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True/False Questions

In Questions 1-2, circle T or F. Each correct answer is worth 1 point, and an incorrect answer is
worth 0 points. You do not need to justify your answers.

Q1. (a) In order to prove P — @ using a direct proof, T @
you should assume P, then prove Q follows.

(b) P — Q is logically equivalent to its converse. T @_}

(¢} If { P, P5, P3} is an inconsistent set of propositions, T @

then AVPAVP=F.

(d) When you grow a truth tree with =P at its root and all T @
branches end up closed, then P is a contradiction.

Q2. Let X,Y, and Z be atoms and Py, Py, P3, and C be compound propositions that de-
pend on X, Y, and Z, as described in the following truth table:

XY zn|pplc AP, (R@Fa‘)\/”)l
T TT|T|T|FIT T T
T TEF|T|F|T|F F T
T F T|E F|T|T T T
T F F|F|[T|T|F T T
F TT|T|F|FI|T T T
FTEF|T|T|F|F T T
F FT|T T|F|T T T
F F F|F|F|T|F T T
(@) (PLA P2 A P3) = Cisavalid argument. @ F
(b) The set { P, P», P4} is consistent, T @

(¢) (X A Z)V (=X A Z) is a DNF for C.

(d) (P @ P3) V =P is a tautology. @ F
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Short-Answer Questions

Questions 3-5 are short-answer questions. Put your final answer in the box provided. You do not
need to justify your answers.

Q3. (1 point} Complete the following definition:
The argument

P
Py
Py

~C is valid if...

L?\M’z/”)a) —> C u a ‘tauﬁ&ﬁ

Q4. (1 point) Suppose a, b, c are atoms and X is a compound proposition that is true if
and only if a and b have opposite truth values. Write a DNF for X.

(AA7b) VIT7TQADL)

Q5. (1 point) Define the following propositions:
A : “Alex practises tennis everyday.”
W : “Alex wins the tournament.”
C : “The tournament is cancelled.”

Use these variables with appropriate logical connectives to write a compound propo-
sition that has the same m.eﬂning as the following sentence:

“(In order for Alex to win the tournament, it is necessary that they practise tennis
everyday) unless the tournament is cancelled.”

[

(W—= AV
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Long-Answer Questions
Questions 6-8 are long-answer questions. You mutst fully justify your work by showing all of your
steps.

Q6. (4 points) Using the laws in the Table of Logical Equivalences (page 9), show that
X =Y, where X and Y are defined as follows:

X: AA(BV(C— -A) Y: (-B—=-C)AA

You must only use one law in each step, and you must not skip any steps. You must
name the rule used at each step.

A pBY(C—TA))
AA(RN(TCYTAY) Implication 5

I

= (A AR) V(A ALTCVTAY)  Tiskihution lawl
= (Arp)V ((AATO)V(ANTAY) 7iskibution bl
= (AnBIVI(ANTOVE)  negetin bl

= (AaB)V(AATC) [t oty L]
= A AN(B V7e) 7 ishthuiton lowd
= (pV7c) AA Commufaf(‘vbfz (o)

= (TR >T7C) A A lh-fl;‘uvf'?m (ol
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Q7. Define the compound proposition P : (u 4 v) = (v A ).
{a) (3 points) Use a truth tree to determine whether Pisa tautology and fill in your
answers in the box below.

n7u) |

7[(U.c—>\1)""’(\-'
|

uc-‘-a\l

7 (VATH)

SN

Is P a tautology? Circle:  YES

If you answer YES, briefly explain why, making reference to your tree.

If you answer NO, give one counterexample and explain how you got it from your

tree.

Cuuu:teframwTu y U=T, V=T
C»N“fld-e ALtV PM‘K

‘f‘ﬂ'hw o
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(b) (3 points) Using the same proposition P as in the previous question
(P: (u & v) =+ (vA —u)), use a truth table to determine whether P is a
contradiction, a contingency, or a tautology, and fill in your answers in the box
below.
U v ey Vazd (UeVy — (VA T7d)
TT T F F
T F F F T
FoT F T T
FFOOT F F

What kind of proposition is P?

Circle:  Contradiction Tautology
Explain your answer by referencing specific rows or ¢olumnsifi your truth table.
-danLuvwn‘f'WP hay of least o T ol of leasf
one F
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Q8. (4 points) While visiting the Island of Knights & Knaves, you encounter inhabitants
A, B,and C.

A says: “Greetings! The three of us are all knights.”
B says: “No, A and [ are of the same type, but C isn’t the same type as us.”
(Recall that “being the same type” means they are both knights or both knaves.)

Is C a knight, a knave, or are we unable to tell? Use any method we have learned in
class and fully explain your reasoning.

\ Y .
wﬁ‘m a: A o & kn.‘jﬂ# hsogs’ b AC
b "B o o kaig? BT (A T(aec)
i -
C: C v a lau“fft"

At R

e b ¢ anw\gﬁ Ca-'-::a;?(aec)

TTT T F

T T % F i

TFT ¢ F

TFEF T F

F 7T 7 = F

F T F IS =

FE T £ T

F ® t F) Mz You whave lwf{-»

ik

b S C oo & ke

1"{‘ Ao a k"isf", fhew A5 Shbem wt Hot il Hree aw knd cy
Tre, Bt B's slohewent  coubadf;ohs A's shefewent, o U»:Nm/cbm”’
Rune A & & kiave,

I‘I’ B ¢ o Icm‘?)[%, frn B's Shetement Saad ']’fwd' B & a ke
(4he same 05 A) o Contrditin, So B & @ kmave.

'd\m C must b a knave, ohevwie B's state mend weuld ke Hie,




