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Question IV:
A. Prove by cases that \x; \ = !‘-’:-)-‘ for every real numbers x,y €Rand
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Question Number | 9

l : ‘ 'i % ‘Ei s | ¢ “ Total
Answer Y, 1 4 | | |
| d \ll \t: \‘ & \ o H ",. CA\ \‘ Ch P,
Question 1 s el
A. Choose the co Lt answ hen fill in the table above: ?
(1) The compound proposition p A 1 (p V T) is: )
(a) a tautology (b) a contradiction (¢ ) a contingency (d) None of the previous.
(2) The pro sition "n is odd is a necessar and sufficient condition for n’ to be odd" is
propo Y
logically equivalent to the proposition:
(a)If nisodd, then n’ is odd. (b) n is odd if and only if n’ is odd.
(c)If o is odd, then n is odd (d) None of the previous
(3)LetA = {¢}. Then P(A) =
(a) {9} (b) {{o}} () {0, {91} (d) None of the previous .
(4) vx (x>0V x < 0) is false if the domain is:
= £ the previous
(a) Z (b) Z* () Z (d) None ol the P -

(5) The converse of the proposition "We go camping whenever it is not raimng -
. o .
(a) If it is not raining, then We g0 camping. (b) If it is raining, then we cannot go camp

then it is not raining  (d) None of the previous

(c) If we g0 camping,
: < 2x" where the domain is the s
~ (6) Let 0(x) be the statemént X +.1 s -
(hen the truth value of 3x = Q(x) 15: e

(a) True (b) False




Q4: Use a proof bVEoEtTagosition)lo show that if (x}_l) is an even number where x ,y_%)

thenC\' is even or y’is even. , (2 marks)

. ot

b S 05 oW e - o2k

M ) \\_S oJ& :’-BD: 2- M

Ry - \25‘57 2w~ x\)

oty . Ylem a2k x 2w a0\
Ry = CQI"“““L*“\ =\

=Y 5 o //

/ L
QS:A!.et_.\",yiE\lR such(x +y +z ;TI\, use a proof by(contradiction to show ihas x28 or |
. P——— )
(v)' 27 orz26. . (2 marks)
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Q3: Determine the\t_rgt_h_valul, of each of these statements and justify your answer. (2 marks)

('i')‘h@c CRY xSy -1620, |




Q2. (a) Let a and b be real numbers Prove by(é(
('a+2b>10 thcn(&?4orb>3(2pts) "

L f  aSY

WA b = 3 - @
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Q3. (a) Prove that 37! > 2" 4+ 1 for all integeryn > 3.)(4 pts)
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12 T ———— - ;
I} Give a proof [Qv:-1.!..';uln'!:nn>o show that
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e ) th Hut u.slng t.ruth Ldblm‘)sh( w that p — [ pAQ)V - q] is a tautology.
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I) Choose the correct answer: LHL oy 2<)
1 Le -\ -/~7 1?1 4 Fa‘;e
) Let Q(z) be the statement Z+1 > 2z, with domain the set of integers. Which of the

following statements is false?

(A) 32Q(z) & vzQ(z) (C) Q(0) (D) None
/ Trtene

. F — T A Gae
2) The conditional statement ” If1+5=3, then2+2=4is

@ True .~ (B Falsex (C) Undetermined || (D) None
/

S Wy vp o PP RS0 PV eR-p

Fo T

3) The proposition (p V —p) = p is a(-\p}(\:‘;)\ffp . ; T ? £
(A) Tautology (B) Contradiction @& Con/tiug’ency (D) None

5) ~(3z((z < 0) A (z2 > 0))) is equivalent to ¥,(*770) V(" £0)
(B) (C) (D)

Vz((z 2 O),V (22 <0))||Vz((x £ 0)A(z% < 0))||3z((z > 0) V(22 < 0))|| None

/
Z

[/3—»% e

6) The inverse of the conditional statement "If n is odd, then n? is odd” is

(A) If n? is even, || (B) If n? is odd, @) If n is even, then || (D) None
then n is even then n is odd n? is even

>




II) A i i
) A) Without using truth tables, prove that p — (@Ap)=p—ogq

P—r (3AP)=pq.

' —

L 2(400) = p v

Q{» <{ . P V(q. A p) As P—q.=—pvq.
= (PVRA (-\PVP) ’Dxdvibu#uc law
= pVRIA Megahkion law
By Tdewbty o
- P‘—-'rc}» As ﬂPVC"EP_"UF

LHS = A.Hs P
\
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’ III) A) Prove that, if n is an integer number, then n + 2 is even if and only if n? — 1 is odd.

& ¥ N een Mo Wt is o dd
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05 @y od ThH < ©
(S M SPVETIE I

. “ b a(a‘red( Yo Coufead.'oeb S o '
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= U, taiing ‘-bis"o'O’o{/
bJ 50(0("‘3 Hor w=r k-t

et we'kave, Cueat -l = die=“ie ] =t
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b
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B) Prove, by cases, that |z| —z > 0, for every real number z.

- Xy 0
(el Y, % 4
ase | 72¢ =o

lol=o0 —y Hegor\xl -7, O a trne
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1v) A) What is the truth value of VYn(4n? — 3n® > 0), if the domain is the set of integer numbers?

3
8upp0§e w = -L, 4’1«,9\ H(‘L\I-}C'L\x?'/ &)

W (H)-3CB) »o

6 —24 770
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I) Choose the correct answer (write it on the table above):

1) The truth value of the proposition 10 — 1 = 8 if and only if 3+2=1"1is

(A) True (B) False (C) Undetermined (D) None
2) Let P(z,y) be the statement "y + x is a perfect square”. Then
(A) P(3,2) is true (B) P(2,2) is true (C) P(1,1) is true (D) None
3) The converse of the statement "If z > 2, then x + 2 > x° is
(A) If z + 2 > 22, (B) If x < 2, then C)Ifz+2< 22 (D) None
then z > 2 T +2<2? then z < 2
6) The negation of 3z € R(z > 2A 2 <3) is
(A)Jz eR (B)Vz e R (C)vzeR (D) None

(z<2vz>3)

(E=L2A % >3)

(@< 2Vaz >3)




IT) A) Without using truth tables, prove that p — (¢ — r) V ¢ is a tautology.



III) Prove the theorem:

"If n is an integer number, then n is odd if and only if 5n + 3 is even”.



IV) A) Prove, by cases, that, for every real number z, the inequality z > —|z| holds.

B) Prove that the statement "n* — 7n + 10 > 0, for all integer numbers n” is false.



I) Choose the correct answer (write it on the table above):

£

1) The truth value of the statement "For all positive integers z, if r? <

0.thenz +1>2"1is
—d

2-zVzx>0)

Vr(l+2zxA2-zVr >

0))

2-zANx<0)

am—d
/ (A) True (B) False (C) Undetermined (D) None
2) Let P(z.y) be the statement "z = 3y + 6". Then
(A) P(1,6) is true (B) P(1,9) is true (C) P(9,1) is true (D) None
(/q: 3(\) *‘i
(x5
3) The conditional statement p — ¢ is logically equivalent to
WALy Y
(A) Its converse (B) Its contrapositive (C) Its inverse || (D) None
q—p ~q = =p —p—= g
(
4) The negation of a contradiction is
(A) A tautology || (B) A contradiction || (C) A contingency (D) None
5) =[Vx(l + 2z > 2~ xr Vv >0)]is equivalent to
SRS
(A) 3z(1 + 2x > (B) (C) Fx(1 4+ 2z < (D) None

-



II) A) Without using truth tables, prove that [-pA (pV q)] = ¢ is a tautology.
?o
[1PA (v ]9 =T
L,HvS=F1PA (p\/cy)] — 9

=] [7/9/‘@"‘!)]\/7«

z[Pvacvp] v
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III) A) Prove that, for all integers n, the following three statements are equivalent:

(a) nis odd

(b) 3n + 3 is even

(¢c) n—35is even
we must prove o a— b b C.onel €0,
) N »edd —53n+3 weven,

bj diC"M Pro‘pf

SuPPOS-O 2 w‘oo’cj .§hau) H«J.’S’n 4’3 WV eve v

+ Y\:Zk‘\‘"
» o) Aee & S/
"o 33h+3:3(2k+0+3=6k+3+3
~bk+6
_2@GL+2)

- 5:3&1’16?
36 5”"‘3 v @vewn .

C " P\/QV‘\
2) BY\—\—?_‘ v evew —3 N= 2 -

| > 2 \bocjd’
bvaﬂhmPuwh\' - A S odd — SN+5 .

V)
Y\l-‘;;&’?" \ ; '{. of C
\ -~

Y

3(2k+6) %I

TSLR 4 R4Ssblsr2l
- k |
~b6l 20+ T

3\ 'ﬁ“S v EVer Y ) = 9(31(+‘°)+_'
P 4
eSS e — APk aB
o N o= T le =4
= Ae 2 (RA4A9Y &) w e A > C)C’) (J \

B) Prove that the statement " For all positive integers m and n, mn > m + n" is false.
E". 4.')’J\/\,‘!/{ Q;/o.,,\\'\,!.p .
let m=1 Nn= 2

m.n =()2)=72

e
YMaan = 14225
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IV) A) Prove that, if z is any real number, then r > —|z|.

b CeSeS
) Case 4 if X=o
el KK wsixle e e e
_ o '
Dlosez (XL — x>-1¥] X >-lx| ek
IX]=<XD>0 _ P |
L Xwm-I) =5 seL<1¥] trio
3 ased i X>o0) & x5 —ixl )
Ix\=XSo
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III) A) Prove the theorem:

"If the product of two positive real numbers is greater than 100, then at least one of the
numbers 1s greater than 107

—+
AY>loo — KDlo ox YHlo %zijR

b‘j (on Ha P0Q+l‘\/\9 . D

X & 10 ovd Y <& lo -——:BX*Q\QIOO
QUP\DOSQ X £ 10 ool 5&'0.&»«6) Slyam#ha.ngsm

X £\

g & S

XY & \00
(l

Siwn o e (o nha .'POSI“’N v Fruo .

XY>loe — X5 |lo o0 Y > () t'o *‘Y\-lg

/g} 7< B) Prove that the statement " For all positive integers m and n, mn > m + n" is false.
/ | + o fel
S ¥ mineé & 2 (q *.

y

Moh:%

n 4N = 6

m.m#m.*_m.

The sbdned Gdamlen



Question Number 1 2 3 4 5 6 Total

Answer @ a C o b b
Question I:
(PAYIVCIP V) ,
A. Choose the correct answer, then fill in the table above:  _ (Pa ,C; > va(PAg) @v?fff)
=T

(1) The compound proposition (p Aq) V (=p V 1q) is:

‘/(a) a tautology (b) a contradiction (c ) acontingency  (d) None of the previous.

(2) =(3x:(x?2>2Vvy# 2))isequivalent to
l/(a)Vx:(xz'sZ/\y=2) (b)Ix:(x2<2Ay=2)

(c)Vx:(x2<2Vvy=2) (d) None of the previous

(o0 V 040) 4 Fqlise

A~ rXy 0 VX)) Fal\Se

(4) vx (x>0 v x <0)is false if the domain is:

P (a) Z (b) Z* (¢) Z~ (d) None of the previous

(5) The converse of the proposition “If today is Monday, then we have an exam” :
(a) “We have an exam whenever today is Monday” .~1b) “If we have an exam, then today is Monday”

(c) “If today is not Monday, then we have not an exam” (d) None of the previous

(6) Let Q(x) be the statement” x = x + 1" where the domain is the set of all integers, then the truth

value of 3x X) is:

2 Q(x) Dexy; X=X
AR exy ¢ X FXH
(a) True ‘/(b) False (c) None of the previous T oyneiin &

Ax (xFx+)

’

Sinte Y¥xe2 X% X4\ 'OQO\\SQ
dhe Statment FfulSo



—

tion II:

A. Without using truth tables prove the following:

pA(p—=q) A(p—~-q) =F

LS = Pa(P=29)ACLP>7Y)
= palapvy) A (OPYTY)
(pAp) V@A) A PAT)

—

(panpPV F
FVF
F

vuyoul

?A'\PEF



- «Question 111:
A. If n is an integer. prove that "7n + 4 is even if and only if n is even".

FnrU iSeven &> N h CVen

we  wueh .S"\ou) 4\\0‘»

@ Anau ceven —> N s eVven @) i { N Even —S Fn 4y v even

by Con\vupostive ba Aivect preat.

Naedd — In+uvodd CupPpPose v »even Showthal Fnauu weven

F T R 1Y W LA even
> Bree2 St vz w4 — 3ver o1 n=lk
- N = luk -q-? —_—D Sn= 4w
_ T Ay = U4l = AV Au-= yu ke + Y4
= \U L &\0 &\ =23 4+2)
=23 >»5 5.8 g_—‘;v-n.é?—
N  =Fe+5e2 S B e Gy A
UJ\’\\L\A v QAA
B. Prove that if x is irrational, then l/xisirrational. S— ——

bv (c’ﬂ*lof‘ X RV

‘\l . _‘. \ "‘n..{" X .‘)yl—.-*‘-\vr (\

E,ul)‘) ")O‘)p —*li Vo llR |

’Q‘. —1; 're Y,)'\ Ve

<

_> __)‘.L_» .\.‘ A v nv,
-

e

J
R
)
<
)\

C. Prove that the statement “vx € R, |x| > 0” is false in the domain of integer number Z.

Ain e \o\>o 2 £aolse

v MR « 1¥l3e
/S Fqlge



-y . Question IV:

A. Prove by cases that "n? + 3n is even”, for every integer number n.
we hawe Etwe C(alSesS

—

Cate 1)

: . 3 wv €Ve w
‘{ n » even then N AT

guppPese n W evewn
-~ 3Jvez st n=2k
o e B®

—_ N4a3n = WK?*B(I\C)

:Hk? ‘\"ék

(gse 3

‘l‘( N v cd'c)s he v 3 &S .
™
QuPPo% Vi Vv e&ss
—_— A\ve? S'\ V] =
R =21 - =
e 4
i N2 43 - Ul U +1 +3
- U2 +=U P = S T

Yi? + 10 Ky

e

=2(2k? 4+ 5% 1)
_Zl: E;Lu?+5k+‘€‘2

which o e yven



Question [: -

A. Choose the correct answer, then fill in the table above: PA 2 (PvT)

=pPAnT
(1) The compound proposition PA-(pvVvT)is 5-: %" =
(a) a tautology ADb) a contradiction (c)acontingency  (d) None of the previous.

(2) The proposition "n is odd is a necessary and sufficignt condition for n’ to be odd" is

e e —

logically equivalent to the proposition: L
(a) If nis odd, then n’is odd. . (b) nisodd if and only if n’is odd.
(¢) If n”is odd, then nis odd (d) None of the previous
— o St 0% N o;U fFulp
4) Vx(x>0V x <0)is 1 main is; AV X (X0 Vxco) 1S fu'p
/(a) Z (b) Z* (¢) Z~ (d) N(;r:eff the previous

(5) The converse of the proposition "We go camping whenever it is not raining ":
Statmenty 1 i+ 0 notroning , then we go Cearn P13y -
(a) If it is not raining, then we go camping. (b) If it is raining, then we cannot g0 camping.

. (c) If we go camping, then it is not raining  (d) None of the previous

(6) Let Q(x) be the statement” x + 1 < 2x" where the domain is the set of all integers,

then the truth value of 3x — Q(x) is:

‘/a) True (b) False (c) None of the previous

AXEZ (X413 2x) 2

- V4l22.)  © 4yva
M efatment & Fewo -




A. Without using truth tables prove the following:

pa((g=n)Va)=T

LHss ps((qar)vg)

- -

= P> (('nc?vv) vc)>

—
S
—_—

P“\b< Y V(ﬂ\/qcﬂ>
O (vvT)

P =T
=L P SET

T

TR N

18 ()

= ,?~H'S



o 14 Qﬁestion 111:
(1) Prove thatif 5n + 6 is odd, then n is odd.

b:j Contvo Pos " ron -

Suppoe yn v evew ghow thad BV +6 weVEV

let vVl v €vewn.

—> dkez Sy n=2k
—, Swn -\o\w
S S5nag =lokri
= 2(5k+3)
= pu m:5k+36?_

wWAhiec\ » €vewn

(2) Show that if x is a rational number, then 3x -1 is also rational.

SupP\Pese Malr X v \“c‘*\'o\nc:,(t' (me‘ show Hsa.,- IX | b ‘(C\""O"‘Q
\-e‘\ \( b‘z
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= — . A ) {
> X = w2
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. 2 2 04

v

o o 4 Y %Q -54'7“

— S — — - —

\et Nnsz= -2
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‘-’z'\<*8 ‘(QlS_Q



A. Prove by cases that I 5 I = IL:'-:. for every real numbers x,y € Rand

y #0.

Theve ave W CuseS

ce 41
le} x?o/:,j}o - .%-},0
I¥\l= %
'9\= 94
V)

tonch v Frue

' \ X 2,0
B é-x XL o

; YLo = B
\X\:X
Vo =-Y
\xX\ ¢
4y Y .y
: 7 whiew o L\ i
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Q,EJ XLo ;| ¥so - Eo i
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\=Y
1 X\ o A
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b4 ¥ ’ 4 - wa hiehh © ;V’“u '
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N
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V= i
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Yl e k. o
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(c) None of the previous

L" Q._d")‘ J‘MJ"‘J 1 5 1) | .
(2) Let P(x,y) be the statement” y — X is prime "then < )»,..,)z‘ ' e i

(a) P(1,5) is true (b) P(2,5) is true (¢c) P(3,3) istrue (d) None of the previous

Haley C-3=3 Qvive 3-3=z0
Ne & Privml -

(4) ~(Vx:(x>1V x <—1))isequivalent to
(avx (-1 <x <1) /B)Ix(x<1A x 2-1)

)Vx(x<1A x2-1) (d) None of the previous

(5) If vx(x €A o x € B)then
(a) ASBHB /(b) A=B (c)BS A (d) None of the previous




Question II:

A. Without using truth tables prove the following:

pV(@r->-q)=(p->-r)Vgq
L.H.S = _\PV((%’\‘:’>

- —]l‘)\/ ('\Y’V-\%>
(= g™ ) NV
(P =V

R.HS



Question 111:
(1) Prove that if n is odd if and only if 5n? + 3 is even.
N » edd \é-; En2+3 © Qven
we wugt preef /\"--\,\\\;
2) 5n743 b even —3 N o edd.
by Ubingy Ceatapestive

by usimg diredt preat

SuppPose N bodd ol ] N v even — 5nt +3 » odd

Shew Fhal Cn24+ 3 v even su\')Pose —

SuppPoe n s ode - 3vce st n=2k
— 3dkez s+ n=2k+ = n2=uk?
n?:-(7.k+')7‘..q,z7+uk ¥ N Bni= 20 2
Enl= 20?2 420w 45 i 5n7+3:2°“2+3
—- \'v‘-ct -\ ol 4 4) _ ?-(10’12*\‘)‘\'\
. =
=25 P Y et B dal

B. Prove that the statement "n? — 7n + 10 > 0 is false for every integer number n € Z.

—————

- \
. & 3 L J
not@ . A Ne —3Fn+0 o e (
PRy /N - 3 3_:—
2 {--5-2- N o\ %

-y") N —Fnilo
- 32330
& & w410 06O

L mi-Fnale 30 ¥ ner  » false,
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Question 1V:

A. Prove by cases that "n“ — n" is even for every integer number n.

) theve av® two cases

f(as;b N v evewn _Z; n2—n o© evenllnse 2 n;,)g&)._) n'z_v\ B 2@\
\A/s“PP°$Q i v evew BuppPo iR wn v odd

= 3kez 5% w2k

— 2= Uukx Ul x|

S Nl = Uy le $10 et

— dkeZz s+ wn=2k

=S nizykt

= M-n=yk?-2hk
=2 (2k?-\) =S4kl b6k

=2f I T IR = s a? 'k )

\ wnen » evew .
wWWichh y evewn W

fyovn Ewo Caseq p_i s even for @wlvy integyexr n.



Question Number 1 2 3 4 5 6 Total

Answer b a, a C b b

Question I:
Choose the correct answer, then fill in the table above:
F &7 F
(1) The truth value of "S+1 =4 if andonlyif 5+1=6"1is

(a) True .~ (b) False (c) None of the previous

(2) Let Q(x,y) be the statement " x = y 4+ 5 " then

z/(a) Q(5,0) is true (b) Q(0.,5) is true (c) Q(3,2) istrue (d) None of the previous

5.’_0+5‘/ C;S*—)K L= 245 X
(3) If P(x) 1s the statement "2x = x, x € Z", then the truth value of 3x P(x) is S x=zo
a)True (b) False (c) None of the previous R
l/( ’ o ol
.;Tr we
& P
(4) The inverse of the statement "if x? < xthen 0 <x<1"is ~*<2 | "2
(@) if x?>xthenx<0 Ax2>1 b)if 0<x<1thenx’<x
l/(c) if xX*2xthenx<0vx2>1 (d) None of the previous
(5) =[vx (x <y Axisrational)] is equivalent to
(a) Vx (x =2 y Axisirrational) 1 b)3x (x 2 y Vxisirrational)

(¢)3x(x 2y Axisirrational) (d) None of the previous



Question II:
A. Without using truth tables prove the following:
—p=(pAg)=-p=4q.

¢ F PV
l.H.s= 19——-)(—113/\‘)) @/C' e ﬂ
= APV \‘\P'\C‘\>




A. If n is an integer, prove that "7n + 4 is even if and only if n is even".

qh-%—‘-{ oeven £S5 N v even

w e

must Prow  fha 3

By,

;y\ 4+ Y »even —%V\COCVOV\

\"a Crn\**a\boghmo

i Lol oo Sast duadd

I

"f,l’ yn o cr_JcJ
Snzty) te?

- 3Fn =z yt+3

= In4u = gt +7+-
L a
‘.’.’\7t’*-')._}'
“wn

—cm—

;IJ S %"J b A

N oevtn —> Inty wevewn

=l NL" P‘O.F

Jet v L, even
> Nz2k et

= 4n = Yy v
Teau = MK 4Y
-2 (He42)
whie g %Q\/-M\
{ ' 2

B. Prove that the statement "for every x,y € R, (x +y)? = x? + y*" is false.

{

Y=Y

Lkl §. (x*‘ﬂ)?:(_g-uq)z: 72= 49

2 "
e Xz+a?: 3244y?= 94 16225

bﬂ /Oum"‘q exCAM,D'I :

VXta (x -\-b)?', X?+32

[.H-s=+ R.HS

4

o“fqlge .



Question IV:
A. Prove by cases that "2n? + 3 is odd", for every integer number n.
“lnee are two ages

2 :
(uge 3. 4 novodd —>2n43 » o)) -

let v vodd — N2k 4| ke 2-
— N2=(k+ Y = yle? +ul +|
5 2 e Bl it on
PUNTLI B2, B8k MY I = '2(qk?+qlc+2)+
Case . l‘( N vevee —2r 42 f.oe)c)

lQ,L N\ ~ even S nNn=1k weée 7-

y1
’57”7— g
> anr43 = BkI43=

( w\mc\'\
w0

wY\CC\‘\
B’ 42 +\:7—(‘*V—1*\>+\ W oed

b e T, i - a =8 -~



. Question Number 1 2 3 4 5 6 Total
A
nswer a v | c a e | c
Question I: ( Qr\q) v (ApYa c‘3
A. Choose the correct answer, then fill in the table above: = (@ AIVV(PAY)
= T P
c-)/,v‘ Lo

(1) The statement "(p Aq) V(=pV —q) "isa
(d) None of the previous

l/(a) Tautology (b) Contradiction

(2) Let P(x,y) be the statement” y — x is odd " then
(c) P(3,5) istrue

(c) Contingency

(d) None of the previous

(a) P(1,5)istrue ,_~(b) P(2,5) is true
S-\z=y (¥ S-123 (D) 5-3z2\p)
(3) The contrapositive of the statement "if |x| = x then x = 0"is Conha P’s‘h.&
>

(@) if |x] # xthenx <0 (b)if x =0 then|x| = x
(d) None of the previous

"if x <0then|x| #x

% (c)

(4) ~(3x: (x* > 2 vy # 2)) is equivalent to v % o A K= }

/(a)Vx:(xzs2/\y=2)(b)3x:(x252/\y=2)

(c) Vx: (x? < 2V y = 2)(d) None of the previous

[ =% on o) \= V=)

S)3Alx(x|=1)is
(c) None of the previous

(a) True /{b) False



Question II:
A.Without using truth tables prove the following:

=DV (F= =q) (P> =r) V=g
L.Hsz Apvivr—=79)
= A p v (aryg)
=(p V) Vg

e LP=2w)VI9= TS



Question I11:

A. Prove that the product of two rational numbers is rational.

N
The Statment . X >y e vet \'«:M-Q hombers .__5 X = ) (C«h""‘ﬂo

use c:hr?c} onoe

Supp ese Mat  xaned g arx fa"o'oﬂ(—g numbes § amel Show thed X'j

E/)a|so (a+l.°Mﬂ
)(:% C\\bé'z-,.b—"}o
4=5 cdez,dFc
le_ & & = ac— qC,é’Z'
o - e~ S
B = e BaE E sk —

=~ d=o Swe
.., -T\ﬂQ ')chjugj’ (&) ( ‘{v\ c> Yo “ cl)v\ﬁo LA bpv S \A o *’“q'ov\ﬁg.

B. Prove by cases that "n? + 3n is even", for every integer numbern.
Dy cases ) £

}‘ i\r
_,_A/(J()f‘_/

Case 1) & >(Case 20
13! u; ocjc) ’

N '\/_3 eNe »

~

)
Y) '/3 (‘scsf‘ -..>V\? 5’3“ » evewn.

~

I A eVen _ SsNn¢al3nr v ever

3MQPO$Q Y\ :J" @Jer .‘Cu()?o’jo N ~‘/)o~')°,’

Nse Ave = > pn=2kst ket

nEt=gie™ - wn? =RQea N = UieZeuie 4\
N33z Yk2s 32K = VAN = Y2 yul 41 4321 41 )
& YkER L6Y = Mk?2 Uk £\ 6K +3
=’2(zk24—?>!} = Y2y ol 4y
=S S0t " = 2(?;\%\:1'?‘,'\_'3)
"R =2Zw me F

;b "Z . . '
NEazn s even oA s evewn.



Question IV:

A. Prove that the statement "n? — 4n < 0 for every integer number n" is false.

——

Llel n= |0

Nt _uyn = (\o\?— 4 (o)
= Yo0 =NHO
=€o Lo ralse .

vie WS -Un & o on ewv(j \'nha“" huwm bey N 9 ‘GQ\&O



Question 1

Answer

A

B A

c | A

I) Choose the correct answer (write it on the table above):

1) The truth value of the proposition “10 - 1 =8 if and only 1f 3+2=1"is
s 2

POXY) L Yarx pechet Squore

™32)2 342265

P(?,y).’ 2¥2=4
Q:Zz

Iz C

£ % T
(A) True (B) False (C) Undetermined (D) None
gigs”
2) Let P(xz.y) be the statement "y + r 1s a perfect square”. Then
(A) P(3.2) is true (B) P(2.2) is true (C) P(1,1) is true (D) None
—
3) The Gom'(-r'se‘of the statement "If r > 2. then r +2 > 1% is
It X225 %7, then #>2
(A)If z +2 > 22, (B) If r <2, then (C)Ifr+2<a2% (D) None
then r > 2 z+2<3* then r <2
il
6) The negation of 3r € R(r >2Ar <3)is
(A)3reR (B)vre R (C)vreR (D) None

(r<2vzxr>3)

(r<2Ar>3)

(z<2Vz>3)




II) A) Without using truth tables, prove that p = (¢ = r) V g is a tautology.
2
P=>(Qq=>)vg=T
S P> (q>v) VY

= =PV (0\ Y)YV

= 1PV (9qv¥)Vg

= (‘\P\/\’W\/(“]c'\la'\

= (Wwpyvodv b

= T =R HS



I11) Prove the theorem:

“If n 1s an integer number, then n s odd of and only of 5n + 3 1s cven”

Solurion:

wWe wusth prove

)
® N wnedd —> 5n+3 sevewn
SupPese N w odd and prewe 5N +3 8 even

SUQPOQQ N on cc‘d‘

— Jkez s4 n=2ks
— Bn=lok 45
— BEN4$3z=lok 48
- 2(5L +l.()

m=Sk+4ye &

2 Y Cvewn

() 5V\.\.3 va even — v ,-J.(,,;’,.j

\5‘3 Covv‘\“(o ye s by vQ -
Ly

Vi A @Uew =it DN A3 add
gUPP"S‘p VI v @Vewn

— BkEE .+ n=2k

—5& Bl
— Bn43z= ok 4+ 73

=10 k +2 4|
= 2L Sl(+|)+|

= 2 & 4 t=Sk+ice
 odad] .



V)

A) Prove, by cases. that, for every real number r. the inequality r > —|r holds
We  hage “hvee Cases
D) if x=o

by
2) if x>0

—-\¥\ = =-X<o

o> -lol o 4vue .

i 2 & —3%) » bvue .

e
) if xX<o
—1X\=2 = X ¢ o L (I
~ X = -|x|

2 theee (ase. X2-1xl YxeR

B) Prove that the statement "n? — 7n + 10 > 0. for all integer numbers n” is false.

PN —

\\ ¢



Question 1 2 3 4 5 6 7 8 9 10

Answer

AIAI B |R B B [B|CIACLC

: o g . P 9P g Prg 19AP39) [1%(»"1)#'6
I) Choose the correct answer (write it on the table above): TTFF T : T
1) The statement [~gA (p = ¢)] = —pisa TF F W £ = -
BT T ¢ \ % = T
@tautoloy (B) contradiction (C) None o
l,'au*o"’bd
2) The argument ~[p V (=p A g)] is logically equivalent to ‘\~[PV(“P Aq )J
| SR 1
z apA(PVv)
(A) fpa~q || (B)~(pAg) (C)pV—q (D) None |3 (qpapv(IPAI9)
= Fv(Qprg)
= APANY
AX L
4) The Cartesian product of A = {a,b} and B = {z,y, 2} is
;\‘;/ AR Wi L
(A) (B) {(a,2),(a,). (a, ), (©) (D)
{a,b,z,y, 2} (b,x),(by), (b 2)} {ax,ay,az, bz, by, bz}|| None

5) If the universal set is the set Z/of integers, then the statement 3z(z? = 2) is
~
4
(2, TIEE
(A) true alse

6) Given that propositions p and g are true and propositions r and s are false, the truth
value of the expression (p > 1) A (~g = ) is

‘ ~
T = -
( Pe>Y A (14 NS
(A) true ((B) }&lse ™ % S
F.

w




IT) A) Write the contrapositive of the statement:
"Your guarantee is valid only if you bought your CD player less than 90 days ago e

SR ] RTINS - SR ——)

e %

statmeat € your guarntee 5 valid, then gou boughnt goue €D Plye” les thaw
% o 4 A0 day s “ago:

.

Conbva Poshive T 7P
V4 gov didAl \ha Your €D plager less B an G0 d“vcs 030,‘”\8»1

Youv quavantee ia not valid:
B) Find the negation of the statement: P A
"Al students enrolled in Math 151 are older than 20 years and and taller than 130 em”™

\7 « (‘p\q\/ 3

:\f_aat\b;\’; There exist a studant encolled in Met \s |
faw Bo Cm,

whe .\D nolt O\dOY W\a“ 20 oY not‘ &q“fv

C) Without using a truth table, prove the equivalence

P=eA(p— ) =

Lo i, [Bsys Y al @ a1y
4 o ve) bioved law
= (apvgia (pvig)
:—: —-?\\/’,/ " sty hutive
'E - F, \ ;;— dormine +IOV



III) A) Prove the theorem:
"If n is an integer number, then n is odd if and only if 5n + 2 is odd”.

N s odd ¢» Snan wedd
we Mw&“' P\'oc“ H\&..Q"
fn
- 1 w odd o divect Proe
® 1 v on —% 5”*" ae ‘_Q— e ;oeac’

SuppPese YWak Ny odd omd Show W
let n » odd
-5 A ke st n=2ky|
En= 10w +5
ki B KT
1o e +6 41|
2 (5 +3) 4!

= Tm | m =

S5n 41

h

"

5 +: -

SNny2 0 oc'(‘J.

~

@ BNA¥Y D 0dd —>5 v » - ”L’d (owﬁ'vapc’s‘*"/"v

Contyu Po stive:

”~

. — . . .70,
NN Ry 5 n=+2w Ve
’>u_'>?°v " = evew , Sheow - O S+ @ eévewn

leF v 2ver

> 3we? sA n=k
Sn=lo

Snse) = oW

=2(5k+)
PO SPRY Y o

=2 v
A 5wn a1 veewn.

~ Nsodd oy snil hodd b hw MEZ

5



B
) Prove that 2" < n?, for all integers n, with 1 <n <5

Doma\in

= )[ 2 ,3 ; qi P(o\ﬁ( l?j ex ’\MS"\N
s A

e B i R = “ SH Tywe
3 2

wed & RT 247 T

n= U ey bl

‘(ov a (O '.(a oy

: Tie sftaimeat o

Lot W L & D

s



Question 1V:

Let {a, } be a sequence defined inductively as:

a, =0, a, =2, Ans+1 = 4a, — 3ap-1,Vn =2 1.

aY
Use strong induction to prove that: a, = 3" —1,vn= 0. ?(V\\ \(O\V\"—: r; ~\ \

) Rosie Step n=o

Q.= (S“‘UQV‘\ ¢ 2\l oo

= Baal-¥ o "Toiuwes Bow o
) Thdmcke S‘\Q(PI

Suppote. Pr3) T¢ e W ick

Lo 05=T-0 N i<k 5hue @
we wont 1% preve Aok P(\C-(-\} {s e

2T v
Qe =3 =
/\Jow e O\M\:L\O\l\j_g Oj\k—\ i Svorn @
wie Wone L G R G | (3\&.\_ \\

=4 ‘3k—— L]‘_g.‘f'\_\_g
e R o B
:3\(("1—-\3— \

= PR Y]

; lea — <k
el &k‘\\ - *"‘ \ ~ - ?(k‘\'\w ;S$ v 3\ — \
O PY{V\C.‘?"( w\D~ S'\‘vo\/\g ’\v\o\\,\c-\b\/\ 7 Wt P'f‘O‘\Ieo\

P Shue Y nyo ; on=3>\.



) S tha'"”'g'*'l“'*'"""(5"-1)=3(3'*"571), for all positive integers n.
b“j Pr;ncf{)lo O‘F ma“emah(a.o |'thuc'f|'ov\
le b Pln); b 4+Qsllyg-n-3(5n-1)= D B+5n) ,n5 |

truo -

© bags steP; ghow tal PU) 2

LoHS—y  R.Ms= L3455 =Y
! L.dd N Eo H-S
~ PO o true -

@) induchive &teP: ezt [PUD —s plead)
L +1) o Frue .

Suppete PUO v trva ome) ehowd ot

Euppote .
Ped: 4494 1ys---+(Bk-1)=
S\Aauo

Plra) ' U

k (345k)
. B

o |
= letl (3450c40)
PRI C 4K ) 4(BEsN=N)= 2 (3

L-HMs= Y q..\.lu.;.---+(5k——|)-|~(50¢+|)—!>
o g
:£(3+5“)+(5(u+|)—l)
o 5
. K (345k)+(5E+5)
2

L +5v245k+Y
= 2

=S 2515
-Ek""’ft“’ﬂ

RoHs= k! (3+50+))
2

=
8

-5k a5t 4B kS
= ﬁ(3+5k+53=%(51*—8) 2 8 =
N :_'-'_3.2(7#&!(—*-(4‘!
= _“_’."_.\(‘Sk-'r-B')- \7 2

? i S = R.H-S _ P(k-f-\\ o‘{vu.o-
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Ptv) v tvue ¥Yny|




Question T1I:

Use mathematical induction to prove that n! > 2! forall n=1,2,3,......

‘La usyne Prfv\c(pa( o‘( mcﬁ%emq‘l‘u'm_o i.«\cluc.+c'o»\

leb PG N2 Ny

) Basis ¢te®! show that pU) ofrua:

L.-H.S = l" =1
)= [S)

R:H:38 = 97 =5 &)

3\
L oPU) v trwe .

?) Tnducdive sieﬁ: \{\L>’\ EP(L) _'2_59()(-\-\)_)

Suppose  Pl) wvbvrua -
X -\
Pl kV2 2

ehow Mot Plesr) v brwe:
"2

P Ces) eao ) > ol 27
\

) A

Siae plr) w trw

Sing leaty 2
32

el 2+122 Good Luck®

= Ga) el > 2.
4
— () 2z 2

A PUERY) Strua

3) Conc lugon | Pn) v tre \')‘n;/

§




Question IT:

Let {a,} be a sequence defined inductively as
a, =0, a; = 2, Anyy = 4a, —3a,.4, Vn 2 1.

Using Strong Induction_prove that

a,=3"-1, vn=>0.

o =0
Gi1=2

S W
n)’ i D s h>
On+|:"‘|aﬂ—3an—| n?' P( ) e

k\wz La,. -3a,ﬂ

BC; S*‘Yové incduction

() Basic step  Show thad peo), PLID by ue -

- o |
Pled. Clo =3 -I pL1) a =3 -|
O: L} 9\2‘3-4

o.':/o o=

A’—F“) y Erue

A~ pPle) 0 Frus
@ incluchve step ¢ iy 0 [peod a- - - aptad _; ple +0) ]
Suppese  4halb Ple), plee -1 ave brue
Ple), O 3"..\ g

B e

PU«.—l) Oy 1= B
Show thal Pli+1) o Frws -

‘D(IL-H) 3 Ouwuq4l = 3.“‘.!_\ ??

L:Hgcz Clayy = Hau-Baz-l— 14(3 -1) -3(3 3

o"/ "p/-‘-l3-"4,§21+ = 33-\

‘ o 3.3% 1= 3 2 |=RHs
G pliel) w Frue-

@ (‘amle\.oW: P(n) ‘O l—YV\Q V V]ZO



. V) Al 1 g math, Inat jral Dbt jog Provwe ¢ for all
it lor all positjve integers n,
'hLﬁ ‘) \I.\l\(iplf /‘V\ 2:3+3.4 0 n+1) thll‘.f!
Lt’ ‘{V\L .l g
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