Chapter 2

Logic and Reasoning

Exercises 2.1

(PAQ) & —Q

(P=Q)N(Q=P)

(P=-Q)A\R

-P Q= -P|PY(Q=—-P)

i) P Q

1.

P Q

(iii)

P Q|P=Q Q=P

(iv)

T

P QR
T T T

(vi)

T
T F T| T

F T T

T
FFT|T
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Solutions Manual

2. (iii) The wind blows or the rain falls and, in addition, the temperature does not rise.

(iv) If it is not the case that the sun shines and the wind blows then the rain falls or the
temperature doesn't rise.

3. () WA-R
(i) T < (S A—R)

(v) (nSV(WAR))=-T

4. (i) P -P|PA-P
T F F
F T F

Since P A —P is always false, it is a contradiction.

(i) P -P|-PVvP
T F T
F T T

Since =P V P is always true, it is a tautology.

(i) P Q|PvQ|P=(PVQ)
T T| T T
T F| T T
FT| T T
F F| F T

Since all its truth values are T, it follows that P = (P V Q) is a tautology.

(vij P Q RIP=Q Q=R|(P=Q N(Q=R)
T T T T T T
TTF| T F F
T F T| F T F
T F F| F T F
F T T T T T
FTF| T F F
F F T T T T
F FF| T T T

Since its truth values are neither all T nor all F, it follows that (P = Q) A (Q = R) is
neither a tautology nor a contradiction.

(vii) P AP is a contradiction. Hence, for any proposition 4, (P A—P) = A is always true.
Therefore (P A =P) = (Q V R) is a tautology.

Exercises 2.1 3
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Understanding Mathematical Proof

5.

(viii)

(ii)

P @Q R|-Q -R|P=-Q —-R=P|(P=-Q) AN(—R=P)
T TT|F F F T F
T T F|F T F T F
TFT|T F T T T
TFF| T T T T T
FTT|F F T T T
FTF|F T T F F
FFT|T F T T T
FFFIT T T F F

Since its truth values are neither all T nor all F, it follows that (P = —=Q) A (=R = P)
is neither a tautology nor a contradiction.

A compound proposition that is a tautology gives truth value T for all combinations of

truth values of its ‘input’ simple propositions. Thus, replacing all occurrences of one
of its simple propositions with another proposition cannot give rise to a truth value F.
Hence any substitution instance of a tautology is also a tautology.

A similar argument works for contradictions.

Exercises 2.2
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1.

(i)

(i)

(v)

P Q|PVQ ~(PVQ)|-P -Q|-Pr-Q

T T T F F F F

T F T F F T F

F T T F T F F

F F F T T T T
Since the truth values in the fourth and seventh columns are equal, =(PVQ) = -PA-Q.

P Q|PANQ|PV(PAQ)

T T T T

T F F T

F T F F

F F F F

Since the truth values in the first and fourth columns are equal, PV (P A Q) = P.

P Q@ R/PVQ (PVQ)=R|P=R Q=R|(P=R) AN(Q=R)
T T T T T T T T
T T F| T F F F F
T F T T T T T T
T F F| T F F T F
F T T T T T T T
FTF| T F T F F
F F T F T T T T
F F F| F T T T T

Exercises 2.2
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Since the truth values in the fifth and eighth columns are equal,
(PVQ)=R=(P=R)N(Q=R).

(vii)

Solutions Manual

A B
P Q R|P=Q (P=Q)=R|-P -P=R Q=R|AAB
T T T T T F T T T
T T F| T F F T F F
T F T F T F T T T
T F F F T F T T T
F T T T T T T T T
FTF| T F T F F F
F F T T T T T T T
FFF| T F T F T F

Since the truth values in the fifth and ninth columns are equal,
(P=Q)=R=(-P=R)AN(Q=R).

(viii) For space reasons, we have omitted the columns of the truth table for =P and —R.

A B
P Q R|PANQ ~(PAQ)|~(PAQAR|-PAR QV-R -B|AV-B
TTT| T F F F T F F
TTF| T F F F T F F
T F T| F T T F FooT ) T
T F F| F T F F T F F
F T T| F T T T T F T
F T F| F T F F T F F
FFT| F T T T FooT ) 7
F F F| F T F F T F F

Since the truth values in the sixth and tenth columns are equal,
~(PAQ)ANR=(-PAR)V—-(QV -R).

(ix) There is a typographical error in the question: (P = R)A(Q = —P) should be replaced

with (P = R) V (Q = —P).

Exercises 2.2

K15020_SM_Cover.indd 12

A B
P Q RIP\NQ (PNQ =R|-P PR Q=-P|AVB
T T T T T F T F T
T T F| T F F F F F
T F T| F T F T T T
T F F| F T F F T T
F T T| F T T T T T
F T F| F T T T T T
FFT| F T T T T T
F F F| F T T T T T
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Understanding Mathematical Proof

Since the truth values in the fifth and ninth columns are equal,

(PANQ)=R=(P=R)V(Q= —P).

(x) A C B D

P Q R|P&Q (P&QVR|QVR P=A|PVR Q=B |CAD
TTT|OT T T T T T T
TTF| T T T T T T T
T F T| F T T T T T T
T F F| F F F F T T F
F T T| F T T T T T T
F T F| F F T T F F F
FFT| T T T T T T T
FFF| T T F T F T T

Since the truth values in the fifth and tenth columns are equal,

(P Q)VR=(P=(QVR)A(Q= (PVR)).

m T4 4|
mHm O
m M Tm A >
m 444 4| <

The only row where P A Q is true is row 1 and PV @ is also true in row 1.

Hence (PAQ)E (PV Q).

(iii) There is a typographical error in the question: —(P V @) should be replaced with

~(PYQ).

P QP=>Q|-Q PVv-Q|PYQ —=(PVQ)
T T, T F T F T
TF| F [T T T F
FT| T F F T F
FF|I T |T T F T

The only rows where P = ) and PV =@ are both true are rows 1 and 4. In teach of
these rows, (P ¥ Q) is also true.

Hence {PANQ,PV -Q} F~(PYQ).
(v) There is a typographical error in the question: R = P should be replaced with P = R.

6 Exercises 2.2
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P Q R|QAR PV(QAR) P=>R|-Q -Q=R
TTT| T T T | F T
T T F| F T F | F T
T F T| F T T T T
T F F| F T F | T F
FT T| T T T | F T
F TF| F F T | F T
F FT| F F T T T
F F F| F F T | T F

The propositions PV (Q A R) and P = R are both true only in rows 1,3 and 5. In
each of these rows, =) = R is also true.

Therefore {PV (Q AR),P = R} F -Q = R.

(viy P Q R|P=Q PAQ (P NQ =R|P=R
T T T| T T T T
T T F| T T F F
T F T| F F T T
T F F| F F T F
FTT| T F T T
FTF| T F T T
FFT| T F T T
FFF| T F T T

The propositions P = @ and (P A Q) = R are both true in rows 1,5,6,7 and 8. In
each of these rows, P = R is also true.

Therefore {P = Q,(PANQ)= R} F -P = R.

3. (i) " PV(PAQ)= (-PVP)AN(=PVQ) Distributive law
= (PV-P)A(=PV Q) Commutative law

= true A (-PVQ) Complement law
= (WPVQ)Atrue Commutative law
= -PV{Q Identity law

(i) = (=PAQ)AN(PV-Q)= (=(=P)V-Q)A(PV-Q) DeMorgan's law
(PV-Q)AN(PV-Q) Involution law
PvVv-Q Idempotent law

(v) PA[(PANQ)V-P] = [PAN(PAQ)]V[PA-P] Distributive law
= [(PAP)AQ)]V false Associative & complement laws
= PAQ Idempotent & identity laws

Exercises 2.2 7
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Understanding Mathematical Proof

(vii) =(PA=(QAR))

= -PV-(-(QAR)) De Morgan's law
= -PV(QAR) Involution law
= (WPVQ)AN(-PVR) Distributive law

= (-PVQ)A(=PV-(=R)) Involution law
= (-PVQ)A-(PA-R) De Morgan's law

4. (i) There is a typographical error in the question: —(P A @) should be replaced with

-(PV Q).
QAN (P=Q) =

(i) (PAQ)=R=

(v) P=(QVR) =

Exercises 2.3

1. (i) Universe:

Predicates:

Then symbolise as:

(iii) Universe:
Predicates:

Then symbolise as:

K15020_SM_Cover.indd 15

QA (-PVQ) Material implication law

(=Q AN —=P)V (-Q A Q) Distributive law

(=P A=Q)V (QAN—Q) Commutative law; twice
—(PVQ)V false De Morgan's & complement laws
—(PVQ) Identity law

—~(PAQ)V R  Material implication law
(-PV—=Q)V R De Morgan's law

PV (-QV R) Associative law

PV (Q = R) Material implication law
P = (Q = R) Material implication law

PV (QVR) Material implication law
(=PV-=P)V(QV R) ldempotent law

PV (-PV(QV R)) Associative law

PV ((-PVQ)V R) Associative law

-PV ((QV-P)VR) Commutative law
—PV(QV (-PVR)) Associative law
(=PVQ)V (-PVR) Associative law

(P=Q)V(P=R) Material implication law, twice

Students

P ... likes to party.

Ve P(x).

People

A ... went to the auction
B : ... bought something.

Vr e A(z) = B(x).

Exercises 2.3
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(v) Universe:  Celebrities
Predicates: G : ... gives interviews
P : ... participates in reality TV.

Then symbolise as:  Vz e G(z) A —Vz o P(x).

(vi) Universe:  Athletes
Predicates: R : ... can run fast.

Then symbolise as:  —Vz o R(x).

(viii) Universe:  Graham's friends
Predicates: P : ... came to the party
S : ... would have to stand.

Then symbolise as:  (Vz e P(z)) = (3x @ S(z)).

(ix) Universe: My friends
Predicates: B : ... believes in global warming
C : ... drives a large car.

Then symbolise as:  (Vz e B(x)) A (Jz o C(x)).

(x) Universe:  People
Predicates: A(z,y) : ... x applauds y
C(x): ... x is courageous.

Then symbolise as:  VzVy e C(y) = A(x,y).

Note that, although ‘everyone applauds someone who is courageous’ appears to indi-
cate an existential quantifier, the meaning is really ‘everyone applauds anyone who is
courageous’ which explains the two universal quantifiers.

(xi) Universe:  People who went to the races
Predicates: C : ... was cold
L : ... lost money.

Then symbolise as:  (—3z e C(x)) A (Fz @ L(x)).

Julie smiles a lot but she'’s prone to depression.

)

(iii) Everyone who is likeable smiles a lot.
) Everyone who is not likeable or doesn't smile a lot is prone to depression.
)

Not everyone who is prone to depression smiles a lot.

Vy e T'(Carl,y) = P(Carl,y)

)
(ii) Vz e T'(z, Statistics) = E(x, Statistics)
)
(vii)

JyVr e T(x,y) = P(z,y)

Exercises 2.3 9
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Understanding Mathematical Proof

(viii) Note that the phrase ‘all students take courses that they don't enjoy’ may be interpreted
either as ‘all students take some courses that they don't enjoy’ or as ‘all students take
courses all of which they don't enjoy’.

The first interpretation is symbolised as
(Vo Iy o T(x,y) A —E(z,y)) = (~FxVy e T(x,y) = P(z,y))
and the second interpretation is symbolised as

(VxVy e T(x,y) = ~E(x,y)) = (-mJzVy e T(z,y) = P(z,y)).

This is a situation where the natural language sentence is ambiguous and the two
interpretations are equally ‘valid'.

o]

All students enjoy logic.
—Vx e E(x, Logic) = 3z ¢ ~E(x, Logic)
Some students don’t enjoy logic.

o O

[o5)

Some students do not pass logic.
—Jdz @ = P(x, Logic) = Vz e P(x, Logic)
All students pass logic.

(@]

[«9)

~ o~~~ o~~~ —~
o
— — ~— — —  ~— — —

o

Poppy takes a course that she does not enjoy.

—3Jy e T'(Poppy, y) A ~E(Poppy,y) = Vy e T'(Poppy, y) = E(Poppy,y)
Note that this uses the equivalences =(P A -Q) = PV Q=P = Q.

Poppy enjoys every course she takes.

()
(a) No student passes every course.
(b) =(—FzVy e P(z,y)) = FxVy e Pz,y)
(c) Some student passes every course.
(viii) (a) If some students do not take every course then not all students pass some course.
(b) [z Vye=T(x,y)) = (~VzIye P(z,y))]
(JzVy e ~T(z,y)) A~(-Vz Iy e P(z,y)) (using ~(P = Q) =P A~Q)
(30 vy o ~T(2,9)) A (Y2 3y o P(2,1))
(c) Some students do not take every course and every student passes some course.

Exercises 2.4

1. (i) 1. P=Q premise
2. PAR premise
3. P 2. Simplification
4. Q 1, 3. Modus ponens
10 Exercises 2.4
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(iii)

(v)

(vii)

2. (i)

Exercises 2.4
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PsqQ premise
—(PAQ) premise
-PV-Q 2. Equivalence: De Morgan's law
(P=Q)N(Q= P) 1. Equivalence: biconditional law
P=qQ 4. Simplification
-PVQ 5. Equivalence: material implication law
Qv -P 6. Equivalence: commutative law
-QV-P 3. Equivalence: commutative law
PV P 7, 8. Resolution
-P 9. Equivalence: idempotent law
(Q=P)AN(P=(Q) 4. Equivalence: commutative law
Q=P 11. Simplification
-Q VP 12. Equivalence: material implication law
Pv-Q 13. Equivalence: commutative law
-QV -Q 3, 14. Resolution
-Q 15. Equivalence: idempotent law
-PA-Q 10, 16. Conjunction

(QVS)= R premise

QVP premise

-R premise

—(QVS) 1, 3. Modus tollens

QNS 4. Equivalence: De Morgan's law

-Q 5. Simplification

P 2, 6. Disjunctive syllogism

(PVQ)= (RAS) premise

P
PVQ
RAS
R

P=-Q
QV(RAS)

premise

2. Addition

1, 3. Modus ponens
4. Simplification

premise
premise

—(=Q)V (RAS) 3. Equivalence: involution law

Q= (RAS)
P= (RAS)

P& Q@

4. Equivalence: material implication law
1, 4. Hypothetical syllogism

premise

(P= Q)N (Q= P) 1. Equivalence: biconditional law

P=qQ

2. Simplification

11

03/06/15 5:10 pm



Understanding Mathematical Proof

12
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(iv) 1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

(i) Let

P=R premise
Q=R premise
-PVR 1. Equivalence: material implication law
“QVR 2. Equivalence: material implication law
RV -P 3. Equivalence: commutative law
RV -Q 4. Equivalence: commutative law
(RV-P)A(RV—-Q) 5,6. Conjunction
RV (=P A—Q) 7. Equivalence: distributive law
RV ~(PVQ) 7. Equivalence: De Morgan's law
-(PVQ)VR 9. Equivalence: commutative law
(PVQ)=R 4. Equivalence: material implication law
W:  Mary drinks wine
C:  Mary eats cheese
L:  Mary eats chocolate
H: Mary gets a headache.

The argument has premises: (W Vv C) = H and W A L.

The conclusion is H.

(WvC)= H premise

1.

o LN

(i) Let

W AL premise

w 2. Simplification
wWvC 3. Addition

H 1, 4. Modus ponens
D:  You get a degree

J: You get a good job

S: You will be successful

H: You will be happy.

The argument has premises: (DV J) = (SAH) and J.

The conclusion is H.

(DVvJ)=(SANH) premise

1.

No o~ e

(iv) Let

J premise

JVD 2. Addition

DvJ 3. Equivalence: commutative law
SANH 1, 4. Modus ponens

HAS 5. Equivalence: commutative law
H 6. Simplification

P:  The project was a success

1. Sally invested her inheritance

S:  Sally was sensible

B: Sally is broke.

Exercises 2.4
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The argument has premises: =PV —I, S = I, P and (=S A—I) = B.

The conclusion is B.

1. =Pv-l premise
2. S=1 premise
3. P premise
4. (=SA-I)= B premise
5. =(=P) 3. Equivalence: involution law
6. I 1, 5. Disjunctive syllogism
7. =S 2, 6. Modus tollens
8. —-SA-I 6, 7. Conjunction
9. B 4, 8. Modus ponens
(v) Let A: The murder was committed by A
B:  The murder was committed by B
C: The murder was committed by C
P:  The victim was poisoned.

The argument has premises: AV (BAC) and A= P.

The conclusion is C' V P.

1. AV(BAC) premise
2. A=P premise
3. "AVP 2. Equivalence: material implication law
4. (BANC)VP 1, 3. Resolution
5. PV(BAC) 4. Equivalence: commutative law
6. (PVB)A(PVC) 5. Equivalence: distributive law
7. (PVC)A(PVB) 6. Equivalence: commutative law
8. PvC 7. Simplification
9. CVP 8. Equivalence: commutative law
(vii) Let U: It is useful

K: | will keep it

V. It is valuable

B: It belonged to Ben.

The argument has premises: (U = K)A(V = K), B= (UVV) and B.
The conclusion is K.

Exercises 2.4 13
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1. U=K)ANV=K)
2. B=(UVYV)

3. B

4. U=K

5. (V=K)AN{U=K)
6. V=K

7. UVK

8. -VVK

9. KvVv-U

10. Kv-V

11. (KV-U)A(KV=V)
12. KV (-UA=V)

13. KV—(UVV)

14, ~(UVV)VK

15. UvVvV

16. —~(=(UVYV))

17. K

premise

premise

premise

1. Simplification

1. Equivalence: commutative law

5. Simplification

4. Equivalence: material implication law
6. Equivalence: material implication law
7. Equivalence: commutative law

8. Equivalence: commutative law

9, 10. Conjunction

11. Equivalence: distributive law

12. Equivalence: De Morgan's law

13. Equivalence: commutative law

2, 3. Modus ponens

15. Equivalence: involution law

14, 16. Disjunctive syllogism

Note that, with one additional application of the material implication law after line 14,
lines 4 — 14 are essentially establishing the logical equivalence

U=K)ANV=K)=UVV)=K.

Unfortunately, this is not one of our named logical equivalences. Were this a named
equivalence, we would have the following much simpler deduction available.

U=K)AN(V =K)
B= (UVYV)

B

UvVvV)=K
B=K

K

ok wh =

(viii) Let It will rain

: | take an umbrella
C: |go by car.

premise

premise

premise

1. Equivalence

2, 4. Hypothetical syllogism

3, 5. Modus ponens

R:
S: 1 will will go shopping
U.

The argument has premises: =R =S, S = (-U = R) and C' = —U.

The conclusion is RV —C.

14
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1, 2. Hypothetical syllogism

material implication law
involution law

material implication law
involution law
commutative law
associative law

10. Equivalence: idempotent law

11. Equivalence: commutative law

3. Equivalence: material implication law
13. Equivalence: commutative law

-R=S premise

S = (-U = R) premise
C=-U premise

-R= (-U = R)

-R = (——=UV R) 4. Equivalence:
-R= (UVR) 5. Equivalence:
-—-RV (U V R) 6. Equivalence:
RV (UV R) 7. Equivalence:
RV (RVU) 8. Equivalence:
(RVR)VU 9. Equivalence:
RvU

UVR

-CvVv U

UV -C

RV -C 12, 14. Resolution
C: Tim committed the crime
F:  Tim will flee the country

S: We will see Tim again
T: Timis Tom’s friend.

The argument has premises: C' = (F A—S) and S = —T.
The conclusion is (C'VT) = —S.

C = (FA-S)
S=-T
=SV T
=C'V (F' A —S)

© 0o NOOC R WD

e e e
A wbdbH=o

4. (i) Let

Exercises 2.4
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(=C'V F) A (=C'V =S)
(~C'V =S) A (~C'V F)

-C'V~-S
SV -C

(=S V=T) A (=S V =C)

=SV (=T A=C)
—~SV=(TVvC0)
SV —(CVT)
-(CVT)V-S
(CVT)= =S

W

C:
L:

H:

Mary drinks wine
Mary eats cheese

premise
premise

. Equivalence: material implication law

. Equivalence: material implication law

. Equivalence: commutative law

2
1
4. Equivalence: distributive law
5
6

. Simplification

7. Equivalence: commutative law

3, 8. Conjunction

9. Equivalence: distributive law

10. Equivalence: De Morgan's law

11. Equivalence: commutative law

12. Equivalence: commutative law

13. Equivalence: material implication law

Mary eats chocolate
Mary gets a headache.
The argument has premises: (W AC) = H and WV L.

15
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Understanding Mathematical Proof

The conclusion is H.
Suppose W is true, C'is false and H is false. (The truth value of L may be either true
or false.)

Then the premises are both true and the conclusion is false. Therefore the argument is
not valid.

(iii) Let R: It will rain
S: 1 will will go shopping
U: | take an umbrella
C: | go by car.
The argument has premises: -R = S, S = (-U = R) and C' = —U.
The conclusion is R A =C.
Suppose R is false, S is true, U is true and C is false.

Then the premises are all true and the conclusion is false. Therefore the argument is
not valid.

(v) Unfortunately the argument as stated is valid.
Let C: Tim committed the crime
F:  Tim will flee the country
S: We will see Tim again
T: Timis Tom’s friend.
The argument has premises: C' = (F'A—S) and S = —T.
The conclusion is T' = —.S.
Since the second premise is logically equivalent to the conclusion, whenever the premises
are all true, so too is the conclusion.
Suppose we change the conclusion to =T = —S: if he's not Tom's friend the we will
never see him again.
Now suppose C'is false, S is true and T is false. (The truth value of F' may be either
true or false.)
Now the premises are both true and the conclusion is false. Therefore the revised
argument is not valid.

5 J L G|-J =L -G|-J=-L -JANG LV-G

T T T| F F F T F T

T T F| F F T T F T

TF T|F T F T F F

T F F|F T T T F T

F T T| T F F F T T

F T F| T F T F F T

FF T| T T F T T F

FF F| T T T T F T
There is no row of the table where —=J = =L, =J A G and LV =G are all true.
Hence the premises in example 2.14.4 are inconsistent.

16 Exercises 2.4
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6. (i) Define the universe to be ‘people’ and symbolise the predicates as follows.

Let

G:
R:
D:

.. is good-looking
..is rich
.. is dishonest.

Then the argument has premises: 3z @ G(z) A R(x) and Vz e R(z) = D(x).

The conclusion is 3z ¢ G(x) A D(x).

© 0N A WD

,_.
e

1. J-elimination
2. V-elimination
3. Simplification
3

. Simplification

4, 7. Modus ponens

Jr e G(z) AN R(x)  premise
Vz e R(x) = D(z) premise
G(a) A R(a)
R(a) = D(a)
G(a)
R(a) A G(a)
R(a) 6
D(a)
G(a) N D(a) 5, 8. Conjunction
dr e G(z) AN D(x) 9. F-introduction

. Equivalence: commutative law

(i) Using the same universe and predicates as in part (i), the argument has premises:
Jz e G(z) A R(x) and Vz @ R(z) = D(x).

The conclusion is =Vz ¢ G(x) = —D(x).

The first ten lines of the deduction are the same as in part (i) and the remaining
deduction is as follows.

11.
12.
13.
14.

dz ¢ = =(G(x) A D(z)) 10.
dz e ~(=G(x) V-D(x) 11
dz e =(G(z) = —D(x)) 12.
—Vz e G(x) = —~D(x) 13.

Equivalence:
Equivalence:
Equivalence:
Equivalence:

involution law

De Morgan's law

material implication law
negating quantified propositions

(iv) Define the universe to be ‘numbers’ and symbolise the predicates as follows.

Let

Z 0=~

..is an integer
...Is even

..is odd

.. IS non-zero.

Then the argument has premises: Vz e I(z) = (E(z) V O(z)), Vr o I(z) = (E(x) V
N(z)), and 3z e I(x).

The conclusion is 3z e E(x)

Exercises 2.4
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Understanding Mathematical Proof

1. Vzel(x)= (E(x)VO(x)) premise

2. Vzel(x)= (E(x)V N(x)) premise

3. Jxel(x) premise

4. I(a) 3. J-elimination

5. I(a) = (E(a) VO(a)) 1. V-elimination

6. I(a)= (E(a)V N(a)) 2. V-elimination

7. E(a)VO(a) 4, 5. Modus ponens
8. E(a)V N(a) 4, 6. Modus ponens
9. (E(a)VO(a))A(E(a)V N(a)) 7, 8. Conjunction

9. Equivalence: distributive law
10. Z-introduction

==
= O
Ll
s
o =
5 <
B
<
S
2
>
27
2

(v) Define the universe to be ‘animals’ and symbolise the predicates as follows.

Let F: ...has feathers
A: ...is aquatic
S: ...lives in the sea.

Then the argument has premises: Vz o F'(z) = —A(z) and 3z e A(z) A S(x).

The conclusion is 3z e S(z) A =F(x).

1. VxeF(x)= —-A(x) premise

2. JxeA(x)ANS(x) premise

3. A(a)AS(a) 2. J-elimination

4. F(a) = -A(a) 1. V-elimination

5. Aa) 3. Simplification

6. ——A(a) 5. Equivalence: involution law
7. —F(a) 4, 6. Modus tollens

8.  S(a)ANA(a) 3. Equivalence: commutative law
9. S(a) 8. Simplification

10. S(a) A —F(a) 7, 9. Conjunction

11. 3z e S(x) A—F(z) 10. 3-introduction

(vi) Define the universe to be ‘functions’ and symbolise the predicates as follows.

Let C: ...iscontinuous
D: . ..is differentiable
A: ...is defined for all values of x.

Then the argument has premises: 3z o C(x) A D(z) and Vz o C(x) = A(x).
The conclusion is 3z e A(z) A D(x).
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Solutions Manual

1. JxeC(x)AD(x) premise
2. Vaxe((x)= A(x) premise
3. Cf(a) AND(a) 1. J-elimination
4. C(a) = A(a) 2. V-elimination
5. Cf(a) 3. Simplification
6. Ala) 4, 5. Modus ponens
7. D(a)NC(a) 3. Equivalence: commutative law
8. D(a) 7. Simplification
9. A(a) A D(a) 6, 8. Conjunction
10. Jzxe A(zx) AD(x) 9. F-introduction
(vii) Define the universe to be ‘things' and symbolise the predicates as follows.
Let E: ...isenjoyable
C: ...ischeap
B: ...is harmful to one’s health
H: ...is a holiday.

Then the argument has premises: Vx o (E(z) A C(x) = B(z), Vx e H(x) = E(x) and
dr e H(z) A —~B(x).
The conclusion is 3z ¢ =C'(x).

1. Vze(E(x)ANC(x))= B(x) premise
2. VzeH(x)= E(x) premise
3. dzeH(x)A-B(x) premise
4. H(a) N—B(a) 3. J-elimination
5. (E(a) NC(a)) = Bl(a) 1. V-elimination
6. H(a)= E(a) 2. V-elimination
7. H(a) 4. Simplification
8. Ela) 6, 7. Modus ponens
9. -—B(a)AH(a) 4. Equivalence: commutative law
10. —B(a) 9. Simplification
11. —(E(a) ANC(a)) 5, 10. Modus tollens
12. —E(a)V -C(a) 11. Equivalence: De Morgan's law
13. =(=E(a)) 8. Equivalence: involution law
14. —=C(a) 12, 13. Disjunctive syllogism
15. Jdz e -(C(x) 14. J-introduction
Exercises 2.4 19
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