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Instructions:

o This is an 80-minute closed-book exam; no notes are allowed. Calculators (without graphing or
programming function) are allowed, but not needed.

r The exam consists of 11 questions on 10 pages. Page 10 is for additional work. Please do not
detach it.

o Questions 1-6 are multiple-choice. You must enter the letter corresponding to each correct
answer in the table preceding Question 1. No partial marks will be given for other work.

. Questions 7-11 are long-answer. You must clearly show all relevant steps in your solution to
receive full marks. Clearly indicate the final answer.

r Be sure to read careftrlly and follow the instructions for the individual problems.

o For rough work, you may use the back pages. Do not use scrap paper of your own.

. Use proper mathematical notation and terminology.

o If you require clarification, raise your hand.

o Good luck!
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Questions 1-6 are multiple choice. Enter the letter corresponding to each correct answer
in the appropriate box below.

1. The truth table of a compound propositionp with atomic propositions A,B, and C is as
follows:

Only onb of the following propositions is a disjunctive normal form of p - which one?

A. (A A-'B AC)v (AA --B n -C)

@(A n -.,B AC) v (A n -,8 A-,C)V (-A A--B n -C)

C. -,A A -B A -,C

D. (A v -,8 v C) A (A y -,8 v -C) A (-'A Y --B v -C)

E. --AY --B V --C

F. (A A -,8 n -C) V (-A A -'B n -C)

$ n r { 5 n C ) v ( * ^ - 1 6  ^  1 c ) v [ r A  ^ t B n c )

+
+.

2. Let A and B be finite sets with lAl : 5 and lBl - 2. What is the cardinality of the
power set of A x B?

L. 4 B. 10 C. 16 D. 32 8.5L2 
@torn.

\Axs  \=  le \ "  \B \  :2 '5= - {o

Question 1 2 3 4 5 6

Answer B F E t A A

A B C p
T T T F
T T F F
T F T T
T F F T
F T T F
F T F F
F F T F
F F F T

t?tl *S\ = 2-no -- trort,r
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3. Which of the following statements are true?

€ (i) The compound proposition (o + b) + b is a tautology.
*1. (ii) If the set of premises of an argument is inconsistent, then the argument is valid.

{  ( i i i )  I f  X isfalse, Yistrue, andZ isfalse, thenXAY + Z is t rue.

( (iv) The compound propositions -'((a -+ b) -| c) and a A b A -c &re logically equivalent.

A. only (iii) B. only (iv) C. only (i) D. (i) and (iii)

fB]iil and (iii) F. only (ii)
\_/'

ti)

tiu)

-i. -r

ri^ tr
F T

F T

h ^ " t ) ^ e - = - r a - t ' t 4 .

4. On the Island of Knights and Knaves you meet two inhabitants A and B. Person B says:
"A is a knave only ifl am a knave." Which of the following statements is true?

(i) A is a knight and B is a knave.

(ii) A is a knave and B is a knight.

(iii) A and B are both knaves.

(iv) A and B are both knights.

(") B is a knight but it is impossible to determine what A is.

(vi) A is a knight but it is impossible to determine what B is.

A. ( r )  B.  ( i i i )  C. ( i )  D.  (v i )  (Ut " )  F . ( i i )

nA r r  o ler . . ' * *q  . ,  |  
^br \  o .  t^ t {d ' r

qf : -tP -,-lL
o=*d 5, -{^av < t{r* &yne

1f +-la
L o""{ ^\ -o'11

+-rK .^"O-{

So, 
f 

iA I- ^*J

4 *"^-t B

T-

F

T'
T

T

]i-

T
/\g,

( r t^-+t) v

(,i ) + \t\,,. . ,ft'\ i\ icv\cer^qrs{<^{ ,fu
R1 ,t . . . At{n iE F o^d ao [*t1 n-. afln) + (

isT

C,.iri gncr X,.. Y iE F ., 1. A \ ->Z \s T

q = r (. [ravt) ,, 
") 

=- ( C q - [ ) - f  = f

r '
b

T -t-

l!-
t r

F T -

F F

T
T

tr

T

L ' e T :
o^d hof( t'"d^*1



MAT 1348 Mid,term Esam

5. Let S : {1, {2}, il, 2}, 0}. Which of tbe following statements are true?

(i) {{U,0} q S tr ,"i^.e \t} / E ( {ti i^. nsf .^ eP.*''J o+S)
(ii) t1,{2ii € s F ;".- ti, {,"f } jS C,rn,lrg i" ,qet "^"O*.;#4S)
(i i i) {1,i1,2}} e S T l5;",cc W ieE amd \{,zb eE
(iv) {1,2}cS F a^,.ct z ( i (zrr 19! 6,6e0vm-* 4 6)
(v) Theca.rdinaligvofthepowersetof .9isa. p r,r*.c(tsl=+*"i"o t{sll =z{--,|e)
(-){0}e s p ,*n"e .lo\ i,r l* *^.rl*;h.."4S

fQonly (iii) B. (i) and (iii) C. only (v) D. (ii) and (vi)

Y(iii) *a (.rn) F. (iv)a,nd (vi)

6. Which of the following arguments (rules of inference) are invalid?

a v b
(iii) -'a v t

a + b
(i) -'a

. ' .  - 'b

a , v  b
(i") -'b

. ' .  a

,4.

tltl 
and (v)

til ix i",tr^&{

t\ )\ {4(^J :

[tt) ix vaQiA

a + b
(ii) -,b

. ' .  
- tA

a v b
( " )  -aY c

. ' . b n c

B. (ii) and (v) C.

. ' .  b Y  c

a - + b
(ti) -o + 

"
.'. -,b + c

(iii) and (vi) D. (i) and (iv) E. only (vi)

K"&A +J.lr^^
, R.,o*{^rJ-r'g'n*

Sl ia

[ni ) i,,

L;u) ir, \ahJ: btd*""b'nre- ̂ {%^n^ *

i"..rm.ftJ
vaqJ.' a-?t = tb*.lq. q"td\

1[  - r  lo
1 a - t e

-
. ' , 1 L ' - g

i,r "-^-UJ :^+ ttWffia*{. tr/lnq
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T. Let A, B, and C be subsets of the universal set U. Use p:ope$i9g. of set operations and

set identiiie; lo show the following. You need not name the identiti,es used.

A - ( e n B )  - ( A n c ) u ( A - B )

A -t[" B) 1 r

ry
+

=-A c \  [enB)
=  A  - g  " 6 )
= 6 " q  u [ A n U ;
= [ A " c )  u  ( A - B )
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Define the following atomic propositions:

H: "The tiger hides."

Fi "The hunt is finished soon."

Ki "The tiger is killed."

E: " The hunter is eaten by the tiger."

lf: "The hunt is happening at night."

Tbanslate each of the following sentences into compound logical propositions using the
atomic propositions H , F, K ,, E, and lf as defined above.

(u) For the hunt to be finished soon, it is necessary that the tiger be killed or the hunter
be eaten by the tiger.

F + K V Eg

(b) The tiger hides only if the hunt is happening at night.

H --+' N

(") For the hunt to be finished_ soon, it is necessary and sufficient that the hunt be
happening at night and the hunter be eaten by the tiger.

t r t + N n f

(d) If the tiger hides or the hunt is not happening at night, then (the hunt is not finished
soon unless the hunter is eaten by the tiger).

H v lr.t -*(fg _+lF)
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-^.

Cej9
Hr
t1.v

Yv
U

g. Use any method you knov to determine whether or not the argument below is valid. If
the argument is not rnalid, give a counterexample.

-(B n -A)
A * - ( B - ) A )
C < + B

. . . - (A  +  C)

G-,l,tftr'"t c *"t*r' +n -e- &a

H r  a  H a  A H b  A 1 c

. € " - ,n )  =  -18  vAv-
1- o-, ",1-5->41 -/n n rcs->O)" 1-,+ ̂ 6-a)

r,/ rcvb = c--'s' 
"\r -\:':-'' '- ;gl-ttt*"ryYt1^q?i)..

Jt l r , . rc-  = r  rc* le;  
=9^e/ ' r j l ) rz( r '+n(B' ra))

,/--\ -f;:HffP
/  

- ^

1 B i
l l-tA -rA g ,l^,kur- lr.l- 4 t|,L

-]b.rA.. '- rA11 A *'.r<

, / \  * t ra rx^ " r -*1e 
B

,/\ o
/ \

1 4 c

.( \A 
@

S-tl^^.o- U""J1I e2. lxIX

i" c^* "u'*QJ J

a *"q€.k <>-*k\r* f*ttt, 
*{^'r 

%*e"*

b,F " - " .p t  c ' t r

\\^) {z o*wJ t{b o-l\r T, h"d- C i\tr

i"r.. $tnt\ ealr{-)

Gr""\,t-L%*,-.f. A , F ,

( 
6.* ca,v1 ""^i4A t{^'*
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0. Let n be an integer. Give an indirect proof of the following theorem.

If ,t * 2n - L i,s an od,il 'i,nteger, then n 'is an enen 'integer'

P5

*

l " t  p :  u n ' l * L v r  - { t A  p o \ J t {
I

f,: 
4 cn \"r o^'^ 4

We ,^r -/- It t*

Ann*** -lX i's '\n r'<

\t tn- i,: so\J 
I

+ X q

\fe c,,qeo[ .tg {^ave 1p fi 'tn e ,
, l

y-

#
It

Oa.lgA,L .1

\ 
t0.\ CRl'(

cne+ wuJe wi{"L
0r.**k -"rLdh' or^l rt*F

* ' % d F
*4"oJry

:t ,vn i* eAA ,, M €^et4tb\ (\A 
ry 

k - A^^c^ f{^."'t-

aeN"o )

I r  >  ) -L t l

\^z -r zvr * [ = [fU* Dzr rLrLr [) -\

u- QRt t hkv * qL 12- - l

= \k't gk +2-
= t(tk'r\U tt)

\r-.e- J^ s,L. ch\= e\r}+ ttLt,f , J4..,t^ *r2+ b\-l -2YrL ) *i{-(

"'\eV il-^cr > r1 ia {*. (*** zvt_l ,, *r4.

( q4^au'{ 
7\ {-t-t fsi"^tE

fT-"" 
{-trn"^{. q^xrrier l"€. s

B co\lrd')
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1. Is the function F : V' x V' + Z x V' defined by

(a,) one-to-one?

(b) onto?

(") a bijection?

Fully justify your answer.

(*\ t"F &,,b) e ZxZ

"*"t
e,, XD ??1-r /

(t*^". o/y\ ea I^A \el-, x>e V

S o ,  
Q t ' ,  b x . * 3 , )  = t " t

) 
t*, = LT, -)

[ .*, 
" ],  

-- b*r.r 
l

v

h

F( * , y ) : ( 2y ,3 r+y )

,qcr",{^ fr^*f F[*, .1,) = F(xe-,f,r)

\

,{+ ev a""A f,r* Z)

a > 3 tz * AD ^*A {*"..."1-

b ,  =  [ . . r
L ) 

7A=x*7 ' Tf'r"^[--'c

W

v

x

i e- . tr ts g^^e- -{r -@r.<

Lt\ tt b,.U \ eZx/ n"^& *{^"d
\t ,\'tta^rs t("t t"a , bx+$ )

=:) X= It
\ J Z

"."t
ft*,e-velu ) J,0srr-r- €4.U+ r\@

,,'"."1" k{^"F C,?) d Z r
Tu. te-  

.  
^= {  o^o{  b:4 }

K,. S FU,E)
y\drrh\er^ [r, Z"Z ( z

T[.*l"F* ,'F [5 o,rerF *;,
g ) F \x $e-+ a- \-ri-#,Un

0

C,<',)) = (-r'19,

tr [=,[)= 6,t") .
=6,I) . (-o(.r. 4^ E.' *^JX.

) t b = " .
?3 zt- +[= O Iz :  L - - t  = _  L -  +

-  ? - t  - L5 b 3 A

iktr **{,&^ + q. o,u-J, I.
z

W. hrtv. ( l, r) *Z xZ t"f
:L(,r) d*.o Mo{ ,l**{ ^
=| -i -t(7'^; x-| 4^

/

,'^qtrtq F t-x c,tot- ,odn
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