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1. Determine whether cach of the following sentences is a
statcment.

a) In 2003 George W. Bush was the president of the United
States.

b) x + 3 is a positive integer.

¢) Fifteen is an even number.

d) If Jennifer is late for the party, then her cousin Zachary
will be quite angry.

e) What time is it?

) As of June 30, 2003, Christine Marie Evert had won the
French Open a record seven times.

2. Identify the primitive statements in Exercise 1.

3. Let p, g be primitive statements for which the implication
p — q is false. Determine the truth values for each of the fol-
lowing.

a) pAq b -pvg og—>p d-g>p

4. Let p, g, r, s denote the following statements:

p: 1 finish writing my computer program before lunch.
g: 1shall play tennis in the afternoon.

r: The sun is shining.

s: The humidity is low.

Write the following in symbolic form.

a) If the sun is shining, I shall play tennis this afternoon.
b) Finishing the writing of my computer program before
lunch is necessary for my playing tennis this afternoon.
¢) Low humidity and sunshine are sufficient for me to play
tennis this afternoon.
5. Let p, g, r denote the following statements about a partic-
ular triangle ABC.

p: Triangle ABC is isosceles.
g: Triangle ABC is equilateral.
r: Triangle ABC is equiangular.

Translate each of the [ollowing into an English sentence.

a) g —p b) =p—> g
c)qer d) pA—q
e)r—=.p
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RULES OF INFERENCE

Rule of Inference Related Logical Implication Name of Rule
n p (pA(p=q@))—=q Rule of Detachment
P=q (Modus Ponens)
) .
2) p—g (p>q)Al@gonN]=>(p—>r) Law of the Syllogism
—~r
S ET
J) p—g [(p—=g)A—g]l—> —-p Modus Tollens
-q
R
9 p Rule of Conjunction
q
L PAg
) pvg [(pVvg)A=pl—g Rule of Disjunctive
—p Syllogism
q &
6) —p—F {(~p—> F)—>p Rule of
SiP Contradiction
7) pAg (pAg)—p Rule of Conjunctive
op Simplification
8 p p—>pVg Rule of Disjunctive
.pVg Amplification
9 pAg pAgAlp—=(@q—=>Dl-r Rule of Conditional
p—>(g—r) Proof
F
10) p—r (p=>nrA@g-nl=UpVvy —r] Rule for Proof
g—>r by Cases
Spvg =
11) p-gq [(p=PA(r—=s)A(pVr]—(qVs) Rule of the
r—s Constructive
pvr Dilemma
S.gVs
12) p—gq ((p=q)A(r-——=>35)A(~g V=)= (mpV-r) Rule of the
r—rs ' Destructive
—q Vs Dilemma
opV-r
Ktul®lbank
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Eg:l
!
D Our first example demonstrates the validity of the argument

p-sr
—p—q |
g —> S
| Steps Reasons
’ 1) p—>r Premise
2) -r— —p Step()and p— r < =r — —p
3) ~p—>gq Premise
4) -r—gqg Steps (2) and (3) and the Law of the Syllogism
5) g—>s Premise

6) or—s Steps (4) and (5) and the Law of the Syllogism

A second way to validate the given argument proceeds as follows.

Steps Reasons
1) p—>r Premise
2) g—==5 Premise
3) =.p—>g Premise
4) pvg Step (3) and (—p — q) < (m—p Vv g) & (p \V g). where the
second logical equivalence follows by the Law of Double Negation
« 5 rvs Steps (1), (2), and (4) and the Rule of the Constructive Dilemma

6) .~ r—s Step(S)and (r vs) < (—r Vs) & (—r — s), where the Law of
Double Negation is used in the first logical equivalence

9 Fg:2

| Establish the validity of the argument
P—=>4q
q—=>(rAs)
=rvV (=t Vu)
PAL
R |
L |
For More Visit : KtuCbank.com | Fair_ Use-Polic l{mhank
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a5
Steps Reasons
1) p—=q Premise
2) g (rAs) Premise
3) p—>(ras) . Steps(1)and (2) and the Law of the Syllogism
4) pAt Premise
5) p Step (4) and the Rule of Conjunctive Simplification
6) rAs Steps (5) and (3) and the Rule of Detachment
ay r Step (6) and the Rule of Conjunctive Simplification
| 8) —rVv(-tVvu) Premise
i 9) =(rAat)vVu Step (8), the Associative Law of v, and DeMorgan’s Laws
10) 1 Step (4) and the Rule of Conjunctive Simplification
1) ra: Steps (7) and (10) and the Rule of Conjunction
12) ..u Steps (9) and (11), the Law of Double Negation, and the
Rule of Disjunctive Syllogism
Eg:3

This example will provide a way to show that the following argument is valid.

If the band could not play rock music or the refreshments were not delivered |
on time, then the New Year's party would have been canceled and Alicia would
have been angry. If the party were canceled, then refunds would have had to be
made. No refunds were made.

Therefore the band could play rock music.

: First we convert the given argument into symbolic form by using the following statement
| assignments:

p: The band could play rock music.

g: The refreshments were delivered on time.

r:  The New Year’s party was canceled.

s

4

Alicia was angry.
Refunds had to be made.

The argument above now becomes

(mpV=q)— (rAs)
r —>1

.

vo P

—

Ktul®lbank
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|

Steps

1) r—1t

2) —t

3) —-r

4) —r v -—-s

S) ~(rAs)

6) (—mpVv—g)—>(rAs)
1) ={=p V=g)

8) pAg

9) .p

9Eg:4

Show that

2 el
o == ¥

—_—p

P

Steps

1) ~peyg :
2) (~p->q)A(g—>—p)
3) ~p—q

4) g—r

5) "-np--> r

6) ~p

Nr

8) ~r

9) r A-r(& Fo)
10) -.p

Reasons

Premise

Premise

Steps (1) and (2) and Modus Tollens

Step (3) and the Rule of Disjunctive Amplification

Step (4) and DeMorgan’s Laws

Premise

Steps (6) and (5) and Modus Tollens

Step (7), DeMorgan’s Laws, and the Law of Double
Negation

Step (8) and the Rule of Conjunctive Simplification

Reasons
Premise

Step (1) and (—p < q) & [(mp = @) A (g = —p).

Step (2) and the Rule of Conjunctive Simplification

Premise

Steps (3) and (4) and the Law of the Syllogism

Premise (the one assumed)

Steps (5) and (6) and the Rule of Detachment

Premise

Steps (7) and (8) and the Rule of Conjunction

Steps (6) and (9) and the method of Proof.by
Contradiction

Ktul®)bank
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4. For each of the following pairs of statements, use Modus
ponens or Modus Tollens to fill in the blank line so that a valid

areument is presented.

a) If Janice has trouble starting her car, then her daughter
Angela will check Janice’s spark plugs.
Janice had trouble starting her car.

b) If Brady solved the first problem correctly, then the an-
swer he obtained is 137.
Brady’s answer to the first problem is not 137.

¢) If this is a repeat-until loop, then the body of this loop
is executed at least once.

. The body of the loop is executed at least once.

d) If Tim plays basketball in the afternoon. then he will not
watch television in the evening.

R -

. Tim didn’t play basketball in the alternoon.

For More Visit : KtuQoank.com| Fair_Use Polic Ktul®lbank
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8. Give the reasons for the steps verifying the following

Ktu[®]bank argument.

(mpvVvgq)—>r
r->(svi)
“§ A U
"N =p =f
ol
Steps Reasons

1) =s A=y

2) —u

) -u— ¢

4) —r

5) =5

6) =5 A —¢

7N ro (v

8) —~(sver)— —r

9) (=sA=t) > =
10) —r
1) (-pvg)—r
12) —r — =(=p Vq)
13) —r> (pa —q)
15) - p

9. a) Give the reasons for the steps given to validate the
argument

[(p = g) A (—r VS)A(pVr)]— (=g — ).

Steps | Reasons
1) =(—=g—>ys)

2) —g A—s

3 —s

4) —-rvs

5) —-r

6) p—q

7 —q

8) —p

9 pvr

10) r

11) —~rAr

12) ..—q —§ Ktu[®]bank
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9. a)
1)
2)
3)
4)
5)

8)
9)
10)
11)
12)

Premise (The Negation of the Conclusion)

Step (1) and —(—g — 5) <= ~(——q Vs) = —(g / 5) = ~g p =
Step (2) and the Rule of Conjunctive Simplification
Premise

Steps (3) and (4) and the Rule of Disjunctive Syllogism
Premise '

Step (2) and the Rule of Conjunctive Simplification
Steps (6) and (7) and Modus Tollens

Premise - !

Steps (8) and (9) and the Rule of Disjunctive Syllogism
Steps (5) and (10) and the Rule of Conjunction

Step (11) and the Method of Proof by Contradiction

Ktul®lbank
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8. Give the reasons for the steps verifying the following
argument.
(mpVyqg)—>r

r—>(svt)

g A

- — —f

D
Steps Reasons .

1) =5 A Uy P} € ‘\\_tg (_
2) —u ® =t w'J[:i g (ot o V)
3) —u— -t Q,Bg\?ru,ﬁﬁ

4) —r @@ fbf&éy‘fj Poim B
A) =8 0, S‘wrh{b{a‘(l.m

6) ~sA—-t ’
7)) r—>(sVvi) @"i‘(és"}w\fstzv :L A3 LE:.,@
8) —(sVvit)——r 0 _,5‘“? N ){_\-1&._\ _)-v*\
) (AT, T &) Lf(f;‘vfu ¢ ?CL TS E’{.Lu

10) —r Me '

CRES poMEN
11) (-pVvgqg)—>r TJ"&:»Q‘H 7' {:{ SFC e
12) —=r — =(=p V q) &’3 w.m“ pu.&n
13) —r - (p A —q) (;a,) De M. ,Amn /Qu
14) p A —q j{‘ 3 p‘ ‘f.‘.: ,“;\.
15) P Q‘i’}:‘,,ul’d“‘t\.ktv {\
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12. Write each of the following arguments in symboli. o

Then establish the validity of the argument or give ,
example to show that it is invalid.

13.

a) If Rochelle gets the supervisor’s POSi[ifm and Work
hard, then she’ll get a raise. If she gets the raise, they, she'|
buy a new car. She has not purchased anew car. Therefy,,
either Rochelle did not get the supervisor’s positiop o, she
did not work hard.

b) If Dominic goes to the racetrack, then Helen will be maq
If Ralph plays cards all night, then Carmela will be mad, |f
either Helen or Carmela gets mad, then Veronica (thej; at.
torney) will be notified. Veronica has not heard from either
of these two clients. Consequently, Dominic didn’t make it
to the racetrack and Ralph didn’t play cards al] night.

¢) Ifthereisachance of rain or herred headband is missing,
then Lois will not mow her lawn. Whenever the tempera-
ture is over 80°F, there is no chance for rain. Today the
temperature is 85°F and Lois is wearing her red headband.
Therefore (sometime today) Lois will mow her lawn.

a) Given primitive statements p, g, r, show that the
implication |

[(pV@)A(=pVvr)]— (gVr)
Is a tautology.

Ktul®lbank
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Quantifiers

A declarative sentence is an open statement if

1) it contains one or more variables, and

2) it is not a statement, but
3) it becomes a statement when the variables in it are replaced by certain allowable
choices.( aniverse of discouse) -

Eg:

'The open statement “The number X 4 2is an even integer” is denoted by plx) {or g(x},
r(x). etc.]. Then —p(x) may be read “the number x 42 is not an even integer.”

g(x, y): The numbers y +2,x — y, and x + 2y are even integers.

p(5): The number 7(= 5 + 2) is an even integer. (FALSE)
—p(7): The number 9 is not an even integer, (TRUE)
q(4,2): The numbers 4, 2, and 8 are even integers. {TRUE)

Consequently, we see that for both p(x) andq(x, ¥}, as alreagy given, soms substitutions
result in true statements and others in falsc statements. Therefore we can maXxe the following

true statements.

1) . For scme x, p(x).

2) Foer some x, Y. g{x, ¥).
The phrases “For some x" and “For some a, ¥ are said to quantify the open statements

plx)and q(x, ), respectively.

|E here are two types of Quantifier:"
N

1. Existentialauantiiier@ " " u:[
= 0¥ SomL ';(Jg

" Jos ablaagt oma %, " Theve exish am o such that’

T P‘?VQJGJ L JCO’If St ?L/

, ) b Ix 39 9.0 o
4 T v e
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19. For cach of the following statements state the converse,
inverse, and contrapositive. Also determine the truth value for
cach given statement, as well as the truth values for its converse,
mverse, and contrapositive. (Here “divides”™ means “exactly
divides.™)

a) [The universe comprises all positive integers. |

[ >~ n, then m® > n?.

b‘) [ The universe comprises all integers. ]

[t a > b, then a’> > b2

¢) [The universe comprises all integers. |

If m divides n and n divides p, then m divides p.

d) [The universe consists of all real numbers.]
Vo [(x >3) > (22 > 9] |

e) [The universe consists of all real numbers. ]
For all real numbers x, if 2 +4x —21 >0, thenx > 3 or
x < —7. ’
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