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Chapter 2 - Propositional Logic: Syntax and Semantics

Chapter 2 Summary:

Propositional logic is the logic of propositions and their inferential relations.

A proposition is a statement, often expressed by a declarative sentence, which has a truth value.
PL is the formal object language of propositional logic.

The syntax of PL specifies its vocabulary and rules for making formulas.

The vocabulary of PL includes uppercase letters, five operators— tilde (~), dot (¢), vel (V),
horseshoe (D), triple-bar (=)—and punctuation marks (), [], {}.

Logical operators are tools for combining propositions or terms.

Unary operators apply only to a single proposition. They never relate or connect two propositions.
Negation, ~, is the only unary operator in PL.

Binary operators relate or connect two propositions. All operators of PL, except negation, are
binary operators.

Negation, ~, is the logical operator used to translate ‘not’, ‘it is not the case that’, ‘it is false that’,
and related terms. It is the only unary operator.

Conjunction, *, is the logical operator used to translate ‘and’, ‘but’, and related terms. It is a
binary operator. The formulas joined by a conjunction are called conjuncts.

Disjunction, V, is the logical operator used to translate ‘or’, ‘unless’, and related terms. It is a
binary operator. The formulas joined by a disjunction are called disjuncts.

Material implication, D, is the logical operator used to translate conditionals, ‘if . . . then . . .
statements’, and related terms. It is a binary operator. The formula preceding the O is called the
antecedent; the formula following the O is called the consequent. The order of the antecedent and
consequent is significant; S O P is not logically equivalent to P O S.

The biconditional, =, is the logical operator used for ‘if-and-only-if’, and related terms. It is a
binary operator. The biconditional is a conjunction of a conditional with its converse; ‘A =B’ is
short for (AD> B)+ (B> A)’.

Formation rules specify how to combine the vocabulary of a language into well-formed formulas
(wffs).

A wff, or well-formed formula, is any logical symbol or string of symbols that are constructed
properly. A wff is analogous to a grammatically correct sentence.

PL has four formation rules. PL1: A single capital English letter is a wff. PL2: If a is a wff, so is
~o.. PL3: If a and P are wffs, then so are: (a * B), (a0 V B), (o D B), and (a = B). PL4: These are the
only ways to make wffs.

An atomic formula of PL is any wff formed by a single use of PL1: a single capital English letter.
A complex formula of PL is a wff formed in any way besides a single use of PL1.

The main operator is the last operator added to a wff according to the formation rules.

The semantics of PL specifies the rules for interpreting the symbols and formulas of the
language.

Bivalent logic is a two-valued logic. Every statement is interpreted as either true or false, and not
both. The logic of PL is interpreted as bivalent.

Compositionality is a semantic principle stating that the meaning of a complex sentence is
determined by the meanings of its component parts. The language of PL is compositional.

The truth value of a complex proposition is the truth value of its main operator.

A truth table shows the truth value for a complex proposition given any truth values of its
component propositions.
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e The basic truth table is a way of representing the semantic rules governing each operator by
showing the truth value of the operation, given any possible distribution of truth values of the
component propositions.

e Negation, ~, is interpreted as true when the formula to which it applies is false; it is interpreted as
false when the formula to which it applies is true.

e Conjunction, *, is interpreted as true only when both conjuncts are true; otherwise it is false.

e Disjunction, V, is interpreted as false only when both disjuncts are false; otherwise it is true.

e Material implication, D, is interpreted as false only when the antecedent is true and the
consequent is false; otherwise it is true.

e The biconditional, =, is interpreted as true when the component statements share the same truth
value, (when they are both true or both false); otherwise it is false.

e A sufficient condition is something adequate or enough (though not necessarily required) for
something else to obtain. In a material implication, the truth of the antecedent is the sufficient
condition of the truth of the consequent.

e A necessary condition is something required (though not necessarily adequate or enough) for
something else to obtain. In a material implication, the truth of the consequent is the necessary
condition of the truth of the antecedent.

e A tautology is a proposition that is true in every row of its truth table. They are the logical truths

of PL.

Logical truths are propositions that are true on any interpretation.

A contingency is a proposition that is true in some rows of its truth table and false in others.

A contradiction is a proposition that is false in every row of its truth table.

Two or more propositions are logically equivalent when they have the same truth values in every

row of their truth tables.

e Two propositions are contradictory when they have opposite truth values in every row of their
truth tables.

e Two or more propositions are consistent when they are true in at least one common row of their
truth tables.

e Two propositions are inconsistent when there is no row of their truth tables in which both
statements are true.

e A valuation is an assignment of truth values to simple component propositions.

e Aninvalid argument is one in which it is possible for true premises to yield a false conclusion.

e A valid argument has no row of its truth table in which the premises are true and the conclusion is
false. In a valid argument, if the premises are true then the conclusion must be true.

e A counterexample to an argument is a valuation that makes the premises true and the conclusion
false.

e If an argument has a counterexample, it is invalid. If an argument is invalid, it has at least one
counterexample.

e A consistent valuation is an assignment of truth values to atomic propositions that makes a set of
propositions all true. If it is not possible to make each statement true, then the set is inconsistent.

Chapter 2 Key Terms
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antecedent
atomic formula
basic truth table
biconditional
binary operator
bivalent logic
complex formula
compositionality
conditional
conjunction
consequent
consistent
consistent valuation

contingency
contradiction
contradictory
counterexample
disjunction
formation rules
inconsistent pair
logical truths
logically equivalent
main operator
material implication
negation

neither

Chapter 2 Instructor Test Bank

(Please note this test bank is unique from the self quizzes we provide to students on the ARC and unique

from the material in our Dashboard software)

Chapter 1 Multiple Choice

Section 2.1

Instructions: For exercises 1-5, use the following key to determine which of the translations of the given

English argument to PL is best.

B: Brouwer is an intuitionist.

F: Frege is a logicist.

not both
operators
semantics
syntax
tautology
truth table
truth value
unary operator
unless

valid argument
valuation

wif

G: Godel is a platonist.
H: Hilbert is a formalist.

1. It is not the case that either Frege is a logicist or Brouwer is an intuitionist. Godel being a platonist is
necessary and sufficient for Brouwer being an intuitionist. Hilbert is a formalist. So, Godel is not a
platonist; however, Hilbert is a formalist.

A. ~FVvB

G=B

H /~G+H
B ~FVvB

G=B

H /~G=H
C ~(F Vv B)

G=B

H /~G+H
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D. ~(FVB)

G=B

H /~GDH
E. ~(F Vv B)

G=B

H /H> ~G

Answer: C

2. Hilbert is a formalist if, and only if, Godel is a platonist. Hilbert is not a formalist and Brouwer is an
intuitionist. Hilbert is a formalist if Frege is a logicist. Therefore, Frege is not a logicist and Godel is not a
platonist.

A. H=G
~H+B
HoF /| ~Fe~G

B. H=G
~He<B
FoH /| ~Fe~G

C. GoH
~H+B
FoH /| ~Fe~G

D. HoG
~H+B
FoH /[ ~F*~G

E. HoG
~He<B
HoF /| ~F¢~G

Answer: B

3. If Godel is a platonist, then Frege is a logicist. If Frege is a logicist, Brouwer being an intuitionist is a
sufficient condition for Hilbert being a formalist. Gédel is a platonist. Godel is a platonist if Hilbert is a
formalist. Therefore, Godel is a platonist if Brouwer is an intuitionist.

A. GOF
F>(B=H)
G
HoG /I BoG

B. GOF
F>(B=H)
G
GoH /GDB

C. GOF
Fo> (H>B)
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HoG /B G

D. GOF
Fo(B>oH)

HoG /IBDG

E. GOF
Fo(B>oH)

GoH /GDB

Answer: D

4. If Frege is a logicist, then Brouwer is an intuitionist. If Brouwer is an intuitionist, then Godel is a
platonist only if Hilbert is a formalist. Godel is a platonist. Frege is a logicist. So, Hilbert is a formalist.

A. FoB
BoHDG)
G
F /H

B. FoB
B> (G>oH)
G
F /H

C. FoB
B> (G=H)
G
F /H

D. FoB
(BoG)oH
G
F /H

E. FoB
BoH) DG
G
F /H

Answer: B

5. If Frege is a logicist and Brouwer is an intuitionist, then Hilbert is a formalist and G6del is a platonist.
Hilbert is not a formalist. Brouwer is an intuitionist. Either Frege is a logicist or both Godel is not a
platonist and Brouwer is an intuitionist. Therefore, Godel is not a platonist.

A.  Fe+[B>(H-G)]
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~H
B
FV(~G+*B) /~G

B. (F*B)yD(H>G)
~H
B
(Fv~G)*B /~G

C. (F*B)>(H-G)
~H
B
FV(G*B) /~G

D. (F+B)>(H-G)
~H
B
(FV~G)*B /~G

E. (F+B)> (H*G)
~H
B
FV(~G*B) /~G

Answer: E

Instructions: For questions 6—12, use the following key to determine which English sentence best
represents the given formula of PL.

A: Peirce studied logic.

B: James was a pluralist.

C: Dewey wrote about thirdness.

D: Dewey denigrated the quest for certainty.
E: Peirce emphasized education.

6.DV ~E

A. If Dewey denigrated the quest for certainty, then Peirce did not emphasize education.
B. If Dewey denigrated the quest for certainty, then Peirce emphasized education.

C. Either Dewey denigrated the quest for certainty or Peirce emphasized education.

D. Either Dewey denigrated the quest for certainty or Peirce did not emphasize education.
E. Dewey denigrated the quest for certainty unless Peirce emphasized education.

Answer: D

7.~(A*E)

A. It is not the case that Peirce either studied logic or emphasized education.
B. It is not the case that Peirce both studied logic and emphasized education.
C. Peirce neither studied logic nor emphasized education.

D. Peirce did not both not study logic and not emphasize education.

E. Peirce did not study logic and James was not a pluralist.

Answer: B
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8. ~C>(A=B)

A. If Dewey wrote about thirdness, then Peirce studied logic just in case James was a pluralist.

B. If Dewey did not write about thirdness, then Peirce studying logic is a necessary condition for James to
be a pluralist.

C. Dewey did not write about thirdness provided that Peirce studied logic if, and only if, James was a
pluralist.

D. Dewey not writing about thirdness entails Pierce studying logic and James being a pluralist.

E. If Dewey did not write about thirdness, then Peirce studied logic if, and only if, James was a pluralist.
Answer: E

9.[~D+(~E > ~0)]

A. Both Dewey did not denigrate the quest for certainty and Peirce did not emphasize education, given
that Dewey did not write about thirdness.

B. Dewey not denigrating the quest for certainty and Peirce not emphasizing education are necessary
conditions for Dewey not writing about thirdness.

C. Dewey did not denigrate the quest for certainty just in case if Peirce did not emphasize education then
Dewey did not write about thirdness.

D. Dewey did not denigrate the quest for certainty if, and only if, Peirce not emphasizing education
entails Dewey not writing about thirdness.

E. Dewey did not denigrate the quest for certainty and Dewey did not write about thirdness given that
Peirce did not emphasize education.

Answer: E

10.(A=B)oC

A. Peirce studying logic is necessary and sufficient for James being a pluralist, given that Dewey wrote
about thirdness.

B. If Peirce studied logic just in case James was a pluralist, then Dewey did not write about thirdness.
C. If Peirce studied logic if, and only if, James was a pluralist, then Dewey wrote about thirdness.

D. If Peirce studying logic is necessary for James being a pluralist, then Dewey wrote about thirdness.
E. If James being a pluralist is necessary for Peirce studying logic, then Dewey wrote about thirdness.
Answer: C

11.~(CvD)

A. It is not the case that Dewey writing about thirdness entails his denigrating the quest for certainty.
B. Dewey did not both write about thirdness and denigrate the quest for certainty.

C. Dewey neither wrote about thirdness nor denigrated the quest for certainty.

D. Either Dewey did not write about thirdness or Dewey did not denigrate the quest for certainty.

E. Dewey not writing about thirdness entails his not denigrating the quest for certainty.

Answer: C

12. ~B D> (~D * ~E)

A. If James was not a pluralist, then neither Dewey denigrated the quest for certainty nor Peirce
emphasized education.

B. Dewey did not denigrate the quest for certainty and Peirce did not emphasize education given that
James was not a pluralist.

C. James not being a pluralist entails neither Dewey denigrated the quest for certainty nor Peirce did not
emphasize education.

D. James was not a pluralist provided that Dewey did not denigrate the quest for certainty and Peirce did
not emphasize education.

E. If James was not a pluralist, then either Dewey did not denigrate the quest for certainty or Peirce did
not emphasize education.
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Answer: B

Section 2.2

Instructions: For each of the following questions, determine whether the given formula is a wff or not. If
it is a wff, indicate its main operator.

1.~Av(B-+D)
A. It’s a wff. The main operator is the ~.
B. It’s a wff. The main operator is the V.
C. It’s a wff. The main operator is the .
D. Not a wff

Answer: B

2.I-E> ~F
A. It’s a wff. The main operator is the .
B. It’s a wff. The main operator is the D.
C. It’s a wff. The main operator is the ~.
D. Not a wff

Answer: D

3.{~RD[(Q*P)>S]}
A. It’s a wff. The main operator is the ~.
B. It’s a wff. The main operator is the first D, reading left to right.
C. It’s a wff. The main operator is the .
D. It’s a wff. The main operator is the second O, reading left to right.
E. Not a wff
Answer: B

4.[(P=Q)+~QI> (PO R)
A. It’s a wff. The main operator is the =.
B. It’s a wff. The main operator is the °.
C. It’s a wff. The main operator is the ~.
D. It’s a wif. The main operator is the first D, reading left to right.
E. Not a wff

Answer: D

5. [AvB+C]o(AVC)
A. It’s a wff. The main operator is the first V, reading left to right.
B. It’s a wff. The main operator is the °.
C. It’s a wff. The main operator is the D.
D. It’s a wif. The main operator is the second V, reading left to right.
E. Not a wff

Answer: E

6.P>(Q>R)D[(P*~R)>D ~Q]

A. It’s a wff. The main operator is the first Vv, reading left to right.
B. It’s a wff. The main operator is the =.

C. It’s a wff. The main operator is the second V, reading left to right.
D. It’s a wff. The main operator is the .

E. Not a wff
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Answer: E

7.[(D>~E)*(FOE)]>[D>(~FVGQ)]
A. It’s a wif. The main operator is the first O, reading left to right.
B. It’s a wff. The main operator is the second D, reading left to right.
C. It’s a wff. The main operator is the third D, reading left to right.
D. It’s a wif. The main operator is the fourth D, reading left to right.
E. Not a wff

Answer: C

8. ~{[HoD>D>~IV~])]>(~H>DI)}
A. It’s a wff. The main operator is the first ~, reading left to right.
B. It’s a wff. The main operator is the =.
C. It’s a wff. The main operator is the second V, reading left to right.
D. It’s a wff. The main operator is the .
E. Not a wff

Answer: A

9.~[R*S) DU {{~UD[RD(SDT]}
A. It’s a wif. The main operator is the first O, reading left to right.
B. It’s a wff. The main operator is the first ~, reading left to right.
C. It’s a wff. The main operator is the second D, reading left to right.
D. It’s a wff. The main operator is the third D, reading left to right.
E. Not a wff

Answer: E

10.[(WDX)s(YV~X)]=[~(ZVY)D~W]
A. It’s a wff. The main operator is the °.
B. It’s a wff. The main operator is the =.
C. It’s a wff. The main operator is the first ~, reading left to right.
D. It’s a wff. The main operator is the second O, reading left to right.
E. Not a wff
Answer: B

Section 2.3

Assume A, B, C are true; X, Y, Z are false; and P and Q are unknown. Evaluate the truth value of each
complex expression.

1.~BoY
A. True

B. False

C. Unknown
Answer: True

2.~X=A

A. True

B. False

C. Unknown
Answer: True

3.XV[A+(BDY)]
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A. True

B. False

C. Unknown
Answer: False

4. X V[A-+(Y 2 B)]
A. True

B. False

C. Unknown
Answer: True

5.~Y > [A=(Y *B)]
A. True

B. False

C. Unknown

Answer: False

6. XD [(~XVA)DX]
A. True

B. False

C. Unknown

Answer: True

7.(ZV ~A)=[(AV ~Z) D (X=~X)]
A. True

B. False

C. Unknown

Answer: True

8.[(¥YD~Y)oB>~B)>[(BVY)=(~BV~Y)]
A. True

B. False

C. Unknown

Answer: True

9. ~{~[(~AV ~X) * ~A] * ~X}
A. True

B. False

C. Unknown

Answer: False

10.{XV[C+(YDB)}D2{Z>[Z>(Z>7)]}
A. True

B. False

C. Unknown

Answer: True

11.Q*(~A=Q)
A. True

B. False

C. Unknown
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Answer: False

12.Q* (~A*~Q)
A. True

B. False

C. Unknown
Answer: False

13.~QV(~XVQ)
A. True

B. False

C. Unknown
Answer: True

14.(CvX)D2(QVA)
A. True

B. False

C. Unknown

Answer: True

15.[((P>X)DP]>P
A. True

B. False

C. Unknown

Answer: True

16.(YVP)D(B*P)
A. True

B. False

C. Unknown
Answer: True

17.(~P>P)V(ADP)
A. True

B. False

C. Unknown

Answer: Unknown

18.(~PD>P)Vv(PDA)
A. True

B. False

C. Unknown

Answer: True

19.~(Q>2CO)V (Z*~X)
A. True

B. False

C. Unknown

Answer: False

20.~[(Z2B)* (P> CO)]V[(X*Y)=A]
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A. True

B. False

C. Unknown
Answer: False

21. P> ~Q)V ~P
A. True

B. False

C. Unknown
Answer: Unknown

22.(P=Q)V (P=~Q)
A. True

B. False

C. Unknown

Answer: True

23.[(PV Q)2 X]=~(PVQ)

A. True

B. False

C. Unknown
Answer: True

24 [(PQV(~P-Q)]VI[P*~Q V (~P*~Q)]
A. True

B. False

C. Unknown

Answer: True

25.~[(ADP)V(AD Q)]+ (P+Q)
A. True

B. False

C. Unknown

Answer: False

Section 2.4

Note: the solutions to most of the multiple choice questions in these sections use what I call the standard
assignment of truth values to atomic propositions. The standard assignment of truth values assigns the
values given here to the variables in the wffs in the exercises, when read left to right. So, the first variable
in the formula read left to right gets the o assignment; the second variable in the formula read left to right
(if any) gets the p assignment; the third variable in the formula read left to right (if any) gets the y
assignment; and the fourth variable in the formula read left to right (if any) gets the d assignment.

For exercises with only one propositional variable, the standard assignment is:

0

1
0
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For exercises with two propositional variables, the standard assignment is:

a | B
1 1
1 0
0 1
0 0
For exercises with three propositional variables, the standard assignment is:
a p Y
1 1 1
1 1 0
1 0 1
1 0 0
0 1 1
0 1 0
0 0 1
0 0 0

For exercises with four propositional variables, the standard assignment is:
ol B Y )
1 1 1 1

1 1 1 0

1 1 0 1
1 1 0 0
1 0 1 1
1 0 1 0
1 0 0 1
1 0 0 0
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0 1 0 1
0 1 0 0
0 0 1 1
0 0 1 0
0 0 0 1
0 0 0 0

o fofof ]

Instructions: For each of the given propositions, determine which of the given sequences properly
describes the column under the main operator, given the standard assignment of truth values to atomic
propositions.

1.(Bo>B)v~B
A. 11
B. 10
C.01
D. 00
Answer: A

2.(D=~D)=(~D=D)
A. 11
B. 10
C.01
D. 00
Answer: A

3. ~[F«(FDF)]
A. 11
B. 10
C.01
D. 00
Answer: C

4.U=(Z>0)
A. 1100
B. 0011
C. 0001
D. 1110
Answer: D

5do2)vdsD
A. 1111
B. 1100
C. 1010
D. 0000
Answer: A
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6. KoL)=(~K>2L)
A. 1111

B. 1010

C.0110

D. 1000

E. 0001

Answer: B

7. MVN)s(MV ~N)
A. 1111
B. 1110
C. 1010
D. 1100
E. 1000
Answer: D

8. (V=EW)(V=~W)
A. 1111
B. 1001
C.0110
D. 1000
E. 0000
Answer: E

9.(~X*Y)D(X*Y)
A. 1111
B. 1101
C. 1011
D. 1000
E. 0010
Answer: B

10, A=[(~BV A) D ~A]
A. 1100
B. 1001
C. 0011
D. 0001
E. 0000
Answer: E

11.(~C>~D)>[D>(C>D)]
A. 1111
B. 1101
C. 1011
D. 0011
E. 0101
Answer: A

12.[EV ~(E * ~F)] = [F > ~(E V ~F)]

A. 1111
B. 1000
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C. 0010
D. 0111
E. 0000
Answer: D

13.G2{(H>~G)D[(G*~H)V (H*~G)]}
A. 1111
B. 1100
C.0111
D. 0100
E. 0000
Answer: A

14.IJ>2KvVL]o[~Lo>2KVI)]
A 11111111
B. 11111110
C. 11101111
D. 11111100
E. 0101 0101
Answer: B

1I5.MV(N*O)|]V[(M*N)V (~M*N)]
A. 11111111
B. 1100 1100
C. 11111100
D. 1100 0000
E. 0000 1100
Answer: C

16. [P (~R2Q)]VI(QVR)V (~P<*R)]
A. 11111111
B. 11101111
C. 11101110
D. 0000 0011
E. 0000 1100
Answer: B

1727682 ~T) D2 {[VD(~S*D]V[IVD(~T-S)]}
A. 00111111
B. 0011 0000
C. 0101 1101
D. 11110101
E. 1111 1101
Answer: E

I8 {[X=~(YVZ)][Y=~XVD]}D[(XZ)V ~(X*~Z)]
A. 11111111
B. 11101111
C. 10101111
D. 0001 1110
E. 0001 0110
Answer: B
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19.[(E=~F)v(G=~H)] V [(~E ¢ ~F) * (~G * ~H)]
A. 1001 1111 1111 1001
B. 1001 1111 1111 1000
C.01101111 11110110
D.0110 111111110111
E.0110 1111 1111 0000
Answer: D

20.[(ADB)=(~Co2 D)2 {[A*(BVvD)|=[D+(BV~D)]}
A. 1111 1010 0000 0000
B. 11100001 11101110
C.1011 11110101 1111
D. 1100 0100 1100 0100
E. 11101111 0011 1010
Answer: C

Section 2.5

Instructions: For questions 1-10, construct a complete truth table for each of the following propositions.
Then, using the truth table, classify each proposition as a tautology, a contingency, or a contradiction.

I.Ad>~D)>[I>I> ~I)]
A. Tautology

B. Contingency

C. Contradiction

Answer: A

2.(G*~G) D> (GV ~G)
A. Tautology

B. Contingency

C. Contradiction
Answer: A

3.(~A+*B)=(B2A)
A. Tautology

B. Contingency

C. Contradiction
Answer: C

4. (A+*~B)*(BV~A)
A. Tautology

B. Contingency

C. Contradiction
Answer: C

5.(A=~B)D>~(B*A)
A. Tautology

B. Contingency

C. Contradiction
Answer: A
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6.(Co>~D)Vv(~D>DC)
A. Tautology

B. Contingency

C. Contradiction
Answer: A

7.(GEH) D ~[(G*H)V (~G*~H)]
A. Tautology

B. Contingency

C. Contradiction

Answer: B

8. IND(ODP)D>(NDO)
A. Tautology

B. Contingency

C. Contradiction

Answer: B

9.[Q>R)>R>85)]=~(~QVYS)
A. Tautology

B. Contingency

C. Contradiction

Answer: B

10.[(PV Q)+ (R*S)] 2 [(P+R)V(Q-S)]
A. Tautology

B. Contingency

C. Contradiction

Answer: A

Instructions: For questions 11-20, construct a complete truth table for each of the following pairs of
propositions. Then, using the truth table, determine whether the statements are logically equivalent or
contradictory. If neither, determine whether they are consistent or inconsistent.

11.AD~A and ~ADA

A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent
D. Inconsistent

Answer: B

12.D* ~E and ~(E > ~D)
A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent
D. Inconsistent

Answer: D

13.G=~H and (H*~G) V(G * ~H)

A. Logically equivalent
B. Contradictory
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C. Neither logically equivalent nor contradictory, but consistent
D. Inconsistent
Answer: A

14.J25 (K> ~J) and JK
A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent
D. Inconsistent

Answer: B

15.(DoE)«(EDD) and (Ev~D)+(DV ~E)
A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent

D. Inconsistent

Answer: A

16.RD>(~S>R) and ~§S D ~(RV ~R)
A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent
D. Inconsistent

Answer: C

17. ~I 2 (G Vv ~H) and [«(~H-*Q)
A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent
D. Inconsistent

Answer: C

18.F+(~GVH) and F=(~H-Q)
A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent
D. Inconsistent

Answer: D

19.LV(M>DN) and ~Le+ M+ ~N)
A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent

D. Inconsistent

Answer: B

20.P > [Q D (~S > ~R)] and ~PV ~[(Q+~S)*R]
A. Logically equivalent

B. Contradictory

C. Neither logically equivalent nor contradictory, but consistent

D. Inconsistent
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Answer: A

Section 2.6

Instructions: Construct a complete truth table for each of the following arguments. Then, using the truth
table, determine whether the argument is valid or invalid. If the argument is invalid, choose an option
which presents a counterexample. (There may be other counterexamples as well.)

1. A /As~A

A. Valid

B. Invalid. Counterexample when A is true

C. Invalid. Counterexample when A is false

D. Invalid. Counterexamples when A is either true or false.
Answer: B

2. Bv~C

~~C / ~B
A. Valid
B. Invalid. Counterexample when B and C are true
C. Invalid. Counterexample when B is true and C is false
D. Invalid. Counterexample when C is true and B is false
E. Invalid. Counterexample when B and C are false
Answer: B

3. E=F

Fo ~E /E

A. Valid

B. Invalid. Counterexample when E and F are true

C. Invalid. Counterexample when E is true and F is false
D. Invalid. Counterexample when E is false and F is true
E. Invalid. Counterexample when E and F are false
Answer: E

4. o]

~J 1) /TD1
A. Valid
B. Invalid. Counterexample when I and J are true
C. Invalid. Counterexample when I is true and J is false
D. Invalid. Counterexample when I is false and J is true
E. Invalid. Counterexample when I and J are false
Answer: D

5. P=~Q

~(QV ~P)

Q>~Q /P
A. Valid
B. Invalid. Counterexample when P and Q are true
C. Invalid. Counterexample when P is true and Q is false
D. Invalid. Counterexample when P is false and Q is true
E. Invalid. Counterexample when P and Q are false
Answer: A
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6. Ev ~F

Eo ~E

F /E

A. Valid

B. Invalid. Counterexample when E and F are true

C. Invalid. Counterexample when E is true and F is false
D. Invalid. Counterexample when E is false and F is true
E. Invalid. Counterexample when E and F are false
Answer: A

7. ~JoK

~KV (J*K)

~K>K [ ~]

A. Valid

B. Invalid. Counterexample when J and K are true

C. Invalid. Counterexample when J is true and K is false
D. Invalid. Counterexample when J is false and K is true
E. Invalid. Counterexample when J and K are false
Answer: B

8. GoH
~I>~G /IGD(H-I)

A. Valid
B. Invalid. Counterexample when G, H, and I are true
C. Invalid. Counterexample when H and G are true and I is false
D. Invalid. Counterexample when I and G are true and H is false
E. Invalid. Counterexample when H and I are true and G is false
Answer: A

9. M>(Ne+~0)

N> (OVM) /0> ~N

A. Valid
B. Invalid. Counterexample when M, N, and O is true
C. Invalid. Counterexample when M and N are true and O is false
D. Invalid. Counterexample when M is false and N and O are true
E. Invalid. Counterexample when M and N are false and O is true
Answer: D

10. P> ~Q
R>oP /R>~Q
A. Valid

B. Invalid. Counterexample when R, P, and Q are true

C. Invalid. Counterexample when R and P are true and Q is false
D. Invalid. Counterexample when Q is true and R and P are false
E. Invalid. Counterexample when R, P, and Q are false

Answer: A

11. S
~T-U /~(Te+U)eS
A. Valid
B. Invalid. Counterexample when T, U, and S are true
C. Invalid. Counterexample when T and S are true and U is false
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D. Invalid. Counterexample when U and S are true and T is false
E. Invalid. Counterexample when S is true and T and U are false
Answer: A

12. X I XVIY=(Z°~X)]

A. Valid

B. Invalid. Counterexample when X, Y, and Z are true

C. Invalid. Counterexample when X and Y are true and Z is false
D. Invalid. Counterexample when Z is true and Z and Y are false
E. Invalid. Counterexample when X, Y, and Z are false

Answer: A

13. ~A=B
(~AVB)>C /C
A. Valid

B. Invalid. Counterexample when A and B are true and C is false
C. Invalid. Counterexample when A is true and B and C are false
D. Invalid. Counterexample when B is true and A and C are false
E. Invalid. Counterexample when A, B, and C are false

Answer: C

14. D> ~E
~EDF /~FoD
A. Valid

B. Invalid. Counterexample when E and F are true and D is false
C. Invalid. Counterexample when E is true and D and F are false
D. Invalid. Counterexample when F is true and D and E are false
E. Invalid. Counterexample when D, E, and F are false

Answer: C

15. (GV~H)V ~~1 /GV ~H

A. Valid

B. Invalid. Counterexample when G, H, and I are true

C. Invalid. Counterexample when H and I are true and G is false
D. Invalid. Counterexample when H is true and G and I are false
E. Invalid. Counterexample when I is true and G and are false
Answer: C

16. J=(~K-L)

L>o]J /LoK

A. Valid
B. Invalid. Counterexample when J and L are true and K is false
C. Invalid. Counterexample when J is true and L and K are false
D. Invalid. Counterexample when L is true and J and K are false
E. Invalid. Counterexample when J, K, and L are false
Answer: B

17. M>N
OoM
~N
M>~0 /M
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A. Valid

B. Invalid. Counterexample when N and O are true and M is false
C. Invalid. Counterexample when N is true and O and M are false
D. Invalid. Counterexample when O is true and N and M are false
E. Invalid. Counterexample when M, N, and O are false

Answer: E

18. Pv~Q

PoR

~R /~Q
A. Valid
B. Invalid. Counterexample when P, Q, and R are true
C. Invalid. Counterexample when P and Q are true and R is false
D. Invalid. Counterexample when Q and R are true and P is false
E. Invalid. Counterexample when Q is true and P and R are false
Answer: A

19. So(TvU)

~T

TvS /UseS
A. Valid
B. Invalid. Counterexample when S and U are true and T is false
C. Invalid. Counterexample when S is true and T and U are false
D. Invalid. Counterexample when U is true and S and T are false
E. Invalid. Counterexample when S, T, and U are false
Answer: A

20. XVZ
X>((YV7Z)
~7ZDY 1Y
A. Valid
B. Invalid. Counterexample when X, Y, and Z are true
C. Invalid. Counterexample when X is true and Y and Z are false
D. Invalid. Counterexample when Z is true and X and Y are false
E. Invalid. Counterexample when X, Y, and Z are false
Answer: D

Section 2.7

Instructions: For 1-10, use indirect truth tables to determine whether each of the following arguments is
valid. If the argument is invalid, choose an option which presents a counterexample. (There may be other
counterexamples as well.)

1. (Us~V)VW
W=~V / ~U
A. Valid

B. Invalid. Counterexample when U, V, and W are true

C. Invalid. Counterexample when U and V are true and W is false
D. Invalid. Counterexample when U and W are true and V is false
E. Invalid. Counterexample when U is true and V and W are false
Answer: D
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2. (A=B)*(AVO

C /B
A. Valid
B. Invalid. Counterexample when A and C are true and B is false
C. Invalid. Counterexample when A is true and B and C are false
D. Invalid. Counterexample when C is true and A and B are false
E. Invalid. Counterexample when A, B, and C are false
Answer: D

3. R>oS

Vow

XD (S+*~W) /(ReV)=X

A. Valid

B. Invalid. Counterexample when R, S, V, W, and X are true

C. Invalid. Counterexample when R, S, V, and X are true and W is false

D. Invalid. Counterexample when R, S, and X are true and V and W are false
E. Invalid. Counterexample when R and S are true and X, V, and W are false
Answer: D

4. D> (EVF)
D> (GVF)
~(F VvV H) /D> (E*G)
A. Valid

B. Invalid. Counterexample when D, E and F are true and G and H are false
C. Invalid. Counterexample when D and E are true and F, G, and H are false
D. Invalid. Counterexample when D, G, and H are true and E and F are false
E. Invalid. Counterexample when D and G are true and E, F, and H are false
Answer: A

5. G>(J*~K)

I>H)*G

H> (KVI)

Jo~I /IVK
A. Valid

B. Invalid. Counterexample when G, H, 1, J, and K are true

C. Invalid. Counterexample when G, H, J, and I are true and K is false

D. Invalid. Counterexample when G, H, and J are true and I and K are false
E. Invalid. Counterexample when G and J are true and H, I, and K are false
Answer: E

6. PvQ) >R

(Sv ~U) D (~R*~W)

SoOP-T) / ~S

A. Valid

B. Invalid. Counterexample when P, Q, R, S, T, and U are true and W is false

C. Invalid. Counterexample when P, S, T and W are true and Q, R, and U are false
D. Invalid. Counterexample when S, T, and U are true and P, Q, R, and W are false
E. Invalid. Counterexample when S, T, and U are true and P, Q, R, and W are false
Answer: A

7. (W V X)D ~(Y * ~Z)
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~Y *W)D~Z

~WvX)vZ [ (ZVW)D(X*Y)
A. Valid
B. Invalid. Counterexample when W is true and X, Y and Z are false
C. Invalid. Counterexample when W and Y are true and X and Z are false
D. Invalid. Counterexample when Y and Z are true and W and X are false
E. Invalid. Counterexample when W, Y, and Z are true and X is false
Answer: E

8. ADB

Co>~B

~ADD

E> ~F

~EDG

~FoC /IDVG
A. Valid
B. Invalid. Counterexample when A, B, C, E, and F are true and D and G are false
C. Invalid. Counterexample when A, B, and F are true and C, D, E, and G are false
D. Invalid. Counterexample when B and E are true and A, C, D, F, and G are false
E. Invalid. Counterexample when C is true and A, B, D, E, F, and G are false
Answer: A

9. (H>~I)*~J
~ID[IVK)s(JVH)
~HV(K>L) /L>~H

A. Valid

B. Invalid. Counterexample when H, I, K, and L are true and I is false

C. Invalid. Counterexample when H, I, and L are true and J and K are false
D. Invalid. Counterexample when H, K, and L are true and I and J are false
E. Invalid. Counterexample when H, J, and L are true and I and K are false
Answer: D

10. M+*N)D(O+P)

M-+0)>(QV~P)

RD>(Q>N) /[ (~M+~N)V (O-+P)
A. Valid
B. Invalid. Counterexample when M, P, and Q are true and N, O, and R are false
C. Invalid. Counterexample when M, N P, Q, and R are true and O is false
D. Invalid. Counterexample when M, N, Q, and R are true and O and P are false
E. Invalid. Counterexample when M, N, O, Q, and R are true and P is false
Answer: B

For 11-20, use indirect truth tables to determine, for each given set of propositions, whether it is
consistent. If the set is consistent, choose an option with a consistent valuation. (There may be other
consistent valuations.)

1. X=Y
=~Z
Z=~X

A. Inconsistent
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B. Consistent. Consistent valuation when X, Y, and Z are true

C. Consistent. Consistent valuation when X and Y are true and Z is false
D. Consistent. Consistent valuation when X and Z are true and Y is false
E. Consistent. Consistent valuation when Y and Z are true and X is false
Answer: C

12. (GeH)=1

G=~]
JH

IvK)D G
A. Inconsistent
B. Consistent. Consistent valuation when H and J are true and G, I, and K are false
C. Consistent. Consistent valuation when H, I, and J are true and G and K are false
D. Consistent. Consistent valuation when H, J, and K are true and G and I are false
E. Consistent. Consistent valuation when H, I, J, and K are true and G is false
Answer: B

13. LoM
~N>(OVL)
NVP

~MV ~P

A. Inconsistent

B. Consistent. Consistent valuation when L, M, and O are true and N and P are false
C. Consistent. Consistent valuation when M, N, and O are true and L and P are false
D. Consistent. Consistent valuation when N and P are true and L, M, and O are false
E. Consistent. Consistent valuation when L, O, and P are true and M and N are false
Answer: C

14. F+(ADD)

Ev ~B

~[C>(DVEF)]

AV (B-+D)

ESA
A. Inconsistent
B. Consistent. Consistent valuation when F and D are true and A, B, C, and E are false
C. Consistent. Consistent valuation when A, B, D, E, and F are true and C is false
D. Consistent. Consistent valuation when A, B, E, and F are true and C and D are false
E. Consistent. Consistent valuation when B and C are true and A, D, E, and F are false
Answer: A

15. (L*N)VI

L=~K

Ko (I=~M)

JVK)+*~N
A. Inconsistent
B. Consistent. Consistent valuation when I, J, and K are true and L, M, and N are false
C. Consistent. Consistent valuation when J, K, and M are true and I, L, and N are false
D. Consistent. Consistent valuation when J, L, M, and N are true and I and L are false
E. Consistent. Consistent valuation when I, J, L, and N are true and K and M are false
Answer: B

Introduction to Formal Logic 1st edition Marcus Test Bank


https://testbank.online/books/9780190861803-test-bank

16. P=(Q-+~R)
P> ~Q
(~P+Q)>S
A. Inconsistent
B. Consistent. Consistent valuation when P, Q, and S are true and R is false
C. Consistent. Consistent valuation when P and Q are true and S and R are false
D. Consistent. Consistent valuation when Q, R and S are true and P is false
E. Consistent. Consistent valuation when Q and R are false and P and S are true
Answer: D

17. AVB

(C+D)=(E-F)

Fo ~A

D>oB
A. Inconsistent
B. Consistent. Consistent valuation when A, C, and E are true and B, D, and F are false
C. Consistent. Consistent valuation when A, D, and E are true and B, C, and F are false
D. Consistent. Consistent valuation when B, C, and F are true and A, D, and E are false
E. Consistent. Consistent valuation when B, D, and E are true and A, C, and F are false
Answer: E

18. AD (B0

Do (EVEF

E> ~B

F> ~C

AvD

A. Inconsistent

B. Consistent. Consistent valuation when A, B, C, and D are true and E and F are false
C. Consistent. Consistent valuation when A, B, C, and F are true and D and E are false
D. Consistent. Consistent valuation when A, B, C, and E are true and D and F are false
E. Consistent. Consistent valuation when D, E, and F are true and A, B, and C are false
Answer: E

19. PoQ
R>Q
~SD>((PVR)
Q+S)>T
~U>DT)

~W=S

A. Inconsistent

B. Consistent. Consistent valuation when P, Q, S, U, and W are true and R and T are false

C. Consistent. Consistent valuation when Q, R, and U are true and P, S, T, and W are false
D. Consistent. Consistent valuation when P, Q, U, and W are true and R, S, and T are false
E. Consistent. Consistent valuation when S and U are true and P, Q, R, T, and W are false

Answer: D

20. D=(A+B)
DV (~E*F)
~EDA
FoB
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AVB

~AV ~B
A. Inconsistent
B. Consistent. Consistent valuation when A and F are true and B, D, and E are false
C. Consistent. Consistent valuation when A, D, and E are true and B and F are false
D. Consistent. Consistent valuation when B, D, and E are true and A and F are false
E. Consistent. Consistent valuation when B and F are true and A, D, and E are false
Answer: A

Chapter 2 Traditional

Section 2.1

Instructions: For exercises 1-5, use the following key to translate each of the given arguments into
symbols of PL.

B: Brouwer is an intuitionist.
F: Frege is a logicist.

G: Godel is a platonist.

H: Hilbert is a formalist.

1. It is not the case that either Frege is a logicist or Brouwer is an intuitionist. Gddel being a platonist is
necessary and sufficient for Brouwer being an intuitionist. Hilbert is a formalist. So, Gdel is not a
platonist; however, Hilbert is a formalist.

Solution: ~(FVvB)
G=B
H /~G+H

2. Hilbert is a formalist if, and only if, Godel is a platonist. Hilbert is not a formalist and Brouwer is an
intuitionist. Hilbert is a formalist if Frege is a logicist. Therefore, Frege is not a logicist and Godel is not a
platonist.
Solution: H=G
~H+B
FoH / ~F+~G

3. If Godel is a platonist, then Frege is a logicist. If Frege is a logicist, Brouwer being an intuitionist is a
sufficient condition for Hilbert being a formalist. Godel is a platonist. Godel is a platonist if Hilbert is a
formalist. Therefore, Godel is a platonist if Brouwer is an intuitionist.
Solution: GOF
Fo(B>oH)
G
HoG /B> G

4. If Frege is a logicist, then Brouwer is an intuitionist. If Brouwer is an intuitionist, then Godel is a
platonist only if Hilbert is a formalist. Godel is a platonist. Frege is a logicist. So, Hilbert is a formalist.
Solution: FoB
B> (G>H)
G
F /H
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5. If Frege is a logicist and Brouwer is an intuitionist, then Hilbert is a formalist and Godel is a platonist.
Hilbert is not a formalist. Brouwer is an intuitionist. Either Frege is a logicist or both Gddel is not a
platonist and Brouwer is an intuitionist. Therefore, Godel is not a platonist.
Solution: (FeB)D(H-*G)
~H
E
Fv(~G+*B) /~G

Instructions: For exercises 67, use the following key to translate each of the arguments of PL into
natural, English arguments.

A: Peirce studied logic.

B: James was a pluralist.

C: Dewey wrote about thirdness.

D: Dewey denigrated the quest for certainty.
E: Peirce emphasized education.

6. 1.~C> (A=B)

2.DVv~E

3.~De(~ED> ~(O) /BDA
Solution: If Dewey didn’t write about thirdness, then Peirce studied logic if, and only if,
James was a pluralist. Either Dewey denigrated the quest for certainty or Peirce did not
emphasize education. Dewey did not denigrate the quest for certainty, and Dewey did not
write about thirdness given that Peirce did not emphasize education. So, James being a
pluralist entails that Peirce studied logic.

(A=B)>C
.~(CVD)

.~(A *E)

~B /~D+~E

AW =

Solution: If Peirce studied logic just in case James was a pluralist, then Dewey wrote about
thirdness. Dewey neither wrote about thirdness nor denigrated the quest for certainty. It’s
not the case that Peirce both studied logic and emphasized education. James was not a
pluralist. So, Dewey did not denigrate the quest for certainty and Peirce didn’t emphasize
education.

Section 2.2

Instructions: For each of the following questions, determine whether the given formulas is a wff or not.
If it is a wff, indicate its main operator.

I.~Av(B-+D) It’s a wif. The main operator is the V.
2.1+ED ~F Not a wff
3.{~RD[(Q+P)DS]} It’s a wff. The main operator is the first

D, reading left to right.
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4.[(P=Q)*~Q]>(PDR) It’s a wff. The main operator is the first D,

reading left to right.
5. [AvB+*C]o(AVv(O) Not a wif
6.PD(Q>R)D[(P*~R)D~Q] Not a wff
7. (Do ~E)«(FDoE)] > [D>(~FVG)] It’s a wff. The main operator is the third D,
reading left to right.
8. ~{[HoD>D>~IV~]))]>(~H>DI)} It’s a wff. The main operator is the first

~, reading left to right.
9. [R*S) DUl {{~UD[RD(SDT)]} Not a wff

10.[(Wo2X)s(YV~X)]=[~(ZVY) D ~W] It’s a wff. The main operator is the =.

Section 2.3

Instructions: Assume A, B, C are true; X, Y, Z are false; and P and Q are unknown. Evaluate the truth
value of each complex expression.

1.~BoY True
2.~X=A True
3.XV[A*(BDY)] False
4. XV[A-+(Y 2 B)] True
5.~Y DO [A=(Y *B)] False
6. XD [(~XVA)DX] True
7.(ZV ~A)=[(AV ~Z) > (X=~X)] True

8.I[(¥YDO~Y)oB>~B)]>2[(BVY)=(~BV~Y)] True

9. ~{~[(~AV ~X) * ~A] » ~X} False
10. {XV[C+(YDB)]} D {Z>[Z>(Z>7Z)]} True
11.Q+(~A=Q) False
12.Q (~A+~Q) False
13.~QV (~XV Q) True
14.(CVX) D (QVA) True
15.[(P>X)DP| D P True
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16.(YVP) D (B+*P) True

17.(~P 2 P)V (ADP) Unknown
18.(~PDP)V (P> A) True

19. ~(Q2C)V (Z+ ~X) False

20. ~[(Z2B)+ (P2 O)]V[(X+Y)=A] False
21.(P> ~Q)V ~P Unknown
22.(P=Q)V (P=~Q) True
23.[(PVQ) D> X]=~(PVQ) True

24.[(P-QV(~P+Q]V[P+*~QV (~P+~Q)] True

25.~[((ADP)V(ADQ)]*(P*Q) False

Section 2.4

Note: the solutions to most of the multiple choice questions in these sections use what I call the standard
assignment of truth values to atomic propositions. The standard assignment of truth values assigns the
values given here to the variables in the wffs in the exercises, when read left to right. So, the first variable
in the formula read left to right gets the o assignment; the second variable in the formula read left to right
(if any) gets the B assignment; the third variable in the formula read left to right (if any) gets the y
assignment; and the fourth variable in the formula read left to right (if any) gets the d assignment.

For exercises with only one propositional variable, the standard assignment is:

For exercises with two propositional variables, the standard assignment is:

o« | B
1|1
1]0
0| 1
010

For exercises with three propositional variables, the standard assignment is:
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o | B Y
1 1 1
1 1|0
1|0 |1
10| 0
0 | 1 1
0| 1|0
0 0| 1
0] 0|0

For exercises with four propositional variables, the standard assignment is:

o B Y )
1 1 1 1
1 1 1 0
1 1 0 1
1 1 0 0
1 0 1 1
1 0 1 0
1 0 0 1
1 0 0 0
0 1 1 1
0 1 1 0
0 1 0 1
0 1 0 0
0 0 1 1
0 0 1 0
0 0 0 1
0 0 0 0

Instructions: Complete truth tables for each of the following propositions.
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1.(B>B)V ~B

(BoB)V~B
B @ > B Vv ~ B
1 1 1
0 0 1 0 1 0

Introduction to Formal Logic 1st edition Marcus Test Bank


https://testbank.online/books/9780190861803-test-bank

= ~D)=(~D=D)

2.(D

D)

D

3. ~[F«(F 2 F)

~[F+(F 2 F)]

F > F)

[F

(Z > U)

4.U=

U)

(Z

5d=h)vdol

D

J

J)

a

=(~KoL)

6. (K> L)

L)

L)

K

Introduction to Formal Logic 1st edition Marcus Test Bank


https://testbank.online/books/9780190861803-test-bank

7.(MVN)+ (M V ~N)

N)

M

N)

M

=~W)

8.(V=W)«(V

W)

v

W)

v

=(X+Y)

9. (~X *Y)

Y)

(X

Y)

[(~BV A) D ~A]

10. A=

Al

11. (~C>~D)> [D> (C>D)]

D)]

(&

[D

D)
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=[F > ~(EV ~F)]

12. [EV ~(E * ~F)]

F)]

\%

(E

[E

13.G2{(H>~G) D [(G*~H)V (H+~G)]}

G)I}

[(G H) (H

D

G o {H o G)

G H

14.J>2KVL)]D[~L>KVI)]

)]

(K

10 =T

X

[J

15.[MV (N« 0)] V[(M * N) V ~(M * N)]

N)]

™M

N)

v M

(N 0)]

M
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16.[P>(~RD2Q)]D[(QVR)V (~P+R)]

R)]

P

R)

o> [@Q

> Q)]

> (~ R

[P

Q

0

0

17.8SD2~T) D2 {[VD(~SDT]VI[VD(~T>D9)]}

T o> SI}

~ T o{[V o < S o Tl v [V o (=

S o

T V

~XVD} 2 [XZ)V~(X+~2)]

~(YVZ)]-[Y=

18. {[X

[Y=~XV 2]} 5 [X 7))V~ X-~7)

0
0 o0
1

Z (X =~ (V7]
110 0 01 010

XY

00

1
1
1
1

11
110 00

1

1
1
1
1

00
00

0
0

0
0

11 0
00

0 0 00

1

1

1

1

0 0 10

1

1

11

1
1

00 0 1

00 0 1

1
1

1
0

0 0 00 11 0

1

0

0
1
1
1
1

0

1

0

1

0

0

1

1

0

1
1

1 010 01

11 0 0 0 0011O0O0O1 O
0

1 1 0 1

0

1

1
0
0

110 00 1

1

0

0 10 0 1 1

1
0

0 0011O0O0OI1 O

0 601 0 0 O 0 0 01 0 O
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19. [(E=~F) V(G =~H)]V [(~E * ~F) * (~G * H)]

E F GH [E = ~F v G =~ H] V[~ E «« ~F « (-~ G » H)I
1 1 1 1 1 6 0 1. 01 00 1 0 0O 100 1 0 0 1 0 1
1 1.1 0 i1 00 11 1 11 0 1 0 1T 00 1 0 0 1 0 O
1 1 0 1 1 6 0 1.12.0 10 1 1 0 1 00 1 01 01 1
1 1 0 0 1P o060 1 0 0 01 O 0 0 1 00 1 0 1 00 O
1 0 1 1 !l 11 0 1 1 0 0 1 1 0 1 01 O O O 1 0 1
1 0 1 0 1 11 01 1 11 O 1 0 1T 01O OO 1 0 O
1 0 0 1 !l 11 01 0 10 1 1 0 1 01 O O 1 O 1 1
1 0 0 0 1 11 01 0 01 O 1 0 1T 01 0O O 1 O O0 O
0 1 1 1 o 10 1 1 1 00 1 1T 1 O0O0O0OT1O0OO0O 1 O0 1
0 1 1 0 o 10 11 1 11 0 1 1 O0O0OO0OT1O0OO0OT1O0 O
0 1 0 1 o 10 1 1 0 10 1 1T 1 O0O0O0OT1O0OT1 OT1 1
0O 1 0 o o 10 1 1 0 01 0 1 1 OO0OO0OT1TTO0OT1 OUO0O O
0 0 1 1 o o010 0 1 00 1 0 1 011 O0UO0OO0O 1T 0 1
0O 0 1 o o 01 01 1 11 0 1 1 O11O0O0OO0O 10 O
0O 0 0 1 o 01 01 0 10 1 1T 1 01101 1 01 1
0O 0 0 o o o010 0 0 01 O 0 1 O11O0O0OT1 OO0 O
Section 2.5

Instructions: For questions 1-10, construct a complete truth table for each of the following propositions.
Then, using the truth table, classify each proposition as a tautology, a contingency, or a contradiction.
Justify your answers by appeal to the meanings of those terms.

.do>~D>o[I>A> ~D] Tautology
I a o ~ I ) nm o ad - ~ D]
0 1 0 1
0 0 1 1 0 1 0O 1 0 1 1 0
2.(G*~G) 2 (GV ~G) Tautology
G G « ~ G) o (G vV ~ G)
1 1 0 0 1 1 0
0 0o 0 1 0 1 O 1 1 0
3.(~A*B)=(B> A) Contradiction
A B ~ A e B) = B o5 A
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Contradiction

4. (A*~B)+ (BV~A)

A)

B

B)

(A

B

Tautology

B) D ~(B * A)

= ~

5.(A

A)

B

B)

(A

B

Tautology

6.(Co>~D)v(~D>CO)

0

(C

D

Contingency

H)> ~[(G*H)V (~G * ~H)]

7.(G=

H)]

H)

(G

D

H)

(G

Contingency

8.IND(OD>P)>(N>0O)
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0)

Pl o (N

o

O

[N

Contingency

~(~QVS)

9.[(Q>R)>(R>9)]

S)

[(Q

S

R

Tautology

10.[(PVQ)+(R+S)] 2 [(P+R)V(Q*S)]

R = 8] o [P <« B v (Q + 9]

[ v Q

P Q R S

0

1 0 0

0
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Instructions: For questions 11-20, construct complete a truth table for each of the following pairs of
propositions. Then, using the truth table, determine whether the statements are logically equivalent or
contradictory. If neither, determine whether they are consistent or inconsistent. Justify your answers.

11.A> ~A and ~AD A Contradictory
A A o ~ A / ~ A ) A
1 1 0 0 1
0 1 1 0 1 0 0 0
12.D* ~E and ~(E > ~D) Inconsistent
D E D - ~ E / ~ (E o ~ D)
1 1 1 0 0 1 1 1 0 0 1
1 0 1 1 1 0 0 0 1 0 1
0 1 0o o0 0 1 0 1 1 1 0
0 0 0o o0 1 0 0 0 1 1 0
13.G=~H and (H*~G) Vv (Ge+~H) Logically equivalent
G H G = ~ H / H - ~ G Vv (G - ~ H)
1 1 1 0 0 1 1 0 0 1 0 1 0 0 1
1 0 1 1 1 0 0 0 0 1 1 1 1 1 0
0 1 0 1 0 1 1 1 1 0 1 0 0 0 1
0 0 0 0 1 0 0 0 1 0 0 0 0 1 0
14.J (K> ~J) and JK Contradictory
J K J o K o ~ ) / J . K
1 1 1 0 1 0 0 1 1 1 1
1 0 1 1 0 1 0 1 1 0 0
0 1 0 1 1 1 1 0 0 0 1
0 o 0 1 0 1 1 0 0 0 0
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Logically equivalent

(EV ~D)+(DV ~E)

and

15.(DoE)«(EDD)

E)

@D

D)

E

D > E) (E o D /

D E

and ~§S D ~(RV ~R) Consistent

16.RD>(~SD>R)

R)

R o (-

S

Consistent

I (~H+G)

and

17. ~I > (G V ~H)

G)

H)

Inconsistent

(~H+G)

F=

and

18.F + (~G V H)

G)

H)
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Contradictory

~L+(M*~N)

and

19.LV (M > N)

N)

M

/

M o N

M N

Logically equivalent

~PV~[(Q*~S)*R]

and

20.P>[Q > (~S > ~R)]

~ P Vv ~ [Q S) R]

~ R)] /

S o

P o5 [Q o (-

P QS R

—_ | O || O = | O|—=|O|—= O | —= || —=|O
L B I BT R I T I T B T T I I
QIO ||| OO |~ |—= | OO |—=|— ||
| SO OO OO | e
Ao B I B T I T T I T R T I B = T I
|| OO | OO ||| OO ||
S| vt | v [ v | v | v | v | o | | v | v | o [ |
S| v | v [ v | v | | v | o | v | o | oy |
— ||| =] = | O | OO | O |||
C O I Q||| v | vl | v | v | v | i |y |y
—, IO | =IO | =IO =IO —=O|—|O|— |
S| | S| vl | S| vl | S| vl | S| vl | S| v | O | vl
S| vt | vl [ | | v | v | [ D | v [ v | v [ D | v
QIO || Q|| == | OO |—|— ||
| S| | DD | | D |
S| vt | v [ v | v | v | v | [ D | v | v | p [ |
— || OO | OO |~ ||| OO ||
S| v | v [ v | v | | v | o | v | o | p |
=== OO | OO |||
- O | O | O | O O | D
I T I T R AT T T T I T T
L B T I AT T B R T T B T T I — I — ) ]
A I T T I T I T T T I —— T I I I A I

Section 2.6

Instructions: Construct a complete truth table for each of the following arguments. Then, using the truth

table, determine whether the argument is valid or invalid. If the argument is invalid, specify a

counterexample.

Invalid. Counterexample when A is true

/A ~A
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1 A . ~ A

1 1 0 0 1
0 0 0 1 0
Bv~C
~~C /~B Invalid. Counterexample when B and C are true
B C B v -~ C / = ~ C 1 ~ B
1 1 I 1 o0 1 1 0 1 0 1
1 0 1 1 1 O 0 1 0 0 1
0 1 0O o0 o0 1 1 0 1 1 0
0 o0 0 1 1 O 0 1 0 1 0
E=F
F> ~E /E Invalid. Counterexample when E and F are false
E F E = F / F o ~ E /! E
1 1 1 1 1 1 0 0 1 1
1 0 1 0 O 0 1 0 1 1
0 1 0o 0 1 1 1 1 0 0
0 0 0O 1 O 0 1 1 0 0
Io]
~(J 0 /D1 Invalid. Counterexample when I is false and J is
true
I J I o J / ~ J D I J o 1
1 1 1 1 1 0 1 1 1 1 1 1
1 0 I 0 O 1 0 0 1 0o 1 1
0 1 0o 1 1 1 1 0 0 1 0 O
0 0 0 1 O 1 0 0 O 0 1 O
P=~Q
~(QV~P)
Q>~Q /P Valid
Q P = ~ Q / ~ Q v ~ P / Q o ~ Q /! P
1 1 o 1t | o 1 1 o 1 | 1.0 0 1 | 1
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EV~F

6.

E o~E

Valid

/E

I

~Jo K

~KV (J +K)

Invalid. Counterexample when J and K are true

/~]

~K > K

I

K o K

/ K v d K)

J o K

K

1

0O 0 O

0O 0 O

0 0 O

0

GoH

Valid

/G (H*T)

~] O~G

G o H D

I

M > (N-*~0)

9.
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Invalid. Counterexample when M is false and N

and O are true

/O o>~N

N 5 (0 VM)

o

M o (N 0O / N o> O VvV M /

N O

0 0

P>~Q

10.

Valid

/R>~Q

RoOP

11.

Valid

/ ~(T*U)*S

~Te*U

U)

(T

"
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(Z+~X)] Valid

/X VY

12.

i/

Invalid. Counterexample when A is true and B

/1C

(~AvB)DC

and C are false

I

C

A v B o

(~

B

D o~E

14.

Invalid. Counterexample when E is true and D

/~FoD
and F are false

~EDF

"

E o F
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Invalid. Counterexample when H and I are true

and G is false

(G ~H) V~~1 /GV~H

15.

I

(~K-+L)

J=

16.

Invalid. Counterexample when J and L are true and K is

/LoK

L>oJ

false

I

K

M>ON

17.

OoM

Invalid. Counterexample when M, N, and O are

false

/M

M >~0

"

O - M

> N

N
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PV~Q

18.

PoR

Valid

I

S>(TVU)

19.

Valid

/U-*S

TvVS

I

S o T v U [/

T U

0
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20. XvZ

X>2(V7Z)
~Z>oY 1Y Invalid. Counterexamples when Z is true and X
and Y are false or when X and Z are true and Y
is false.
X Z Y X v Z / X o (Y VvV Z) / ~ 7Z oY /! Y
1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1
1 1 0 1 1 1 1 1 0 1 1 0 1 1 0 0
1 0 1 1 1 0 1 1 1 1 0 1 0 1 1 1
1 0 0 1 1 0 1T 0 0 o0 O 1 0 0 O 0
0 1 1 0 1 1 0O 1 1 1 1 0 1 1 1 1
0 1 0 0 1 1 0O 1 0 1 1 0 1 1 0 0
0 0 1 0 0 O 0O 1 1 1 0 1 0 1 1 1
0 0 0 0 0 O 0O 1 0 o0 O 1 0 0 O 0
Section 2.7

Instructions: For 1-10, use indirect truth tables to determine whether each of the following arguments is
valid. If the argument is invalid, specify a counterexample.

1. Ue~V)VW
W=~V / ~U Invalid. Counterexample when U and W are true
and V is false
2. (A=B)*(AVO
C /B Invalid. Counterexample when C is true and A
and B are false
3. R>oS
Vow
XD (S*~W) /(ReV)=X Invalid. Counterexamples when R, S, and X are
true and V and W are false; or when R, S, V, and
W are true and X is false; or when S and X are
true and R, V, and W are false.
4. D> (EVF
D> (GVFEF)
~(F Vv H) /D> (E-*QG) Valid
5. Go(J+*~K)
I>2H)-G
HoKvVvI)
Joe~I /Tv K Invalid. Counterexample when G and J are true

and H, I, and K are false
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10.

(PVQ) DR
(Sv~U) D (~R *~W)
SoO(P-T) ! ~S Valid

(WVX)o~(Y *~7)

~(Y W) >~Z

~WVvX)VZ I(ZVW)D(X*Y) Invalid. Counterexample when W, Y, and Z are
true and X is false

ADB
C>o~B
~ADD
E o~F
~EDSG
~FoC /IDVG Valid

(Ho~I)*~J

~ID>[JVK)s(JVH)]

~HV(K>DL) /L>~H Invalid. Counterexample when H, K, and L are
true and I and J are false

M+*N)D(O+P)

(M +0) 2 (QV~P)

R>(Q>N) /(~M ¢ ~N)V (O +P) Invalid. There are 21 counterexamples listed in
the table below.

M|N|O |P |Q |R
1 (o |1 |0 |0 |1
1 (o |1 |o |o o
1 (o |1 |o |1 |0
1 {o]o |1 |1 |0
1 (o ]o |1 |o |1
1 {o]o |1 |0 ]o0
1 {o]o o |1 |o
1 (o]0 |o |0 |1
1 (o ]o |o |0 |0
01 |1 ]o |1 |1
01 |10 |10
0|1 |1 ]o |0 |1
0|1 |1 ]0 |0 |0
01 0 |1 |1 |1
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0|1 |0 |1 (1 1|0
0|1 |0 |1 (0 |1
0|1 |0 (1 (0O |O
0|1 |0 [0 |1 [1
0|1 |0 (O (1 |O
0|1 |0 [0 [0 |1
0 ]1 |0 [0 (O |O

Instructions: For 11-20, use indirect truth tables to determine, for each given set of propositions,
whether it is consistent. If the set is consistent, provide a consistent valuation.

11.

12.

13.

14.

15.

16.

X=Y
Y=~Z
Z=~X

(G+H)=1
=~J

JeH

IVK)> G

LoM
~N>D>(OVL)
NvVvP

~M v~P

F+(ADD)

E v~B
~[CD> (D VF)]
AV (B-+D)
EoA

(L*N)VI
L=~K

K> (I=~M)
JVK)+~N

P=(Q+~R)

Consistent. Consistent valuations when X and Y are true and Z is false;
or when X and Y are false and Z is true

Consistent. Consistent valuation when H and J are true and G, I, and K
are false

Consistent. Consistent valuations when N and P are true, L and M are
false, and O is either true or false; or when N is true, P is false, and it is
not the case that L is true and M is false (six possibilities); or when O
and P are true and L, M, and N are false.

Inconsistent

Consistent. Consistent valuations when I, J, and K are true and L, M, and
N are false; or when I and K are true and J, L, M, and N are false; or
when I, J, L, and M are true and K and N are false; or when I, J, and L
are true and K, M, and N are false
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17.

18.

P>o~Q
(~P+Q)>S

AVB
(C+D)=(E-F)
F o~A
D>B

AD (B0
D> (EVF)

Consistent. Consistent valuations when Q, R, and S are true and P is
false; or when R and S are true and P and Q are false; or when R is true
and P, Q, and S are false; or when S is true and P, Q, and R are false; or
when P, Q, R, and S are all false

Consistent. There are twenty consistent valuations listed in the table
below.

A |B |C |D|E |F
1 (1 |1 (0 |1 |0
1 (1 |1 {0 |0 |O
1 (1 0 (1 |1 |0
1 (1 ]0 (1 |0 |O
1 (1 10 (0 |1 |0
1 |1 |0 (O (O |O
1 {0 |1 (0 |1 |O
1 {0 |1 [0 |O |O
1 10 |0 (O |1 |O
1 {0 |JO [0 |O |O
O (1 |1 (1 |1 |1
0|1 |1 (0 (1 |0
O (1 |1 {0 |0 |1
O (1 |1 {0 |0 |O
0|1 |0 |1 (1 |0
O (1 |0 (1T |0 |1
0|1 |0 |1 (O |O
0|1 |0 (O |1 |O
0|1 |0 [0 [0 |1
0|1 |0 (O (O |O

Introduction to Formal Logic 1st edition Marcus Test Bank


https://testbank.online/books/9780190861803-test-bank

19.

20.

E o~B
F o~C
AVvD

PoQ
R>oQ
~S>(PVR)
(QS)>T
~U>T)
~W=S

D=(A+B)
DV (~E*F)
~ED A
FoB
AVB
~AV~B

Consistent. Consistent valuations when A, B, C, and D are true and E
and F are false; or when A, B, and C are true and D, E, and F are false; or
when D, E, and F are true and A, B, and C are false; C, D, and E are true
and A, B, and F are false; or when D and E are true and A, B, C, and F
are false; or when B, D, and F are true and A, C, and E are false; or when
D and F are true and A, B, C, and E are false

Consistent. Consistent valuations when P, Q, U, and W are true and R, S
and T are false; or when Q, R, U, and W are true and P, S, and T are
false; or when S and U are true and P, Q, R, T, and W are false.

Inconsistent
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