Chapter 1: Logic and Proof

Exercise 1.1.2 Refer to Figure 1.1.1. The coordinates of the midpoints, M; and Ms, are
(C Ql) and (“+C M), respectively. Thus the slope of MM, is
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the same as the slope of the segment joining (0,0) with (a, b).
Exercise 1.1.6 The first occurrence is 90, 91, 92, 93, 94, 95, 96.
Exercise 1.2.2 (a) True (b) False (c) True (d) False

Exercise 1.3.3 (a) 3% + 4% = 5% and 7% + 12? = 15%. (False)
(b) 3% +42 = 5% or 7% + 122 = 152, (True)

Exercise 1.3.5(a) 72 + 242 # 252
(b)1+2+3<1—|—2+3
2 3 4 2+43+4

¢) In 1983, the ice went out of Lake Minnetonka on or after April 18.
d) Doug cannot solve the equation 2? — 72 — 18 = 0.
e) Ambrose scored at least 90 on the last exam.
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Exercise 1.3.7 The last column in each truth table is shown.

(&) | (b) | (¢) [ (d) | (e)
F | T|T|T]|T
T|T|F|T]|T
F|T|F|T]|T
F |1 T|T|T]|T
Exercise 1.3.10 (a)

P |-P|~(-P)

T| F T

F| T F
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P|Q|-P|-Q|PANQ|(PANQ)|~-PV-Q

T|T| F F T F F

T F| F T F T T

F|T| T F F T T

F|F| T T F T T

()

P|Q|R|QVR|PAQVR)|PAQ|PAR|(PAQ)V(PAR)
T|T|T T T T T T
T T|F T T T F T
T F|T T T F T T
T F|F F F F F F
F|T|T T F F F F
F|T|F T F F F F
F|F | T T F F F F
F|F|F F F F F F

Exercise 1.3.11 (a) The function f is either not decreasing on (—oo, 0] or not increasing
on [0, 00).
(b) The number 0 is in the domain of f and liné f(z) = f(0).

Exercise 1.3.12 (a) -C (tan, g) N —C <sec, g)
(b) (a > 0) VvV —=D(In, a).
(¢) C(|z[,0) A =D (Jz], 0).

Exercise 1.3.13

PlQ|PaQ|PVQ|PAQ|~(PAQ)| (PVQ)A-(PAQ)
T|T| F T T F T
T|F| T T F T T
FIT| T T F T T
F|F| T F F T F
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Exercise 1.3.14

PIQIR|Q®PR|PH(Q®R) | POQ | (PDQ)DR
T|T|T F T F T
T|T|F T F F F
T|F|T T F T F
T|F|F F T T T
F|T|T F F T F
F|T|F T T T T
F|F|T T T F T
F|F|F F F F F
Note that the fifth and last columns are identical.
Exercise 1.4.3
PIQIQ|P=Q|-(P=Q|PrQ
T|T| F T F F
T|F| T F T T
F|T| F T F F
F|F| T T F F

Exercise 1.4.7 (a) Converse: If you live in Minnesota, then you live in Minneapolis.
Contrapositive: If you don’t live in Minnesota, then you don’t live in Minneapolis.
(b) Converse: If n? is an even integer, then n is an even integer.

Contrapositive: If n? is not an even integer, then n is not an even integer.

(c) Converse: If f is continuous at x = a, then f is differentiable at = = a.
Contrapositive: If f is not continuous at * = a, then f is not differentiable at x = a.
(d) Converse: If 2P 4+ 1 is not factorable, then p is not prime.

Contrapositive: If 2P 4 1 is factorable, then p is prime.

(e) Converse: If you don’t live in Syracuse, then you live in Minnesota.
Contrapositive: If you live in Syracuse, then you don’t live in Minnesota.

Exercise 1.4.9

PlQ|P=Q|Q=P|(P=Q AN(Q@=P)|PesQ
T | T T T T T
T|F F T F F
F|T T F F F
F|F T T T T
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Exercise 1.4.10

PIQ|R|Q=R|U | P=Q|V|V=U
T|T|T T T T T T
T|T|F F F T F T
T|F|T T T F T T
T|F | F T T F T T
F|T|T T T T T T
F|T|F F T T F T
F|F|T T T T T T
F|F|F T T T F T

Note that U is not equivalent to V', so = is not associative. Also note that V' = U is true,
but the sixth line shows that U = V is false.

Exercise 1.4.11

PIQIR PeQ|QeP|QeR|(PeQ)eR|Pe(QeR)
T|T|T T T T T T
T|T|F T T F F F
T|F|T F F F F F
T|F|F F F T T T
F|T|T F F T F F
F|T|F F F F T T
F|F|T T T F T T
FI|F|F T T T F F

Exercise 1.4.12 (a) Let P = @ be a conditional statement. Then —Q = —P is its
contrapositive. The contrapositive of =@ = =P is =(—P) = —(—=Q) which is equivalent to
P = @ by Theorem 1.3.9(i).

(b) The converse of Q = P is P = (), the original conditional statement.

(c) Let P = @ be a conditional statement. The contrapositive of ) = P is =P = —(Q). The
converse of =) = — P is =P = Q).

(d) The conditional P = @ is false only when P is true and @ is false. In this case, Q@ = P
is true.
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Exercise 1.4.14 (a)

(P& Q)=
PIQ|R|PeQ|RAP|RAQ|(RAP)= (RANQ) (RAP) < (RAQ))
T|T|T T T T T T
T|T|F T F F T T
T|F|T F T F F T
T|F|F F F F T T
F|T|T F F T F T
F|T|F F F F T T
F|F|T T F F T T
F|F|F T F F T T

(b)

(PeQ)=
PIlQ|R|PeQ|RVP|RVQ|(RVP)= (RVQ) (RV P) < (RV Q)
T|T|T T T T T T
T|T|F T T T T T
T|F|T F T T T T
T|F|F F T F F T
F|T|T F T T T T
F|T|F F F T F T
F|F|T T T T T T
F|F|F T F F T T

Exercise 1.4.15 (a) Proposition 1.3.9(i); (b) Proposition 1.3.9(ii); (c¢) Proposition 1.3.9(iii);
(d) Proposition 1.3.9(iv); (e) Proposition 1.3.9(v); (f) Proposition 1.4.2; (g) Theorem 1.4.6.

Exercise 1.4.16 (a) Neither; (b) Tautology; (c) Contradiction (see Proposition 1.4.2); (d)
Neither; (e) Tautology; (f) Tautology; (g) Tautology; (h) Neither.

Exercise 1.4.17

PIlQ|P=Q|(P=QAP|(P=Q)AP)=Q
T|T T T T
T|F F F T
F|T T F T
F|F T F T
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