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[4 marks] 1. (a) Complete the truth table of the compound statement with the the disjunctive normal form

(PAGATIV (PAGA ~ TIV(PA ~ gAT IV (~ DAGATIV (~ pAGA ~ 1)V (~ pA ~ gAT )V (~ pA ~ gA ~T).
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2 ;rtarks] (b) Find a compound statement, equivalent to the one in part (a), that has a simplest expres-
/ sion in which each of p, ¢ an(l r appears only once.
£ 7Y
fﬁ; Answer: P‘) (o( /\;[‘3

(7 marks] 2. (a) Complete the following truth tables.
p qla=pl~pVa|pA~qgl~poa~gl~pog|p—a|~(@—p)
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[4 marks] (1) According to the truth tables above in part (a), determine whether cach of the following
iy statements is TRUE or FALSE. Circle your answer.
/ a) (g = p) < (pA ~ q) (TRUE or{FALSE) ah{(w p—~y) & (g—p ('rI'RUE r FALSE)
o
,j ¢)~(qg—>p)<s (p—q) (TRUE or d) ~ (¢ = p) & (~pVq) (TRUE or FALSE

[9marks] 3. Lel S be the statement:
Every integer that is a multiple of 3 is an even number.
Complete the following sentences.

(a) Sisa False” (TRUE or FALSE) statement.

y.

— (b) The converse of the statement S is: & ¥
b Ml amn _smhec s an ﬂﬁgff y/ ﬁf-—-fi--ﬁmﬁfﬂ’ eal >

(‘) which is a XEM TRUE or FALSE) statement.

(¢) The contrapositive of § is:

{ / i
-)%r%&w r)cH. ﬂUﬂ&Cﬁwp i /rﬂ%ff M /3 it fgf#iﬁ.&" y: ib]

which is a _/ fﬂ} /- ’I RUE or F ALSE) statement.

(d) The contrapositive of the converse of the statement 9 is:
¢ b N ] :ﬁ e 2 §
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(b) Find a compound statement, equivalent to the one in part (a), that has a simplest expres-
sion in which each of p q dml r appears only once.

Answer: P‘) o( /\ [_ B

{a) Complete the following truth tables.

P qla=p|~pVg|pA~q|~po~g|~pq |prg|~(g—p) :
T e ol e ik N F T = /
T F| T | F inll S T F FoL
B ‘ = { T F F F i P
F Fi T l F l F T F

(b) According to the truth tables above in part (a), determine whether each of the following
statements is TRUE or FALSE. Circle your answer.

;H‘S/(N p—~q) S (g p)r FALSE)
d)~(g—=ple(~pvyg) (TRUE or @

a) (¢ = p) < (pA ~ q) (TRUE or

el ~ (g — p"‘l e P— m!c":‘i (TRUE or

Let S be the stateiment:

Every integer that is a multiple of 3 is an cven number.
Complete the folf/ﬁyg, sentences. i J.
(a) Sis a False” (TRUE or FALSE) statement. _
(b) The converse of the statement S is: /

/ja’/ el bt S an Mf:é’éf’ ?%é‘f [ﬁm___&.ﬁzfa{%&/,&gf > ,

which is a ,fM (TRUE or FALSE) st dtement.

(¢) The contrapositive of § is:

%ﬁ»«p)c{c( _!Jwab{f s M L{E%ZM[_%M ﬁfq%u{ ,

which is a fﬁ/[ﬂ 'IRUE or FALSE) statement.

(d) The contrapositive of the converse of the qtd'tpm(‘ut S is:

{¢) The converse of the contrapositive of the statement S' is
Alf
2 //@p( g i Mz_‘/tw//é?/faéﬁ a_on fCﬂﬂﬂﬁé’f

(f) The negation of the statement S is equivalent tn [
faﬂ Qo mffgﬁf :f’%‘f B a ﬂm,ém i’ N5 Al QA Spebs

(g) The negation of the statement S _ D A_/J,( (IS or IS NOT) equivalent to the statement:
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[10 marks] 4. Use the Principle of Mathematical Induction to prove that, for all natural numbers n,

s t(t+1)  1x2 2x3 3x4 7 (n—1L)n nn+1) n+1
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[6 marks] 5. Let the universe of discourse (the universal set) for € and § be the positive real munbers.

‘ Convert the mathematical statement
?7 For every € > 0, there erists § > 0 such that if |x — a| < § , then |f(&) — f(a)] < e.
——_
into the logical expression using quantifiers V and 3 %
2, i

tVQ C@QBAELg (&?Gi{ ' L{ Tl = in- f{a)léé}
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6. Prove or disprove the following statements. In each case, indicate first which method

from the list here you are using:

1) Direct proof of implication

2) Proof of the contrapositive of implication
3) Indirect proof by contradiction

4) Non-constructive proof of existence

5) Proof of existence by construction

6) Disproof by countererample

(a) Let n € Z. Il »* is a multiple,of 3, then n is odd.
The method ggé,),, L/

Hp. J7 7 fs mﬁuf/;;?ué s, s edd
Fr n%256  (es6l3 )
Nl 4T and ol
=) & éCZw«MS

rie ENEN and st

/é W 3 dc’é/ﬁ@ ;?,i@gfci ;)(K %ﬁq"e@mfw

(b) Let a and b be real numbers with a < b. There exist a real number ¢ such that a < ¢ < b.

The method: 2e>__ 1S f @/
For a_b.CER_
/Léb- -;%Cdi{‘;,_ Wl ot a real mamby o e swh ot acceb , o.b,eliy
= d=b & C deeAt exi={ A’ézﬁ"“"
= (a=b) # (@2BY=s < i

Tl statrect s /pmcd, fscy aﬁfafeﬁ%e

(TRUEY "
(c) Let a and b be real numbus If o + 0] < |a| -+ |b], then a # b.

The method: __ 22X r : Z
JEa=h (g qis S S HTB o Tl
.};’;«fm&. [azb] < lal+(b) e dLbER /7 @;ﬁ;\;—“i
=S| prbl <[ b+ ) [ =g
=2 2bl< 2 |p|

> zjblenlp)  she 2>0TW
=> |bl<]b] M ~Te Saeret 7},& %&wfﬁf.

(d) Let Let A and B besets. f ANB =AUDB, then A = DB. -
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4) Now-comstrwetrre prood of exiten

i
5) Proof of enistence by construciion
6) Disproof by countererample
(a) Let n € Z. If n* is a multiple,of 3, then n is odd.
The mcthod ,,,,6,)w

Hyp. B A e mMF/f?yé a5, ol -
For 132256 563 )

N=§ E 7. and nt odd
—Z,Ud eecf/aCdekS

YL is epen ard pet odd

. e &t 3 a‘i&[% \{}?ﬁagﬁd be, Qymjfgf@mfw

(b) Let a and b be real numbers with a << b. There cxist a re LI number ¢ such that a < e < 0.

The method: _LD__;@.’% f 66/
For a_b.CER_
4—%“ ;W #{Vt '@‘E_S'L" a_ l’fﬂj Mbﬂ Y 7{[@2‘ QCCC‘S . aub;d.@'fﬁ_
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(¢} Let a and b )c‘ wdl nuulbus If a4+ b < |a| + |b], then a # b. L
The method: ’3—')’(
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(d) Let Let A and B besets. f ANB =AU DB, then A= B. 2
The method: 1) o ,0 @
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1) Wmmmnrhw proof of exsten

») Proof of emstence by construction
6) Disproof by countercrample

|5 mari<| (a) Let n € Z. Il n® is a multiple,of 3, then n is odd
The method: 6__)__ J
f%,p Jd 7 s oa M#/f/’aé m” 3, s odd
for 12256 (25613 )
6 € Z_ and it 6c[c£, wd
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(b) Let @ and b be real numbors with a < b. Th(l(‘ exist a rml number ¢ such that a < ¢ < b

)

[5 marks]
The method:
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The method: ,L'W tal v
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(d) Let Let A and B besets. f ANB =AU DB, then A= B.
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ANR=AUD

= A=AUA= ANA
‘ _ => An(aY: AL
— R-AuR=- NB 7 @ 2
(RN B- (OB
e ~ a}‘f( . /
/ :”.}

=FNSAL
sGmst egal At be Te T —

15 mariks)

e



MA121 Midterm 1 Page 4 of 4

[6marks] 7. Let U = {a,b,¢,d, e} be the universal set. Let A = {a,b,¢}, B = {b,¢,d} and C = {c¢,d, e}.
Determine: '

(a) (AUB)NC = {c,éf%
(b) (ANBYUC = zbc,ri,e%
= il i) A pno= &} *
7 (d) AUSU%— #b,ed e_%
@ Unon{= g ¥

() vudui{ny= ()

(8) An)UB=¢ab.edl /

[9 marks] 8. (a) Prove in the language of set theory that for any sets A, B and

.
e

AN(BUC) =(ANB)U(ANO).

Foc LE AQRUC)
j > LEA wd XE(BRYC)
x SO CA and ,‘Li/@ &
/ SYEA wd (XD « XEC)
= YA i :‘{éﬁ, M ,2 f:\’ ad X &
=S(ANS U (AN
=> AN (Eu(‘_ﬁ S ANBYUANG)

Fr ¢ f,m/%f )L(A/\C\l

=31 (Aarf33 aadd ‘f{i“\ﬂc )

=SFEAXER ) sl [XEA e XEC)
) YA anc ( A—:ﬁ‘» w XEC) Sk A C (308 Do (ane
. j ff‘ {\ ( WV andl ANBY (o) < ANBue
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i [ ANBPNC="1tsy -
(d) S nrer Bob.ed, e} V

() Undn{0}= ¢ o

() vugu{d} = ()

(&) (ANTYUB={ab.edl /

[9marks] 8. (a) Prove in the language of set theory that for any sets A, B and C,

U

AN(BUC)=(ANB)U(ANC).

Fac X.E AQRUC)

> L EA md XE(BUC)
o *\XCA il ,Lc(@ o C)
ST CA il z@{gf‘; el {f‘lfs?ﬂ o d X EC )
=Ny EAND ) o XEBN)
=>(ANS U AL
=> AN (RUCD & ANRYUANC)D

For IGK;L}iE/"nE)U[AﬂCﬂ
=3 {Aar ) and *?fcw-f(
Byéﬂw)féﬁwuaa;? A »1-%

=N YLA oad (Igﬁ} o 1EC ) L S A € (88 Du (e
=> XA ((XeBuC) and ANBY IO € AN e
=2 XEA MBUC) L/

=> ANBOC) ~Algue =
= SN (AN SAN \(BUC) | )= @‘“@)U\"WJ

[& marks] (b) Given simple statements
Pl e A
gized
(’;’; " r:xed
47
o

Write down the tautology in propositional logic underlying the proof in part (a) in terms
of simple statements p, ¢, r and connectives V, A, <.

;\/\(i;suC3
L 51 3 o a=> (prgdv (pAr)



