Solutions to Workbook Exercises

Unit 7:
Validity

Exercise “Proper Argument Form” — 1

Provide the proper argument forms for the following arguments

(@ A —B p—q (b) A—B pP—q
A p B q
B q A p
(© A —B p—q (d) A—B pP—q
~A ~p ~B ~q
~B ~q ~A ~p
(e A —B p—q () ~A o ~B ~pe~q
C—-B r —~q AvC pvr
C r DvB sv(q
.-...A ....p D S
(9 (A >B)e(B—A) P—ae(@—p
A=B p=q
(h) A—B Pp—q
B->C q-or
_Co>A r-p
A=C p=r
® (A=B)e~B (P=0)*~q
(C=D)e~D (r=s)e-~s
~A e ~C ~pe~r
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Exercise “Proper Argument Form” — 2

Connect the arguments (expressed in English) with their proper argument forms.

B: Ann needs Bert’s help
I1: Bert helps Ann

L: Ann needs Berl’s love
M: Ann will gel married

P>(MvY) P—>~[Bel)
Pe~M Pel
Y ~B

If Ann passes logic
then she will either get
married or she will find
herself another
boyfriend.

Ann passed logic but
did not get married.

So, Ann found herself
another boyfriend.

If Ann passeslogic
then she will not need
both Bert’s help and
hislove.

Ann passed logic but
she still needs Bert's
love.

So, she does not need
his help.

P: Ann passes logic
R: Ann will retake logic

(P> R)e (P> ~R)
R=~P

If Ann does not pass
logic, then she will
need to retake it, but if
she passes then she will
not need to retake it.
So, Ann will need to
retake logic if and only
if she does not passit.

(~pvag —r p—>(qvr) p—>~(qer)
~r pe~q per
pe~(Q r ~q

S: Ann is very scared
Y: Ann finds a boyfriend

(~PvS) —H
~H
Pe~S

If Ann does not pass
logic thefirst time or is
very scared, then Bert
will do &l hecan to
help her.

Bert did not need to
help Ann.

So, Ann passed logic
and was not very
scared.

(~p—0q)e(p—~0q)
q=~p

.

If Daryl does not water
her plants, they will
wilt, but if she does
water them they will
not wilt.

So, the plants will wilt
if and only if Daryl
does not water them.

(WP e(W—>~P)

P=~W

P: Plants wilt
W: Daryl waters her plants

If Ben will no longer
fight with his sister or
if hewill improve at
maths, he will get a
hamster.

If Chris buys ice-cream
then he will eat it either
immediately or within
an hour.

He bought theice-

If Xisan integer then it
is not both odd and
even.

Ben did not get a cream but did not have  Xisaninteger anditis
hamster. the time to eat it even.
So, he kept fighting immediately. So X is not odd.
with hissister and did ~ So, he ate it within an
not improve at maths. hour.
(~-FvM)—>H C—o>(vH) | > ~(OeE)
~H Ce~l leE

Fe~M H ~O
F: Ben fights with his sister (: Chris buys ice-cream E: X is even
1l: Ben gels hamster II: Chris eats ice-cream in an hour  I: X'is an integer
M: Ben improves at maths I: Chris eats ice-cream immediately  0: X is odd

Logic Self-Taught — Solutions to Unit 7. Validity

S7-2



Optional Exercise “Counterexamples”

Show that each of the following arguments is invalid by producing a counterexample
argument that shares the logical form of the original argument, but where al the
premises are evidently true while the conclusion is evidently false.

(Note that it may be very hard for you to come up with good examples. If it is, skip
the exercise for now.)

(@

(b)

(©)

If Susan gets 92 points on her quizzes she will get an A inlogic.
Susan got an A inlogic.
So, Susan got 92 points on her quizzes.
Counterexample: Invalid argument form
If Dr. P. isamonkey then sheisamammal. (True) p—q
Dr. P. isamammal. (True) q
So, Dr. P. isamonkey. (False) p
If Susan gets 92 points on her quizzes she will get an A inlogic.
Susan did not get 92 points on her quizzes.
So, Susan did not get an A inlogic
Counterexample: Invalid argument form
If Dr. P. isamonkey then sheisamammal. (True) p—q
Dr. P. isnot amonkey. (True) ~p
So, Dr. P. isnot amammal. (False) ~q
If government spending increases then the economy will crash.
If unemployment rises then the economy will crash
So, if government spending increases then unemployment will rise.
Counterexample: Invalid argument form
If Dr. P. isamonkey then sheisamammal.  (True) p—q
If Dr. P. isadonkey then sheisamammal. (True) r—q
So, if Dr. P. isamonkey then sheisadonkey. (False) p—r
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Exercise “Invalidity”

(a)-(b)-(c) Table 1 has been completed in accordance with instructions. All
counterexamples have been checked: .
(d) The argument form v isinvalid because there are instances of that argument form
with true premises and a false conclusion.
(e) The argument

If Lassieisadog then Lassieisamammal

Lassieisamammal

Lassieisadog

is invalid because the proper logical form of this argument is invalid. The proper
logical form of the above argument is the argument form v, which has been shown to

beinvalid.

Table 1: A few substitution instances of the argument form .

Substitution Key

Premise: p— q

Premise: ¢

Conclusion: p

If MM had blond hair then

MM had hair

MM had blond hair.

M counterexample

p:=Marilyn Monroe had
hair (was not bald) she had hair.
¢-=MM had blond hair ® true O false ® true O false ® true O false
p:=Danny de Vito has hair | If DdV has blond hair then | DdV has hair DdV has blond hair.
¢.= DdV has blond hair he has hair.

® true O false ® true O false Otrue ® false
p:=JFK was assassinated If JFK was assassinated | JFK is dead JFK was assassinated
¢=JFK is dead then he is dead

® true O false ® true O false ® true O false
p:=Brad Pitt was assassi— | If Brad Pitt was assassi— | Brad Pitt is dead Brad Pitt was assassi-
nated nated then he is dead nated

® false

g.=Brad Pitt is dead

® true O false

O true

Otrue ® false

p:=Lassie is a dog
g.=Lassie is a mammal

If Lassie is a dog then
Lassie is a mammal

® true O false

Lassie is a mammal

® true O false

Lassie is a dog

® true O false

p:=Flipper is a dog
g.=Flipper is a mammal

If Flipper is a dog then
Flipper is a mammal

® true O false

Flipper is a mammal

® true O false

Flipper is a dog

Otrue ® false

M counterexample

p:= Ronald Reagan was
assassinated

If RR was assassinated
then RR is dead

RR is dead

RR was assassinated

[V counterexample

g= RRis dead ® true O false ® true O false Otrue ® false
p:= Itis cloudy If it is cloudy then it rains It rains. It is cloudy.
g.= It rains

Otrue ® false

Otrue ® false

® true O false
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Exercise “Validity — Dry”

Decide whether the argument form corresponding to the truth table you are given is

valid or not.
@
Row ] Premise 1 | Premise 2 || Conclusion
1 F T T
2 F F T
3 T T F
4 T F T

Isit a counter examplerow?

O yes (counterexample) ® no
O yes (counterexample) ® no
® yes (counterexample) O no
O yes (counterexample) ® no

The argument form for which thisisatruth tableis:
M invalid because thereis at least one counterexample row (viz. row 3).

(b)

Row [ Premise 1 | Premise 2|| Conclusion | Isit a counterexamplerow?
1 F T F O yes (counterexample) ® no
2 T T T O yes (counterexample) ® no
3 T F F O yes (counterexample) ® no
4 T T F ® yes (counterexample) O no

The argument form for which thisisatruth tableis:
M invalid because thereis at least one counterexample row, viz. row 4.

(c)

Row j{Prem. 1| Prem. 2 | Prem. 3|| Conclusion | Isit a counterexample row?
1 F F F F O yes (counterexample) ® no
2 T F F T O yes (counterexample) ® no
3 F T T F O yes (counterexample) ® no
4 T F F T O yes (counterexample) ® no

The argument form for which thisisatruth tableis:
M valid because there are no counterexample rows where al the premises are true
and the conclusion isfalse.

(d)

Row ] Premise 1|| Conclusion | Isit a counterexample row?
1 F F O yes (counterexample) ® no
2 F T O yes (counterexample) ® no
3 T F ® yes (counterexample) O no
4 T T O yes (counterexample) ® no

The argument form for which thisisatruth tableis:
M invalid because there is at least one counterexample row, viz. row 3.
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Example 2

Skinner’s and Watson’ s theory are not both true.
In fact, Watson’ s theory isfalse.

So, Skinner’ s theory istrue.

Symbolization (which may be helpful in deciding what the logica form of an
argument is):

S. Skinner’stheory istrue
W: Watson’stheory istrue

~Sv~W or ~(Se W)
~W ~W
S S
Logical form of the argument:
~pv~q or ~(peQ)
-q —q
Y Y

Calculation truth table:

Pl9f~pv~q ~q A
1| T|TH{~-Tv~T|FvF|F|~-T|F||T
2| T|FI~-Tv~F |FvT|T|~F|T|T
3|F|Th~Fv~T|TVvF|T|~-T|F||F
4 FIFl-Fv~F|TVvT|T|~-F|T|F
Summary truth table:

~pv~q| ~q || p |Isitacounterexamplerow?
1 F F T | Oyes ®no
2 T T T |Oyes ®no
3 T F F | Oyes ®no
4 T T F |®yes Ono

The argument form is invalid because there is at least one row (viz. row 4) where all
the premises are true and the conclusion is false.
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Exercise “Validity — 1"

Complete the truth tables to decide whether a given argument formisvalid or not.

(@) p—q
P
~q
P 1Al pP—>qQ ~p —q
1| T|TYT->T | T ~T F ~T F
2/ T|FyT—>F | F ~T F ~F T
3|IF|THF->T | T ~F T ~T F
4 ' F|F F>F | T ~F T ~F T
Summary truth table:
p—qg|~p||~d| Isit acounterexamplerow?
1 T FII F|Oyes ®no
2 F FIIT|Oyes ®no
3 T TIIF | ®yes Ono
4 T T T |Oyes ®no

The argument formisinvalid because there is at |east one counterexample row (row 3).

(b) p=p
p
Pl p=p P
1Ty 7=T | T T
2 | F F=F T F
Summary truth table:

p=p|{P |

1, T |IT

2| T F

Isit a counterexamplerow?
Oyes ® no
®yes Ono

The argument form isinvalid because thereis at |east one counterexample row (row 2).
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(© p—>(q—r)

P—q
~r
Pla|rfp=>@=n) p—~q aul

1| T|T|TT>T->T) | T | T| T>~T | T>F|F||~-T| F
2| T|IT|IFT-T->F | T—>F |F| T>~T | T>F|F||~-F| T
SIT|FITITo>F->T) | To>M | T| T>~F | T>T|T||-T| F
AIT|IFIFToF->P | T>M |T|T>~F | T>T|T|~-F | T
S|F|T|THF—=(T->T)| F>@ | T| F>~T | F>F |T||~-T| F
6  FIT FF>(T->F | F>F |[T|F>~T |[F>F|T||~-F| T
[|FIF| T F>F->T) | F>M |T|F>~F | F>T |T||-T| F
8| FIFIF)F>(F->F | F> |T| F>~F |F>T|T||~-F| T

Summary truth table:

p—> (1) p—~q||~r| Isitacounterexamplerow?

1 T F F |Oyes ®no

2 F F T |Oyes ®no

3 T T F|®yes Ono

4 T T T | Oyes ®no

5 T T F|®yes Ono

6 T T T |Oyes ®no

7 T T F | ®yes Ono

8 T T T | Oyes ®no

The argument form is invalid because there is at least one counterexample row (in fact
there are three counterexample rows 3, 5 and 7).

(d) p=p
p—p
Pl p=p p—>p
1| T T=T | T|| T>T | T
2 | F F=F T F->F T
Summary truth table:
p=pl|lp— p| Isit acounterexamplerow?
1| T T Oyes ® no
2| T T Oyes ®no

The argument form is valid because there are no counterexample rows where all the
premises (here: just one) are true while the conclusion is false.
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(e pvq

~q
Y
P 9 pvq ~9 Y
1T |TY TvT | T ~T F T
2|T|\FyH TVvE | T ~F T T
S|F|TY) FvT | T ~T F F
4 |F |FJ FVvF F ~F T F
Summary truth table:
pvg|~d|lp|Isitacounterexamplerow?
1 T FIIT|Oyes ®no
2 T THNT | Oyes ®no
3 T FIIF| Oyes ®no
4 F THF| Oyes ®no

The argument form is valid because there are no counterexample rows where all the
premises (here: just one) are true while the conclusion isfalse.

(f) p—q
-q
P
P9y p—>q —q Y
1| T|TYT->T | T ~T F ~T F
2| TIFyT—>F | F ~F T ~T F
3|F|THF->T ]| T ~T F ~F T
4 |F | FI F>F | T ~F T ~F T
Summary truth table:
p—qg|~d|l~p| Isit acounterexamplerow?
1 T FII F|Oyes ®no
2 F TIIF | Oyes ®no
3 T FII T |Oyes ®no
4 T T T |Oyes ®no

The argument form is valid because there are no counterexample rows where all the
premises (here: just one) are true while the conclusion is false.
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Exercise “Validity — 2"

@ P—q
P—>q
PlagpP—>q ~P— =9
1| T|TyT>T | T||~-T>~-T| F>F | T
2| T|IFRT>F | F{|~-T>~F| FT | T
S|IF|ITYyF-T | T||~F>-~-T| T>F | F
4 /F|FlF>F | T||~F>~F | T>T | T
Summary truth table:
p—qll~p — ~qg | Isit acounterexample row?
1 T T Oyes ®no
2 F T Oyes ®no
3 T F ®yes Ono
4 T T Oyes ® no

The argument form is invalid because there are is at least one counterexample row
(row 3).

(b) pP—>q
~q—-p
P9 pP—>9 ~q—-p

1| T|TET>T| T||~-T>~T| F>F | T

2| T/ FyT>F | F||~F>~T| ToF | F

3|IF|THF>T | T||~-T>~F| F>T T

4 |F | Fy F>F | T||~F>~F | T—>T T
Summary truth table:

p— g|l~g— ~p | Isit acounterexamplerow?

1 T T Oyes ®no
2 F F Oyes ®no
3 T T Oyes ®no
4 T T Oyes ®no

The argument form is valid because there are no counterexample rows.
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peq
Payp peq

1T |TYT TeT T

2| TIFQT TeF F

3|F|T} F FeT F

4 |F |F) F FeF F

Summary truth table:

| P||peq]| Isitacounterexamplerow?
1T T Oyes ®no
21T F ®yes O no
3|F||l F [Oyes ®no
4| F F Oyes ®no

The argument form is invalid because there are is at least one counterexample row
(row 2).

(d) p
pvq
P 19y np pvqg
1| T|TYT TvT T
2/ T|FQYT TVvF T
3|F|TYF FvT T
4 | F|Fl F FVF F
Summary truth table:

' P|lpv g| Isit acounterexamplerow?
1| T T Oyes ® no
21T T Oyes ®no
3IFI| T Ovyes ®no
4| F F Oyes ® no

The argument form is valid because there are no counterexample rows.
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() P

P—q
P 19 p p—49
1T |TYT T->T T
2| TIFQT T->F F
3|F|TQ F F>T T
4 |\F |F ]} F Fo>F T
Summary truth table:

' P|lp— q| Isit acounterexample row?
11T T Oyes ®no
2| T F ®yes O no
3 F T Oyes ® no
4| F T Oyes ®no

The argument form is invalid because there are is at least one counterexample row
(row 2).

(f) p
q—>p
P gy P q—>p
1|T|TYHT T->T T
2|/ TIFQYQT F>T T
3|IF|TYF T—>F F
4 |F |FJ F F>F T
Summary truth table:

' P|lg— p| Isit acounterexamplerow?
1| T T Oyes ® no
21T T Oyes ®no
3| F F Oyes ® no
4| F T Oyes ®no

The argument form is valid because there are no counterexample rows.
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(9) p—q

q—or
p—r
P9 |r i p—q gor p—or

1| T|T|THT>T | T | T>T| T T->T T

2/ T|T|IFyT>T | T|T>F| F|| T>F | F

S|ITIF|THT=F | F|F=>T | T T->T T

4 | T|IF|IF§ToF | F|F>F | T|| T>F | F

SIFIT|ITYF>T | T|T>T| T F>T | T

6 F| T/ FyF>T | T|T—>F| F|| F>F | T

(|\FIF|ITyF-F | T|F>T | T|| F->T /| T

8 FIFIFyF-F | T|F>F | TJ|| F>F | T

Summary truth table:
p—>g|lq—r]|lp—r | Isitacounterexamplerow?

1 T T T Oyes ®no
2 T F F Oyes ®no
3 F T T Ovyes ® no
4 F T F Oyes ® no
5 T T T Oyes ® no
6 T F T Oyes ® no
7 T T T Oyes ® no
8 T T T Ovyes ® no

The argument form is valid because there are no counterexample rows where both
premises are true while the conclusion isfalse.
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(h) p—q

p—or
q—r
P19 |r pP—49 p—or q—or

1 T\ T|TYYT—>T | T | T>T | T T->T T

2| T|T|FT>T | T|T>F| F|| T>F F

SITIF|TYyT>F| F|T>T | T F>T T

4 | T|IF|F}yToF| F|T>F | F F>F T

SIF|IT|THF>T | T|F>T | T T->T T

6|F|T|FF>T | T|F->F | TJ| T>F F

[ FIF|TyF>F | T|F->T | T F>T T

8| F|IFIFyF>F | T|F>F | TJ| FoF T

Summary truth table:
p—>g|lp—r|lqg—r | Isitacounterexamplerow?

1 T T T Oyes ®no
2 T F F Oyes ®no
3 F T T Oyes ®no
4 F F T Oyes ®no
5 T T T Oyes ®no
6 T T F ®yes Ono
7 T T T Oyes ®no
8 T T T Oyes ®no

The argument form is invalid because there is at least one counterexample row
(row 6).
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(i) p—r

qor
(Pva) —r
plql|r por q—or (pvg) —r
1|\ T|T|TYT->T | T T>T TN TvD)>T | (M->T T
2|T|T|FT—>F| F T->F FI| TvT)—F | (T)>F F
SIT|IF|TRT->T | T F->T T (TvFh)->T [ (T—>T T
4 | TIF|IF)T>F| F F>F | T|]] TVFH>F | (M—>F F
SIF|IT|TF->T | T T->T TN FvT)-T | (M-—>T T
6 | F|T|FIFoF | T| ToF | F|| Fv)»F | M-oF| F
7T FIF|THPF->T | T Fo>T T FvF->T | (A>T T
8| F|IFIFIF5F | T] F>F | T (FYF>F | FA—>F T
Summary truth table:
p—>rlg-=r|l(pvq) —r | Isitacounterexamplerow?

1 T T T Oyes ® no

2 F F F Oyes ®no

3 T T T Oyes ®no

4 F T F Oyes ®no

5 T T T Oyes ® no

6 T F F Oyes ®no

7 T T T Oyes ® no

8 T T T Ovyes ®no

The argument form is valid because there is no counterexample row in its truth table.
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)] p—q

r-s
pvr
gvs
pliqg|r |slp—q r—s pvr gvs
1 | T|T|T|TYT->T | T T—>T T TvT T TvT T
2 | T|IT|T|FRT>T | T T—>F F TvT T TvF T
3| T|IT|F|THT->T| T F>T T TvF T TvT T
4 |"T|T|F|FRT>T | T F->F T TvF T TvF T
S | TIF|T|THT—->F| F T->T T TvT T FvT T
6 |[T|IF|T|FT>F| F T->F F TvT T FvF F
/| T|IFIF|THT>F| F| F>T T TVvF T FvT | T
8 | TIF|F|FT>F| F F—>F T TvF T FvF F
9 |[F|T|T|THF>T | T T—>T T FvT T TvT T
O/F|T|T|FF->T]| T T—>F F FvT T TvF T
N|F|T|F|TYF->T | T F>T T FvF F TvT T
2/F|T|F|FF>T | T F->F T FvE F TvF T
WBIF|F|T|THF->F | T T->T T FvT T FvT T
M4\ F|F|T|FyF-F | T T->F F FvT T FvF F
5/F|F|F|THF>F | T F>T T FvFEF F FvT T
66|F|F|F|FlF>F | T F>F T FvF F FvF F
Summary truth table:
p—>qg|lr—s|pvagllqvs|Isitacounterexamplerow?
1 T T T T Oyes ®no
2 T F T T Oyes ®no
3 T T T T Oyes ® no
4 T T T T Oyes ®no
5 F T T T Oyes ®no
6 F F T F Oyes ®no
7 F T T T Oyes ®no
8 F T T F Oyes ® no
9 T T T T Oyes ®no
10 T F T T Oyes ®no
11 T T F T Oyes ®no
12 T T F T | Oyes ®no
13 T T T T Oyes ®no
14| T F T F | Oyes ®no
15 T T F T | Oyes ®no
16 T T F F Oyes ® no

The argument form is valid because there is no counterexample row in its truth table.
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© 0O ~NO UL D WNPE

PR R R R R R
oOUOhWNRO

(k) pP—q
(peq)—r
p—>(r—9
p—s
plalrisiip—g (peg —r p=>(=9 p—s
TITIT|THT>T | T TeN)>T | (Mo>T|T|To>T->T) | T>M | THT-T|T
TITITIFRT>T| T TeN)>T|(M>T|T|T>T->F | T>F |FI|IT>F|F
TITIF|ITHET>T|T|(TeT)>F| (M>F|F|To>F->T) | T>MM | THT->T|T
TITIFIFT->T|T|TeT)>F| (M->F|F|T>F->F | T>M|T||T>F|F
TIFIT|THT>F|F|(TeRA>T| A>T | T|T>T->T) [ T>M | THT->T|T
TIF|IT|FIT>F|F|(TeRA>T| A>T |T|T>T0T->FH|T>F |F|T>F|F
TIFIF|TToF|F|lTeR>F|(A>F|T|ToF->T) [ T>M | THT->T|T
TIFIFIFToF|F|(TeF>F| FAH->F|T|T>F->F | T>M|T||T->F|F
FIT|T|THF>T|T|FeTD)>T| A >T|T|F>T->T) |F>M | THF->T|T
FIT|TIFRF>T|T|FeT)>T|(FA>T|T|F>T->F |F>F |T||F>F]|T
FIT|IFITHF>T|T|(FeT)>F|(FA>F|T|F>F->T) |F>M|T|F->T|T
FIT|IFIFF>T|T]|(FeT)>F | (FA>F|T|F>F->F |F>M|T|F->F|T
FIF|IT|THF>F|T|FeRH>T | F>T|T|F>T->T) | F>M | THF->T|T
FIF|IT|FF>F|T]|(FeRH->T | (F>T|T|F>T->F |F>F |T||F>F|T
FIF|F|THF>F|T|(FeR>F | (FA>F|T|F>F->T) |F>M|T|F->T|T
FIFIF|IFF>F|T|(FeRH>F | (FA>F|T|F>F->FH | F->M|TlIF>F|T
Summary truth table:
p—>gl(Peq —>r|p—o>(—9||p—s|Isitacounterexamplerow?
1 T T T T Oyes ® no
2 T T F F Oyes ®no
3 T F T T Oyes ® no
4 T F T F Oyes ® no
5 F T T T Oyes ®no
6 F T F F Oyes ® no
7 F T T T Oyes ®no
8 F T T F Ovyes ® no
9 T T T T Oyes ® no
10 T T T T |Ovyes @no
11| T T T T |Oyes @no
12 T T T T |Ovyes @no
13| T T T T |Ovyes @no
14| T T T T |Oves ®no
15 T T T T |Ovyes @no
16| T T T T |Oyes @no

The argument form is valid because there is no counterexample row in its truth table.
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()] p—>(q—r)

q—(P—9)
P—S
Plg|r|sfip—o(@—r) q—-(P—9 p—s
1| TIT|T|THT>T-=T) | T->M|T|T>T->T|T>MD|TT>T|T
2 |T|T|T|FRT=T-=>TD|T>MN|T|T>T->F|T>F |F||T>F|F
3 |T|T|FITT>T->FH|T->F |F]|T-T0T->7T|T->M|TT>T|T
4 |T|T|F|FT>T->PD|T->-F |F|T>T0T-=H|T—-FE |FIT>F|F
S [ TIFIT|THT>F->T|T->M|T]F>T->T)|F>M|T|T>T|T
6 |[T|F|IT|FlToF>D | ToM|TlFo05P | Fo@® |TIIToF|F
7 | TIFIFITHToF->PFH | T->M|T]F>T->T)|F>M|TT>T|T
8 |[T|F|IF|IFT>F-P |[T-M|T|F>T->P|F-@ |Tl|T-F|F
9 |[F|IT|T|TF->T-=>T)|F-M|T]|T>F->T|T->M|TF->T|T
WO|IF|T|T|IFF>T-=T|F->M | T T>F->PH |T>M|T||F>F|T
Nn|F|T|F|ITF>T->FH |F>PF | T]|T>F->T) | T>M|T||F>T|T
R2|F|T|F|IFlF>T>R|F>@® |T|ToF-P | ToM | TI|FoF|T
BIF|IF|T|ThF>F->T|F>M|T|F>F-T | F>M|TllF>T|T
U|F|F|T|FF5FoD | F>M|T|F>F-P | FoM | TIIFF|T
5|F|IF|F|TF5F-P |FsM|T|IF5F->T) | FoM | TIIF-T|T
6| F|F|F|FQF>F->FH | F5>M|T|F>F=PH |F>M|TNIF>F|T
Summary truth table:
p—>(q—=r)|gq—(p—9|lp—s|Isitacounterexamplerow?

1 T T T Oyes ® no

2 T F F Oyes ®no

3 F T T Oyes ® no

4 F F F Oyes ®no

5 T T T Oyes ®no

6 T T F ®yes O no

7 T T T Oyes ®no

8 T T F ®yes Ono

9 T T T Oyes ® no

10 T T T Oyes ®no

11 T T T Oyes ® no

12 T T T Oyes ®no

13 T T T Oyes ®no

14 T T T Oyes ® no

15 T T T Oyes ®no

16 T T T Oyes ®no

The argument form is invalid because there is at least one counterexample row in its
truth table (in fact there are two such rows, row 6 and 8).
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Exercise “Validity — 3" — Symbolizations and Proper Logical Forms

Here are just the symbolizations and proper logical forms of the arguments in EX.
Validity — 3. Please check below for complete solutions.

@
® Symbolization:
A: Henry Kissinger advises the White House
R: Henry Kissinger isretired. @ Proper logical form of the
W: Bob Woodward has the right sources argument:
W — (Av~R) p—(qv ~r)
R r
...W ....,p
(b)
® Symbolization:
B: Bulgariawill not join the EU.
R: Russiajoinsthe EU @ Proper logical form of the
U: Rumaniajoinsthe EU argument:
R— (U— B) p—>(Q-—r)
U q
~B—->-~R ~r—=~p
(©)
® Symbolization:
B: Bulgariawill not join the EU.
R: Russiajoinsthe EU @ Proper logical form of the
U: Rumaniajoinsthe EU argument:
~R > (U > ~B) ~p—(@Q—>-T)
U q
B—-R r-p
(d)
® Symbolization:

B: USA builds the wall on the Mexican border
D: US-Mexico diplomatic relations will suffer. @ Proper logical form of the
I: lllegal immigration problem will be solved argument:

Bl p—q
B—-D por
| > D q—=r
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(€)
® Symbolization:

B: USA builds the wall on the Mexican border
D: US-Mexico diplomatic relations will suffer.

I: I1legal immigration problem will be solved
O: Immigrants find other way to get to US

B> (~O0-I)
B—->D
B— (1 D)

()
® Symbolization:
D: The universeis essentially deterministic.
P: All of a person’s actions can be predicted.
R: People are entirely rational.

D—-P

R—->P

R—~D
(9)

® Symbolization:

A: You should file tax form 12A this year
C: You should file tax form 12C this year
B: you filed tax form 40B last year.
O: Y our income exceeded $40000.
(AvC) —>B
(A —>0)e(C—~0)
O—-A

@ Proper logical form of the
argument:
p—>(~q—r)
p—s
p—(res)

@ Proper logical form of the
argument:
P—q
=9

r—-~p

@ Proper logical form of the
argument:
(pva) —r
(P> e(@—~9
S—p
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Exercise “Validity — 3" — Complete Solutions

() If Bob Woodward has the right sources then Henry Kissinger either advises the
White House or is not retired. But Henry Kissinger is retired. So, Bob Woodward
does not have the right sources.

® Symbolization:
A: Henry Kissinger advises the White House

R: Henry Kissinger isretired. @ Proper logical form of the
W: Bob Woodward has the right sources argument:
W - (Av~R) p—(qv~r)
R r
...W ~p
@pla|rlp=(v-r) rif—P
1| T|T|TT>Tv~-T) | T>TVvRH | T |T|IT|~-T|F
2| TITIFT>TVv~R [ T>TvT) | T>M|T|F|-T|F
S|TIFITYT>FVv-~-T) | T>FVFE | T>F |F|T|~-T|F
4 | TIFIFT>FVv~F | T>FVT) | T |T|IF|~-T|F
S|FIT|ITYF>Tv~-T)|F>TVvFR | F>M|T|T|~F|T
6 | FI T FyF>Tv~F)|F>TvT | F>M|T|F|~-F|T
7T FIFITyF>Fv-~T)|F>(FVF |F>F [T|T|~F|T
8| FIFIFyF>(FVv~F |F>FVvT |F>M|T|F|~-F|T
Summary truth table:
p—(gqv~r)|r|l~p|Isitacounterexamplerow?
1 T TIHF | ®yes Ono
2 T FIIl F | Oyes ®no
3 F TIHF | Oyes ®no
4 T FIF | Oyes ®no
5 T THT | Oyes ®no
6 T FIIT | Oyes ®no
7 T THT | Oyes ®no
8 T FIIT | Oyes ®no

@ The argument form isinvalid ® because there is at least one counterexample row
initstruth table, viz. row 1.

® The argument is thusinvalid because its proper logical form isinvalid.
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(b) If Russia joins the European Union (the EU) then, if Rumania joins the EU then
Bulgariawill join the EU. Rumania will join the EU. So if Bulgaria does not join the
EU then Russiadid not join the EU either.

® Symbolization:
B: Bulgariawill not join the EU.

R: Russiajoinsthe EU @ Proper logical form of the
U: Rumaniajoinsthe EU argument:
R— (U— B) p—>(@—r)
U a
~B—>~R ~r > ~p
@|p|ld|rlp—>(q—r) aj —r—>-p
1| TIT|ITET>T->T)|T>M |T|T~-T>~-T|F>F|T
2| TITIFT>T->FH|T->F |F|T|-F->~-T|T>F|F
3|TIFITYT>F->T)|T>M|T|F||-T>~-T|F>F|T
4 TIFIFT>F->F|T>M|T|F||-F>~T|T—>F|F
S|IFIT|TF>T->T) | F>M|T|T||~-T>~F F>T|T
6 | FITIF{F>T->FH|F->F|T|T||~-F>~F|T>T|T
7T FIFITyF>F->T) | F>M|T|F||-T>~F|F>T|T
8| FIFIFF5(F>PF | F>M|T|F|F>~F|T>T|T
Summary truth table:
p—(g—r) ]| afl~r - ~p| Isit acounterexamplerow?
1 T T T Oyes ®no
2 F T F Oyes ®no
3 T F T Oyes ®no
4 T F F Oyes ® no
5 T T T Oyes ®no
6 T T T Oyes ® no
7 T F T Oyes ®no
8 T F T Oyes ®no

@ The argument form is valid ® because there are no counterexample rows in its
truth table.

® The argument is thus valid because its proper logical formisvalid.
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(c) If Russia does not join the European Union (the EU) then, if Rumania joins the
EU then Bulgariawill not join the EU. Rumaniawill join the EU. So if Bulgariajoins
the EU then Russiawill join the EU as well.

® Symbolization:
B: Bulgariawill not join the EU.

R: Russiajoinsthe EU @ Proper logical form of the
U: Rumaniajoinsthe EU argument:
~R - (U - ~B) ~p—(q— ~1)
U q
B—-R r—-p
®|pla|rii-p-@-o-n i1 Rind
1| T|IT|T~-T>T—>~-T|F=(T->F|F-F |T|T|T>T|T
2| TITIF~T>-T>~F|F=>(T->T|F>M|T|T||F>T|T
3|T|IFIT)~-T>F—-~-T)|F>F—=F | F>M|T|F||T>T|T
4 | T|FIF)~-T>(F->~F|F>F->T) | F>M|T|F||F->T|T
SIFIT|TH~-FF>T->~-T)| T>(T->F|T->0F |F|ITI|T>F|F
6 | FITIF}~F>(T->~F|T>T->T)|T>{|T|T||IF>F|T
7T|FIFIT}~F>F->-) | T>F->F | T>M|T|FIT->F|F
8| FIFIF|~F>F=>~-F|[To>F-=>T) | T>M|T|FF=>F T
Summary truth table:
~p—(g—~r)| q|lr — p| Isit acounterexample row?
1 T T T Oyes ®no
2 T T T Oyes ®no
3 T F T Oyes ®no
4 T F T Oyes ® no
5 F T F Oyes ®no
6 T T T Oyes ® no
7 T F F Oyes ®no
8 T F T Oyes ®no

@ The argument form is valid ® because there are no counterexample rows in its
truth table.

® The argument is thus valid because its proper logical formisvalid.
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(d) If the US builds the wall on the Mexican border, then the illegal immigration
problem will be solved. If the US builds the wall on the Mexican border, then the
diplomatic relations between the USA and Mexico will suffer. So, if the illegal
immigration problem will be solved then the diplomatic relations between the USA
and Mexico will suffer.

® Symbolization:

B: USA builds the wall on the Mexican border
D: US-Mexico diplomatic relations will suffer. @ Proper logical form of the
I: I1legal immigration problem will be solved argument:

Bl P—q
B—D p=or
| >D 9=
®lp|a|rflp—=q por qor
1 | T|T|TET>T | T | T>T | T T—>T T
2| T|TIFRT->T| T |T—>F | F T>F F
S3|T|IF|T}T>F| F|T>T | T F>T T
4 |\"T|F|FyT>F| F|T>F | F F>F T
S |FIT|THF>T | T|F->T | T T-T T
6 |F|T|IFyF->T | T|F->F | T T—>F F
7/ |F|IF|THF>F | T]|F>T | T F>T T
8 |F|IFIFF>F | T]|F>F | TY FoF T
Summary truth table:
p—>g|lp—r|lqg—r | Isitacounterexamplerow?
1 T T T Oyes ®no
2 T F F Oyes ®no
3 F T T Ovyes ®no
4 F F T Oyes ®no
5 T T T Oyes ® no
6 T T F ®yes Ono
7 T T T Oyes ®no
8 T T T Oyes ®no

@ The argument form is valid ® because there are no counterexample rows in its
truth table.

® The argument is thus valid because its proper logical formisvalid.
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(e) If the US builds the wall on the Mexican border, then the illegal immigration
problem will be solved provided that the immigrants do not find some other way to
get into the US. However, the diplomatic relations between the USA and Mexico will
suffer if the US builds the wall on the Mexican border. So, if the US builds the wall
on the Mexican border, then the illegal immigration problem will be solved but the
diplomatic relations between the USA and Mexico will suffer.

® Symbolization:

B: USA builds the wall on the Mexican border
D: US-Mexico diplomatic relations will suffer.

I: lllegal immigration problem will be solved

@ Proper logical form of the

O: Immigrants find other way to get to US argument:

B—(~O—1) p—(~q—r)

B—->D p—s

B— (I eD) p—>(res
plajri sy p=>(q=>n p—s p—o(res)
TITIT[Tl 7o [ToFsn [ToM [ TlT1ToT[T[ToTen [ToM]T
TIT|IT|F ToCT->T) | THoEF-ST) [ ToM | T THoF|F{TH>(TeFR) | TH((F) | F
TITIFITH To>CT>F | ToF->PF [ ToM | T T>T | T To(FeT) |[T>(F) | F
TIT|\FIF T>C-T->F | ToF->F [ T->M | T|ToF|F{To>(FeF) |[T>((F) |F
TIFIT|TH ToCFF->T) | ToT-T) [ ToM | T ToT | T To@TeT) [ TM|T
TIFIT|F ToCEF->T) | ToT->T) | ToM | T|ToF|F{To>(TeR) |[T>(F) | F
TIFIF|TH T>(F>PF | T>(T->F) | T>F |F|To>T | T To>(FeT) |[T>(F) | F
TIFIF|Fl To(-F->PF | T>(T—>F) | T>{F |FIToF|F{To>(FeF) |[T>(F) |F
FIT|T|TH Fo(C-T->T) | F>F->T) |F>M | T|F>T | THF>(TeT) |[F((M) | T
FIT|T|FY) F>(C-T->T) | FoF->T) |F>M | T FoF | THF>(TeF) |F>F® | T
FIT|F|TY F>(-T->F | FoF->F |[F>M | T|F>T | T F>(FeT) |F>F | T
FIT|IF|Fll Fo(-T->F | F>F->F |F>M | T|F>F | T F>((FeF) |[F>F | T
FIFIT|TYH Fo(F->T) | F5(T->T) |FoM [T F>T [T Fo(TeT) |[FM | T
FIFIT|FY Fo(F->T) | Fo(T->T) |F>M | T|FoF | T||F>(TeF) |[F>F | T
FIFIF|TlH F>(~F—>F) | F>(T—>F | F>F | T|F>T | T{F>(FeT) |[F>F |T
FIFIFIFll F5o(~F>F) | F>(0->F |F>F |[T|F>F |T|]]F>(FeF) |[F>F | T
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Summary truth table:
(p—=>(=g—=rn) | pos|lp—o(res | Isitacounterexamplerow?
Oyes ®no
Oyes ®no
®yes O no
Oyes ®no

Oyes ® no
Oyes ®no
Oyes ®no
Oyes ®no
Oyes ® no
Oyes ® no
Oyes ® no
Oyes ® no

QO oo~NOCOUTLA~WNE

[ I
N

13
14
15
16

Oyes ® no
Oyes ® no
Oyes ® no
Oyes ® no

4444444444 4444
444444444144 A
444444444 TMA

@ The argument form isinvalid ® because there is at least one counterexample row
initstruth table, viz. row 3.

® The argument is thusinvalid because its proper logical form isinvalid.
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(f) If the universe is essentially deterministic then all of a person’s actions can be
predicted in advance. If people are entirely rational then all of a person’s actions can
be predicted in advance. Thus, if people are entirely rational then the universe is not
essentially deterministic.

® Symbolization:
D: The universeis essentially deterministic.

P: All of a person’s actions can be predicted. @ Proper logical form of the
R: People are entirely rational. argument:
D—->P p—q
R—->P r—-q
R—-~D r--p
®Olp|q|r Pp—q r—q r—-~p
1 | T|T|TET>T| T |T>T|T||T>~T| T—>F| F
2 | T|IT|FRT>T | T |F>T|T||F>~T | F>F | T
3|T|IF|TYyT>F| F|T>F | F||T>~T | T>F | F
4 |\ T|\F|FT>F| F|F>F | T|IF>~-T | F>F | T
S|IFIT|TEF>T | T |T>T|T|T>~F | T>T | T
6 |F|T| FF>T|T|F>T|TJ||F>~F | F>T]| T
I FIF|ITYF>F | T|T>F| Fl|T>~F | T>T | T
8 |[F|IF|IFF>F | T|F>F|TJ|F>~F | F>T ]| T
Summary truth table:
p—>qg|r—qgllr - ~p]| Isit acounterexamplerow?
1 T T F ®yes Ono
2 T T T Oyes ®no
3 F F F Oyes ®no
4 F T T Oyes ®no
5 T T T Oyes ® no
6 T T T Oyes ®no
7 T F T Oyes ®no
8 T T T Oyes ®no

@ The argument form isinvalid ® because there is at least one counterexample row
initstruth table, viz. row 1.

® The argument isthusinvalid because its proper logical form isinvalid.
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(9) You should file either tax form 12A or tax form 12C on this year’s return only if
you filed tax form 40B on your last year’s return. You should file form 12A on this
year’s return only if your income was over $40000, and you should file tax form 12C
only if your income did not exceed $40000. So, if your income exceeded $40000,
then you must file tax form 12A.

® Symbolization:

A: You should file tax form 12A this year
C: You should file tax form 12C this year

B: you filed tax form 40B last year. @ Proper logical form of the

O: Your income exceeded $40000. argument:

(AvC)—>B (pvag —r

(A - O) e (C— ~O) P—>9e(@—>~9

O—-A s—P
Plalr|sli(pvg—r (P=>9e(q=~9 S—>p
T|T|T TI (TvD)>T|I M->T [T OT->T>T->-~-T | (M>T->F | T>0F | F T>T T
TITITIFpaOvD)>T| M->T | T]T->F>T->~-FH | H>T->T) | F>TM | T F>T T
TITIFITHOVT)>F| (M->F | Fl T->T>0->~-T) | M->0->F | T>0F | F T-T T
TITIFIFgaOvT) ->F| (M->F|F| T->F>T->~F | H->T->T) | F>T | T F-T T
TIFITITHEOvE->T]| M->T | T|(T->T>F->~-T | M>F->FH | T | T T->T T
TIFITIFYTvE>T| M->T | T] T->FH>F->~F | AH>F->T) | FTM | T F->T T
T F|F TI (Tvh->F]I (M->F | F] (T->T)>F->-T) | M>F->F | T | T T>T T
TIFIFIFyTOvh->F| (M->F | F] T>F>F->~F | AH>F->T) | F>TM | T F>T T
FIT|ITITRFVY) T M->T | T] F->T>T->~-T) | M>T->F | T>0F | F T>F F
FIT|ITIFRFvY)>T]|M->T | T] F>FPH>T->~FH | M>T->T | T | T F->F T
FITIFITRFVT)>F]| (M->F | F] F->T>T->~-T) | M>0->F | T>®F | F T>F F
FITIFIFJFvT)>F] M>F|F] FF>T->~F | M>T->T) | T | T F—>F T
FIFITITHFVE>T]| E->T | T F-oT)>F->-T) | Mo>F->F | T | T To>F F
FIFITIFyFvEH->T | A>T | T]|] F>FD>F->~F | M->F->T) | T | T F>F T
FIFIFITyFVvR>F| FA->F | T| F>T)>F->-T) | M->F->F | T | T T->F =
FIFIFIFEFVRAoF]| A>F | T F>FA>F->-F | M>F->T) | T | T F->F T
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Summary truth table:

(pva)—=r ] (p—9e(q—~9) || s—p | Isitacounterexamplerow?
1 T F T Oyes ®no
2 T T T Oyes ®no
3 F F T Oyes ®no
4 F T T Oyes ®no
5 T T T Oyes ® no
6 T T T Oyes ®no
7 E T T Oyes ®no
8 E T T Oyes ®no
9 T F F Oyes ® no
10 T T T Oyes ®no
11 F F F Oyes ®no
12 F T T Oyes ®no
13 T T F ®yes O no
14 T T T Oyes ®no
15 T T F ® yes O no
16 T T T Oyes ® no

@ The argument form isinvalid ® because there is at least one counterexample row
initstruth table, viz. rows 13 and 15.

® The argument is thusinvalid because its proper logical form isinvalid.
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