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CHAPTER P
Preparation for Calculus

Section P.1 Graphs and Models

1. y=-3x+3 7.y =4-x
2 y

x-intercept: (2, 0)

y-intercept: (0, 3)
Matches graph (b). ’

2. y=~9-x°

x-intercepts: (-3, 0), (3, 0) /»&“”
Al
y-intercept: (0, 3) b el
-6 — 4 6
Matches graph (d). tLl
“3-9 -+ \c.-9
3.y=3-x ot
x-intercepts: (\/5, 0), (—\/3, 0) 8 5= (x ~ 3)2
y-intercept: (0, 3)
Matches graph (a). x| 0121314 |5 |6

4. v=x*—x

P

x-intercepts: (0, 0), (=1, 0), (1, 0)

y-intercept: (0, 0)
Matches graph (c).

5.y=%~x+2

x| 4| 2101214

ylo |1 |2|3]4

/—:\ -2 2 4
4,0 _,1
6. y =5-2x =31 reLD
-6 -4 (2,0 :
x| -1 ]0}1/|2 3 4 24

Sl N 19

gL
(*1,7\
©0,5)
4]
(1,3)
2t
\(2,1)
— 1Rt
(3,-1
L\
2 TE9Ne
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Section P.1 Graphs and Models 3

x| —6 -4 -3 | -2 -110 2

Undef. | 1

=
PN

1. y=+/x-6 LN
Xmax = 4
x| 0 1 4 9 16
i Xsol = 1
y| -6 -5|-41|-3}|=2 Ymin = -5
Ymax = 8
y Yscl =1
, T L Note that y = =3 when x = 0 and y = Owhen
j L‘t 2‘5 lIZ 1I6 ! X = _.1.
21 )76
Pt 16.
L0 Xmin = -20
(0, -6)
st Xmax = 30
Xscl =5
Y s Ymin = ~10
Py ENa At Ymax = 40
x| 2] -11]o0 217 |14 Yscl =5
ylo |1 V223 |4 Note that y = 16 when x = 0 or 16.

17. y =~/5—x

5

(~4.00,3)
T | (2, 1.73)

.
s e

-3

@ (25)=02171) (y=v5-2=3~17)

13. y = —
®) (53 =(43) (3=5-(4)
x| 3] =2 |-1]o 1 |2 |3
18. y = x° - 5x
y| -1 -2 ] 3| Undef |3 |3 |1 6
(—0.5, 2.47) f
y -9 \'ﬁ 9
I YO , vu,—z&)
SAANCE)
N 3,1) -
e I (@ (0.5, y) = (-0.5,2.47)
RYEIS 12 o3

ol | () (x, —4) = (-1.65, ~4)and (x, -4) = (1, —4)
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Chapter P Preparation for Calculus
19. y =2x—5 2 -Jx
25, y =
y-intercept: y = 2(0) - 5 = -5; (0, =5) 5x
v-intercept: 0 = 2x — 5 y-intercept: None. x cannot equal 0.
S=2x x-intercept: 0 = 2-/x
x =3 (i, 0) Sx
22 \2 0=2-+x
20. y = 4x* +3 x =4 (4, 0)
. 2
y-intercept: y = 4(0)" + 3 = 3; (0, 3) %, y - ¥+ 3x2
x-intercept: 0 = 4x? + 3 (3x +1)
442 2
3= y-intercept: y = 030 3(0)2
None. y cannot equal 0. [3(0) + IJ
2l y=x*+x-2 y = 0,(0,0)
2
y-intercept: y = 0% + 0 — 2 sintercepts: 0 = ——* 3x2
y=-2(0,-2) (3x +1)
x(x + 3)
x-intercepts: 0 = x* + x — 2 0= (3x + 1)z
0= (x+2)(x-1) ¥ = 0,-3 (0, 0), (3, 0)
x =-2,1(-2,0), (1 0)
27. 'y ~x* +4y =0
22. y? = x* ~ 4x , N
y-intercept: 0°(y) — 0% + 4y = 0
: N R
y-intercept: y* = 0 4(0) y =0, (O, O)
y = 0;(0,0)
x-intercept: x*(0) — x* + 4(0) = 0
i C0 = 43 4y
x-intercepts: 0 = x 4x X = 0 (0’ O)
0= x(x - 2)(x + 2)
x =0, %2; (0, 0), (2, 0) 28, y = 2x —Jx2 + 1
2.y = xJI6- 2 y-intercept: y = 2(0) — /0> + 1
y = -1 (0, -1)
y-intercept: y = 016 — 02 = 0; (0, 0)
N x-intercept: 0 = 2x — /x? + ]
x-intercepts: 0 = x~+/16 — x?
P 2x = Vx? +1
0=x (4—x)(4+x) 42 = 32 11
x = 0,4, -4 (0, 0), (4, 0), (—4, 0) w1
24.y:(x—1)\/x2+1 xZ:.l3.
y-intercept: y = (0 — 1)V 0> + 1 ‘= +£
y ==L (0, 1) 3
Vi (3
x-intercept: 0 = (x — Vx? +1 N 0
x=L(L0
i} (.9 Note: x = —/3 /3 is an extraneous solution.

29. Symmetric with respect to the y-axis because
y:(~x)2—6:x2~6.
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30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

y=x*—-x

No symmetry with respect to either axis or the origin.
Symmetric with respect to the x-axis because

(-—y)2 =3 =x* -8

Symmetric with respect to the origin because

(=9) = (2 + ()
-y =-x-x

y=x+x

Symmetric with respect to the origin because
() = =

Symmetric with respect to the x-axis because
x(—y)2 = x? = -10.

=4 -Jx+3
No symmetry with respect to either axis or the origin.
Symmetric with respect to the origin because
2
(2)) -4 - (=) =0

xy —4-x* =0.

Symmetric with respect to the origin because
Ly F
(—x)2 +1
y= X
41
%2
y == 7 is symmetric with respect to the y-axis
x° +
2 2
—X
because y = ) ad

oy #1 2+

y = ‘x3 + xl is symmetric with respect to the y-axis

because y =l(—x)3 + (—x)l = ‘—(x3 + x)t = ‘x3 + x‘.

l yl ~ x = 3 is symmetric with respect to the x-axis

because

Il
w

|-y|-x

I
w

|y x

Section P.1 Graphs and Models 5

41. y =2 -3x
Intercepts: (0, 2), (%, O)

Symmetry: None
¥

&A ©,2
)
\

&

42. y=-3x+6
Intercepts: (0, 6), (4, 0)

Symmetry: None

(0, 6)

= c:/
1 + -

l“
&
|
s
t
wd
/
o
oo

43. y =1x-4
Intercepts: (8, 0), (0, —4)

Symmetry: none

¥

R 1) e

t - Uy
-2 2 4 8 10
24

©,-4)
—61

4. y = 2x+1
Intercepts: (0, 1), (—%, 0)

Symmetry: none
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45.

46.

48.

'_.y:(x-!—

Chapter P Preparation for

y=9-x2
Intercepts: (0, 9), (3, 0), (-3, 0)

Symmetry: y-axis

y=x2+3

Intercept: (0, 3)
Symmetry: y-axis

¥
12+

9-+

©,3)

|
o

|
w
R
o

—n2
3)
Intercepts: (-3, 0), (0, 9)

Symmetry: none

2
ot ot
~10 -8 -6 (_3’0)2‘\> 2 4

y=2x2+x:x(2x+l)
Intercepts: (0, 0), (w%, 0)

Symmetry: none

Calculus

49,

50.

51.

52.

y=x+2

Intercepts: (—3/3, O), (0, 2)

Symmetry: none

y=x—4dx

Intercepts: (0, 0), (2, 0), (-2, 0)

Symmetry: origin

v

w

Vo0 Je.o

-3 -1 f

y = xx+5

X
3

Intercepts: (0, 0), (-5, 0)

Symmetry: none

¥

34

24

(=5,0) ©,0))

H
+
-1 1

o -

I
—d4 -3

y =25 - &7

Intercepts: (0, 5), (5, 0), (-5, 0)

Symmetry: y-axis
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53.

54.

S5.

56. y =

x =y
Intercept: (0, 0)

Symmetry: origin

42
sl
2l
(0,0)]
At
-4 -3 -2 -1 __l 2 3 4
Ll
at
it
x =y —4

Intercepts: (0, 2), (0, —2), (-4, 0)

Symmetry: x-axis

31
©.2)
4.0
— —t—rt t X
-5 -2 =1 1
(0,-2)
34
8
y ==
X

Intercepts: none

Symmetry: origin

10
¥+ 1
Intercept: (0, 10)

Symmetry: y-axis

Section P.1 Graphs and Models

57. y = 6—‘x

Intercepts: (0, 6), (-6, 0), (6, 0)

Symmetry: y-axis

58, y = |6 - xl
Intercepts: (0, 6), (6, 0)

Symmetry: none

Y =x+9

y=Jx+9

Intercepts: (0, 3), (0, =3), (-9, 0)

Symmetry: x-axis

4
(0,3)4_
(*9,‘(2/’/—
-1 ,\\‘ 1
©-y 1
—4
_ .2
60. > +4y? =4 > y =+ 42 ad

Intercepts: (-2, 0), (2, 0), (0, —1), (0, 1)
Symmetry: origin and both axes
Domain: [—2, 2]

2

0,1
(—2\10)/J,(__)K @0
A

©,-1)

-2
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Chapter P Preparation for Calculus

Lx+3pP =6 65. x> +y=6=y=06—x
39 =6 —x x+y=4=>ypy=4-x
L [e=x 6—x* =4-x
YT 0=x*-x-2
Intercepts: (6, 0), (0, \/5), (0, —\/5) 0=(x- 2)(x+1)
. x=2,-1
Symmetry: x-axis
3 The corresponding y-values are y = 2 (for X = 2) and
_1(0.v2) y =5 (for x = ~1).
-1 .9 8
Points of intersection: (2, 2), (-1, 5)
—
(0,~v2)
B 66. x:3—y2:>y2:3_x
y=x-1
2 _
.3x—-4y° =38 3—x:(x—1)2
4y = 3x — 8

3—x=x>-2x+1

O:xz—x—Z:(x+1)(x—2)

y =z %x—z

Intercept: (%, 0) x=-lorx=2
Symmetry: x-axis The corresponding y-values are y = -2 (for X = —1)
< and y =1 (for x = 2).
qu)
. G ﬂd— ., Points of intersection: (—1, —2), (2, 1)

67. X + 3y =5 = 2 =5 42

x-y=1l=>y=x-1

x+y=8=ypy=8—-x
g g 5-x2 = (x-1)

dx-y=T=y=4x-7
S5—x=xt-2x+1

8—x =4x~7 )
15 = 5x 0 =2x —2x—4:2(x+1)(x—2)
3= x x=-lorx =2
The corresponding y-value is y = 5, The corresponding y-values are y = —2 (for x = —1)
Point of intersection: (3, 5) and y =1 (for X = 2).
Points of intersection: (-1, ~2), (2, 1
.3x—2y:—4:>y:3x2+4 ( )( )
—4x — 68. x? + 2 =25 y* =25 42
dx 42y = 10 = y = =10 Y 7 *
2 Bx+y=15=p=3x+15
3x + 4 _ —4x—10 25—X2 :(3x+15)2
2 2
32 gyl
x4+ 4 = —4x — 10 25 ~ x 9x° + 90x + 225
_ 2
Tx = —14 0 =10x" + 90x + 200
¥ =2 0=x+9x+20
The corresponding y-valueis y = —1. 0= (x +5)x +4)

=—-4orx=-5

=

Point of intersection: (-2, -1)
The corresponding y-values are y = 3 (for X = —4)

and y = 0 (for x = -5).

Points of intersection: (-4, 3), (-5, 0)

© 2010 Brooks/Cole, Cengage Leaming



69.

70.

71.

y =X
y=x
2 =x

X-x=0

x(x+D)x-1)=0
x=0,x=-Lorx =1

The corresponding y-values are
y = 0 (for x = 0), y = 1 (for x = ~1),and

y =1 (for x = 1).

Points of intersection: (0, 0), (-1, =1), (L, 1)

y=x —4x

y=—(x+2)
P —dx = —(x +2)
¥ -3x+2=0
(x—1)’(x+2)=0
x=1lorx=-2

The corresponding y-values are
y = -3 (for x = 1)and y = 0 (for x = -2).

Points of intersection: (1, —3), (-2, 0)

Analytically,
y=x =2 +x-1
y = ~x* +3x -1

-2+ x—1=—-x+3x-1

P2-x*-2x=0
x(x-2)x+1) =0
x =-1,0,2.

Points of intersection: (—1, =5), (0, -1, (2,1)

(O ==

~1, —5}){ J

72.

73.

74.

Section P.1 Graphs and Models 9

Analytically,
y=xt-2x* +1
y =1~
1-xr=x* —2x7 +1
0=x*-x
0= xz(x + 1)(x - 1)
x =-1,0,1.

Points of intersection: (~1, 0), (0, 1), (1, 0)

[
O, 1 ll

ARV
( 1,(}; ‘\(1,0)

\
=

y=~x+6

y = ~-x -~ 4x

4

y=vx+6 (37x/§)

[
f”’m

-2

Points of intersection: (-2, 2), (—3, \/5) ~ (-3, 1.732)

Vx4 6 =~/ ~4x

x+6=—-x*—4x

-7

Analytically,

¥ +5x+6=0
(x+3)(x+2):0
x = -3, -2

y=-]2x-3|+6
y=6-x

7
BN

BN EE
i (3,3\5\"-.":\
h
7 i
- y=—|2x-3{+6

Points of intersection: (3, 3), (1, 5)
Analytically, ~l 2x — 31+ 6=6-x

f-...

8

|2x - 3| = x
2x -3 =xor2x —3 = —x
x =3or x =1

© 2010 Brooks/Cole, Cengage Learning
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75.

77.

78.

79.

80.

82.

Chapter P Preparation for Calculus

(a) Using a graphing utility, you obtain
vy = —0.027¢* + 5.73t + 26.9.
b) 250

35

The model is a good fit for the data.
(c) For2010, f = 40and y = 212.9.

C=R
5.5x + 10,000 = 3.29x

(5.5vx)" = (3:29x = 10,000)"

30.25x = 10.8241x% — 65,800x + 100,000,000

76. (a)

(b)

©

Using a graphing utility, you obtain
y =077 +2.1t + 4

240

ra
/ //
The model is a good fit for the data.
For 2015, t = 25and y =~ 538 million subscribers.

[¢]

0 = 10.8241x* — 65,830.25x + 100,000,000 Use the Quadratic Formula.

x = 3133 units

The other root, x = 2949, does not satisfy the equation R = C.

This problem can also be solved by using a graphing utility and finding the intersection of the graphs of Cand R,

10,770

J\Z

- 0.37

}):

If the diameter is doubled, the resistance is changed by
approximately a factor of % For instance,

»(20) ~ 26.555 and (40) ~ 6.36125.

Answers may vary. Sample answer:
y = (x + 4)(x - 3)(x - 8) has intercepts at

x=-4x =3 and x = 8.

Answers may vary. Smmple answer:

y = (x + %)(x - 4)<x - %) has intercepts at
x:—%,x:4,andx=%.

(@ v [Because y = 3(—};)2 +3=3x" + 3j|

81. (a)

(b)

If (x, y) is on the graph, then so is (~x, y) by y-axis
symmetry. Because (—x, y) is on the graph, then so
is (—x, —y) by x-axis symmetry. So, the graph is
symmetric with respect to the origin. The converse is

not true. For example, y = x* has origin symmetry

but is not symmetric with respect to either the x-axis
or the y-axis.

Assume that the graph has x-axis and origin
symmetry. If (x, ¥) is on the graph, so is (x, - y) by
x-axis symmetry. Because (x, - y) is on the graph,
then so is (—x, —(- y)) = (-x, y) by origin
symmetry. Therefore, the graph is symmetric with

respect to the y-axis. The argument is similar for
y-axis and origin symmetry.

(b) i [Because y = 3x’ = 3x = 3x(x — 1)(x + 1) has x-intercepts (0, 0), (1, 0), (-1, 0)]

(c) None of the equations are symmetric with respect to the x-axis

(d) ii [Because (-2 + 3)2 = 1} and vi [Because N2 +3 = IJ

(e) i [Because Z«S(—x)3 —-3(—x) = -3x* + 3x = —y:| and iv [Because Yx = s = —yJ

@ i [Because 3(0)3 -3(0) = O} and iv [Because 3o = OJ

© 2010 Brooks/Cole, Cengage Learning



Section P.2 Linear Models and Rates of Change 11

83. False. x-axis symmetry means that if (—4, —5) is on the 87. i
graph, then (—4, 5) is also on the graph. For example, o ;:k
(4, —5) is not on the graph of x = y* ~ 29, whereas 2__\:,(”,)
(—4, —5) is on the graph. 1,;,,’
a0 oo 2 30
84. True. f(4) = £(-4). A

85. True. The x-intercepts are [M, O]. 2\/(x B 0)2 +(v- 3)2 \/(x - 0)2 +(v- 0)2
4[x2 +(y - 3)2] = x? + y?
4x% + 4y — 24y +36 = x* + y?
3x2 +3y2 - 24y +36 =0
¥ +32 -8y +12=0
2+ (y- 4)2 =4

86. True. The x-intercept is (—zi, 0).
a

Circle of radius 2 and center (0, 4).

88. Distance from the origin = K x Distance from (2, 0)

J = KJx -2 + 4K %1

¥+ :Kz(x2—4x+4+y2)
(1— K2 + (1- K2)y? + 4K°x — 4K* = 0

Note: This is the equation of a circle!

Section P.2 Linear Models and Rates of Change

1. m=1 8. "
m=-3 1 m:%
2. m=2 2,9} 65 '
44 m=0
3.m=20
m=3
— + t + + t X
4, m = -1 ~6/~2\24
-2
5. m=—-12
2-(4) 6
a0 9. m= ()——-=3
6. m = = 5-3 2
¥
7. 3T
m is undefined. 2 /(5, 2)
s
s maw e
1 l123 [s67
a4
34
—ad G,-4
X -5

© 2010 Brooks/Cole, Cengage Learning




12 Chapter P Preparation for Calculus
10. 771:;1:—6«:—2
-2-1 -3
2,7
o e
1. m = 1-6 = ;5, undefined.
4 — 4 0

12.

13.

The line is vertical

A
6+ (4, 6)
o
N
1 1
EE NN R
5 — (-
m = —( 5) = 0 =
5-3 2

The line is horizontal

1+
t -ttt
~l]” I 2 3 4 5 6
—2
~3
4

(3,-5) (5,-5)
-6

2 1

3 6

Il

B =)=
i
[\

15.

16.

17.

18.

19.

20.

Because the slope is 0, the line is horizontal and its
equation is y = 2. Therefore, three additional points are

(0,2), (1, 2), (5, 2).

Because the slope is undefined, the line is vertical and its
equation is x = —4. Therefore, three additional points

are (=4, 0), (-4, 1), (-4, 2).

The equation of this line is
y-1=-3(x-1)
y = =3x + 10.
Therefore, three additional points are (0, 10), (2, 4), and
@3, D.
The equation of this line is
y+2= 2(x + 2)
y =2x+ 2.
Therefore, three additional points are (-3, —4), (1, 0),
and (0, 2).

Ay 1
a) Slope = — = —
®) P Ax 3
(b) :
,\'/ i
L 10 ft
T ¥
e 30 ft ——1
By the Pythagorean Theorem,
x* =307 + 107 = 1000
x = 10+/10 »~ 31.623 feet.
(a) m = 800 indicates that the revenues increase by 800

in one day.

(b) m = 250 indicates that the revenues increase by 250
in one day.

(¢) m = 0 indicates that the revenues do not change
from one day to the next.

© 2010 Brooks/Cole, Cengage Learning



21. (a) y
300
295
290
285
280
275

Population (in millions)

!
1 2 3 4 5

Year (0 <> 2000)

(b) The slopes are:

2853 —282.4 _ 29
1-0

2882 — 2853 _ 29
2-1

2911 —288.2 29
3-2

2939 - 291.1 _ 238
4-3

296.6 — 2939 _ 27
5-4

The population increased least rapidly from 2004 to

2005.

22. (a) R

100 +
80+

60 /\
40+
20+

y
t

TR OO TR R S '
7
5 10 15 20 25 30

(b) The slopes are:

4-5T _ 5,
10 -5
85-74 _,,
15— 10
84-85 _ .,
20 -15
61-84 _
25 - 20
-6l _ 4.
30 - 25

The rate changed most rapidly between 20 and 25
seconds. The change is —4.6 mi/h/sec.

23, y=4x -3
the slope is m = 4 and the y-intercept is (0, —3).
24, —x+y =1
y=x+1

The slope is m = 1and the y-intercept is (0, 1).

Section P.2 Linear Models and Rates of Change 13

25. x +5y =20
y=—1x+4

Therefore, the slope is m = —% and the y-intercept is
(0, 4).
26, 6x — Sy =15

y=—2—x—3

Therefore, the slope is m
(0, -3).

27. x =4

The line is vertical. Therefore, the slope is undefined and
there is no y-intercept.

% and the y-intercept is

28, y = -1

The line is horizontal. Therefore, the slope is m = 0 and
the y-intercept is (0, —1).

29. y=3x+3
4y =3x +12
0=3x-4y+12

30. The slope is undefined so the line is vertical.
x=-5
x+5=0
y

14+

—t—t— -
-4 -3 =2 -1 1
14

(=5,-2) -2

© 2010 Brooks/Cole, Cengage Learning




14 Chapter P Preparation for Calculus

_2 _
3Ly =g 35. mzi—g:
3y = 2x -0
~0=2(x-0
0=2x-3y 7 (x=0)
, y =2x
J 0=2x—-y
ol
34 A
21 8 4,8)
i ol
oo~ st
‘ (2 3 4 o1
7 oo/ .
Sangy SEENELAS
32. y = T
y-4= -
36. m = 5 -0 = =5
y “1-0
s y=0=-5x-0)
(©, 4) y = =5x
T 5x+y =0
N
y
gl 15k s
NP S S 4
3. y+2=3(x-3)
Vo, 0)
y+2=3-9 S N WA
y =3x-11 -
0=3x—y-11
51
21
L
-2 G,-2)
e i
L
s
34. y—4=-3x+2) '

S5y~20=-3x-6
3x+5y-14=0

st
sl

2,4
2_\
4

i b

-3 2 - 12

© 2010 Brooks/Cole, Cengage Learning



38. m=7—_ﬂ22:3
1-(=2) 3

y=(-2) = 3(x - (-2))
y+2:3(x+2)
y=3x+4

0=3x-y+4

39 m-2-0_8
2-5 3
8
~0=-—(x-5
y 39
8 40
y=-—=X+—=
3 3
8x +3y—40 = 0
'
8+ 28
7
o]
5
Al
3
2]
R S UL
254 \e1s5
A
40.111:6—_2—=i:—1
3-1 -4

Section P.2 Linear Models and Rates of Change

41.

42.

43.

m = 8-3 = %, undefined

The line is horizontal.

x—-6=
5+ 6.8)
6L
o
©,3)
21
[ S
-2 - (2
m = ( )=9=0
3-1 2
y=-2
y+2=20
¥
i
S I
it
1,-2) (,-2)
st
;4,%
7.3 1
,,1:21__4:%22
S0 - 2
2 2
3 1
-~ =—(x-0
1x-0)
_u .3
Ty
0=22x-4y+3
y
P
13
2
o)
SRR

15
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Chapter P Preparation for Calculus

31 (.1 48, 22X o
_\4 4) 1 8 2

2 2
)+1 QS\ > 23+ 2
— = —x-= X+y =
RN G ) .
3 +2 =
12y + 3 = —32x + 40 Y
x+12y-37 =0
’ 49. 2+ 2 -
¥ a a
l+£:1
a a
3
a
- x a=3=>x+y=3
_1
d x+y-3=0
. =3 50. 42 =1
a a
x-3=0 3 4
v —+—-=1
a a
24 l:l
1 a
N a=1=>x+y=1
b ¢ x+y-1=0
.
2t 51. y = -3
.4
b '
.o = —— >
a 3-2-1 | 1 23 4 5
— 27
y=-—x+b
a -4t
sl
—x+y=5 —6
a
,_\‘+£:1 52. x =4
a b ¥
¥ i
N5 I
.
R
il
(@, 0) 2
N
:E.}.X:l
2 3

Ix+2y-6=20

o
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55. y -2 =

57. 2x -y -3 =
y=2x-3
y
1/
BEREN IS S
14
ad
/
58. x+2y+6=0
y:—%x—3

Section P.2 Linear Models and Rates of Change 17

59. (a) s

I

-5

The lines do not appear perpendicular.
(b) :

L/
/

—4

The lines appear perpendicular.

The lines are perpendicular because their slopes 2 and

—% are negative reciprocals of each other. You must use

a square setting in order for perpendicular lines to appear
perpendicular. Answers depend on calculator used.

60, ax + by = 4

(a) The line is parallel to the x-axis if @ = 0 and

b= 0.
(b) The line is parallel to the y-axis if 5 = 0and
a=#0.
(c) Answers will vary. Sample answer: a = -5 and
b =28
Sx+8y =4
y=45x+4)=3x+1
(d) The slope must be ——52—.
Answers will vary. Sample answer: a = 5and
b =2
5x+2y =4

y=3(Sx+4)=-3x+2
(e) a=%andb=3.

4
8

5
7X+3y

S5x + 6y

61. The given line is vertical.

Il
<

(a x=-T,orx+7

Il
(=)

(b) y =-"2,0r y+2

62. The given line is horizontal.
(@ y=0

) x=-lLorx+1=0
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63.

64.

65.

66.

67.

Chapter P Preparation for Calculus

4x -2y =3
y:Zx—%
m=2
(a) y—1:2(x—2)
y—-1l=2x-4
0=2x-y-3
(b) y-1-= —%(x~2)
2y -2 =~x+12
x+2y-4=0

x+y=17
y=-x+17
m = —1
(a) y—2:—1(x+3)
y—2=-x-3
x+y+1=0
(b)y—2:1(x+3)
y—2=x+3
O=x—-y+35
5x -3y =0
y:%x
m:%
7 _ 5(y_3
@ y-f=3x-3
24y - 21 = 40x - 30
0=40x-24y -9
7 - 3y _3
(b) y-g=-3x-3)

40y — 35 = 24x + 18
24x + 40y - 53 =0

Ix+4y =7
4y = Bx +7
y-deed
m-—%
@ -5 - j-9
y+5:—%x+3

4y +20 = 3x + 12
3x+4y+8=20
) 3= () = -4
y+5:%
3y +15 =4x - 16
0 =4x -3y - 31

The slope is 250. ¥V = 1850 when ¢ = 8.
v = 250(r — 8) + 1850 = 250¢ — 150.

68.

69.

70.

71.

72.

The slope is 4.5. V' = 156 when 1 = 4.
Vo= 4.5(t - 4) +156 = 4.5¢ + 138

The slope is —=1600. V' = 17,200 when ¢ = 8.
V = -1600(t - 8) + 17,200 = ~1600¢ + 30,000

The slope is —5600. V' = 245,000 when ¢ = 4.
Vo= —5600(r - 4) + 245,000 = —5600¢ + 267,400

; ) 1

You can use the graphing utility to determine that the
points of intersection are (0, 0) and (2, 4). Analytically,
2

x? = 4x - x?
2x2 —4x =0
2x(x—2):0

x=03y=0:>(0,0)
x:2:>y:4:(2,4).

The slope of the line joining (0, 0) and (2, 4) is
m = (4 - 0)/(2 - 0) = 2.So, an equation of the line is

y—0:2(x—0)
y = 2x

y=x—dx+3,y=-x*+2x+3
]

., '|I l]|'

(0,378 ™

! ’:M‘Q'.J'I)(S‘ 0)

Nl
[N

l i ™
—6

o

-9

You can use the graphing utility to determine that the
points of intersection are (0, 3) and (3, 0). Analytically,

¥ —dx+3=-x>+2x+3
2% —6x =0
2x(x—3) 0
x:03y:3:>(0,3)
x:3:>y:0:>(3,0).

i

The slope of the line joining (0, 3) and (3, 0) is
m=(0- 3)/(3 — 0) = —1. So, an equation of the line is

y—3=f1(x~0)

y =-x+3.
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73.

74.

75.

76.

1-0
my = 5 —l) =-1
my, = 2-0_ 2
2-(-1) 3
m # m

6-4 10
m = ——=-——
7-0 7
11-4 7
my = = ——
-5-0 5
m #*

The points are not collinear.

Equations of perpendicular bisectors:

c a—b( a+bj
£ _ -
2 c 2

_£_a+b[vﬁb—a]
y E 2

2 —C
Setting the right-hand sides of the two equations equal
and solving for x yields x = 0.

y -

Letting x = 0 in either equation gives the point of
intersection:

_ 2 2 2
[0’ a” + b +c}

2c
This point lies on the third perpendicular bisector,
X =

Equations of medians:
=Sy
"
c
= X +a
7 3a + b( )
¢
= X —a
7 —3a + b( )

L . . .. (b ¢
Solving simultaneously, the point of intersection is (—, —).

0,0) (a,0)~

Section P.2 Linear Models and Rates of Change

77.

78.

79.

80.

19

Equations of altitudes:
a-b

y = (x + a)
x=5b

a+b
yoatb o)

Solving simultaneously, the point of intersection is

2 72
(b,“ b].
&4

-a,0)

The slope of the line segment from (g, —;—j to

(b, a ;szis:
[(az - bz)/c} - (6/3)
b - (6/3)
_ (3a2 - 3% - cz)/(3c) _3a -3b - ¢

(28)/3 2be

The slope of the line segment from (g, %j to

m =

(05 M} is:
2c
[(—az +b% + cz)/(Zc)} —(c/3)
" 0—(5/3)
~ (—3a2 +3b% +3¢* ~ 2(:2)/(60) 3d® —3b% - ¢
~b/3 2bc
m o= n

Therefore, the points are collinear.

Find the equation of the line through the points (0, 32)
and (100, 212).

me =
F-32=23(C-0)
F=2C+32
or
= 3(5F - 160)

5F -9C -160 =0
For I = 72°, C = 22.2°

C =048x +175
For x =137, C = 0.48(137) + 175 = $240.76.
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Chapter P Preparation for Calculus

81. (a) W, = 0.75x + 14.50

W, = 1.30x +11.20
(b) 25

/’(Gf

-2 10
o

Using a graphing utility, the point of intersection is
(6,19

1
1

Analytically,
m="w
0.75x + 14.50 = 1.30x + 11.20
3.3 = 0.55x
6 =x

y =1.30(6) +11.20 = 19.

(¢) When six units are produced, the wage for both
options is $19.00 per hour. Choose option 1 if you
think you will produce less than six units per hour,
and choose option 2 if you think you will produce
more than six.

82. (a) Depreciation per year:

8B = $175
y = 875 - 175x
where 0 < x < 5.

1000

o

0 6
0

(b) y = 875 —175(2) = $525
(¢) 200 = 875 — 175x
175x = 675
X

I

3.86 years

83. (a) Two points are (50, 780) and (47, 825).

The slope is
_ 825780 _ 45 _ s,
47 - 50 -3
p — 780 = —15(x - 50)
p = —15x + 750 + 780 = —15x + 1530
or
X = i(1530 - p)
15
(b) =
0 1600
0
If p = 855, then x = 45 units.

1

(c) If p = 795, then x = Tg(1530 — 795) = 49 units.

84. (a) y = 18.91 +3.97x

85.

86.

87.

(x = quiz score, y = test score)

®)
//
|

[} 20
0

(©) If x =17, y = 18.91 + 3.97(17) = 86.4.

(d) The slope shows the average increase in exam score
for each unit increase in quiz score.

(e) The points would shift vertically upward 4 units. The
new regression line would have a y-intercept 4
greater than before: y = 22.91 + 3.97x.

The tangent line is perpendicular to the line joining the
point (5, 12) and the center (0, 0).

¥

~ (5, 12)

NI
o]
EERRCCEL
o]

Slope of the line joining (5, 12) and (0, 0) is 12

5°

e

The equation of the tangent line is
y~-12 = ];25—(v - 5)

_ =5 169
y—-1-2—x+—1—

Sx + 12y — 169 = 0.

The tangent line is perpendicular to the line joining the
point (4, —3) and the center of the circle, (1, 1).

Py
Slope of the line joining (1, 1) and (4, —3) is 1 h i = —_-;

Tangent line:

y+3=§(x—4)

<
Il
w
=
|
N
<
|
W4
N

|4(0) + 3(0) - 10|

V4 +3?

4x +3y -10=0=d =
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88.

89.

90.

93.

Section P.2 Linear Models and Rates of Change 21

|4(2) +3(3) - 10‘ 7 91. A point on the line x + ¥ = 1is (0, 1). The distance
4x+3)’“10:0:>d:—\/m zg from the point (0, I)to x + y —5 = 01is
[10) +1(1)-5| |1-5 4
= = =—= = 2J2.
x—y—2:0:>d:|l(“z)+(”1)(l)“2l N/OEST NV
NOEE
5 52 92. A point on the line 3x — 4y = lis (-1, —1). The
S22 distance from the point (-1, —1)to 3x — 4y — 10 = 0is
) 3(-1) - 4(-1) - 10 -3+4-10 9
iim0m @ OR S L R LA
12+ 07 \/32 +(-4)

If 4 = 0,then By + C = 0is the horizontal line y = —C/B. The distance to (x;, y,) is
(—cj‘ |By, + C| _|4x + By + C|
5T = .
B |B| A2+ B
If B = 0,then 4x + C = 0is the vertical line x = —C/ 4. The distance to (x;, y,) is
(—c) |4x + C| |4x + By, + C|
X — | — = = .
4 | 4] A2+ B
(Note that A and B cannot both be zero.) The slope of the line Ax + By + C = 0is —4/B.

d =

d =

The equation of the line through (xl, y,) perpendicular to Ax + By + C = 0is:

B
y-=-n= Z(x"xl)

Ay — Ay, = Bx — Bx

Bx; — Ay, = Bx — Ay

The point of intersection of these two lines is:

Ax + By = -C = A%*x + ABy = ~AC (1)
Bx — Ay = By, — Ay, = B’x —~ ABy = B%x; — ABy, (2)

(A2 + Bz)x = —AC + B’x — ABy, (By adding equations (1) and (2))
—AC + B%x, — ABy,
x =
A4 + B?
-C = ABx + B’y = -BC (3)
Bx; — Ay, = —ABx + A%y = —ABx, + A%y (4)

Ax + By
Bx — Ay

1

(A2 + BZ)J’ = ~BC — ABx; + Ay (By adding equations (3) and (4))

—BC — ABx; + A%y,
A* + B?

y:

—AC + B’x; — ABy, ~BC ~ ABx; + A%y,
A4 + B ’ A* + B?

J point of intersection

The distance between (x;, y;) and this point gives you the distance between (x;, y,) and the line Ax + By + C = 0.

— 2 2
~AC + B’x; — AB ~BC ~ ABx; + A2
d = 1 34\ _xlit +[ 1 yl_yl:]

A? + B? A* + B?

A* + B? A% + B?

A* + B?

r 2. P 2. P
B ~AC—AByl—Ax1} +[—BC—ABxl—By,}

[—A(C + By, + ax)T L [-B(C+ 4x + By) P (4 B)C o+ Ax 4 By) w4 By + C
4"+ B ) (£ + B C Je R
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22 Chapter P Preparation for Calculus

9%. y=mx+4 = mx+ (—l)y +4=0

g - | 4%, + By, + C| _|m3+ (=1)(1) + 4] |3m + 3]

\/A2 + B? \/mz + (~1)2 \/1712 +1

The distance is 0 when m = —1.In this case, the line y = —x + 4 contains the point (3, 1).
8
— e
- Y 9
L0
—4
95. For simplicity, let the vertices of the thombus be (0, 0), 97. Consider the figure below in which the four points are
(a, 0}, (b, ¢), and (a + b, c), as shown in the figure. The collinear. Because the triangles are similar, the result
immediately follows.
1 f the di Is are th = d « -
slopes of the diagonals are then m, > an V-V »-

-
] Xy — X X, — X

. Because the sides of the rhombus are

—a N

my, =

equal, a* = b? + ¢2, and you have

(x3,¥3)

c ¢ c c |

i, = - = =— = -1
a+b b-a b — a? -2

. , [E3fhi]
Therefore, the diagonals are perpendicular.

¥

(b,e)  (a+b,o) 98. If my = —1/m,, then mm, = —1.Let L;be a line with
slope m; that is perpendicular to L,. Then mymy = —1.
AR x So, my, = my = L, and L;are parallel. Therefore,

L, and L, are also perpendicular.

96. For simplicity, let the vertices of the quadrilateral be 99. True.
(0, 0), (a, 0), (b, ¢), and (d, e), as shown in the figure. axtby=¢ = y= 4.8 m = _a
The midpoints of the sides are b b b
a o) (42 ) (22 2 e) ang (2, £) by =c > y=tr- 2=t
2 2 2 2 2 2 2 a a a
The slope of the opposite sides are equal: my, = 1
¢ ct+e e i
! £
2 =t 2 =2 100. Falsc; if m, is positive, then m, = —1/m, is negati
at+b a b+d d b . False; if m, is positive, then m, = —1/m, is negative.
2 2 2 2
0_¢ c _c+e
2 . _ 2 2 _ €
a d a+b b+d a-—d
2 2 2 2

Therefore, the figure is a parallelogram.

¥

@0 (bxd cxo)
24,

0,0 (% O) (a,0)
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Section P.3 Functions and Their Graphs

1. () Domain of f: —4 < x < 4 = [-4, 4]
Rangeof fi 3 < y <5 = [-3, 5]
Domain of g: -3 < x < 3 = [-3, 3]

Range of g: -4 < y < 4 = [-4, 4]

) f(-2) =1
g(3) = 4
© f(x) = g(x) forx = ~1
(d) f(x)=2forx =1
(e) g(x)=0for x = —1,1and2
2. (a) Domainof £ -5 < x < § = [-5, 3]
Range of f: —4 < y < 4 = [-4, 4]
Domain of g: ~4 < x < § = [4, 5]
Range of g: -4 < y < 2 = [-4, 2]
by f(-2) =2
g(3) =2
(© f(x) = g(x)for x = 2and x = 4
d) f(x)=2forx = 4,4
() g(x) = 0for x = -1
3. f(0)=70)-4=-4
(b) f(-3) = 7(-3) -4 = -25
(© f(b)=7(b)-4="7b-4
@ fx-)=7x-1)~4=7x-11

o SO+ A) -~ flx) _ (xt A -2

X+ 3% + 32 (Ax) 4 (Ax) - X

Section P.3  Functions and Their Graphs 23

4.@) f(4)=J4+5=/1=1

®) f(11) = 1145 = /16 = 4

(©) f(-8)=~/-8+5 = /=3, undefined

@ flx+Ax)=~x+AM+5
5.() g0)=5-02=5

®) £(5) :5—(\/5)2 =5-5=0

© g(-2)=5-(2=5-4=1

@ glt-1)=5-(-1 =5-(-2+1)

=4+2-1
6.(a) g(4)=4(4-4=0
2

®) £(3) = G (-4 =5(3) =%

(©) glc)=cHc—4) =7 -4

@ glt+4)=(+4(+4-4

=(t+4’r =1 + 82+ 16t

7. (a) f(0) = cos(2(0)) =cos 0 =1

) f (—%} = cos[2(—%)] = cos(——%j =0

() f (%) = cos(2(—3—n = cosZ = —%
8.(a f(r)=sinz=0

M) f STEJ = sin(%r) =

= 3% + 3xAx + (Ax)’, Ax 2 0

Ax Ax Ax
10, f(x)—f(l):3x—1—(3—1):3(x—1):3,x¢1
x -1 x -1 x -1
o fW-r@ (-1
x-2 x =2
o I-Ax -1 1+xo1 2-«x _ -1 v
I N R RN R N (RSN | Ve | (A
MECEVIOIEE YRS SYVIED N
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24 Chapter P Preparation for Calculus

13. f(x) = 447 22, f(x) = Vx? = 3x +2

Domain: (—o, ) X -3x+220
Range: [0, ) (x-2)x-1)=0
Domain: x 2 2 or x <1
_ 2
4. g(x) = x* -5 Domain: (-, 1] U [2, «)

Domain: (—oo, o) )
Range: [-5, ) 23 glx) = 1 —cosx

1—-cosx #0

15. g(x) = J6x

cos x # 1
Domain: 6x 2 0 Domain: all x # 2nz, nan integer
x 20 = [0, )
1
. 24, h{x) = ———
Range: [0, o) () sin x — (1/2)
16. h(x) = —~x +3 sinx—%;ﬁO
Domain: x +3 > 0 = [—3, 00) . 1
sin x # 5

Range: (—oo, 0]
. bia S .
Domain: all x # — + 2nz, — + 2nr, n integer
17. f(t) = sec—-

1
25. f(x) =
t+ (2n+ x %+ 3
By e dn+2 |5 +3]
4 2
. . [x+3]%0
Domain: all 7 # 4n + 2, » an integer
x+3 %0

Range: (—o0, — 1] U [1, ®) Domain: all x # -3

18. h(t) = cot t Domain: (=0, ~3) L (-3, )
Domain: all ¢ = s, n an integer 1
oma nr, n o 2. 5(x) = :
Range: (—o0, o) lx - l
|2 —4|= 0
19. f(x) = >
AR - (x-2)(x+2)=0
Domain: all x = 0 = (=, 0) U (0, ) Domain: all x # +2
Range: (—o, 0) L (0, «) Domain: (—w0, —2) U (-2, 2) U (2, )
2x+1, x <0
2 ~ :
20. glx) = — 27 f%) = k42,120
Domain: (—oo, 1) U (1, «) (@ f(-1)=2(-1)+1=-1
Range: (o, 0) U (0, =) () f(0)=20)+2=2
21, f(x) = Vx +VT-x © /) =22)+2=
50 and l—x>0 @ fE+1)=22+1)+2=2"+4
x>0 and x <1 (Note: > + 1 > Oforall )
Domain: 0 < x <1 = [O, 1] Domain: (_—oo’ OO)

Range: (-, 1) U [2, «)
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28.

29.

30.

31.

f(x):{x2+2,x£1

2x2 +2, x> 1

2)=(2)+2=6

(Note: s> + 2 > 1foralls)

Domain: (—oo, 00)

Range: [2, «)

M +1x<1

)~

-x+1Lx2=1

@ f(3)=]3+1=4

) f()=-1+1=0

© fB3)=-3+1=-2

@ s> +1)=~p2+1)+1=-
Domain: (~co, o)

Range: (—co, 0] U [1, )

~Nx+4,x<£5
f(x)={

(x—S)Z,x>5

Domain: [—4, o)

Range: [0, o)

f(x)=4—x

Domain: (—e, o)

Range: (oo, )

s2+2):2(s2+2)2+2=2s4+8s2+10

Section P.3 Functions and Their Graphs 25

32.

33.

34.

3s.

g(x) = 2

X
Domain: (-0, 0) U (0, ©)

Range: (-, 0) U (0,

)

Domain: x -6 2 0

x26:>[6,oo)

Range: [0, «)

f(x) = %x3 +3

i )
Ve

+—f—rt E— —
-3 -1 1 2 3
/ _IVL

Domain: (-0, o)

Range: (o0, o)

Domain: [—3, 3]

Range: [0, 3]

x

!

&

I

wg

I

o4
\ i
) -~ EN
- ; A -
et — <

—34

x
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36.

37.

38.

39.

Chapter P Preparation for Calculus

) =x+Ja-x

Domain: [-2, 2]

Range: [—2, 2\/5] ~ [-2, 2.83]
y-intercept: (0, 2)

x-intercept: (—\/5 , 0)

Domain: (—o, =)
Range: [-3, 3]

17

- -5 z

h(6) cos 5

Domain: (—o0, o)

Range: [-5, 5]

-~ e
t

The student travels i — g = % mi/min during the first 4

minutes. The student is stationary for the next 2 minutes.

Finally, the student travels 160~ 26 = 1 mi/min during

the final 4 minutes.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

x—3p* =0= y=+/x

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

Nx2 -4 -y =0=y=~/xt-4

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

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

¥+t =4

y = 24— x?

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

X4y =16 = y = £J16 — ¥?

¥ is not a function of x because there are two values of y
for some x.
¥+ y=16 = y =16 — x?

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

P =xt -1y =+Vx? -1

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

2

2 2
Ry —x2+4d4y=0> yp =
y y y 5

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

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

y = 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.

v = —f(x — 4)is a horizontal shift 4 units to the right,

followed by a reflection in the x-axis. Matches a.
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53. y = f(x + 6) + 2 is a horizontal shift to the left 6

units, and a vertical shift upward 2 units. Matches e.

54. y = f(x —1) + 3is a horizontal shift to the right 1 unit,
and a vertical shift upward 3 units, Matches g.

55. (a) the graph is shifted 3 units to the left.

(c) The graph is shifted 2 units upward.

¥

Section P.3  Functions and Their Graphs

27

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

56. (a) g(x) = f(x - 4)
1

8(6) = /(2) =

(0) = /(-4 = 3

Shift f right 4 units
g ©1

) g(x) = f(x + 2)
Shift 1 left 2 units

¥

() g(x) = f(v) + 4

Vertical shift upwards 4 units

T aes

i

oL
/‘

4 '
———t— H—4+— X
-5 -4 -3 -2 -1 i 123

_24‘

@ g(x) = /(x) -1
Vertical shift down 1 unit
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() g(x) = 2f(x) 58. (a) h(x) = sin(x + (n/ 2)) + 1is a horizontal shift
g(2) = 2/(2) = 2 /2 units to the left, followed by a vertical shift 1
g(-4) =2 f(-4) = -6 unit upwards.

v (b) h(x) = —sin(x — 1)is a horizontal shift 1 unit to the
3 52 right followed by a reflection about the x-axis.
AR 59. @) f(g(t) = £(0) =
®) g(r() = et) =0
© g(f(0)) = 2(0) = -1
() g(x) = 1) @ s(g(-4) = £05) = V15
g(2) =3/(2) =3 © f(g() = £ 1) = Vx? -1
4) = L) = -2 2
s =2/ = O 2(7() = £(v7) = (V) 1= 21 (x 2 0)
4
e 1174 .(2 %) ) 60. f(x) = sin x, g(x) = 7x
i (; i;) i b (a) f(g(Z)) = f(27) = sin(27) = 0

o Al 2)-w(5)
(

Jx © g(f(0)) = g(0) =0

@ 7)) = o)

57. (a)

L @ flgx) = flmx) = sin(7x)
(

S S ®H g(fx)):g(sinx):ﬂsinx
Vertical shift 2 units upward
=2 o) = Sx
(b) y:ﬂ\/; 61. f(x)—,\,g(,\)~\/;
: (f © &)(x) = f(g)
| ) = (] =
o G Domain: [0, )
2T (g f)x) = g(f(x)) = g(xz) _—~ = x|
St
Domain: (—oo, )
Reflection about the x-axis No. Their domains are different. (f o g) = (g ° f)for
() y=~x-2 x 2 0.
ol
i
21
1+ /
A S AR
y
=1

Horizontal shift 2 units to the right
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Section P.3  Functions and Their Graphs 29

62. f(x) = x> —1, g(x) = cos x (f » g)(x) = f( — 2)
(fog)x) = f(g(x)) = f(cos x) = cos?x — 1

Domain: (—oo, )

)
(g"f)(x)=g(x2—1)=cos(x2—1) (g° f(x)—g(j F—F

Domain: (—oo, ) You can find the domain of g o f by determining the

Domain: (-2, o

intervals where (1 + 2x) and x are both positive, or both
No, feg# gof. ( )

negative.
63. f(x) = % g(x) = x* -1 21012 )
(2 20 = Alela) = 72 - 1) = > Pomein: (- =5} ()
Domain: all x # 1 = (-0, —1) U (-1, 1) U (L, ») 65. () (/= ¢)@3) = f(e(3)) = f(-1) = 4
(g N)®) = g(/(¥) ®) £(/(2) = &) = 2
(3 (3 2 9 9y (c) g(f(S)) = g(-5), which is undefined
—4J_(J R @ (f=8)(3) = /(e(3) = f(-2) = 3

)
© (g /)1 = g(f(-1)) = g(4) = 2
€ 1 (g(—l)) = f(-4), which is undefined

Domain: all x # 0 = (=, 0) U (0, )

No, feg#gof

66. (4o r)(t) = A(r(r)) = 4(0.61) = (0.6:) = 0.36z¢
(4 o r)(r) represents the area of the circle at time .
67. F(x) =2x -2
Let h(x) = 2x, g(x) = x - 2and f(x) = /x.
Then, (7 o & < A)s) = £(s(23) = £((25) -

[Other answers possible]

- @) -2 =2 = R

68. F(x) = —4 sin(1 - x)
Let f(x) = —4x, g(x) = sin xand (x) = | - x. Then,
(fogeh)x)= slgll - x)) = S(sin(1 - x)) = 4 sin(l - x) = F(x).

[Other answers possible]

69. f(=x) = (=x)"(4 - (-)") = 24 - 2) = £(x)

Even

70. f(~x) = J—x = -x = —f(x)
Odd

7L f(=x) = (=x) cos(—x) = —x cos x = —f(x)
Odd

72. f(=x) = sin*(~x) = sin(-x)sin(—x) = (-sin x)(~sin x) = sin> x

Even
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30 Chapter P Preparation for Calculus

73. (a) If f is even, then 3. 4} is on the graph.
2

(b) If £ is odd, then (%, —4) is on the graph.

74. (a) If f is even, then (4, 9) is on the graph.

(b) If £ is odd, then (-4, —9) is on the graph.

75. f is even because the graph is symmetric about the
y-axis. g is neither even nor odd. 4 is odd because the
graph is symmetric about the origin.

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

(b) If f is odd, then the graph is symmetric about the

origin.
N
o
N\ .
2L
TN
o4
4l
64
4 - (-6
77. Slope = —-(—l 10 =5
-2-0 -2

y—4=-5(x-(2)
y—4=-5x-10
y=-5x-6
For the line segment, you must restrict the domain.
flx)=-5x-6,2<x<0

78. Slope = 8-1 = 7
5-3 2
7
-1=—(x-3
y-l=-(x-3
121,21
Y 2 2
A
Y 2 2
For the line segment, you must restrict the domain.
7 19
X)=—x--—",3<x<5
8 G, 8)
6l
al
21
3,0
EN R EE A
Yl
79 x+y* =0
y = —x
y=-~-x
f(x) = —~/=x,x<0
51
_______ N
e
EE D A
ol
N

81.

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

¥

Speed (in miles per hour)

Time (in hours)
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82. Answers will vary. Sample answer: Height begins a few
feet above 0, and ends at 0.

¥

Height

Distance

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

N

Price (in dollars)

Number of sneakers sold

84. Answers will vary. Sample answer: As time goes on, the
value of the car will decrease

¥

—

Value

8s. y =c - x?
JE .
x* + y* = ¢, acircle.

For the domain to be [-5, 5], ¢ = 25.

86. For the domain to be the set of all real numbers, you
must require that x* + 3cx + 6 # 0. So, the
discriminant must be less than zero:

(3¢)* ~ 4(6) < 0
9¢? < 24

e}
A
Wi [oo

=7 <c < 3

—% 6<c<%\/g

P

87. (a) T(4) = 16° T(15) ~ 23°
(b) If H(t) = T(r — 1), then the changes in temperature
will oceur 1 hour later.

(¢) If H(r) = T(¢) - 1, then the overall temperature

would be 1 degree lower.

Section P.3 Functions and Their Graphs 31

88. (a) For each time ¢, there corresponds a depth 4.
(b) Domain: 0 <t £ 5
Range: 0 < d < 30

(©)

(d) d(4) = 18. At time 4 seconds, the depth is

approximately 18 cm.

89. (2) 4

Average number of
acres per farm
w
8

1
5 15 25 35 45 55

Year (5 <> 1955)

(b) A(20) ~ 384 acres/farm

90. (a) =

0

2
(b) H(fc—j = o.ooz(i) + 0.005(—’1) ~0.029
1.6 16 16

= 0.00078125x% + 0.003125x ~ 0.029
91. f(x) =‘x|+lx - 2]

If x < 0,then f(x) = —x - (x - 2) = —2x + 2.

If0£x<2,thenf(x):x—(x—2):2.
If x > 2,then f(x) = x+ (x - 2) = 2x - 2.
So,

2x+2, x<0
f(x):z, 0<x<2

2x -2, x2=2
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92.

94,

95s.

96.

97.

Chapter P Preparation for Calculus

px) =

three zeros. Every cubic polynomial has at least one
zero. Given p(x) = Ax’ + Bx* + Cx + D,you have

~ x + Lhas one zero. p,(x) = 3 _ x has 93. f(~x) )2n+l

(TS| (_x

2n+1 4o

—[az,mx + ax’ + alx]

/(%)

p = —was x —> ~oand p > o as x —> wif
A > 0.Furthermore, p — o as x —> —wand 0Odd
p > —was x — o if 4 < 0.Because the graph has

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

f(==x) = az,,(—x)Zn + dy, 2(—x)2”_2 4+t (12(—x)2 + aq
= Gy X+ ayy X e x4 gy
= /(%)
Even
Let F(x) = f(x)g(x) where f and g are even. Then F (=x) = f(-x)g(-x) = f(x)g(x) = F(x).

) =
So, F(x)is even. Let F ( ©) = f(x)g(x) where f and g are odd. Then
F(=x) = f(=)g(=) = [-/)][-2(x)] = f()e(x) = F(x)
So, F(x)is even.
Let F(x) = f(x)g(x) where f is even and g is odd. Then
F(=x) = f(-x)g(-x) = [ g( V)] = —f(x)g(x) = —F(x).

So, F(x)is odd.

@ ¥V = x(24 - 2x)°

Domain: 0 < x < 12

0
PN
N\
= B
Maximum volume occurs at x = 4. So, the dimensions of the box would be 4 x 16 x 16 cm.
© 1 x| length and widih volume
1 24 - 2(1) [24 - 2)] = 484
2 24 - 2(2) 224 - 22)] = 800
3 24 - 2(3) 324 - 203)] = 972
4 24 — 2(4) 4[24 - 2(4)] = 1024
5 24 - 2(5) s[24 - 2(5)] = 980
6 24 - 2(6) 6[24 - 2(6)]" = 864

The dimensions of the box that yield a maximum volume appear to be 4 x 16 x 16 cm.
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. y-2 0-2
98. By equating slopes, =
Y eq g slop -3 y_3
6
_2 =
4 x-3
y = 6 + 2 = 2x X
x-3 x~-3
2
L= /x*+yy* = x2+[ 2x3].
X —
99. False. If f(x) = x*,then f(-3) = f(3) = 9, but
-3 = 3.
100. True

101. True. The function is even.

102. False. If /(x) = x* then, f(3x) = (3x)° = 9x”and
3f(x) = 3x%. So, 3f(x) # f(3x).

Section P.4 Fitting Models to Data

1. Trigonometric function
2. Quadratic function
3. No relationship

4. Linear function

5. (a) (b))

150+

X

——t
3 6 9 12 15

Yes. The cancer mortality increases linearly with

increased exposure to the carcinogenic substance.

(c) If x = 3,then y ~ 136.

Section P.4 Fitting Models to Data 33

103. First consider the portion of R in the first quadrant:

104.

. (a) 20

x20,0< py<land x — y < 1; shown below.
y
2L

. ©, 1) @, 1

]
]

10,0 ,0) 2

The area of this regionis 1+ 1 = 3.

By symmetry, you obtain the entire region R:

The area of R is 4(%) = 6.

Let g(x) = c be constant polynomial.

Then f(g(x)) = f(c)and g(f(x)) = ¢
So, f(c) = c. Because this is true for all real numbers c,

f is the identity function: f(x) = x.

g % &

0, ®
(10 ] ®

0 20
0

No, the relationship does not appear to be linear.

(b) Quiz scores are dependent on several variables such
as study time, class attendance, etc. These variables
may change from one quiz to the next.

. (@) d = 0.066F

(b) 10

o
L

e

0

110

0

The model fits the data well.
(c) If F = 55,then d ~ 0.066(55) = 3.63 cm.
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8.

0.

11.

12.

Chapter P Preparation for Calculus

(@) s =9.7t+04
(b) 45

The model fits the data well.
(¢) If r = 2.5, s = 24.65 meters/second.

. (a) Using a graphing utility,

y = 0.151x + 0.10

The correlation coefficient is » =~ 0.880.

(b

(c) Greater per capita energy consumption by a country

tends to correspond to greater per capita gross

national product. The four countries that differ most
from the linear model are Venezuela, South Korea,

Hong Kong and United Kingdom.
(d) Using a graphing utility,
y = 0.155x + 0.22 and r = 0.984.

(a) Linear model: H = —0.3323¢ + 612.9333
(b) &
-
e
e
"""’-.h
0 1300

The model fits the data well.
(¢) When ¢ = 500,

H = —0.3323(500) + 612.9333 ~ 446.78.

(2) y = 0.040404 — 0.3695% + 1.123¢ + 5.8
y, = 0264 + 335

= 0.014397 — 0.18861% + 0.476¢ + 1.59
b -

s
1

—.——-—"_'_———J_‘_
e I

0 8
0

Foryear 12, y, + y, + y3 = 475 cents/mile.

(a) S = 180.89x> — 205.79x + 272
(b) 25000
r“/}/
z"’
&
&
0 14

(c) When x = 2, § ~ 583.98 pounds.

13.

14.

15.

(a) t = 0.002s% — 0.04s + 1.9

(b) 20

o

I

0 100
Q

(c) According to the model, the times required to attain
speeds of less than 20 miles per hour are all about
the same.

Adding (0, 0) to the data produces
t = 0.002s% + 0.02s + 0.1

20

(d

Ny

(¢) No. From the graph in part (b), you can see that the
model from part (a) follows the data more closely
than the model from part (d).

(a) N, =3.72t + 316
N, = —0.0932¢ + 1.735¢* — 3.77t + 35.1

(b) 20

0 1186

30

(c) The cubic model is better.
(d) N, = —0.221% + 6.817 + 249

o0

N,

&

1] L
30

118

The model does not fit the data well.
(e) For2007, t = 17, and N, = 94.8 million and
N; =~ 14.5 million. Neither seem accurate. The

linear model’s estimate is too high and the cubic
model’s estimate is too low.

(f) Answers will vary

(a) y = —1.806x° + 14.58x% + 16.4x + 10
(b) 300

0 7

(c) If x = 4.5, y = 214 horsepower.
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16. (2) T = 2.9856 x 10~ p® ~ 0.0641p> + 5.282p + 143.1
(b) 350

150

(c) For T = 300°F, p ~ 68.29 lb/in2.
(d) The model is based on data up to 100 pounds per
square inch.
17. (a) Yes, y is a function of £. At each time ¢, there is one
and only one displacement y.
(b) The amplitude is approximately
(2.35 - 1.65)/2 = 0.35.

The period is approximately
2(0.375 - 0.125) = 0.5.

(c) One modelis y = 0.35 sin(4zr) + 2.
@ 2

(0.125, 2.35)

.ﬂ"“‘-\-\\.}jf_“‘-\\\_

(0.375, 1.65)

0 0.9
0

The model appears to fit the data.

Review Exercises for Chapter P 35

18. () S(f) = 56.37 + 25.47 sin(0.5080¢ — 2.07)

(b) 100
—0-"-0"‘““”‘""‘*

M)

0

The model is a good fit.
(C) 100

S0

0

The model is a good fit.

(d) The average is the constant term in each model.
83.70°F for Miami and 56.37°F for Syracuse.

(¢) The period for Miami is 27/0.4912 ~ 12.8. The
period for Syracuse is 27/0.5080 ~ 12.4. In both
cases the period is approximately 12, or one year.

(f) Syracuse has greater variability because
2547 > 7.46.

19. Answers will vary.

20. Answers will vary.

21. Yes, A4, < A4,.To see this, consider the two triangles of areas 4, and 4,:

T,
1y
a .n b “2“ by
C] "
€2

For i =1, 2, the angles satisfy ai + fi + i = n.Atleastoneof o < ay, B < S, 71 < y, must hold.

Assume a; < @,. Because @, < x/2 (acute triangle), and the sine function increases on [0, 7/ 2], you have

4 = Lhe sin oy < L bye, sin

A

< %bzc2 sin @, = 4,

Review Exercises for Chapter P

1. y=5x-8
= 0:y = 50) - 8 = -8 = (0, —8) y-intercept
y=00=5x-8=2x=%= (%, O)x-intercept
2. y=( —2)(x—6)
x=0:y=(0-2)0-6) =12 = (0, 12) y-intercept
y=0:0=(x-2)(x—-6)=> x =2,6= (2,0), (6, 0)x-intercepts
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_x-3
x—4
0-3 3 3y .
x=0y=—-=~ =10, —|y-Intercept
YT 0473 (4)3’ P
x -3 .
y=00= 2 = x = 3 = (3, 0) x-intercept.
x -
xy =4

x = 0and y = 0are both impossible. No intercepts.

. Symmetric with respect to y-axis because

(—x)zy - (—x)2 +4y =0
xly —x* + 4y = 0.

. Symmetric with respect to y-axis because

(9" - (- +3

y:
y=x*—x*+3.
Ly =-dx 43
Slope: —+

y-intercept: 2

-1 TR
s
s
. 6x -3y =12
-3y = —6x +12
y=2x—-4
Slope: 2

y-intercept: (0, —4)

9.

10.

11.

12.

—1 3y =
3x+6y~1
2 =6
sx+y =2
-2 6
y=grty
.2
Slope: £

y-intercept:

oy

0.02x + 0.15y = 0.25
2x + 15y = 25
y=-&x+3
.2
Slope: —%
y-intercept: (0, %)
.l
~d
|~\
3 VAN
i
ot
y=9-8x—-x*= —(x—l)(x+9)

y-intercept: (0, 9)
x-intercepts: (1, 0), (-9, 0)

y = x(6 - x)
y-intercept: (0, 0)
x-intercepts: (0, 0), (6, 0)

104+
g

6
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3. y=2J4 -«

Domain: (o, 4]

15. y = 4x*> - 25

Xmin = -5
Xmax =5
Xscl =1
Ymin = -30
Ymax = 10
Yscl = 5

16. y = 83/x -6

Xmin = —40
Xmax = 40
Xscl = 10
Ymin = —40
Ymax = 40
Yscl = 10

17. 5x+3y:—1:>y=%(—5x—1)

X—y=-5=>y=x+5
8

[

—1
Using a graphing utility, the lines intersect at
(=2, 3). Analytically,
Ysx-1)=x+5
Sx—-1=3x+15
-16 = 8x
-2 ==x

Forx=-2,y=x+5=-2+5=3,

Review Exercises for Chapter P 37

8. x-py+1=0=y=x+1
y-x*=T=yp=xt+7

14

2
y=x+1
(x + l) -xt =7
0=x>-x+6
No real solution.
No points of intersection.
The graphs of y = x + land y = x* + 7 do not
intersect.
19. Answers will vary. Sample answer:

You need factors (x + 4) and (x —4).

Multiply by x to obtain origin symmetry.
x(x + 4)(x - 4) = x* ~ 16x

y
20. y = &’
@ 4=K1) = &k =4and y = 4x°
® 1=k-2) =k =-Land y = -1’
© 0= k(0)’ = and kwill do!

@ -1=k-1) k=1 y=2x

21, >
5
sl
it (5.2)
2_/
.l
Ay
HEETE T
@)—1 3 ,
_ 2 .2
Slope = 77
2

-[3)
2
22. The line is horizontal and has slope 0.

¥

7,8 (=1,8)
6-

41
24

>

}
-8 -6 -4 -2 2
~2T
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t-5 -1-5
2. 0-(-8) 2-(-8)
-5 _ -6
8 10
t-5_ 3
85
5t - 25 = 24
51=1
p=l
5

" 3-(-1) _ 3-6

3-1 3-8
4 3
31 -l
44 =9 + 3t
53 =3
53

t=-—=

3

26. Because m is undefined the line is vertical.

x=-8o0orx+8=0

80 )
R 2
at
ot
27. y-0=-2x-(3)
y=-2x-2

N
=
+
w
=
+
N
]
<

28. Because m = 0, the line is horizontal.

29.

30.

y—4:0(x—5)

y=4dory-4=20

5,4)

2+
(a) y-5 :%(x-k?a)
16y — 80 = 7x + 21

0=7x-16y +101

(b) 5x — 3y = 3 has slope 3.
y—5=3x+3)
3y —15 = 5x +15
0= 5x—3y+30

5.0 5
c =—— =
© m=="5=7

y -5 —%(x+3)
3y —15 = —5x - 15
5x+3y =0

il

(d) Slope is undefined so the line is vertical.
x=-3

x+3=20

(a) y—4=-3x-2)
3y —-12=-2x+4
2+ 3y —16 = 0

(v) x + y = 0has slope —1. Slope of the perpendicular

lineis 1.

y—4:1(x—2)
y=x+2
O0=x-y+2

) m=——=-——

y—4:—%(x—2)

4y —16 = -3x + 6
Ix+4y-22=0
(d) Because the line is horizontal the slope is 0.
y=4
y—-4=0
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31. The slope is —850.

32.

33.

34.

35, y =

V = —850r +12,500.
V(3) = —850(3) + 12,500 = $9950

(a) C = 9.25¢t +13.50¢ + 36,500 = 22.75¢ + 36,500
(b) R = 30¢
(¢)  30r = 22.75t + 36,500
7.25t = 36,500
~ 5034.48 hours to break even

x-y =6

y=2Jx-6

Not a function because there are two values of y for
some x.

¥ -y =0

Function of x because there is one value for y for each x.

~

-3 -2 -1

x-2]
x—2

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

)
LI Rt

Review Exercises for Chapter P 39

36. x =9 - y*

Not a function of x since there are two values of y for
somie x.

i
i
3. f(x) = -
x
(a) f(0) does not exist.
1 1
®) JO+a) - /) 1hac 1 _1-1-A
Ax Ax (l + Ax)Av
=— Ax#-10

38f X +2,x<0
1x—2 20

(@ f(-4) = ) + 2 = 18 (because —4 < 0)
(b) f(0) =[0-2|=2

© f)=}1-2[=1

39. (a) Domain: 36 — x* > 0 = ~6 < x < 6 or [-6, 6]
Range: [0, 6]

(b) Domain: all x # 5or (~o, 5) U (5, «)

Range: all y # 0or (~w, 0) U (0, )

(¢) Domain: all x or (—oo, o)

Range: all y or (~oo, )
40. f(x) =1-x"and g(x) = 2x +1
@ f(x)-g(x)=(1-x)-(2x+1) =~ - 2x
) f(x)g(x) = (1
© g(f(x) =g(l-+?)=201-x)+1=3-2x

~ 2 )(2x +1) = 20" — 2 + 2x + 1
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40  Chapter P Preparation for Calculus

41. (a) f(\) =x+c¢c=-20,2

+ + e}
-3 -2 -1 P2 3

c==2

F L
2,—4)

(a) The graph of g is obtained from f by a vertical shift
down 1 unit, followed by a reflection in the x-axis:

g(x) = ~[f(x) - l] = —x* +3x* +1

(b) The graph of g is obtained from f by a vertical shift
upwards of 1 and a horizontal shift of 2 to the right.

g(x):f(x—2)+l=(x~2)3—3(x—2)2+1

43. (a)

(b)

4. (2)

(b

Odd powers: f(x) = x, g(x) = ¥, h(x) = x°
2 &8
Ty
/i
s 5
}/

-2
The graphs of f, g, and % all rise to the right and fall
to the left. As the degree increases, the graph rises
and falls more steeply. All three graphs pass through
the points (0, 0), (1, 1), and (-1, —1) and are
symmetric with respect to the origin.
Even powers: f(x) = x%, g(x) = x*, h(x) = x°
L
\ h/&

d

-3 3
0

The graphs of f, g, and 4 all rise to the left and to the
right. As the degree increases, the graph rises more
steeply. All three graphs pass through the points

(0, 0), (1, 1), and (~1, 1) and are symmetric with
respect to the y-axis.

All of the graphs, even and odd, pass through the
origin. As the powers increase, the graphs become
flatter in the interval —1 < x < 1.

y = x" will Jook like /(x) = x°, but rise and fall

even more steeply. y = x® will look like

h(x) = x5, but rise even more steeply.

f(x) = xz(x - 6)2

The leading coefficient is positive and the degree is
even so the graph will rise to the left and to the right.
100

ﬂ’/\
!
J 10

g(x) = ¥'(x - 6

The leading coefficient is positive and the degree is odd
so the graph will rise to the right and fall to the left.

300
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© h(x) = x*(x - 6)

The leading coefficient is positive and the degree is
even so the graph will rise to the left and to the right.

200

—4 ll" \IIII\/ ’I" 10
—-800
45. (a) ¥
7
2x + 2y =24
y =12 -x
A= xy =x(12-x)

(b) Domain: 0 < x < 12 or (0, 12)

40

0 12
o

(c) Maximum areais 4 = 36 in.%. In general, the

maximum area is attained when the rectangle is a
square. In this case, x = 6.

Problem Solving for Chapter P

1. (a) ¥ —6x+31yP -8y =0
(x* —6x+9)+ ()* —8y +16) =9+ 16
(x~3) +(y -4 =25
Center: (3, 4); Radius: 5

Problem Solving for Chapter P 41

46. For company () the profit rose rapidly for the first year,
and then leveled off. For the second company (b), the
profit dropped, and then rose again later.

47. (a) 3 (cubic), negative leading coefficient
(b) 4 (quartic), positive leading coefficient
(c¢) 2 (quadratic), negative leading coefficient
(d) 5, positive leading coefficient

48. (a) y = —1.204x + 64.2667
(b) 1

(c) The data point (27, 44) is probably an error. Without
this point, the new model is
y = —1.4344x + 66.4387.

49. (a) Yes, yis a function of 7. At each time ¢, there is one
and only one displacement y.
(b) The amplitude is approximately

(0.25 - (-0.25))/2 = 0.25. The period is
approximately 1.1.

1 27 1
¢) Onemodelis y = — cosj—+ | = — cos(5.7t
© 4 4 (1.1 ) 4 ( )
@ o
(1.1,025)
0 ‘\/{, v{‘r 2.2
(0.5,-0.25)

~0.5

The model appears to fit the data.

(b) Slope of line from (0, 0) to (3, 4) is —;E Slope of tangent line is —%. So, y -0 = —%(x - 0) =y = —%x Tangent line

4-0 4

(c) Slope of line from (6, 0) to (3, 4) is = ——,

3-6 3

Slope of tangent line is % So, y—-0= %(x -6)=>y

33 9

d) —2x =2x-2

@ 2> =¥ 3
39
3,29
2 T3
x =3

Intersection: (3, —%)

Ex 22 Tangent line
4 2
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42 Chapter P Preparation for Calculus

2. Let y = mx + 1be a tangent line to the circle from the point (0, 1). Because the

center of the circle is at (0, —1) and the radius is 1 you have the following.
o+ (y+ 1)2 =1
24+ (m+1+1) =1
(m2 +1)x2 +4mx +3 =0

Setting the discriminant 5° — 4ac equal to zero,

16m* — 4(m* +1)(3) = 0
16m* —12m* =12
4m® = 12

m=+/3

Tangent lines: y = 3x + 1and y = —3x + 1.

3. H(x) L x20 \ @ H(=) L, x<
. H(x) = + —x) =
0, x<90 3T 0, x>
24
1€ ¥
oty ¢ W2
“4-3-2-l 12034 N
a2 2t
a4 >
4t R e
~4=3-2-1 112 3
a4
-1 0
a) Hx)-2=< _ 21
@ -2y T30
! 1 ! x=20
41 —. 2
N (e) EH(x) =42
2 0, x<90
i
- R A
3 N
-3 21
—4 14
ey AN I e
by Hr—-2)= 1" *° o
x—-2)= -2
( 0, x< a3l
y ety
a2
N 1, x=
oL (f) ~H(x-2)+2 =
L e 2, x <2
e
24 ¥y
-3t P
-4t 3l
—0
-, x20 ; ee:.l“"'ix
(C) —H(x) = 0, ‘<0 K —4-3-2-1 1 123 4
34 -2
24 ST
1+ —4-
mman TR
ot
34
ad
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4. (a) flx+1)

@ f(-x)

© -f(x)

WANTANS
G 2&/2\‘/

@) [£(x)

Problem Solving for Chapter P 43

@ f(|=])

4+

NN
MVAAVE

5. (a) x+ 2y

A(x) =

4l
100 — x
2

=100 = y =

- 2
Xy = x(lOO x) = —% + 50x

2

Domain: 0 < x < 1000r (0, 100)

(b) 1600

o

110

0

Maximum of 1250 m?at x = 50m, y = 25m.

Il

(c) A(x)

Il

—%(x2 - IOOx)

—%(x2 - 100x + 2500) + 1250

—1(x - 50)" + 1250

A(50) = 1250 m?is the maximum.
x=50m,y=25m

6.(a) 4y +3x =300 > y =

A(x) =

300 - 3x
4

2

2

_ _ 2
X(2y) = x(soo 3x) _ —3x% + 300x

Domain: 0 < x < 100

® 3
4000+
3500+
3000+
2500+
2000+
1500+
1000+

500+

Maximum of 3750 ft?at x = 50 ft, y = 37.5 fi.

il

(c) A(x)

Il

—%(x2 - 100x)

—%(x2 — 100x + 2500) + 3750

~3(x - 50)” + 3750

A(SO) = 3750 square feet is the maximum area,
where x = 50 ftand y = 37.5 fi.
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Chapter P Preparation for Calculus

7. The length of the trip in the water is ~/2% + x*, and the

1+(3- x)z. So, the

Jatr2 J1+3-x
42+x + +(4 x) hours.

length of the trip over land is

total time is T =

. Let d be the distance from the starting point to the beach.

distance
Average speed =

time

RN + ——
120 60
80 km/h

-4

. (a) Slope = g——z = 5. Slope of tangent line is less

than 5.

(b) Slope = g—:—i = 3, Slope of tangent line is greater

than 3.

441 - 4

21-2

less than 4.1.

fe+mn- 102
(2+h) -2

¢) Slope = = 4.1. Slope of tangent line is
p

(d) Slope =

2+h) -4
h
4h + h?
h
4+hh+0

(e) Letting h get closer and closer to 0, the slope
approaches 4. So, the slope at (2, 4) is 4.

10.

11.

3 —
(a) Slope = 9—i = é Slope of tangent line is greater

(b) Slope = ?i——_—i = % Slope of tangent line is less

than l
3

21-2 10 e
= —. Slope of tangent line is

¢) Slope = ——— =
(¢) Slop 441 -4 41

greater than E
41

f(4+h)—f(4):\/4+ -2

d) Slope =

(@) Slope = =~ 4 I

© NA+h -2 N4+ -2 ~4+h+12

h h S+ h+2

_ (4+h) -4
h(\/4+h+2)
N S
A+ h+ 2

As h gets closer to 0, the slope gets closer to % The

slope is i: at the point (4, 2).

Using the definition of absolute value, you can rewrite
the equation.

y+|y]= x +|x|
2y, y >0 2x, x>0
0, y<0 o, x<0
For x > 0Oand y > O,youhave 2y = 2x = y = x.

Forany x £ 0,yisany y £ 0. So, the graph of
y+[y|: x+\x\isasfollows. y
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12. (a) "y = >
x (x - 3) x
—t—t
X2 —6x+9 = 2x2 ’ : ’ ’
X2 +6x-9=0
—6 4/
x = —6—2’& = =3 +/18 =~ 1.2426, ~7.2426
I 21
(b) 2 2 = 2 2
Ay (k-3 +y

(x~3)2 +yt = 2(x2 +y2)
X2 —6x + 9+ = 2% + 2)2
P+ +6x-9=0

(x+3) + )2 =18

Circle of radius /18 and center (-3, 0).

I 174
13. (a) = s -
(x—4)y +y

xt+ 3P

(x - 4)2 +yt = k(x2 + yz)
(k= 1)x* + 8x + (k - 1)y* = 16
If k = 1,then x = 2is a vertical line. Assume % = 1.

8x 16

X%+ +y? =

k-1 4

,  8x 16 , 16 16

X2+ +———t+ ) = +
F-1 (k-1

( 4 Jz R 16k
X+ +y —_—,
k-1 (k - 1)

) Ifk=3(x+20+y" =12

¥

Il
Q
o4
Lo
c
o,
@

64

— } \: 9> X
‘SK‘://Z 4

4+

4
2
-2

— QOand 16k

(c) As kbecomes very large, -
k-1 (k -1y’

The center of the circle gets closer to (0, 0), and its radius approaches 0.

Problem Solving for Chapter P 45
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14.

15.

Chapter P Preparation for Calculus

dd, =1
[(x + 1)2 + yz][(x - 1)2 + yz} 1
(Hnm-ﬁ+f%+m+@4ﬂ+f:1

(x2 - 1)2 + y2[2x2 + 2] +3' =1

i

Xt oo w14 250yt 2t 4yt =1

(x“ + 2x%yt + y“‘) ~2x* + 27 =0

(e

Il
N3
—
=
o
|
<
S
—

2.0 'T wi,(»

X
-2 2

-1+ 0,0

Let y = 0.Then x* = 2x* = x = Oor x* = 2.

So, (0, 0), (\/E, O) and (~\/§, O) are on the curve.

flx)y=y= !

T 1-x
(a) Domain: all x # lor (~oo, 1) U (1, ©)

Range: all y # Oor (-, 0) U (0, ®)

1 1 1-x

1
@)fU@»=f&#xj: N TT I o
b (1 - xj l-x
Domain: all x # 0, Lor (—o, 0) L (0, 1) U (L, )

1 1

© S/(FW) = f( . 1) - (v—l) T

X
Domain: all x # 0, Lor (-, 0) U (0, 1) U (1, )
(d) The graph is not a line. it has holes at (0, 0) and (1, 1).

¥
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