22 Chapter P Preparation for Calculus
89. For simplicity, let the vertices of the rhombus be (0, 0),
(@, 0), (b, ¢), and (a + b, c), as shown in the figure,

The slopes of the diagonals are then m = and

a +

my =
2
b

. Because the sides of the rhombus are
-a _

equal, a® = 5% + 2, and you have

o c c c? c? :
l 2 =‘~'~=\=—=—
a+b b-g p2_p —c?

Therefore, the diagonals are perpendicular.

¥

(b, ¢) (@+b,¢)

—- X
’(0,0) (a,0)

90. For simplicity, let the vertices of the quadriiateral be
(0,0), (2, 0), (b, ¢), and (d, e), as shown in the figure,
The midpoints of the sides are

(a )[a+b c) b+d c+e) de)
—505 :_aﬁp—ﬁ—sand e
2 2 2 2 2 2°2

The slope of the 6pposite sides are equal;

Section P.3 Functions and Their Graphs

L @ f(0) = 7(0) -4
®) f(-3) = 7(=3)- 4 = 25
© f()=70)-4= b -4
(d) f(x.—l) - Tx=1)-4=7x-11

]

-4

91. Consider the figure below in which the four points are
collinear, Because the triangles are similar, the result
immediately follows.

* *

Y2 =N _ »-
¥ L —
Xz‘-xl .\’z*x]

92. If m = ~1/m,, then mymy = —1.Let L, be a line with
slope m; that is perpendicular to L. Then mm, = ~1.

So, my = my = L, and Ljare parallel. Therefore,
L, and L, are also perpendicular.

93. True.
a C
ax + by = ¢ DY E X Doy om
b b
, b Cy b
bx~—ay=c2 =>y=—x——.3m2=_
a a a
1
m2 = ——
m
94. False; if m, is positive, then n, = ~1/m, is negative.

95. True. The slope must be positive,

96. True. The general form Ax + By + C = Oincludes both
horizontal and vertical lines,

2@ f(-4)=J=4+5=1=1
®) 7(11) =V11+5 = /16 =
© f(4) = VaAT5 = /5 = 3
@ fx+ax)=Vxrax+s

© 2014 Cengage Learning. All Rights Reserved, May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or:in ‘part.




(3 ()
(b)
©
(d)

4. (a)
(b)
(©
(@

g(0)=5-0"=5

(9 =5~ (V3] =350
g(-2)=5-(2 =5-4=1
gt-1)=5-(-1 =5-(F-20+1)
45210

I

g(4) = 4*(4-4) =0

1) = Q)G9 -39 --%
glc) = c*(c—4) = & -4
gt+4)=(+4(+4-9

=+ 4 =7 +8+ 160

Section P.3  Functions and Their Graphs

5. @) 7(0) = cos(2(0)) = cos 0 = 1

@ f(r) = cos(2(7r)) =1

6. (a) f(x)=sinz=0

(b) S

(
© /] (%’—) - sin(z—;-j -
( (o

d s

= 3x° + 3xAx + (Ax)z Ax = 0

@ Flx + Ax) - f(x) . (x + Ax)3 - x _ X+ 3x%Ax + 3);2(Ax)2 +(Ax) - x

8

. 7(x) - 1) 3x—1—(3—])= 3(x - 1)

Ax Ax

x~1 x =1 x ~1

o -0 (NE=T-1)
C9 -2

x =2

I-~/x—-1 l+~x-1

Ax

=3, x %1

2o - x # 2

TR N R PN

10

I -10)

X -x-0_ xx+1)(x-1)
x =1 x =1 x =1

: 11 f(x) = ax*
Domain: (-0, )

Range: [0, )

g(x) =x'-5

: “ ‘Domain: (-, w)
~ Range: [-5, )

) f(x) = ¥

. Domain: (-, w)

- Range: (oo, «)

h(x) =4~ 5

D(Smain: (—o0, )

Ra:nge: (~o, 4]

JEPIEEIN o (N ey RN (RN e

=x(x+1), x 21

15. g(x) = /6x
Domain: 6x > 0

0 = [0, )

4

v

x
Range: [0, )
16. I’I(X) = —*/).' + 3
Domain: x +3 2 0 = [-3, »)
Range: (-0, 0]
QD s(x) =16 - 2
16 - ).’: 20 = ;-;-' < 16

Domain: [—4, 4]
Range: [0, 4]

Note: y = ~/16 — x* is a semicircle of radius 4.
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24 Chapter P Preparation for Calculus

18. f(x) =|x - 3]
Domain: (~co, o)
Range: [0, )

1. 1) = secT

- (2n+ 1)z
4 2
Domain: all ¢ # 45 + 2, nan integer

Range: (~o, — Jul, )

D>t #4n+2

.20. A(t) = cot ¢
Domain: all ¢ = n7, nan integer

Range: (~o0, o)

21 f(x) = =
Domain: all x = 0 = (-, 0) U (o, )

Range: (oo, 0 u (o, )

22. f(x) =
f( ) X + 4
Domain: all x % —4

Range: all y * 1

[Note: You can see that the rangeisall y # 1 by
graphing f7]

_:533,7 F(x) = Vx+ V==
20 and 1-x>90
20 and x <]

Domain: 0 < x < 1 = [0, 1]

24 f(x) =x -3x+2
¥ -3%x+220
(x—2)(x—1)2 0
Domain: x > 2 or x < 1
Domain: (~eo, 1] U [2, )

2
I - cos x

. 25. g(x) .=

I~cosx =0
cos x # |

Domain: all x = 2nm, nan integer

1
26. h(x) = m

sinx—lan
2

. 1

sin x % —

2

Domain: all x % + 2nr, 5?” + 2nz, ninteger

27. f(x) =

1
[x + 3
[x+3]= 0
X+3=20
Domain: all x = —3
Domain: (o, =3) U (-3, )
28. g(x) = , 4,
|# - 4]0
(r=2)(x+2) =0
Domain: all x = +2
Domain: (~o0, ~2) U -22)u (2, )
2x+1, x<0
@f(x)={2x+2,x20
@ -1 =2(-1)+1=
® 7(0) =20)+2 =2
© f@)=22+2-6
@ (7 + 1) = 22 + 1)+2 =22 44
(Note: 2 +1 > 0forall t)
Domain: (-, o)

Range: (~oo, 1) U [2, )

x2 <
30. 1) = {2x +2,x<1
@ f(-2)=(2+2=6
®) f(0)=0"+2=3
© fl)=12+2=3
@ 7(s* +2) = 2fs? + 2 2= 2% 4852 4 10

X4+ 2, x5 1

(Note: 5% + 2 > | forall 5.)
Domain: (-, )

Range: [2, o)
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[x[+1, x <1

3L f(x) = {

-x+1L x21
(@ f(-3)=|-3]+1=4
) f)=-1+1=0
() /B =-3+1=-2
@ f(o*+1)=-(b* +1) +1 = -p?
Domain: (~, o)
Range: (~o0, 0]  [1, «0)
32. f(;) = {\/31_42' *=0
(x-5",x>5
@ f(3)=v3+4=1=1
®) f(0)= N0+ 4 =2
© f(5)=~5+4=3

@ f(10) = (10 - 5)* = 25

Domain: [-4, o)

Range: [0, )

B f(x)=4-=x ' A
Domain: (—co, o)

Range: (-, o)

' 4 .
34, g(x):; ;

Domain: (-, 0) U (0, «)

Range: (-, 0) U (0, »)

- 35 h(x)=x-6
Domain:
x—-620

x26:>[6,oo)

' Range: [0, )

Section P.3  Functions and Their Graphs

36. f(z) = 16 +3

Domain: (—co, o)
Range: (-, ©)

3. f(x) =9~ %

Domain: [-3, 3] 2

Range: [0, 3] /T

38 f(x) = x+a4- 52
Domain: [-2, 2]
Range: [ -2, 2v/2] ~ [-2, 2.83]
y-intercept: (0, 2)

x-intercept: (— V2, 0)

v

& e

) @2y )
(V2. (3)\\ / X

il T

IS S 4 e R

-f =3 _,{ N 203 4
i

......

39. g(r) = 3 sin =t

A
V

Domain: (-, )

Range: [-3, 3]
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26  Chapter P Preparation for Caleulus

40. (6) = -5 cos-g-

Domain: (-oo, ®)

Range: [-5, 5]

¥

2-0 _1 mi/min during the first
4-0 2

4 minutes. The student is stationary for the next
2 minutes, Finally, the student travels

6 —2
10 -6

41. The student travels

= 1 mi/min during the final 4 minutes,

B.ox-yY=0= y= 45

y is not a function of x. Some vertical lines intersect the
graph twice.

44, \/x2—4-y=0=>y=\/x2—4

Yy is a function of x. Vertical lines intersect the graph at
- most once,

45. y is a function of x. Vertical lines intersect the graph at
most once. '

46. x2+y2=4

4 - x?

y=z

Y is not a function of x. Some vertical lines intersect the
graph twice.

. 47. x2+y2=16=y=i\/16—x2"

y is not a function of x because there are two values of y
for some x.
4. X +y=16= y=16- 5

¥ is a function of x because there is one value of y for
each x.

49.

50.

51

52.

53.

54.

5S.

56.

57.

58.

59.

60.

.)/2=x2—-13y=i\/x2—1

¥ is not a function of x because there are two values of ¥
for some .

o
2+ 4

Y is a function of x because there is one value of y for
each x.

xzy—x2+4y=0:y-':

The transformation is a horizontal shift two units to the
right.

Shifted function: y = /5 - 2

The transformation is a vertical shift 4 units upward.
Shifted function: Y = sinx + 4

The transformation is a horizontal shift 2 units to the
right and a vertical shift 1 unit downward.

Shifted function: y = (x - 2)* . |

The transformation is a horizontal shift 1 unit to the left
and a vertical shift 2 units upward.

Shifted function: y = (x + )’ +2

¥ = f(x + 5)is a horizontal shift 5 units to the left.
Matches d.

¥ = f(x) - 5is a vertical shift 5 units downward,
Matches b,

Y = =f(=x) - 2 is a reflection in the y-axis, a

reflection in the x-axis, and a vertical shift downward
2 units. Matches c.

y=-f(x~- 4)is a horizontal shift 4 units to the right,
followed by a reflection in the x-axis. Matches a.

¥ = f(x + 6) + 2 is a horizontal shift to the left
6 units, and a vertical shift upward 2 units, Matches e,

y = f(x - 1) + 3is a horizontal shift to the right 1 unit,
and a vertical shift upward 3 units, Matches g.
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(@ (a) The graph is shifted 3 units to the left.

Section P.3  Functions and Their Graphs 27

(f) The graph is stretched vertically by a factor of %.

¥

A

|
ES

'
ES
1o
.




28  Chapter P Preparation for Calculus

62. (a) g(x) = f(x-4)
g(6) = /(2) = 1
50) = 7(-4) = -3
The graph is shifted 4 units to the right.

®) g(x) = f(x+2)
80) = 7(2) = 1
8(-6) = /(-4) = -3
The graph is shifted 2 units to the left.

©) gx)=7rs (x)+4
g2 =r)+4=5
g(-4) = 4 +4=1
The graph is shifted 4 units upward.

@ () = f(x) -1
g0 =/ -1=0
g(-4) = -4 -1=—4
The graph is shifted 1 unit downward.

A

(e) g(x) = 2f (.x)
82 =2/(2) =2
#(-4) = 2/(-4) = =5
The graph is stretched vertically by a factor of 2.

® gx) = f(-x)
8(-2) = 7(2) =1
8(4) = 1(-4) = -3
The graph is a reflection in the y-axis.

A
s+

(-2, 1) 27
I

_Q% @ -3

® &) = ~1()
52) = /2) = -1
5(-4) = /(-4) = 3

The graph is a reflection in the x-axis.




Section P.3 Functions and Their Graphs 29

63. f(x)=3x-4, gx)=4
(@ f(x)+gx)=0CBx-4)+4
(®) f(x) - g(x) = (x - 4) -4
© f(x)-g(x)=0CBx-4)(4) =12x-16

3x -4 3

@ f(x)/e(x) = ==l

3x

Ix-8

64. f(x)=x*+5x+4, gx)=x+1
(a) f(x)+g(x)=(x2+5x+4)+(x+1)=x2+6x+5

®) f(x)-gx) = (F +5x+4)=(x+1)=x*+4x+3

© f(x)-g(x)

(x2 + 5x + 4)(x + 1)

T+5x+ 4

=x +5x% +4x + x
X +6x*+9x+4

X2+5x+4=(x+4)(x+1)=x+4,x¢_1

@ s(x)/e>) =

x+1 x+1
65. () f(g(t)) = 7 (0) =0 67. f(x) = %%, g(x) = Vx
®) g(s() = (1) = (/> &)®) = /(e®)
© (/(0)) = g(0) = -1 = f(VF) = (V) =xx20
@ s (g(~4)) = f(15) = V15 Domain: [0, )
© Ao = (2 -1) = (g = 1)) = &(/(9) = 8(x2) = V= =[x
® g(f(x)) = g(\/;) = (\/;)2 ~l=x-1,(x20) Domain: (~c0, ) '
No. Their domains are different. (f o g) = (g ° /)
. f(x) = sin x, g(x) = 2x for x 2 0. i
@ f(g(21)) = /(27) = sin(27) = 0 68. f(x) = x* -1, g(x) = cos x
(?) f(g['ED = f[zzij = Siﬂ[%) =1 : (f o g)x) = f(g(x)) = f(cos x) = cos’x - 1
© g( f(O)) = g(0) = 0 Domain: (-, o)
. o (g o /)x) = g(x* = 1) = cos(x* - 1)
@ ¢/ Z)J ) g(sm(zD ’ Domain: (-, o)
V3)_ (V3 _ w3 RS
=g[7):,,[7j= > No, fog# go f.

(_e) f(g()) = f(#x) = sin(rx)
- g(f(x)) = g(sin x) = 7 sin x
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30  Chapter P Preparation for Calculus

® 7692 ()= 5 1
(/= 8 = £(8(2) = 7+ 1

Domain: all x # +] = (=0, 1) U -Lyu (1, »)
(g 2 1)) = (£ (x))
TR R

Domain: all x # 0 = (oo, O)_ U (0, )

No, flog# gef

3

)=_

x? -1

I

@ @ (72 9)0) = 1(66) = 11) = 4
® £(/(2) = 2() = 2
(©) g(/(5) = g(~5), which is undefined
@ (£ °8)-3) = /(e(-3) = f(-2) = 3
© (g°/)-1) = (/(-1) = g(4) = 2
(O f(g(-1)) = f(-4), which is undefined

72 (40 r)e) = A(r(t) = 40.61) = 2(0.61) = 0362
(4 o r)(r) represénts the area of the circle at time .

73. F(x) = V2x - 2
Let A(x) = 2x, g(x) =x-2and f () = Vx.

0. (7 < g)x) = (N +2) = Jlez

Domain: (-2, )

(g f)(X)—g() \/"_\/TE

You can find the domain. of go fby determmmg the
intervals where (I + 2x) and x are both positive, or both
negative,

e m gy

B S s S S S S AL
T ;

-2 - )l i

Domain: (-00, —{', (0. »)

Then, (1o g o k)(x) = f(g(2x)) = f((2) - 2)=J2x)-2=2x=3 = F(x)

[Other answers possible]

4. F (x) = 4 sin(1 - x)

Let f(x) = -4x, g(x) = sin x and h(x) = 1~ x. Then,

(fogoh)x) = f(e(t - x)) = f(sin(1 - x)) = -4 sin(l - x) = F(x). V

[Other answers possible]
75. (a) If fis even, then (%, 4) is on the graph.
(b) If f is odd, then (3, ~4) is on the graph.

76. (2) If f is even, then (-4, 9) is on the graph.
(b) If £ is odd, then (—4; ~9) is on the graph.

77. f is even because the graph is symmetric about the y-axis. g is neither even nor odd. # is odd because the graph is symmetric

about the origin.
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78. (a) If f is even, then the graph is symmetric about the
y-axis.

-6+

(by If f is odd, then the graph is symmetric about the
origin.

82. f(x) = sin’x

J s even.

sin“y = 0 = sinx = ¢

Zeros: x = nm, where n is an integer

83_ Slope = 4_____(_:_6_). = E = -5
4 2-0 -2

y =4 =5(x - (-2))
y—-4=-5x-10

y=-5x-6
" For the line segment, you must restrict the domain.
()= =5x -6, -2<x<0

Section P.3  Functions and Their Graphs 31

) f(x) = 24 - )
F(=x) = (~x)2(4 - (—x)z) = 24 - x%) = f(x)
J is even.
f) = #a =) = 0
(2 - x)(2 + %)
0,-2,2

i
(]

Zeros: x =

80. f(x) = Ux
169 = D) - 5 - s
[ is odd.
f(x) = Yx = 0= x = 0is the zero.

@:ﬂz f(x) = xcos x
f{=x) = (=x)cos (-x) = —xcosx = — f(x)
f is odd.
f(x) =xcosx =0

H

f(=x) = sin®(-x) = sin(-x)sin(-x) = (~sinx)(-sinx) = sin’x

Zeros: x = 0, _725 + nmr, where n is an integer
84. Slope = 8-1_1
5-3 2
7
-l=—=x-3
y S(=3)
=12
Y 2" 72 ,
7 19
po= Ly 2
’ 2 2
For the line segment, you must restrict the domain.
7 19

f(x)=;2-x—~5~,35xss




32 Chapter P Preparation for Calculus

85. x+3° =0

87. Answers will vary: Sample answer: Speed begins and
ends at 0. The speed might be constant in the middle:

v

Speced {in miles per hour)

Time (id hours)

88. Answers will vary. Sample answer: Height begins a few

feet above 0, and ends at 0.

2

Height

Distance
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91. y=~Nc—-x

89. Answers will vary. Sample answer: In general, as the
price decreases, the store will sell more.

v

or of sneakers sold

Numbx

Price (in dollars)

90. Answers will vary. Sample answer: As time goes on, the

value of the car will decrease

5

Value

P o=c-x
2 2 _ :
x° + y° = ¢, acircle.

For the domain to be [-5, 5], ¢ = 25.

92

For the domain to be the set of all real numbers, you
must require that x? + 3¢x + 6 = 0. So, the
discriminant must be less than zero:
(Bc)’ - 4(6) < 0

9¢? < 24

2.8
C<3

2 2
- 6<c<3\/3

93. (a) T(4) = 16°, T(15) ~ 23°

(b) If H(t) = T(¢ - 1), then the changes in temperature
will occur 1 hour later.

(c) If H(r) = T(¢) - 1, then the overall temperature
would be 1 degree lower.




Section P.3 Functions and Their Graphs 33

94, (a) For each time ¢, there corresponds a depth d. 97. f(x) = | x| _,,] x =2
(b) Domain: 0 <t <5

If x < 0, then f(x)=»x—-(x-2)=—2x+2.
Range: 0 < 4 < 30

© If 0 <x < 2then f(x) = x-(x-2) =2
e If x 22,then f(x) = x+(x-2)=2x-2
So,
154 2x+2, x<0
o f(x) =42, 0<x<2
S S ‘ ' 2x -2, x=22
I B S A S
(d) d(4) ~ 18. Attime 4 seconds, the depth is 98. pi(x) = x* = x + Lhas one zero. py(x) = x* — x has
approximately 18 cm. three zeros. Every cubic polynomial has at least one

zero. Given p(x) = Ax® + Bx* + Cx + D, you have
95. (a) J p — -was x = —wand p = © as x —> ©if
A > 0.Furthermore, p — o as x — —ooand

p — —oas x — o if 4 < 0. Because the graph has

no breaks, the graph must cross the x-axis at least one time.

NP 99. f(-x)

Year () < 1960)

c12,,+l(—,x')2"+l Foet a3(—x)3 + a(-x)

2n+1

—[az,mx o apx® + a,x:|

(b) A(25) ~ 445 (Answers will vary.) )
-f(x

]

196. (a) = Odd

| -
(gL = 100

. 2 .
(b) H(i) = 0.002(-"—) + o.oos(i) - 0.029
7 e 16 1.6

= 0.00078125x + 0.003125x - 0.029

2 -
= dypX "+ a2n-2x2" 2

=7 (%)

EaIRERE o a2x2 + ag

F(x)is even. Let F(x) = fi (x)g(x) where f and g are odd. Then

(9 = F-9e(=0) = [/ (] -2()] = 7()ele) = Fx)
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34  Chapter P Preparation for Calculus

- - 106.
103. By equating slopes, %—-—; = 0 i True
: - x —

107. True. The function is evemn.

y-2= 63
* . ) 108. False. If f(x) = x? then, /(3x) = (3x)° = 9x?and
x :
y—x—3+2—x—3’ 3/(x) = 3x%. S0, 31(x) = /(3x).

(7T 2x Y 109. Falsc. The constant function f(x) = 0 has symmet
L=+22+) = x2+( ) . False. The constant function f(x has symmetry
x-3 with respect to the x-axis.

104. (2) V = x(24 - 2x)2 : 110. True. if the domain is {a}, then the range is { f(a)}.
Domain: 0 < x < 12 . . .
) 1o 111. First consider the portion of R in the first quadrant:
x20,0<y<tand x ~ y < 1; shown below.
2 The area of this region is
~-1 12 1+ _'_ - .l
-100 2 2°

Maximum volume occurs at x = 4. So, the
dimensions of the box would be 4 x 16 x 16 cm.

© * length and width volume By symmetry, you obtain the entire region R:
1 24 - 2(1) [24 - 2)]" = 484
2 24 - 2(2) 2024 - 202)] = 800 2 The area of Ris 4(3) = 6.
3 24— 2(3) 324 - 203)] = 972
4 24-2(4) | 4[24 - 24)] = 1024
5 24 - 2(5) 5[24 - 2(5)] = 980 N
6 24 - 2(6) 6[24 - 2(6)]" = 864

112. Let g(x) = c be constant polynomial.

The dimensions of the box that yield a maximum :
volume appear to be 4 x 16 x 16 cm. Then /(g (x)) = f(c)and g (f @) = c

105. False. If £(x) = »% then 7(=3) = f (3) = 9, but So, f(c) = c. Because this is true for all real numbers ¢,

3% 3 J is the identity function: f(x) = X,

Section P.4 Fitting Models to Data

1. (a) and (b) 2. (a)
' y
154 L] [
1000 14+ o [} L]
13+ @
900 1l EN
800 i+ L] [ ]
' 104 o0 [
700 94 L)
60 81
Tt °
} X X
900 1050 1200 1350 T8 S 1012 1% 1418
Yes; the data appear to be approximately linear. The data do not appear to be linear.
The data can be modeled by equation (b) Quiz scores are dependent on several variables such
¥y = 0.6x + 150. (Answers will vary), as study time, class attendance, and so on. These

(c) When x = 1075, = 0.6(1075) + 150 = 795 variables may change from one quiz to the next.
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