Solutions 
Lesson on Sentences and Negation
[image: negation_ex1.jpg]
Each of these sentences is a closed sentence (an objective statement which is either true or false).

[image: negation_ex2.jpg]
"Jenny does not ride the bus" is the negation of "Jenny rides the bus."  The negation of p is "not p."

[image: negation_ex3.jpg]
The statement ~x represents the negation of x.

[image: negation_ex4.jpg]
The statement ~a represents the negation of a.

[image: negation_ex5.jpg]
Choice 4 has a variable in it. An open sentence is a statement which contains a variable and becomes either true or false depending on the value that replaces the variable.

Lesson on Conjunction
[image: conjunction_ex1.jpg]
"Jill eats pizza and Sam eats pretzels" is a conjunction. A conjunction is a compound statement formed by joining two statements with the connector AND.

[image: conjunction_ex2.jpg]
The conjunction "p and q" is symbolized by p[image: and.gif]q.

[image: conjunction_ex3.jpg]
A conjunction is a compound statement formed by joining two statements with the connector AND.

[image: conjunction_ex4.jpg]
The truth value of a[image: and.gif]b is false. A conjunction is true when both of its combined parts are true, otherwise it is false.

[image: conjunction_ex5.jpg]
When y = 2, the statement r is true and the statement s is true (i.e., The number 2 is both prime and even). Therefore, the conjunction r[image: and.gif]s is true when y = 2.

Lesson on Disjunction
[image: disjunction_ex1.jpg]
A disjunction is a compound statement formed by joining two statements with the connector OR.

[image: disjunction_ex2.jpg]
The statement x[image: or.gif]y is a disjunction.

[image: disjunction_ex3.jpg]
A disjunction is a compound statement formed by joining two statements with the connector OR.

[image: disjunction_ex4.jpg]
If b is true then ~b is false.  A disjunction is false when both statements are false. Therefore, the disjunction a[image: or.gif]~b is false.

[image: disjunction_ex5.jpg]
When y = 3, the statement r is true and the statement s is false. Therefore, all three choices list true statements.

Lesson on Conditional Statements
[image: conditional_ex1.jpg]
A conditional statement is an if-then statement in which p is a hypothesis and q is a conclusion.

[image: conditional_ex2.jpg]
The hypothesis is r and the conclusion is s. The logical connector in a conditional statement is denoted by the symbol [image: conditional.gif].

[image: conditional_ex3.jpg]
The conditional is defined to be true unless a true hypothesis leads to a false conclusion.

[image: conditional_ex4.jpg]
When x=2, hypothesis a is true and conclusion b is false. When a true hypothesis leads to a false conclusion, the conditional is false. Thus when x=2, conditional a[image: conditional.gif]b is false.

[image: conditional_ex5.jpg]
When x=9, hypothesis a is false and conclusion b is true. By definition, conditional a[image: conditional.gif]b is true.

Lesson on Compound Statements
[image: compound_ex1.jpg]
The compound statement (a[image: or.gif]b)[image: conditional.gif]~b is a conditional, where the hypothesis is the disjunction "a or b" and the conclusion is ~b.

[image: compound_ex2.jpg]
If r and s are false statements, then (~r[image: and.gif]s)[image: conditional.gif]s is true as shown in the truth table below.
	r
	s
	~r
	~r[image: and.gif]s
	(~r[image: and.gif]s)[image: conditional.gif]s

	F
	F
	T
	F
	T



[image: compound_ex4.jpg]
The truth values of (~x[image: or.gif]y)[image: conditional.gif]y are shown in the truth table below.
	x
	y
	~x
	~x[image: or.gif]y
	(~x[image: or.gif]y)[image: conditional.gif]y

	T
	T
	F
	T
	T

	T
	F
	F
	F
	T

	F
	T
	T
	T
	T

	F
	F
	T
	T
	F



[image: compound_ex5.jpg]
The truth values of ~p[image: conditional.gif](p[image: and.gif]~q) are {T, T, F, F},

as shown in the truth table below.
	p
	q
	~p
	~q
	p[image: and.gif]~q
	~p[image: conditional.gif](p[image: and.gif]~q)

	T
	T
	F
	F
	F
	T

	T
	F
	F
	T
	T
	T

	F
	T
	T
	F
	F
	F

	F
	F
	T
	T
	F
	F



Lesson on Biconditional Statements
[image: biconditional_ex1.jpg]
Biconditional p[image: biconditional_transp.gif]q represents "p if and only if q," where p is a hypothesis and q is a conclusion.

[image: biconditional_ex2.jpg]
The hypothesis is "11 is prime" and the conclusion is "11 is odd". So r[image: biconditional_transp.gif]s represents, "11 is prime if and only 11 is odd."  The "if and only if" is abbreviated with "iff" in choice 3.

[image: biconditional_ex3.jpg]
When proving the statement p iff q, it is equivalent to proving both of the statements "if p, then q" and "if q, then p". Since these conditionals were given in the problem, x[image: biconditional_transp.gif]y is biconditional. Therefore, each  statement listed in choice 1, 2 and 3 is true.

[image: biconditional_ex4.jpg]
The biconditional p[image: biconditional_transp.gif]q represents "p if and only if q", where p is a hypothesis and q is a conclusion. So m is the hypothesis of m[image: biconditional_transp.gif]n.

[image: biconditional_ex5.jpg]
None of these statements is biconditional:  one can sleep without snoring;  Mary can eat pudding today that is not custard; it can be cloudy without any rain.

Lesson on Tautologies
[image: tautologies_ex1.jpg]
A compound statement, that is always true regardless of the truth value of the individual statements, is defined to be a tautology. The disjunction of a statement and its negation is a tautology.

[image: tautologies_ex2.jpg]
No, the conditional statement s[image: conditional.gif]~s is not a tautology. See the truth table below.
	s
	~s
	s[image: conditional.gif]~s

	T
	F
	F

	F
	T
	T



[image: tautologies_ex3.jpg]
Yes, the statement [(p[image: or.gif]q)[image: and.gif]~p][image: conditional.gif]q

is a tautology since its truth values are {T, T, T, T} as shown in the truth table below.
	p
	q
	~p
	p[image: or.gif]q
	(p[image: or.gif]q)[image: and.gif]~p
	[(p[image: or.gif]q)[image: and.gif]~p][image: conditional.gif]q

	T
	T
	F
	T
	F
	T

	T
	F
	F
	T
	F
	T

	F
	T
	T
	T
	T
	T

	F
	F
	T
	F
	F
	T



[image: tautologies_ex4.jpg]
Yes, the statement ~(x[image: or.gif]y)[image: biconditional_transp.gif](~x[image: and.gif]~y) is a tautology since its truth values are {T, T, T, T} as shown in the truth table below.
	x
	y
	~x
	~y
	x[image: or.gif]y
	~(x[image: or.gif]y)
	~x[image: and.gif]~y
	~(x[image: or.gif]y)[image: biconditional_transp.gif](~x[image: and.gif]~y)

	T
	T
	F
	F
	T
	F
	F
	T

	T
	F
	F
	T
	T
	F
	F
	T

	F
	T
	T
	F
	T
	F
	F
	T

	F
	F
	T
	T
	F
	T
	T
	T



[image: tautologies_ex5.jpg]
A conjunction is true when both parts are true. Since a statement and its negation have opposite truth values, the conjunction of a statement and its negation could never be true.

Lesson on Equivalence
[image: equivalence_ex1.jpg]
The truth values of (p[image: and.gif]~q)[image: conditional.gif]~p are {T, F, T, T} as shown in the truth table below.
	p
	q
	~p
	~q
	p[image: and.gif]~q
	(p[image: and.gif]~q)[image: conditional.gif]~p

	T
	T
	F
	F
	F
	T

	T
	F
	F
	T
	T
	F

	F
	T
	T
	F
	F
	T

	F
	F
	T
	T
	F
	T



[image: equivalence_ex2.jpg]
The statement p[image: conditional.gif]q is logically equivalent to the statement (p[image: and.gif]~q)[image: conditional.gif]~p, since they both have the same truth values, as shown in the truth table below.
	 p
	q
	p[image: conditional.gif]q
	(p[image: and.gif]~q)[image: conditional.gif]~p

	T
	T
	T
	T

	T
	F
	F
	F

	F
	T
	T
	T

	F
	F
	T
	T



[image: equivalence_ex3.jpg]
The statement q[image: conditional.gif]p is logically equivalent to the statement q[image: conditional.gif](p[image: and.gif]q) since they both have the same truth values, as shown in the truth table below.
	 p
	q
	p[image: and.gif]q
	q[image: conditional.gif](p[image: and.gif]q)
	q[image: conditional.gif]p

	T
	T
	T
	T
	T

	T
	F
	F
	T
	T

	F
	T
	F
	F
	F

	F
	F
	F
	T
	T



[image: equivalence_ex4.jpg]
The statement (a[image: and.gif]b)[image: conditional.gif]b is logically equivalent to the statement a[image: conditional.gif](a[image: or.gif]b) since they both have the same truth values, as shown in the truth table below.
	a
	b
	a[image: or.gif]b
	a[image: and.gif]b
	(a[image: and.gif]b)[image: conditional.gif]b
	a[image: conditional.gif](a[image: or.gif]b)

	T
	T
	T
	T
	T
	T

	T
	F
	T
	F
	T
	T

	F
	T
	T
	F
	T
	T

	F
	F
	F
	F
	T
	T



[image: equivalence_ex5.jpg]
Equivalent statements have the same truth values. Therefore, x and y satisfy the definition of a biconditional.. Thus, the statements listed in choice 1 and choice 3 are true. The biconditional of two equivalent statements is a tautology. Therefore, the statement listed in choice 2 is true.

Practice Exercises
[image: practice_ex1.jpg]
This truth table shows the truth values for the negation of p, and for the conjunction, disjunction and conditional of statements p and q.

[image: practice_ex2.jpg]
This truth table shows the truth values for the compound statement (p[image: and.gif]q)[image: conditional.gif]~q.

[image: practice_ex3.jpg]
This truth table shows the truth values of various compound statements involving x and y.

[image: practice_ex4.jpg]
The conditional statements in problem 3 are x[image: conditional.gif]y and y[image: conditional.gif]x.

[image: practice_ex5.jpg]
The biconditional statement from problem 3 is x[image: biconditional_transp.gif]y.

[image: practice_ex6.jpg]
This truth table shows the truth values of various compound statements involving a and b.

[image: practice_ex7.jpg]
The statement in the last column of the truth table in problem 6 is a tautology since all of its truth values are true.

[image: practice_ex8.jpg]
The truth values for the last column are all true. Thus the statement (p[image: conditional.gif]~q)[image: biconditional_transp.gif][~(p[image: and.gif]q)] is a tautology.

[image: practice_ex9.jpg]
The statements p[image: conditional.gif]~q and ~(p[image: and.gif]q) have the same truth value. These statements are, therefore, logically equivalent.

[bookmark: _GoBack][image: practice_ex10.jpg]
The biconditional of two equivalent statements is a tautology.
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Which of the following sentences is a conjunction?

OJil eats pizza or Sam eats pretzels
OJill eats pizza but not pretzels
@il eats pizza and Sam eats pretzels

O None of the above

RESULTS BOX
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2. Which of the following statements is a conjunction?
Op+q
©prg
O=p
OMNone of the above

RESULTS BOX
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image9.jpeg
3. Aconjunction is used with which connector?

Onot
Oor

©And

ONane of the above

RESULTS BOX




image10.jpeg
4. Ifais false and b is true, what is the truth value of a~b?
OTrue
©False
ONot enough infarmation was given
ONane of the above

RESULTS BOX:




image11.jpeg
Given:

riyis prime.

siyis even,

Problem:

What is the truth value of r~s wheny is
replaced by 22

©True
OFalse

ONat enough infarmation was given
ONane of the above

RESULTS BOX





image12.jpeg
1. Which of the following sentences is a disjunction?

© Amy played saccer or Bill played hockey.
O Amy played saccer and Bill played hockey.
O Amy didf not play soccer and Bill played hackey.

O None of the above

RESULTS BOX
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2. Which of the following statements is a disjunction?
Oy
Oxny
Gxvy
(O None of the above

RESULTS BOX




image14.gif




image15.jpeg
A disjunction is used with which connector?

OAnd
@or

Onot
ONone of the above

RESULTS BOX




image16.jpeg
4.1f ais false and b is true, what is the truth value of 2~ ~b?
OTrue
©False
ONat enaugh infarmation was given
ONane of the above

RESULTS BOX




image17.jpeg
- Given:

r:yis prime.

siyis even,

Problem:

Which of the following is a true statement when
yIs replaced by 37

Orves
Orams
Orvs

@Al of the above.

RESULTS BOX





image18.jpeg
Which of the following is a conditional statement?

O Amy plays soccer or il plays hackey.
OBl plays hockey when Amy plays soccer.
@If Amy plays soccer then Bill plays hackey.
ONane of the above

RESULTS BOX




image19.jpeg
Given: I You give me twenty dollars.
s:1 will be your best friend.

Problem: Which of the following statements represents,
twenty dollars, then | will be your best friend”

If you give me

i
Or—>s

Os—r

(ONone of the abave:

RESULTS BOX
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image21.jpeg
3. What is the truth value of r—s when the hypothesis is false and the
conclusion s true in Example 22

©True

OFalse

ONot enaugh infarmation was given
ONane of the above

RESULTS BOX




image22.jpeg
Given:

a: x is prime.
b:xis odd.

Problem:

What s the truth value of a—>b when x = 27

OTrue
(©OFalse

ONot enaugh infarmation was given
ONane of the above

RESULTS BOX





image23.jpeg
What is the truth value of a—b when
©True

OFalse

ONat enough infarmation was given
ONane of the above

9 in Exercise 47

RESULTS BOX




image24.jpeg
Given: a:111s prime.
b: 11 is odd.
Problem: Which of the following sentences represents (a

Vb)—>~b?

Ot 1115 prime and 11 is odd, then 11 is not odld.
Ot 1115 prime or 11 s not odd, then 11 is not odd
@It 11is prime or 11 s odd, then 11 is not odd.

O None of the above

RESULTS BOX
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2. Ifrand s are false statements, then what is the truth value of

(-rrs)—s?
©True
OFalse

ONot enaugh infarmation was given
ONane of the above

RESULTS BOX




image26.jpeg
4. What are the truth values of this statement? (~x'y)—>y

QT T
OfF T T T}
OfT,F. T, T}
ONane of the above

RESULTS BOX





image27.jpeg
5. What are the truth values of this statement? ~p—>(p~~q)
OfT.F,T.F}
OfF. T.F.T}

@{T, T,F,F}
ONane of the above

RESULTS BOX




image28.jpeg
Given:

by

Problem: The biconditional a<>b represents which of the following
sentences?

Olfy-6=8,theny= 15
©y-6=9ifand only if
Olfy=15,theny-6=3
ONane of the above

RESULTS BOX
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image30.jpeg
Given: r:11is prime.
s:111s odd.
Problem: The biconditional r<>s represents which of the following

sentences?

OIf 15 prime, then 11 Is add
Ol 115 odd, then 11 is prime
© 11 s prime ff 11 is odd
ONane of the above

RESULTS BOX





image31.jpeg
Given: x—y

y—x

Problem: If both of these statements are true then which of the
following must also true?

Ox=Ay—=%
Oxesy

Oxify

© Al of the above

RESULTS BOX




image32.jpeg
Given:

m<>n is biconditional

Problem:

Which of the following is a true statement?

©mis the

hypothesis

Omis the conclusion
On s a conditional statement
On s a biconditional statement

RESULTS BOX





image33.jpeg
Which of the following statements is biconditional?
Ol am sleeping if and anly it am snoring

O Mary will at pudding taday It and only if it s custard
Oltis raining if and anly It it is cloudy.

G Nane of the above

RESULTS BOX
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What is the truth value of r ~r?

©True

OFalse
ONat enough infarmation was given

O None of the above

RESULTS BOX
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Is the following statement a tautology? s—>~s
Oyes

©No

ONot enaugh infarmation was given

ONane of the above

RESULTS BOX:
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Is the following statement a tautology? [(p™ )~ ~p]—4q
(Oyes

Ohlo

ONot enaugh infarmation was given

ONone of the above

RESULTS BOX
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Is the following statement a tautology? ~(xy) ¢ (~x~~y)
©Yes

Ohlo

ONot enaugh infarmation was given

ONane of the above

RESULTS BOX
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Is the following statement a tautology? a~~a
Oves

©ho

ONat enough infarmation was given

ONane of the above

RESULTS BOX




image1.jpeg
Which of the following is a closed sentence?

O summer follows spring
O quarteris a coin

O There are 360 days In a year
© Al of the above

RESULTS BOX
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What are the truth values of the following statement?
(pA=q)—>=p

OfT,T.T.F}

OT,F,T.T}

OfF. T.T.T}

ONane of the above

RESULTS BOX
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2. Which of the following statements is logically equivalent to the statement
given in Exercise 12

Qq—p
O~p—>(p~~q)
@p—q

ONone of the above

RESULTS BOX
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3. Which of the following statements is logically equivalent to q—(p~ q)?
@gq—p
O~p—(p~~q)

Op—q
OMNone of the above

RESULTS BOX
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4. Which of the following statements is logically equivalent to a—(a“/b)?
Oa—b
Ofavh)—h
©arnb)—h
ONane of the above

RESULTS BOX
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Given:

Statement x is logically equivalent to statement y.

Problem:

Which of the following is true?

Oxif and only Ify
Oxe>yis atautology

Oxiy

@Al of the above.

RESULTS BOX
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P 4| ~a prapra—~q
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XYy =X (x>y)~ (y—x) x>y
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4. [Which of the following statements from prablem 3 is conditional?

Ox
oy

Oxesy

@ None of the above

RESULTS BOX )
Correct ]





image2.jpeg
What is the negation of, "Jenny rides the bus"?
O.Jenny does nat like to ride the bus,

©.Jenny does nat ride the bus.

O.Jenny likes ta ride the bus

ONane of the above

RESULTS BOX:
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5. [which of the fallowing statements from prablem 3 is bicondtional?
Ox—y
Oy—x
Oxoy
ONane of the above

RESULTS BOX

Correct ]
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a—b|(a—>b)~a|[la—>b)~a]—>b
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=





image50.jpeg
7 |Choose the word that best completes this sentence:

The statement in the last column of the truth table in problem 6 is a
OsBicanditional

® Tautology

ODisjunction

ONane of the above

RESULTS BOX:
st ]
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9. [which two statements from problem & are logically equivalent?
Op—>-qandprgq
Op~qand~(p~q)
@p—>~qand~(p~q)
OMNone of the above

ESULTS BOX:
Corect ]





image53.jpeg
10. [Choose the word that best completes this sentence:
The of two equivalent statements ahways yields a tautology.
@Bicanditional
O Conjunction
O Negation
Ol of the abave

RESULTS BOX
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Which of the following is the negation of x?
Ox

O

©x

OMone of the above:

RESULTS BOX




image4.jpeg
- Given: a:Atriangle is not a polygon.
b: A square is a rectangle.
Problem: Which of the following is the negation of "A
triangle is not a polygon™?
O~(~b)
O~z
Oa

O None o the above

RESULTS BOX





image5.jpeg
Which of the following is an open sentence?

O The number 4 is even
O The number 8 is odd.
O The number 5 is even
© The number x s odd

RESULTS BOX




