Section A.1 Radicals and Rational Exponents 419

B Section 1 Radicals and Rational Exponents 31. V2234 = V(xy?)? - 2x
=V xy2 2. \V2x = |x[y?V2x
Section 1 Exercises N S X
For Exercises 1-6, recall that there are two real nth roots if n 32. 27x7y (= 3xy = —3xy
is even, and only one if n is odd. 33. V3x8)0 = \/(x y)*-3y?
1. V81 = 9 or —9, since 81 = (£9)? = V(x2y)* - V32 = |3y V3y2 = 22|y V/3)2

2. /81 = 3 or —3, since 81 = (&3)°
3. V64 = 4, since 64 = 43
4. V243 = 3, since 243 = 3°

34, V8x%* = V(2xy) - y
=V (2x%y)? - % = 2x2y\3/;
35. V960 = V(2:%)° -3 = V(222 - V3 = 2:2V/3

s 6_VI6_4 4 16 (ii)z
"\9 g5 3O Ty sinee 3 36. V108x%° = V(6x%%)2 - 3y
/ \3/2_7 _g = V(6x}y*"? - V3y = 6x*y*V3y
3
VB2 4 Va_aVa_aVa_ on
7. V44 = 12 since 12+ 12 = 144 s VAT e 2 AV
8. No realla%nswer — no real number multiplied by itself 58 1 3 RV
1vVes — T =T == T ==
& . V5 V5 Vs s
9. V216 = —6since (—6)° = —216 1 5/ s/ 53
X X X
10. V216 = 6, since 6° = 216 ===
X X X x
64 4
)7 = s1nce( ) % 2 V) - 2V/y3 - 2Vy?
12 64 _8 82 = 64 and 5% = 25 '4y W W d
. 25—5s1nce an ” 3)6_2_\3/)7 \3/)7_\3/x2_y2_ 3x2y2
13. 4 Ny Ny VY VY y
14. 5 ” ) a3 S a3 S b3 S5 a3b3 S a3b3
s/ = = . = =
5 b? 5/12  3/13 5/15 b
15. —or 2.5 b b b
2 43. [(a + 2b)2]'3 = (a + 2b)?1
16. Lor3s 44. ()15 = () Py = KBy
2 45. 2x(x y)1/3 _ 2x(x2)1/3 1/3 = 9,33 2/3 13 _ 2x5/3 1/3
17. 729 46. xy(xy®)/* = xyx1/4(y A At " 1/4y3/4 = x4y
18. 32 a7, a1t = /@ /b = V/ab
19.%0r0.25 48. Xy = /2Ny = Valy
1
49. x5P = Vx =
1 : :
20. - or 0.012345679 N )
50. (xy) 4 = Vx2y? =
21. -2 4 By
2 4 or—08 51 VV2x = [(2x)2]'2 = (2x)"* = V2x
5 3/ 2 1/311 6
52, x? = [(3x)'3]2 = (3x%)V/6 = /342
23. V1.69 = 1.3, since 1.3 = 1.69 (32)7] (359
N YT §3. VVaxy = [(xy)']V* = (xy)"® = Vxy
24. \V19.4481 = 4.41, since 4.41 = 19.4481
25. \/19.4481 = 2.1, since 2.1* = 19.4481 54. V/Vab = [(ab)'*]'? = (ab)"/® = Vab
26. /3375 = 1.5, since 1.5° = 3.375 ss. Va _aP 251~ s — S/a
27. V288 = V1222 = V122- V2 = 12V2 Va
28. /300 = V/53 - 4 = /5 - /4 = 5v/4 56. \VaVa* = a2 = a2 253 = g6 = V/d = aVa
29. V/—250 = \3/(—5)3 2= —5\3/5 57, B35\ 332 = SIS B -3/2 = 4 11/30 = 1330
30. V192 = V24 - V12 = 212 a”
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420 Appendix A

58. Valyt = V(1)) = [xy] = |aly?
59, ( 5/3b3/4)(3a1/3b5/4) 3. g3Bgl3 . p3ApS/A
a®3 - b¥* = 3a°p? (b = 0)

1/2 1/2) 82 3
(w)‘ Py =0

y y
2/3
61. ( ) 8x6 3)2/3 (_8)2/3(x6)2/3(y3)2/3

[(—8) }1/3 12/3y6/3 = 641354

12 = 4xhy?

(P’)? Vet NVed) el _ lpld
T @) N2 VGap) 3t 3ap
_ 1
3|pl
6 (x9y6)71/3 _ (x6y2)1/2 _ A /xﬁyz _ |x3y| _ |x3| . |y|
. (x6y2)71/2 (x9y6)l/3 3 x9y6 x3y2 x3y2
L MW
Il x xlyl
(2x1/2)(3x72/3) 6x1/272/3 6x71/6 6
64. = = =
y2/3 y1/2 y2/3+1/2 y7/6 x1/6y7/6
= _ 3
65. VIx 0y = |3x 3yz| = 3y2|x 3| = m
=) 4_-1 4] -1 4y4
66. \V16y%772 = |[4y*z7!| = 4yYz |=W
o1, \/3x y \/2 - 3x8y? \/6x6 2 \/6x4 2y?
2.8 2 2
|x| \/6xzy2
/4x y_ 274 \/108x v V108x%y
9x3 27 - 953 3553
4x 2x 4x2 (2x?) 8x 2\/_
69.
_ 2x\/_
y
70. N/9ab® - /277" = V/(9ab%)(27a%7") = V2434°D°
= 3V
7. 3V4 -3 - 2V6-3=3-4V3-2-6V3
=12V3 - 12V3=0

72.2V5 -7 —4V2-7=2-5V7 - 4-2V7
= 10V7 - 8V7 =2V7
73V x — \/(Zy)2 cx = |x|Vx = 2|yl - Vx
= (lx| = 2lyh)Vx = (x — 2ly|) Vx (since the square
root is undefined when x < 0)
74,V (3x)2 -2y + Vy? -2y = 3|x[V2y + |yl -
= (3lx| + |y])V2y = (3lx| + y)V2y (since the square
root is undefined when y < 0)

For #75-82, evaluate each side using a calculator or paper and
pencil.

75. V2 + 6 < V2 + V6(2.828... <3.863...)
76. VA + V9 > VA + 9 (5> 3.605...)
77. (37)V2 =3

78. (273 <2 (% < 2)

79. V(=2)* > -2 (2> -2)

80. V(-2)° = -

81. 22/3 < 3%/% (1.587... < 2.279...)
82. 4727 < 373/4(0.396... < 0.438...)
83.t = 1.1V10 ~ 3.48 sec

84. t = 045V200 = 4.5V2 = 6.36 sec

85. If n is even, then there are two real nth roots of a (when

a>0): \/a and —Va.

B Section 2 Polynomials and Factoring

Section 2 Exercises
1. 3x* + 2x — 1;degree 2
2. —2x* + x* — 2x + 1;degree 3
3. —x" + 1;degree 7
4. —x* + x* + x — 3;degree 4
5. No — cannot have a negative exponent like x ™'
6. No — cannot have a variable in the denominator
7. Yes
8. Yes
9. (x* = 3x+ 7) + (Bx*+ 5x — 3) = (¥* + 3x%)
+ (3x+5x)+ (7T-3)=4"+2x+ 4
10. (—3x* = 5) + (—x* — 7x — 12) = (-3x* — ¥?)
—Tx + (-5 —12) = —4x* — Tx — 17
1L (4° — ¥* + 3x) + (-2 — 12x + 3)
=4 - ) - x4+ Bx— 12x)+ 3
=30 - x*—9x+ 3
12. (—y* — 2y + 3) + (5% + 3y + 4)
=y +57%) + (=29 + 3y) + 3+ 4)
=4y + y+7
13. 2x(x%) — 2x(x) + 2x(3) = 2x* — 2x% + 6x
14. y*(2y%) + y’(3y) — y*(4) = 2y* + 3y’ — 4y’
15. (—3u)(4u) + (=3u)(—1) = —12u> + 3u
16. (—4v)(2) + (—4v)(—3v%) = —8v + 12¢* = 12v* — &
17. 2(5x) — x(5x) — 3x*(5x) = 10x — 5x* — 15%°
= —15x> — 5x* + 10x
18. 1(2x) — x*(2x) + x*(2x) = 2x — 2x° + 2X°
=2x — 2x° + 2x
19. x(x + 5) = 2(x + 5) = (X)(x) + (1)(5) ~ 2)(x)
-2 =x+5x—-2x—10=x*+3x - 10
20. 2x(4x + 1) + 3(4x + 1) = (2x)(4x) + (2x)(1)
+ (3)(4x) + (3)(1) = 8x* + 2x + 12x + 3
= 8x* + 14x + 3
21. 3x(x + 2) — 5(x + 2) =
~ 5)(x) — (5)(2) =

(3x)(x) + (3x)(2)
x>+ 6x — 5x — 10
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25.
26.

217.

28.

29.
30.
31.

32.

33.

34.

35.
36.
37.
38.
39.

40.

41.
42. 5
43. y
4.
45.
46.
47.
48.

49.
50.
51.
52.

(3x)* + 2(3x)(4y) + (4y)* = 9x* + 24xy + 16y?
(x)° = 3(x)’(1) + 3(x)(1)* = (1)°
=x-32+3x-1

(2u)* = 3(2u)*(v) + 3(2u)(v)’ = (v)’

= 8’ — 3v(4u?) + 6uw? — v°

= 8’ — 12u%v + 6u* — v*

(u)® + 3(u)*(3v) + 3(u)(3v)* + (3v)* = v’ + Y
+ 3u(9v2) + 270 = v + 9Py + 27Tw? + 270°
- (By) =4 =9’

2-205x%)(1) + (1)*=25x° — 10 + 1
2x(x + 4) + 3(x + 4)

)(4) = (2x)(x) —

)(x) + ( (2x)(4)
+ (3)(x) + (3)(4)

3x(x — 3) — 2(x — 3)
(x)(=3) + (3x)(x) + (3x)(-3)
~ Q) - (2)(-3)
=¥ -3 +3%-9%x—-2x+6=x—1lx+ 6
X+ x =3
2+ x +1

X+ X — 342

X+ x2-3x
X+ x-3
X+ - ¥ -2x-3
2% —3x +1
XX —x +2
2t =33 + x

-2+ 32— «x
4x* — 6x + 2
20t =53 + 8% —6x +2

2

() = (V2P = -2

(xV)2 = (Y2 =x—y,x=0andy =0
(Vu)? = (Vo)) =u—v,u=0andv =0
(F = (VAR = x' - 3
x(x2+ 2x + 4) = 2(x* + 2x + 4) = (x)(x?)

+ (x)(2x) + (x)(4) - (2)(x2) (2)(2x) = (2)(4)
=X+ 2% +4x - 22— 4x—-8=x-8
x(P—-x+ D+ 1P —x+ 1) = (x)(?) +
(X)(=x) + (x)(1) + (1)(**) + 1)(—x) (1)(1)
=X -X+x+X-x+1=x+1
5(x = 3)

x(x* = 4)

72(z> — 3z + 2)

(x + 3)(2x = 5)

Z2=T=(z+T)(z—T7)

By — 4= (3y+ 4)(3y — 4)

8 — (5y) = (8 + 5y)(8 — 5y)
- (x+272=[4+ (x+2)]
[(4— (x+2)]= (6+ x)(2— x)
y = (y+ 4)
6y)(1) + 1?2 = (6y + 1)2
1)+ 12= (27 — 1)
4) + 42 = (37 — 4)?

53.

54.

55.

56.

57.

58.

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

70.

71.

72.

73.

74.

75.
76.

71.

78.
79.
80.

81.
82.

83.

84.
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y=22=(y = 2)[y’ + (0)Q2) + 27

= (y=2)(0*+ 2y + 4)

A= (22 (2

= (z + 4)(2 — 4z + 16)
3y = 2°= (3y = 2)[(3y)* + (3y)(2) + 2]

(3y = 2)(9* + 6y + 4)

2+ 3 = (42 + 3)[(42) -

(4z + 3)(1672 — 12z + 9)

P-x=0- 1+ (D(x)+ 1%

=1-x)(1+ x4+ )

F-y=0C3-n3F+ 030+ ]
=(B-y)0O+3y+y)

(x+2)(x+7)

(y =5)(y — 6)

(z = 8)(z + 3)

2t + D3+ 1)

(2u — 5)(7Tu + 1)

(2v + 3)(5v + 4)

( )

( (

(

(

(¥

)(4) + 4]

/\

~

( (42)(3) + 3°]

3x + 5)(4x — 3)

x—y)(2x — y)

2x + 5y)(3x — 2y)

3x + 7y)(5x — 2y)
) + (5x — 20) =

=(x—HF*+5)

(2x* — 3x%) + (2x — 3) =

= (2x - 3)(x*+ 1)

(x5 = 3x") + (2 — 3) = x*(x* — 3) + 1(x* - 3)

x> — 452 X(x —4)+ 5(x — 4)

x*(2x — 3) + 1(2x — 3)

¥ 4+2)= X2+ 2)+ 1(x*+2)

(2ac + 6ad) — (bc + 3bd) = 2a(c + 3d) — b(c + 3d)
= (c + 3d)(2a — b)
(Buw + 12uz) — (2vw + 8vz) = 3u(w + 4z)
—2v(w + 4z) = (w + 4z)(3u — 2v)
x(x*+ 1)
y(4y? = 20y + 25) = y[(2y)* = 2(2y)(5) + 5]
= y(@2y -5
2y(9y* + 24y + 16) = 2y[(3y)* + 2(3y)(4)
+ 4%] = 2y(3y + 4)?
2x(x* = 8x + 7) = 2x(x — )(x — 7)
y(16 = y?) = y(# = y") = y(4 + y)(4 - y)
3')(()(3 + 8) = 3')(()(3 + 2%
= 3x(x + 2)[x* — (%)(2) + 27
=3x(x + 2)(x* — 2x + 4)
y(5+ 3y = 2y%) = y(1 + y)(5 = 2y)
Z(1 - 8% = 2[13 - (22)°]

= z(1 = 22)[1> + (1)(22) +
= z(1 — 22)(1 + 2z + 42%)

(22)’]

2[(5x + 1)> — 9] = 2[(5x + 1)* — 3]
=2[(5x + 1) + 3][(5x + 1) — 3]

= 2(5x + 4)(5x — 2)

5[(2x — 3)*> — 4] = 5[(2x — 3)* — 27]
= 5[(2x — 3) + 2][(2x — 3) — 2]
=502x - 1)2x = 5)
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85. 2(6x* + 11x — 10) = 2(2x + 5)(3x — 2)
86. (x + 5y)(3x — 2y)
87. (2ac + 4ad) —
= (¢ + 2d)(2a — b) = (2a — b)(c + 2d)
88. (6ac + 4bc) — (2bd + 3ad)
= 2¢(3a + 2b) — d(2b + 3a) = (3a + 2b)(2¢ — d)
89. (x* — 3x%) — (4x — 12) = X*(x — 3) — 4(x — 3)
=x-3)(*—-4)=(x—3)x+2)(x—-2)
90. x(x* — 4x* — x + 4)
=x(x — 1)(x*— 3x — 4)
= x(x = D(x + 1)(x — 4)
91. (2ac + bc) — (2ad + bd)
=c¢(2a + b) — dQ2a + b) = (¢ — d)(2a + b)
Neither of the groupings (2ac — bd) and (—2ad + bc)
has a common factor to remove.

B Section 3 Fractional Expressions

Section 3 Exercises

L 2,10 _5+10_15_5
9 9 9 9 3
v 92 _17-9_8 1
32 32 32 32 4
20 9 20-9 180 _ 30
Y n T n w7
433,20 _33-20 _ 660 _ 12
‘25 77 25-77 1925 35
24 25 25 10 5
¥33°3'3°3.4 12 %
215 _93_952_9-2 18 3

410 42 43 4-3 12 2
7. The LCD of the denominatorsis2+7+3+5 = 210:
1 4 5 15 56 50

=+ =+
1415 21 210 210 210
_15+5-50 _ 21 _ 1

210 210 10

8. The LCD of the denominatorsis2+3+5+7 = 210:
1 6 4 35 36 56

=+

6 35 15 210 210 210
_35+36-56_ 15 _ 1
200 210 14

9. No values are restricted, so the domain is all real numbers.

10. No values are restricted, so the domain is all real numbers.

11. The value under the radical must be nonnegative, so

x—4=0:x=4or[400).

12. The value under the radical must be positive, so
x+ 3>0:x>-3o0r(—3,00).

.

13. The denominator cannot be 0,50 x*> + 3x#0 or x(x + 3)

#0.Then x#0and x + 3#0: x#0 and x #—3.

The denominator cannot be 0,so x> — 4 # 0 or
(x +2)(x —2)#0. Thenx + 2#0and x — 2#0:
x #—2 and x # 2.

14,

b

15

by

x#2and x# 1.

(2bd + bc) = 2a(c + 2d) — b(2d + ¢)

The denominator cannot be 0,so x — 1 #0, or x # 1. Then

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28

by

29

.

30

B

31

.

32.

33.

34.

35.

36.

37.

38.

The denominator cannot be 0,so x — 2#0, or x # 2. Then
x#2and x #0.

1 .
x ' = — and the denominator cannot be 0,so x # 0.
X

x(x + 1)%= and the denominator cannot

X
(x +1)?
be 0,50 (x + 1)?#0o0rx + 1 #0:x#—1.

The denominator is 12x* = (3x)(4x?), so the new
numerator is 2(4x?) = 8x%

The numerator is 15y = (5)(3y), so the new denominator
is (2y)(3y) = 6y*
The numerator is x> — 4x = (x — 4)(x), so the new

denominator is (x)(x) = x°

The denominator is x> — 4 = (x — 2)(x + 2),so the new
numerator is x(x — 2) = x> — 2x.

The denominator is x> + 2x — 8 = (x + 4)(x — 2),s0
the new numeratoris (x + 3)(x + 4) = x> + 7x + 12.

The numeratoris x> — x — 12 = (x — 4)(x + 3),so the
new denominator is (x + 5)(x + 3) = x* + 8x + 15.

The numerator is x> — 3x = x(x — 3), so the new
denominator is x(x*> + 2x) or x> + 2x%

The denominator is x> — 9 = (x + 3)(x — 3),so the new
numerator is

(x+3)(x*+x—6)=x(x>+ x—6)

+ 3%+ x—6)=x+ x* — 6x + 3x?

4+ 3x — 18 = x* + 4x* — 3x — 18.

(x = 2)(x + 7) cancels out during simplification; the
restriction indicates that the values 2 and —7 were not
valid in the original expression.

(x + 1)(x — 2) cancels out during simplification; the
restriction indicates that the values —1 and 2 were not
valid in the original expression.

No factors were removed from the expression; we can see

2
by inspection that 3 and 5 are not valid.

x cancels out during simplification; the restriction indicates
that 0 was not valid in the original expression.

(x — 3) ends up in the numerator of the simplified
expression; the restriction reminds us that it began in the
denominator so that 3 is not allowed.

When a = b in the original, we get division by 0; this is
not apparent in the simplified expression because we
canceled a factor of b — a.

3x(6x2) 6x2
() —?x7§0
Y(25) _ 25
3y(3y) 3y?
x(x?) X2
x(x —2) x—2’x¢0
2y(y +3) y
Wy T2t
z2(z = 3) z
G-2B+2 z+3°7°
(x +3)? _x+3 3
Gct3)x—4) x4 7"
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39.

40.

41.

42.

43.

4.

45.

46.

47.

49.

50.

51.

52.

53.

54.

(y+5)(»y—-6) y+5
Grav-6 »r3)7°
Yy +4y—21) yy+ 7y -3)
Y+ =7  G+NDy -7
y(y=3)
= ﬁ,y¢—7
(2z)° = 1° (2z — 1D)[(22)* + (22)(1) + 17

(z+3)(2z—-1)

472+ 27+ 1 1
= — 7F—

(z+3)(2z—-1)

z+3 2
2z(2+ 32+ 9) 2z(2+ 32+ 9)
£-3 @-3E+ ()06) + 3

2z(2 + 32+ 9) 2z
(z=3)(2+32+9) z-3
(P +2x%) - Bx+6) x*(x+2)—3x+2)

x}(x +2) xX(x +2)
(x+2)(x* =3) 23
= 3 = T X#F =2
x(x + 2) X
y(y +3) y(y +3)
(P +37) = 5y +15) Yy +3) =5y +3)
y(y +3)
= 5 = 2y L, y#—3
(y+3)» =35 » -5
1 (x+Dx-1) x+1
. = L, x#1
x —1 3 3
x+3 14
T 1 x#-3
7 2(x+3) 7
+ —(x—1
a 3- ( ) = — 1 o x#1land x#-3
x—=1 (x+3)(x—3) x =3
3x(6x — 1) 12)? 1
. =12y, x#0, y#0and x #—
3xy 6x — 1 Y XF L yFUandxTy
(x—D(x?*+x+1) dx 2(x — 1)
2x2 CHx+1 X
YO H+2y 44 (y+2)(y-2) 1

k)

Viy+2)  (y=2)(P+2y+4)

y#—2and y#2

(y+35)2y-1) -5 1
TI0 =5 =D "yt s
y#E=

2

(y +4) yBy+2) y(y+4)
G+ 1) y+d4  y-1 0Tt
yz-2

3
1.4_2
2x 1 X

2

55.

56.

57.

58.

59.

60.

61.

62.

63.

Section A.3 Fractional Expressions 423

x(x —3) 3y 3(x—3)
14y  2xy 28

Moy 3 L andy0
— 0 = an
4(x —y) g7 raney

26y x-3 al #0and y#0
. = an
(x — 32 8xy 4(x-3)" Y
(x +y)(x =) 4x%y
. = —2x,

2xy (y +x)(y — x)
x#0,y#0,x#y,and x #—y

,x#0and y#0

2x+1-3 2x-2
x+5 T x+5
3+x+1 x+4
x—2 x-=2

~ x(x +3)
x(x +3)(x = 3)

1 ﬁ,x#Oandx#—B’
5 2 4
G+3)x-2) x—2 (x+2)x-2)
S5(x +2) ~ 2(x + 2)(x + 3)
(x+2)(x+3)(x—2) (x+2)(x+3)(x—-2)
N 4(x + 3)
(x +2)(x +3)(x — 2)
(5x + 10) — (2x* + 10x + 12) + (4x + 12)
(x +2)(x +3)(x — 2)
—2x* = x + 10
(x +2)(x +3)(x — 2)
(2x +5)(x = 2)
(x +2)(x +3)(x — 2)
2x +5

C(x+2)(x +3)

2x + 5
— X
X+5x+6

%2

22 PRI
-y PRI

_ =@y +y)

(x = y)(x +y)
x#y,x#0,and y #0

x2+xy+y2

k)

x+y
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y+x
X + x x2y?
64. 2y2=y '2y2
¥ —x xy y*—x
2y
xy(y +x)  xy

(y=x)(x+y) y-x
x#—y,x#0,and y# 0

2x(x —4) + 13x — 3

65. x—4 =2x2+5x—3‘ x—4
2x(x —4) + x + 3 x—4 2> —7x + 3
x —4
2x-=1)(x+3) x+3 1
(2x_1)(x_3)=x_3,x¢4andx¢§
2(x +5) —13
66. x+5 =2x—3‘x—3:x—3
2(x —3)+3 x+5 2x-3 x+5

x—3

3
x¢3,andx¢§

x2— (x + h)?
x}(x + h)? x2— (X + 2xh + W2 1
h - xH(x + h)? n
—2xh — h*  —h(2x + h)
N hx*(x + h)? - hx*(x + h)?

2x + h
=~ h#0
x*(x + h)

67.

68.

69.

70.

71.

72.

73. —

74.

(x+h)(x+2)—x(x+h+2)
(x +h+2)(x+2)

h
7x2+2x+hx+2h—x2—hx—2x‘l
(x +h+2)(x+2) h
_ 2h
h(x + h + 2)(x +2)
2
= h#0
(x+h+2)(x+2)
b2_a2
b _Grat-o w
b—a ab b—a a
ab
=a+b,a#0,b#0,anda #b
b+a
ab _b+a‘ ab 1

v - & ab  (b+a)b—a) b-—a
ab
a#0,b#0,anda # —b

( X y)(x ) X
JR— -y

X =y
x+y

X#Yy

1 1 y X x+y

+ =4 — =
Xy xy xy xy
111 xy
R A U LT
x y o xy

x#0,and y#0
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(d) No,p V ~p and p A ~p are not equivalent, because
they sometimes have different truth values. Indeed,
they always have different truth values: p V ~p is

B Section 1 Logic: An Introduction

Section 1 Exercises

1. (a) 2 + 4 = 8is a false statement.

always true and p A ~p is always false.

(b) “Shut the window” is an instruction, which is neither 5. (a) The book does not have 500 pages.
true nor false. It is not a statement. (b) Six is not less than eight.

(c) “Los Angeles is a state” is a false statement. (¢) 3:5#15

(d) “He is in town” is neither true nor false when “he” is (d) It is not true that some people have blond hair. In
unspecified. It is not a statement. other words: No people have blond hair.

(e) “What time is it?” is a question, which is neither true (e) Not all dogs have four legs. In other words: Some
nor false. Is it not a statement. dogs do not have four legs.

(f) 5x = 15 is neither true nor false when x is unspeci- (f) Itis not true that some cats do not have nine lives.
fied. It is not a statement. In other words: All cats have nine lives.

(®) 3-2 = 6isa true statement. (g) Not all squares are rectangles. In other words: Some

(h) 2x* > x is neither true nor false when x is unspeci- squares are not rectangles.
fied. It is not a statement. (h) All rectangles are squares.

(i) “This statement is false” is true if it is false, and false (i) It is not true that for all natural numbers x,
if it is true. So it fails to be either true or false but not x + 3 = 3 + x. In other words: There exists a natural
both. It is not a statement. number x such that x + 3#3 + x.

(j) “Stay put!” is a command, which is neither true nor (j) There does not exist a natural number x such that
false. It is not a statement. 3+ (x + 2) = 12.In other words: For all natural num-

2. (a) The equation is true when x = 3:There exists a natural bersx, 3+ (x + 2)#12.

number x such that x + 8 = 11. (k) Not every counting number is divisible by itself and 1.

(b) Apply the Identity Property of Addition: For all natural In other words: Some natural counting number is not
numbers x, x + 0 = x. divisible by itself and 1.

(¢) The equation is true when x = 2 or —2: There exists a () All natural numbers are divisible by 2.
natural number x such that x*> = 4. (Read “a natural (m) It is not true that for all natural numbers x,
number” as “at least one natural number.”) 5x + 4x = 9x. In other words: For some natural

(d) Subtracting x from both sides produces 1 = 2, which number x, 5x + 4x # 9x.
is impossible. There is no natural number x such that 6. Use g: “This course is easy” and r: “Lazy students do not
x+1=x+ 2. study.”

3. In each case, negz}te the corresponding quantified state- (a) The conjunction of g and ris g A r.

ment from. Exercise 2. (b) The disjunction that joins r to the negation of g is

(a) There is no natural number x such that x + 8 = 11. rV ~q.

(b) It is not true that for all natural numbers x, (c) The negation of the statement in part (a) is ~(g A r).
x + 0 = x. That is: There exists a natural number x 4 Th i fai
such that x + 0 #x. (d) ¢ negation oL q15 ~q.

7. Use the truth tables for the connectives.

(¢) There is no natural number x such that x*> = 4.

(d) There exists a natural number x such that
x+1=x+ 2.

(a) p A qis false because p is false (and a true
conjunction requires both sides true).

4. () p ~p ~(~p) (b) p V qis true because q is true (and a true
T F T disjunction requires only one side true).
F T F (c) ~p is true because p is false.
®) p ~p pV~p pA-~p (d) ~q is false because ¢ is true.
T F T F (e) ~(~p) is false because ~p is true [part (c)].
F T T F (f) ~ p V qis true because ~p and ¢ are both true.

(¢) Yes,p and ~(~p) are equivalent, because they always

have the same truth value.

(Either one would suffice.)

Copyright © 2019 Pearson Education, Inc.



426 Appendix B

10.

(g) p N ~q is false because p and ~¢q are both false.
(Either one false would suffice to make the conjunction
false.)

(h) ~(p V q) is false because p V q is true [part (b)].

(i) ~(~p A q) is false because ~p and g both true
makes ~p A q true.

(j) ~gq A ~p is false because ~ g is false [part (d)].
Use the truth tables for the connectives.

(a) p A q is false because p and g are both false. (Either
one false would suffice to make the conjunction false.)

(b) p V g is false because p and g are both false (and
a true disjunction requires at least one side true).

(c) ~p is true because p is false.

(d) ~q is true because q is false.

(e) ~(~p) is false because ~p is true [part (c)].

(f) ~p V q is true because ~p is true.

(g) p N ~q is false because p is false.

(h) ~(p V q) is true because p V q is false [part (b)].

(i) ~(~p A q) is true because g false makes ~p A g
false.

(j) ~q N ~pis true because ~¢q and ~p are both
true.

(a) r, V, and s are analogous to R, U, and S, respectively,
sor V scorresponds to R U S.

() g, N ,and ~gq are analogous to O, N, and O, respectively,
s0 g A ~q corresponds to O M Q.

(¢) r, V, and g are analogous to R, U, and Q, respective-
ly,so ~(r V q) corresponds to R U Q.

(d) p, A, r, V,and s are analogous to P, M, R, U, and S,
respectively,so p A (r V s) corresponds to P (1 (R U ).

@p q pVg ~pVg) ~p ~q ~pV-~q
T T T F F F F
T F T F F T T
F T T F T F T
F F F T T T T
ES ES

The statements ~ (p V g) and ~p V ~q are not equiv-
alent, because their truth values can differ.

®p q pVvg ~(pVg ~p ~q ~pA~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
ES ES

The statements ~(p V g) and ~p A ~gq are equiva-
lent, because their truth values are always the same.

©p q pAq ~(pANq) ~p ~q ~pA-~q
T T T F F F F
T F F T F T F
F T F T T F F
F F F T T T T
ES ES

The statements ~ (p A g) and ~p A ~q are not equiv-
alent, because their truth values can differ.

dp q pArgq ~pPANq ~p ~q ~pV-~q
T T T F F F F
T F F T F T T
F T F T T F T
F F F T T T T
ES ES

The statements ~(p A g) and ~p V ~gq are equiva-
lent, because their truth values are always the same.

11. (a) The statements ~(p V ¢g) and ~p A ~q are equiva-
lent, and the statements ~(p A ¢) and ~p V ~gq are
equivalent.

(b) The corresponding DeMorgan’s Laws for sets are
PUQ = PNQ and PNQ = PUQ.The analogy
comes from letting p mean “x is a member of P”” and
letting ¢ mean “x is a member of Q.” Then, for the
first law, ~ (p V ¢) means “x is a member of PUQ,”
which is equivalent to “x is a member of PNQ,”
which translates into ~p A ~g. Similar reasoning
holds for the second law.

12. p qg ~p ~q ~pVgq
T T F F T
T F F T F
F T T F T
F F T T T

Note that the column for ~g¢ is not really necessary.
13. Restate using DeMorgan’s Laws.
(a) Today is not Wednesday or the month is not June.

(b) I did not eat breakfast yesterday, or I did not
watch television yesterday.

(¢) It is not true that both it is raining and it is July.

B Section 2 Conditionals and Biconditionals
Section 2 Exercises
1. Use p: “Itis raining” and g: “The grass is wet.”
(a) The conditional “If p, then ¢” is p — gq.
(b) The conditional “If not-p, then ¢”is ~p — q.
(¢) The conditional “If p, then not-g” is p — ~gq.
(d) The conditional “q if p”is p — q.
(e) The conditional “Not-q implies not-p” is ~g — ~p.
(f) The biconditional “q if, and only if, p” is g <> p.

2.(@p q prvgqg p—({PVa)

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

M) p q pAhg  (pNg)—q
T T T T
T F F T
F T F T
F F F T

© p ~p  ~(~p) p <>~ (~p)
T F T T
F T F T
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10. (a)

@ p q P—q ~(p—q)
T T T F
T F F T
F T T F
F F T F

3. If the implication is p — ¢, then the converse is ¢ — p, the

inverse is ~p — ~ ¢, and the contrapositive is ~q — ~p.

(a) Converse: If you are good in sports, then you eat
Meaties; Inverse: If you do not eat Meaties, then you
are not good in sports; Contrapositive: If you are not
good in sports, then you do not eat Meaties.

(b) Converse: If you do not like mathematics, then
you do not like this book; Inverse: If you like this
book, then you like mathematics; Contrapositive: If
you like mathematics, then you like this book.

(¢) Converse: If you have cavities, then you do not
use Ultra Brush toothpaste; Inverse: If you use Ultra
Brush toothpaste, then you do not have cavities;
Contrapositive: If you do not have cavities, then you
use Ultra Brush toothpaste.

(d) Converse: If your grades are high, then you are
good at logic; Inverse: If you are not good at logic,
then your grades are not high; Contrapositive: If your
grades are not high, then you are not good at logic.

4. No, an implication and its converse cannot both be false.

For p — g to be false, p must be true and g must be false.
But then g — p is true.

5. Use the truth tables for the connectives.

(a) ~p — ~q is true because ~p is false and ~ g is true.
(Either one would suffice to make the implication true.)

(b) ~(p — q) is true because p true and q false
makes p — ¢ false.

6.

7.

8.

9.

Section B.2 Conditionals and Biconditionals 427

(© (pV q)—(p A q) is false because p true and g
false makes p V g true and p A q false.

(d) p — ~p is false because p is true and ~p is false.

(e) (p V ~p) —pis true because p is true. (p V ~p
is always true.)

® (pVqg)—(p A q)isfalse because
(p V q)— (p A q) is false [part (c)].

Use the truth tables for the connectives.

(a) ~p — ~q is true because ~¢q is true.

(b) ~(p — q) is false because p false makes p — q true.

(© (pV q)—(p A q) is true because p and g both
false makes p V g false.
(d) p — ~p is true because p is false and ~p is true.

(Either one would suffice to make the
implication true.)

(e) (p V ~p) —pis false because p is false.
(p vV ~pis always true.)

®) (p V q)<(p A q) is true because p and g both
false makes p V g and p A g both false.

No. If it does not rain and Iris goes to the movies, then the
first statement is true, but the second statement is false.

(a) This is the inverse, which is not logically equivalent to
the original implication.

(b) This is the contrapositive, which is equivalent to the
original implication.

(c¢) This is the converse, which is not logically equivalent
to the original implication.

The contrapositive is logically equivalent: “If a number is
not a multiple of 4, it is not a multiple of 8.”

P q r p—q pAT (p N1r)—q (p—q)—I[(p AN r1)—q]
T T T T T T T
T T F T F T T
T F T F T F T
T F F F F T T
F T T T F T T
F T F T F T T
F F T T F T T
F F F T F T T
(p —q) —[(p A r)—q]is always true.

() p q P—q (p—q) ANp [(p—q) Apl—gq
T T T T T
T F F F T
F T T F T
F F T F T
[(p —q) N p] — q is always true.

@Wp q ~p ~q p—q ((P—q)AN~q [(p—q) N~ql—>~p
T T F F T F T
T F F T F F T
F T T F T F T
F F T T T T T

—

(p—q) N ~q]—~pis always true.
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@ p q r p—>q q—>r p—r (p—q) N(g—r) [P—q) N(g—=r)]—=(p—7)
T T T T T T T T
T T F T F F F T
T F T F T T F T
T F F F T F F T
F T T T T T T T
F T F T F T F T
F F T T T T T T
F F F T T T T T

[(p—q) A (g—r)]— (p—r) is always true.

11. (a) For r — s to be true when s is false, r must be false also. By the same reasoning, ¢ must be false, and so must p.

(b) p must be false, because if p were true,p A g would be true, and then (p A g) — r could not be true while r was false.

(¢) Not only can g be true, but it has to be true, since g true and p false makes p — ¢ true and is the only way for

q — p to be false.

12. (a) Use p: “Mary’s little lamb follows her to school,”
q: “The lamb’s appearance at school will break the
rules,” and r: “Mary will be sent home.” Then the
statement translates as p — (g A r).

(b) Use p: “Jack is nimble,” g: “Jack is quick,” and r: “Jack
will make it over the candlestick.” Then the statement
translates as ~(p A q) > ~r.

(¢) Use p: “The apple hit Newton on the head” and g:
“The laws of gravity were discovered.” Then the state-
ment translates as ~p — ~q.

13. (a) All college students are poor.
Helen is a college student.
Helen is poor.
(A Venn diagram will confirm that this is valid.)

(b) Some freshmen like mathematics.
All people who like mathematics are intelligent.
Some freshmen are intelligent.
(A Venn diagram will confirm that this is valid.)

(c¢) If I study for the final, then I will pass the final.
If I pass the final, then I will pass the course.
If I pass the course, then I will look for a teaching job.
If I study for the final, then I will look for a teaching
job.
(This involves two successive applications of the chain
rule.)

(d) Every equilateral triangle is isosceles.
There exist triangles that are equilateral.
There exist triangles that are isosceles.
(A Venn diagram will confirm that this is valid.)

14. (a) Draw a Venn diagram satisfying the hypotheses, and
the conclusion is automatically satisfied.

Mortals

Women

Hypatia
[ ]

The argument is valid.

(b) Draw a Venn diagram satisfying the hypotheses, and
the conclusion is automatically satisfied.

The argument is valid.

(¢) Draw a Venn diagram satisfying the hypotheses, and
the conclusion is automatically satisfied.

Intelligent
People

The argument is valid.

(d) It is possible to draw a Venn diagram that satisfies the
hypotheses but not the conclusion.

. U
Taking Math

The argument is invalid.
15. (a) If a figure is a square, then it is a rectangle.
(b) If a number is an integer, then it is a rational number.

(¢) If a figure has exactly three sides, then it may be a
triangle.

(d) If it rains, it is cloudy.

Copyright © 2019 Pearson Education, Inc.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


