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Instructions:

o This is an 80-minut e closed,-book exam; no notes are allowed. Calculators (without graphing or

programming function) are allowed, but not needed'

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

detach it.

. euestions 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.

. euestions Z-11 are long-answer. You must clearly show all relevant steps in your solution to

receive full marks. clearly indicate the final answer.

o Be sure to read carefully 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.

o Use proper mathematical notation and terminology.

o If you require clarification, raise your hand.

o Good luck!

Last name:

First name:

Student number:

Question 1 - 6 7 8 9 10 1 1 Total

Max t2 3 4 5 4 5 33

iVlarks



MAT 13/t8 Mid'terrn Eram

euestions 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 proposition p with atomic propositions A, B, and C is as
follows:

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

A. (A A -'B n -C) V (-'A A -B n -C)

B. -''A V -B Y -,C

C. (A Y --,Bv C) A (A Y --Bv -C) A (-AV =B v -C)

@to A -',8 A c) v (A A -,8 n -,c) V ('-A A -'B n -c)
E. -,A A -B A -,C

F. (A A-,BA C) v (A A -'B n -C)

2. Let S and ? be finite sets with lSl : 2 and l"l : f. What is the cardinality of the
power set of S x T?

A. 512 q$ rOza c. 4 D. 10 E. t6 F. 32

tsxr  \  = \S t .  I r \  = 2- .  S:  40

l '3 [s , * )  \=  L \o  :  4oI_ l

Question 1 2 3 4 5 6

Answer 3 B F ts F b

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
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Which of the following statements are true?

(i) The compound propositions -'((o -> b) + c) and a A b A -1c are logically equivalent.

(ii) The compound proposition (o + b) + b is a tautology.

(iii) If the set of premises of an argument is inconsistent, then the argument is valid.

(iv) If X is false, Y is true, and Z is false, then X A Y + Z is true'

A. only (iii) B. only (iv) c. only (i) D. only (ii) E. (ii) and (iv)

,rq

($(iii) and (iv)

r [ ta+L) r  c )  =  r (  r@-r t ) ' " )  =  a (  lL1q"L )v9  =  r (  ^  a rL  "Q= 1a '  vL  n ' tg
. t  t  t )

t : l  i  I  ; -  ; ' )  t^. ,  rnYJ':  F,,{ |" ," t  xrY'rz *.T
? ? I r t O

4. On the Island of Knights and Knaves yo_u meet two inhabitants A and B. Person B says:
,,A is a knarre ;;iy ifT am a knave." Wfti"t of the following statements is true?

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

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

A and B arc both knights.

(iv) A and B are both knaves.

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

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

A.(o) @ttt) c.(i) D. (vi) E. (iv) F. (ii)

3.
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5. Let s : {1, {2}, t1, 2},0}.which of {he following statements are true?

F
Y
r
-(

f
(

( i ) {0}e S { . \  i \  sd iq^€,0r*"-c[  45
(ii) {t1},0} g S {tt ix n9! G,N e,&^^,,* 4 5 A
(iii) {1, {z}} e S { t, { z}\ 

-tB 
g| ".!^' e[^*"-* 4 S

(iv) {1, {1, 2}} E S { 4\ o,nd I r,"k' ct,r-r- l"o+{'. '{pr*,-^-i* 4 
g

(,r) {1, 2} S S 2 ta Sq! Gr,\ elr -'%* 4 S
(vi) The cardinality of the power set of S is 8. 16[= 4 a^ol. AD t?G) L=24--le

A. (ii) and (iv) B. onlY (vi)

D. (iv) and (vi) E. (i) and (v)

c. (i) and (i)

G)o"rv (iv)

O. Which of the following arguments (rflrles of inference) are invalid?

a - > b
(i) -,b

. ' .  
- - Q

a V b
(i") --b

t') v*Q

L;.') J,n**trJ

t,);) .r^tiJ

Ll") ,ro.ftJ

tl iw.raLld

V i) vnIiJ ,

a + b
(ii) -,e

.'. --b

a Y b
(") - ,aY c

-C tqua-.u +a{-q}^b)

lR.c"{-Lia")

(Uior,^o*Ue- ( ,

0 - + L  a t t

. ' . a  . ' . b n c

A. only (vi) 
Q/ii) 

and (v)

a V b
(iii) -, v 

"
. ' .  b V  c

a - + b
("i) -ra 1 c

.'. -,b + c

. (i) and (v) D. (iii) and (vi) E. (ii) and (iv)

1L -+rq
1o--a g

F;

ffiA"^)
+ ll qr [c-"*,eg.*{.v e-)

L R611"+o..kt =-( -d*-dRl.)*ad
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X , Y , and Z be subsets of the
identities to show the following.

universal set U. Use properties of set operations and
You need not name the i,denti,ties used.

x -  (7n z) :  (x nY) u (x -  z)

X - t V n Z ) n  ( ? " 2 \

n t Y r 7 ;
n Y ) u 8 -  1 )
nY) u [x  

-Z)

z x
= x
=(x

v [ x

A p
'4'

I t r
.4

.+
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B. Define the following atomic propositions:

T: "The tiger hides."

,S: " The hunt is finished soon."

D: " The tiger is killed."

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

.lf: "The hunt is happening at night."

Tlanslate each of the following sentences into comp_ound logical propositions using the

atomic propositions T, S, D, fr , and l[ 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.

E ---? 3., H

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

T - >  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.

5 <-? N AH

(d) If the tiser hides or the hunt is not happening at night, then (the hunt is not finished
\ / 

soon unfess the hunter is eaten by the tiger).

T  t ,  l N  ( r H + r S )

y-

(")
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g. Use any method you knov to determine whether or not the argument below is valid' If

.'. -'(B -+ A)

( tA^ q v [r*nrc)

S v A  :

-,(C n -B)
B +> -'(C + B)
A + > C

Sr** *t"pJ',r

'g! .tJ"J '

5,^*'\^-xex^"*[&

t- ^t"-* o. t^"*f. *nu &
* t  A t l l  A K3 A 1e '

B \ r

n -1 Le*E).r(rsSe-B)
=(B n 1 (1 c,rfs)) v tc n'Qe v r))
=9^ C nrg) -es nq."ts ))-= 

F v t-1r) 4 Lze"o)

1g A 1B) = re v

b L*> 1tc*ts) +
a  A  ? > g

.fu$ ̂\

b

\
"lA
- 1 c v b

(D

*
= ' r b  , r  6 e . r S )  r
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10. Let n be an integer. Give an indirect proof of the following theorern.

If n' * 2n* 3 is an od,d 'integer, then n 'is a,n eaen integer'

v

v

( ?"qp*;k}e*t.L,.ru.$qt&^t :
l l

I  f '  
o n l t z v r t 3 t a u d J u

I
) z
I

| 
-f-a"-lr,*' 
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As*.'*l o g !A l\ .8"ilA , Tt^e;rr
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'tfl,e-r 
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n Z f 2 n * 1  = 2 t n  e n J  - t " - l
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11.  Is  the funct ion F:Z,xV ' -+ZxV'  def ined by

F(*,a) :  ?2Y,,r  *  U)

(u) one-to-one?

(b) onto?

(.) a bijection?

Fully justi'fy Aour answer.

Co) F rn.l srne '\" e^tre-

v F C*, , $t) -- FC*r.,\)

[''e,, g\ eZxZ .^d.

Cq'*,) -  (n , [ ,)  \a

&ItteZr/

{.t^.e

F&,,1)
g

o-ftnr, T"\

-2X, ? - rJ-

W

&
, ft^*^. ae'? *^'nJ L*Z ,

[-23, ** A) 4,6 o^J i -3

€ro 
1

& ) F

\pu<a.vrs CX, \ d\ 
":-) 

=Cz$-t tz't-tr)

X , -  [ ' )  x \ - x > .
)<-\ tl_ = -r* 

[ .

Th-l,!fn.l- C*.'a) -- (*, 
[)

F .rs ,h^e L- en e

Ctl tr i.s, "--{o t{ , fu e ve.h+t
J

Q..Kt o^e w(,ihb1 &rX>-Z rZRr. {) =& , a) *'t^"'s 
"*

L.f 04t) aZ xZ *'-u*4^*nr {.6 4*-J
G^*&n '. €('ub) * (c, [) rtr'*.^'

{ - ra  -4  r  5 :  g
t *ty=L ^--? x_=_ , * 

t_
-Io,Le a = r\ o.r d Ve !- . -YL-^ 63'A )-C<' t) nZ ^Z ' Ha,t^t"h t

-\{"a- .*-*ila^ Fct -,3\ :6,4) 4s'\ $q ae'1"*Abns C'\{

2 xZ . (  4 . -u , * |  4  Z  " "^^ - l  3 -  
- tdz> '

tr tL d o""fu.

iu 4 a- hJ."A>^ *\rrcr F $,s, r,r{- e^S".
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