CHAPTER THREE

Section 3.1E
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DF G|F v (G v D

T T T T T T T T

T T F T T F T T

T F T F T T T T

T F F F T F T T

F T T T T T T F

F T F T T F F F

F F T F T T T F

F F F F F F F F

c. l
DFG|[Fv(GvD)]&(FEvG vI[-FvD) v~ (Gv D]
TTT TT TTT F FTTT F FTTT FF TTT
TTF TT FTT F FTTF F FTTT FF FTT
TFT FT TTT F F FTT F F FTT FF TTT
TFF FT FTT T TV FFF TFFTT FF FTT
FTT TT TTF F FTTT F FTTF FF TTF
FTF TT FFF T FTTF T FTTF TT FFF
FFT FT TTF T FFTT TTUVFFF TF TTF
FFF FF FFF FTFFF TTU FFF TT FFF
e. d

D F G F & G) v [(F & D) v (G & D)]

T T T T T T T T T T T T T T

T T F T F F T T T T T F F T

T F T F F T T F F T T T T T

T F F F F F F F F T F F F T

F T T T T T T T F F F T F F

F T F T F F F T F F F F F F

F F T F F T F F F F F T F F

F F F F F F F F F F F F F F

g. \2

DF G|[(F&G) & ~D] v ([((F& D) & ~G] v [(G & D) & ~ F])
TTT TTT FFT F TTT FFT F TTT FFT
TTF TFF FFT T TTT TTF T FFT FFT
TFT FFT FFT T FFT FFT T TTT TTF
TFF FFF FFT F FFT FTF F FFT FTF
FTT TTT TTF T TFF FFT F TFF FFT
FTF TFF FTF F TFF FTF F FFF FFT
FFT FFT FTF F FFF FFT F TFF FTF
F FF FFF FTF F FFF FTF F FFF FTF
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5.a.
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Section 3.2E

l.a. Truth-functionally indeterminate
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c. Truth-functionally true

l
A|(AE~A)D~(AE~A)
T‘TFFT T TTTF FT
F FF TF T TFF TF

e. Truth-functionally indeterminate

l
BD|(~B&~D)V~(B\/D)
T T FT F FT F FT T T
T F FT F TF F FT T F
F T TF F FT F FF T T
F F TF T TF T TF F F
g. Truth-functionally indeterminate
d
A B C [[A v B) & (A v O] o ~B & O
T T T T T T T T T T F FT T T
T T F T T T T T T F T TTF F
T F T T T F T T T T T TF F T
T F F T T F T T T F T TF F F
F T T F T T T F T T F FT T T
F T F F T T F F F F T TTVF F
F F T F F F F F T T T TF F T
F F F F F F F F F F T TF F F
i. Truth-functionally true
l
J K[ v =K = --K> ]
T T T TFT T TFT T T
T F T TTF T TFF T T
F T F F FT T FT T F F
F F F T TF T TFF T F
k. Truth-functionally true
l
A D [A v ~D) & ~(A & D)] o ~D
T T T TFT F FT T T T FT
T F T T TF T TT F F T TF
F T F F FT F TF F T T FT
F F F T TF T TF F F T TF
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2.a. Not truth-functionally true

A
FH|(FvH)v(~FEH)
F F | FFF F TF F F
c. Truth-functionally true
\2
ABC|~A > [B & A o C
T T T FT T T T T T T
T T F FT T T T T F F
T F T FT T FFT TT
T F F FT T FF T TF
F TT TF T T F F T T
F T F TF T T F F T F
F F T TF T FF F TT
F F F TF T FF F TF
e. Truth-functionally true
\
C|[(C\/~C)DC]DC
T ‘ T TFT T T T T
F F TTF F F T F
3.a. Truth-functionally false
\A
BD| ®B =D & (B = ~-D)
T T T T T F T F FT
T F T F F F T T TF
F T FF T F FTFT
F F FTUVF F FF TF
c. Not truth-functionally false
\:
A B | A = B = A
T T | T T T T T
e. Not truth-functionally false
\:
C D [(C v D) = C o ~C
F T FTT F F T TF
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4.a. False. For example, while “(A > A)’ is truth-functionally true,
‘(ADA) & A’ is not.

c. True. There cannot be any truth-value assignment on which the
antecedent is true and the consequent false because there is no truth-value
assignment on which the consequent is false.

e. False. For example, although ‘(A & ~ A)’ is truth-functionally false,
‘CvVv (A&~ A) is not.

g. True. Since a sentence ~ P is false on a truth-value assignment if
and only if P is true on the truth-value assignment, P is truth-functionally true
if and only if ~ P is truth-functionally false.

i. False. For example, ‘(A v ~ A)’ is truth-functionally true, but
‘(A v ~A) DB’ is truth-functionally indeterminate.

5.a. On every truth-value assignment, P is true and Q is false. Hence
P = Q is false on every truth-value assignment. Therefore P = Q is truth-
functionally false.

c. No. Both ‘A’ and ‘~ A’ are truth-functionally indeterminate, but
‘A v ~ A’ is truth-functionally true.

Section 3.3E

l.a. Not truth-functionally equivalent

1 1

A B|~A & B ~(A v B)
T T|FTTT FTTT
T F TTF F FT T F|
F T|TFTFT FF TT
F FI TF F F TFTF F

c. Truth-functionally equivalent

\ \
H K K = H ~K = ~H
T T T T T FT T FT
T F F F T TF F FT
F T T F F FT F TF
F F F T F TF T TF
e. Truth-functionally equivalent
\ \J
F G| (G o F o (F o G G = F) v -F v G
T T T TT T T T T T T T T FT T T
T F FTTF TFF FF T F FT F F
F T TF F T FTT TF F T TF T T
F F FTF T FTF FTF T TF T F
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g. Not truth-functionally equivalent
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k. Not truth-functionally equivalent

~(G v ~H) H ~F) v G

F v

TF FT T T
FTFT TT
T F FT F F|
FTFT T F
TTTF T T

T TVFT T FT
T TVFT T TF
T T TF F FT
T TVFF T TF
F F FT TFT
F F FT TTF
F TTF F FT
F F FF T TF

FF TF T T
T T TF T F

F F TF F F

G H

T
F

T
T
[T F T

F

F

T
F

T
T
F
F

T
F

- >

FT T T
FT T F

T
F

T
T
T
F

TF T T
TF F F

T
F

2.a. Truth-functionally equivalent
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c. Truth-functionally equivalent

l 2
AD/| ® = A & D D & A
T T T T T T T T T T
T F F F T F F F F T
F T T F F F T T F F
F F F T F F F F F F
e. Not truth-functionally equivalent
l 2
A|AE(~AEA) ~(A > ~A)
T | T F FT F T TT F FT
3.a. Not truth-functionally equivalent

C: The sky clouds over.
N: The night will be clear.
M: The moon will shine brightly.

d l
C M N C v (N & M M = (N & ~0Q0)
T T T T T T TT T F T F FT|
T T F T T F F T T F F F FT
T F T T T T F F F T T F FT
T F F T T F F F F T F F FT
F T T F T T T T T T T T TF
F T F F F F F T T F F F TF
F F T F F T F F F F T T TF
F F F F F F F F F T F F TF

c. Truth-functionally equivalent

D: The Daily Herald reports on our antics.

A: Our antics are effective.

l l
A D D o A ~A o ~D
T T T T T FT T FT
T F F T T FT T TF
F T T F F TF F FT
F F F T F TF T TF
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e. Not truth-functionally equivalent

M: Mary met Tom.
L: Mary liked Tom.
G: Mary asked George to the movies.

d d
GLM| M &TL o ~G M & ~L) o G
[T T T T T T F FT T F FT T T]
T T F FFTTEFT FF FT T T
T F T TF F TFT TTTF T T
T F F FFF TFT FFTF TT
FTT TTT T TF TF FT T F
F TF FF T TTF FF FT T F
F F T TF F T TF T T TF F F
F F F FFF TTF FF TF TF

4.a. Yes. P and Q have the same truth-value on every truth-value assign-
ment. On every truth-value assignment on which they are both true, ~ P and
~ Q are both false, and on every truth-value assignment on which they are
both false, ~ P and ~ Q are both true. It follows that ~ P and ~ Q are truth;
functionally equivalent.

c. If P and Q are truth-functionally equivalent then they have the same
truth-value on every truth-value assignment. On those assignments on which|
they are both true, the second disjunct of ~ P v Q is true and so is the dis;
junction. On those assignments on which they are both false, the first disjunct
of ~P v Q is true and so is the disjunction. So ~ P v Q is true on every truth;
value assignment.

Section 3.4E

1.a. Truth-functionally consistent

d l
A B C A o B B o C A o C
T TT|]TTT T T T T T T
TTF|TTT T F F T F F
TF T| TTF F F TT T T T
T F F| TTF F F TF T F F
FTT|FTT T T T FTT
FTF|FTT T F F F T F
F F T| F T F FTT F TT
F F F| F T F F TF F T F
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c. Truth-functionally inconsistent

L= (Jv~H H=(]vL)

~ [Jv H> L]
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HJ L

TTT|F TT TTT
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2.a. Truth-functionally consistent

2 2
BDE|B3(DDE) ~D & B
TFTITT FTT TF T T

c. Truth-functionally consistent

l
F]K|F:>(JVK) F

I«

TFT|TTFTT T

-
-
]

e. Truth-functionally consistent

2 )
AB|(ADB)E(~BVB) A

TT|TTTTFTTT T

3.a. Truth-functionally inconsistent

@

Space is infinitely divisible.

N

Zeno’s paradoxes are compelling.

Q

Zeno’s paradoxes are convincing.
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c. Truth-functionally consistent

E: Eugene O’Neill was an alcoholic.
P: Eugene O’Neill’s plays show that he was an alcoholic.
I:  The Iceman Cometh must have been written by a teetotaler.
F: Eugene O’Neill was a fake.
Ll 1

E F I P E P I E v F

T T TT|TTTTT T

T T T F T F TTTT

T TF T T TF TTT

T T F F TF F T T T

T F T T T TT T T F

T F T F TF TTTF

T F F T T TF T T F

T F F F T F F T T F

F TTT F TTVFTT

F T T F F F TFTT

F T F T F TF FTT

F T F F F F F FTT

F FTT F T TF F F

F F T F F F TF F F

F F F T F TF F F F

F F F F F F F F F F

e. Truth-functionally consistent

R: The Red Sox will win next Sunday.
J: Joan bet $5.00.
E: Joan will buy Ed a hamburger.

l d
EJ R|R > (J o E) ~-R & ~E
TTT|TTTTT FT F FT
T TF|FTTTT TF F FT
TF T | TTFTT FT F FT
TF F | FTFTT TF F FT
F TT|TTF TTF F FT F TF
[F T F F T TTFF TF T TF|
F FT|TTFTF FT F TF
F F FI|IFTFTF TF T TF
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4.a. First assume that {P} is truth-functionally inconsistent. Then, since
P is the only member of {P}, there is no truth-value assignment on which P ig
true; so P is false on every truth-value assignment. But then ~ P is true on

every truth-value assignment, and so ~ P is truth-functionally true.

Now assume that ~ P is truth-functionally true. Then ~ P is true on
every truth-value assignment, and so P is false on every truth-value assignment,
But then there is no truth-value assignment on which P, the only member of

{P}, is true, and so the set is truth-functionally inconsistent.

c. No. For example, ‘A’ and ‘~ A’ are both truth-functionally indeter

minate, but {A, ~ A} is truth-functionally inconsistent.

Section 3.5E

1.a. Truth-functionally valid

\ \ \ \’
AH]J |A> M &] J] = H ~] ~A
T T T T T T T T T T T FT FT
T T F TF T F F F F T TF FT
T F T TF F F T T F F FT FT
T F F TF F F F F T F TF FT
F T T F T TTT T T T FT TF
F T F F T T F F F F T TF TF
F F T F T F F T T F F FT TF
F F F F T F F F F T F TF TF
c. Truth-functionally valid
s s \
ADG|MD=-6 &G (Gv [A>D) &A]) o~D G > ~D
TTT TF FT F T TT TTT TT FFT TFFT
T T F TTTF F F FT TTT TT FFT F TFT
TF T FTFT TT TT TFPF FT TTF TTTF
TF F FF TF F F FF TFVF FT TTF FTTF
FTT TF FT F T TT FTT FF FFT TFFT
F TF TTTF F F F F FTT FF TFT F TFT
FFT FTFT TT TT FTF FF TTF TTTF
F F F FF TF F F F F FTF FF TTF FTTF
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e. Truth-functionally valid

D

> (D o E)

(C > D)
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g. Truth-functionally valid

FTTFT TFTTT
FTF TF TTTF F
TFF FT TTFFT

TFTTF TFFTF

TTT T FTF T

T

T
T
F
F

TFF T FTTF

F
T

FFT T TFTT

FTF T TFF F

F

i. Truth-functionally invalid

D

~F

~G D

T
T

T
F

FT T FT
TF F FT

TFT T TFT
TFT F FTF

T F F|
F

FT T TF
TF T TF

FTF T TFT
FTF T FTF

T

T
F

T
T
[F
F

T
F

2.a. Truth-functionally valid

M o] M o ]
T T TTT

M
F

JM|(JvM)D~(J&M)
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T

T

FFTTT

TTT
T

T T

T TTF F

T F
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c. Truth-functionally valid

l d 2
A B A o ~A B o A o B A = ~B
T T T F FT T T T T T T F FT
T F T F FT F T T F F T T TF
F T F T TF T F F T T F T FT
F F F T TF F T F F F F F TF
e. Truth-functionally invalid
l l d
ABC|A&~[(B&C)E(C3A)] Bo>~-B ~C>oC
TFF|TTTFFFFFTT FTTF TF F F
3.a. Truth-functionally valid
l
BC|(B&C)D(B\/C)
T T T T T T T T T
T F T F F T T T F
F T F F T T FTT
F F F ¥F F T F F F
c. Truth-functionally invalid
2

J T > 5 & (T 5] > T) > (] v -

TT|TTTTTT TTT TT F FT F FT

e. Truth-functionally invalid
\
>

BCD|[(B&C)&(B\/D)] D

TTF|TTTTTTF F F

4.a. Truth-functionally invalid

S: ‘Stern’ means the same as ‘star’.

N: ‘Nacht’ means the same as ‘day’.

l N
NS|N>S ~N -8
T T|TTTTFT FT
TF | TFTFTFTTF
[F T|F TTTF FT]
F F | F T F TF TF
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c. Truth-functionally valid

S:  September has 30 days.

A: April has 30 days.

N: November has 30 days.
F: February has 40 days.
M: May has 30 days.

d
S & (A & N)

~M) & (N > M)

(A =

T
T

TF FT F TTT
TF FT F TTT
TF FT F
TF FT F

FF TTT

T
T

T
T

F
F

FF TFF

T
T
T
T
F
F

TT TF F TF F

TTTF F TFF

FF TTT

TTTF T FTF

TTTF T FTF

FF TFF

TF FT F TTT
TF FT F TTT
TF FT F
TF FT F

FF TTT

T T
T

F
F

FF TFF

F
F
F
F
T
T
T
T
T
T

TT TF F TF F

TT TF F TFF

FF TTT

TTTF T FTF

TTTF T FTF

FF TFF

FTFT T TTT
FTFT T TTT
FTFT T FTT
FTFT T FTT
FF TF F TTFF
FF TF F TFF

FF TF F
FF TF F

T
T
F
F
T
T
F
F
T
T
F
F
T
T
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F F

F F

F F

F

T
T

F
F

F F

F
F
F
F
F
F

FTFT T TTT
FTFT T TTT
FTFT T FTT
FTFT T FTT
FF TF F TFF
FF TF F TFF

FF TF F
FF TF F

F F

F F

F F

F
F

T
T

F
F

F F

A F M NS

TTTTT|TT TTT

TTTTF

TTTV FT|TF TFF

TTT F F

TTF TT|TT TTT

TTF T F

TTF F T | TF TFF

TTTF F F

TFTTT|TT TTT

TFTTF

TFTVFT|TF TFF

TFTF F

TFF TT|TT TTT

TFUF TF

TFPF FT|TF TFF

TFVF F F

FTTTT|TF
FTTTF

FTTTVFT|TF
FTTFF

FTF TT|TF
FTFTF

FTFFT|TF
FTF F F

FFTTT|TF
FFTTF

FFTTF FT|TF
FFTFF

FFF TT|TF

FFFTF

FFF FT|TF
FFF FF
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e. Truth-functionally valid

D: Computers can have desires.
E: Computers can have emotions.

T: Computers can think.

\: { \ 1
D E T T = E E o D D o ~T ~T
T T T T T T T T T T F FT FT
T T F F F T T T T T T TF T K
T F T T F F F TT T F FT FT
T F F F T F F TT T T TF T K
F T T T T T T F F F T FT FT
F T F F F T T F F F T TF T K
F F T T F F F T F F T FT FT
F F F F T F F T F F T TF T K

5.a. Suppose that the argument is truth-functionally valid. Then there
is no truth-value assignment on which Py, . . ., P, are all true and Q ig
false. But, by the characteristic truth-table for ‘&’, the iterated conjunction
(... Py &Py) & ...P,) has the truth-value T on a truth-value assignment if
and only if all of Py, . . . , P, have the truth-value T on that assignment. So,
on our assumption, there is no truth-value assignment on which the
antecedent of (... (P; & Py) & ... & P,) D Q has the truth-value T and the
consequent has the truth-value F. It follows that there is no truth-value
assignment on which the corresponding material conditional is false, so it ig
truth-functionally true.

Assume that (... (P & Py) & ... & P,) D Q is truth-functionally true,
Then there is no truth-value assignment on which the antecedent is true and
the consequent false. But the iterated conjunction is true if and only if the
sentences Py, . . ., P, are all true. So there is no truth-value assignment on
which Py, . . ., P, are all true and Q is false; hence the argument is truth4
functionally valid.

c. No. For example, {A © B} F ‘~ A v B’. But {A © B} does not entail
‘~ A’, nor does it entail ‘B’.

Section 3.6E

l.a. If {~ P} is truth-functionally inconsistent, then there is no truth-value
assignment on which ~ P is true (since ~ P is the only member of its unit set).
But then ~ P is false on every truth-value assignment, so P is true on every
truth-value assignment and is truth-functionally true.

c. If ' U {~ P} is truth-functionally inconsistent, then there is no truth-
value assignment on which every member of I' U {~ P} is true. But ~ P is true

on a truth-value assignment if and only if P is false on that assignment. Hence
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there is no truth-value assignment on which every member of I"is true and P
is false. Hence I" E P.

2.a. P is truth-functionally true if and only if the set {~ P} is truth-
functionally inconsistent. But {~P} is the same set as & U {~ P}. So P is truth-
functionally true if and only if @ U {~ P} is truth-functionally inconsistent. But
we have already seen, by previous results, that & U {~ P} is truth-functionally
inconsistent if and only if & k P. Hence P is truth-functionally true if and only
if @ EP.

c. Assume that I" is truth-functionally inconsistent. Then there is no
truth-value assignment on which every member of I" is true. Let P be an arbi-
trarily selected sentence of SL. Then there is no truth-value assignment on
which every member of T" is true and P false since there is no truth-value
assignment on which every member of T is true. Hence I" E P.

3.a. Let I" be a truth-functionally consistent set. Then there is at least
one truth-value assignment on which every member of T" is true. But P is also
true on such an assignment since a truth-functionally true sentence is true on
every truth-value assignment. Hence on at least one truth-value assignment
every member of I' U {P} is true; so the set is truth-functionally consistent.

4.a. P is either true or false on each truth-value assignment. On any
assignment on which P is true, Q is true (because {P} F Q) and so Q v R is
true. On any assignment on which P is false, ~ P is true, R is therefore also
true (because {~ P} F R), and so Q v R is true as well. Either way, then, Q v R
is true—so the sentence is truth-functionally true.

c. Assume that every member of I' U I'" is true on some truth-value
assignment. Then every member of I' is true, and so P is true (because I' k
P). Every member of I'’ is also true, and so Q is true (because I'" F Q). There-
fore P & Q is true. So T W I" EP & Q.
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