

TRUE ( FALSE _A. Every subset of a denumerable set is denumerable.

ALSE edxeR > VyeR,VzelR, z>yimpliesthatz > x + y.



