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Instructions:

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

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

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.

Be sure to read carefully and follow the instructions for the individual problems.
For rough work, you may use the back pages. Do not use scrap paper of your own.
Use proper mathematical notation and terminology.

If you require clarification, raise your hand.

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.

Question | 1 2 3 4 3 6

Answer | 3 | F | E E A A

1. The truth table of a compound proposition p with atomic propositions A, B, and C' is as
follows:
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Only one of the following propositions is a disjunctive normal form of p — which one?

A.(AAN-BAC)V(AAN-BA-C)
(A/\ﬁB/\C)v(A/\ﬂB/\ﬂC)v(ﬂA/\ﬂB/\ﬁO)

C. - AA-BA-C

D. (AV-BVC)A(AV-BV-C)A(mAV-BV-C)

E. -Av-BvV-=C

F. AA-BA-C)V (-AAN-BA-C)

(AABACHV(AAB A 1)V (14 AR AC)

2. Let A and B be finite sets with |A| = 5 and |B| = 2. What is the cardinality of the
power set of A x B?

A.4 B. 10 C. 16 D. 32 E. 512 @1024.
|AX® |= 14+ \B) =25 ={o
|9axa)| = 2" =roay
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3. Which of the following statements are true?

¥ (i) The compound proposition (a — b) = b is a tautology.
- (i) If the set of premises of an argument is inconsistent, then the argument is valid.
T (iii) If X is false, Y is true, and Z is false, then X AY — Z is true.

¢ (iv) The compound propositions —((a — b) — ¢) and a A b A —c are logically equivalent.
A. only (iii) B. only (iv) C. only (i) D. (i) and (iii)
ii) and (i)  F. only (ii)

@© o bla-b(@2bsh (W) o W, HaY s dncemastent | Ham
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T. % s 1 { H\/\. '\“v\ S F OJV\A 0 (ﬂ\/\w AHV\)‘%G»
s ol - e 2 T

F T T T (w) Ganer X/\Y{g \T\ 7\/\\ﬂ~>z el

FEy T | @

(W) "'l( (Q—)L)%c) '37(‘((&9@3\/0\ = vl(’\(‘\&vio}\/Q)E @ow(o) AQ =7a vb /qc

4. On the Island of Knights and Knaves you meet two inhabitants A and B. Person B says:
“A is a knave only if I 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.

(v) 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. (v) B. (iii) C. (i) D. (vi) @‘W) F. (i)
T‘. “A N O ‘?,Y\Lr%(d“ ; 1? W & v« LJ\{\B'('&"
B r\a,yx : 'Wr — ‘31
Cj\owxo\ «\? --5"|1 \\eeO( Q\a’txp\vﬁ ﬂ/\n Nowne
I 1 uw—>g o
toaddy volicg
Tl B
. So, r-;rﬂ‘ amdk 9 '€ T
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5. Let S = {1,{2},{1,2},0}. Which of the following statements are true?

) {{1L0}CS F mae WY ¢S (444 i not an merd 84S) ‘
@ {LENeS  F e 10,4035 46 (e, 024 in 1ot an dined 24 S
(i) {1L{1,2}} S5 T s ¥ 1eS amd A24eb
(iV) {1,2}§S v F A ey 2@55 (2i» nﬁ md&we’\& 945)
(v) The cardinality of the power set of S is 8. ;. N 06}74 omd 20 [N &) =2 4_ 4G>
(V) {0} €S F mow 40} i st am umenk 24 S

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

E. (iii) and (v) F. (iv) and (vi)

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

a—b a—b aVb
(i) —a (i) —b (i) —a Ve
co-b Sa SN e
aVb aVb a—b
(iv) b (v) maVe (d) ~w—e

Lo JbAe c.oob—c

@(i) and (v) B. (ii) and (v) C. (iii) and (vi) D. (i) and (iv)  E. only (vi)

(D) W avaled
() o~ vald - Moduh dolllarar
(i) n valed : Rersbubion
Cv) w» valid b“’&iw“cb‘v‘ "%u&%\fsm
N W wvalid
(v{) A \/&Q\o\: a=sb = 1b —=1a amok
b - a
Y -5 ¢ A valld A ngﬁ'\ﬂ'\m& WM

b —>e
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7. Let A, B, and C be subsets of the universal set U. Use properties of set operations and
» : set identities to show the following. You need not name the identities used.
~(CnBy=ANCYU{A—B)

A-(TCa®)=A o (C(\%}
Aaltovd)
“(00) v (A0B)
:(AI\C,\ S (A‘Vb>

T
*
1

W
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@g Define the following atomic propositions:

H: “The tiger hides.”

F: ”The hunt is finished soon.”

K: ”The tiger is killed.”

E: "The hunter is eaten by the tiger.”
N: “The hunt is happening at night.”

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

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

Froa¥ v B

(b) The tiger hides only if the hunt is happening at night.
L H e N

(c) 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.

,A//f F%N/\E

(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).

4 Hv N —(E —F)
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9. Use any method you know to determine whether or not the argument below is valid. If
o the argument is not valid, give a counterexample.

H, —(B A -A) .
s C+ B H, AHlAHED S
¢ so(A = O)
*\@/\‘\A>—:'l% vAv _
A (B>A) =(A A @A) (A A BA) ¢ >>
= Ce =A At (A AQEVA
v 1Cvb e inic) E@v/\ 6/\'];4)\/(7/&/\(&\//%))
v thwC = _ = F v (1A (0B vay)
/ \ = AAGBA) |-
¥ i
A 1A Ap o Kl pook of
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‘Mh 10. Let n be an integer. Give an indirect proof of the following theorem.

Qi

If n® + 2n — 1 is an odd integer, then n is an even integer.
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5/ Mg 1. Is the function F : Z x Z — 7 x Z defined by
F(z,y) = (2y,3z + )

(a) one-to-one?
(b) onto?
(c) a bijection?

Fully justify your answer.

@\ L‘l&' &U%B = Z XZ WJ'\ %’\0\*’ F(il \kk|) = ch&/a‘l)
sl |
Y Capdetr2
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