CHAPTER P
Preparation for Calculus

Section P.1 Graphs and Models

Ly=-3x+3 7. y=4-x

x-intercept: (2, 0) x| =3l 210213

y-intercept: (0, 3)
Matches graph (b). y| 510 410 -5

2. y=~9-x%
x-intercepts: (-3, 0), (3, 0)
y-intercept: (0, 3)

Matches graph (d).

3, y=3-x*
x-intercepts: (\/5 R 0), (—\/5, 0)

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

4, y = x>~ x

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

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

5. y=12x+2

x| -4 | 2]0|2]|4
ylo [1 [2]3|4

(~4,0) 2
6. y=5-2x ©.2)
, (—3.Il) ~{=1 })
xl-1lof|1f2]5]3 |4 P S B R
yl7 |s5]3{t]lo ]| -1]-3
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10. v =|x|- i

1Ly =+/x-6

Iy
t

-4 4 85 12 16
-2 ) <
O3 8 2
47 4. ~4)
(1. -5)
=4 %0, -6)

2 7 14
2 3 4
13. y = 3
x
x| =3 1| -2 -1 10 ! 2 3
. - 3 - 3
y 1 5 3 | Undef. | 3 3 1

.
gy
.4 \(23)
3.0
3.~ !
e by
-3/ 2 1 N
NEE 2 )
~5 -3
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x| -6 -4 -3 -2 -1 10 2

Nf—
N

y| -4 ——% -1 | Undef. | 1

15. 5 =

16.

17.

18.

yo= 5—x
5
(~=4.00.3)
(2. 1.7%
’\'\.\_’_\‘\
-6 2 e
3

@ (2,9)=(2173) (y=+5-2=~3~17)
® (x3) = (=43 (3=5-(9)

y o= x - 5x

6
(—0.5.2.47) {

A 9
? u(-l.—-‘»)

i

@) (0.5, ) = (-0.5, 2.47)

!
©

(b) (x,—4) = (-1.65, —4)and (x, -4) = {1, -4)

y=2x-95

y-intercept: y = 2(0) - 5 = =5; (0, -5)

z-intercept: G = 2x -- 5
5= 2x
. o= 5. (5
x=3%(30)
y=4x>+3

y-intercept: y = 4(0)° + 3 = 3; (0, 3)

x-intercept: 0 = 4x* + 3
-3 = 4x?

None. y cannot equal 0.
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4 Chapter P Preparation for Calculus

19. y=x>+x-2
y-intercept: y = 0% + 0 - 2
y = -2 (0,-2)
x-intercepts: 0 = x* + x— 2
0=(x+2)(x-1)
x =-2,1(-20), (1 0)

20. y? = x° —4x
y-intercept: y* = 0° - 4(0)
0; (0, 0)

y
¥ —4x

x(x - 2)(x + 2)

0, £2; (0, 0), (£2, 0)

I

x-intercepts: 0
0

X

2. y = x\/l—6_——_xT
y-intercept: y = 16 - 02 = 0; (0, 0)
x-intercepts: 0 = x\/rxi
0 = x./(4 - x)(4+x)
x = 0,4, -4 (0, 0), (4, 0), (—4, 0)
2 y=(x-Ia+1
y-intercept: y = (0 - 1)\/(—)2—4—-—1

y=-1 (O, —l)
x-intercept: 0 = (x — /x> +1
x =1 (1, 0)
2. y = 2-/x
S5x + 1 :
. 2 -0
-int t: y = =2; (0,2
y-intercept: y o)+ 1 (0,2)
x-intercept: 0 = 2-+x
Sx + 1
0=2-+/x
x=4; (4,0

24, y = X +3x
(3x +1)°
. 0% + 3(0)
y-mntercept: y = ——5
[3(0) + 1]
y=0(00)
2
x-intercepts: 0 = 2—3%
(3x + l)
0= x(x + 3)
(3x + l)2

x = 0,-3; (0, 0), (-3, 0)

25. x’y —x* +4y =0
y-intercept: 0*(y) — 0% + 4y = 0

y =0; (0, 0)
x-intercept: x*(0) — x* + 4(0) = 0
x = 0; (0; 0)

2. y=2x-~/x +1
y-intercept: y = 2(0) - Jor i1
y = -1 (0, —1)
x-intercept: 0 = 2x - \/;2_4-1-
2 =~/x+1

4xr = x2 +1

3x? =1
x2=_1_.

3 .
x=i£

3
L3 (B

37 3°

Note: x = —/3 /3 is an extraneous solution.

27. Symmetric with respect to the y-axis because
y=(2)-6=x-6

28 y=x-x
No symmetry with respect to either axis or the origin.

29. Symmetric with respect to the x-axis because
2 _ 2 _ .3
(-y) =y =x-8x
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

" Intercepts: (0, 2), (%, 0)

Symmetric with respect to the origin because

(-3) = (=) + (=)

Ly =-x - x

2+ x

y

Symmetric with respect to the origin because
(=x)(-y) = = 4.

Symmetric with respect to the x-axis because

2
x(-y)" = x?* = -10.

y=4-~x+ 3

No symmetry with respect to either axis or the origin.

Symmetric with respect to the origin because

) - o= -0
xy -4 -x* = 0.

Symmetric with respect to the origin because

y=—
= —
(-x)" +1
y = X
X +1
. . .
y == 1 1s symmetric with respect to the y-axis
X+ :
2 2
—x X
because y = ( )

(f +1 2+1

=|x* + x|is symmetric with respect to the y-axis
Yy Y p y

because y = l(—x)3 + (—x)l: |-(x3 + x)| =[x+ x|.
|»|- x = 3 is symmetric with respect to the x-axis
because ‘
|-y|-x=3
|»]-x = 3.
=2 -3

y
y =2 -3(0) = 2, y-intercept
0

=2-3(x) = 3x = 2 = x = 2, x-intercept

Symmetry: none

40.

41.

42,

43.

Section P.1 Graph& and Models 5

y=%x+l

y = -32—(0) + 1 =1, y-intercept

0=2x+1= -2x =1 x =

3 3 x-intercept

=3
2’

Intercepts: (0, 1), (~%, 0)

Symmetry: none

=9 - x?

]

9 — (0)° = 9, y-intercept

1]

Y
Y N
0=9-x"= x =9 = x = %3, x-intercepts
Intercepts: (0, 9), (3, 0), (-3, 0)
y=9—~(—x)2 =0~ x2

Symmetry: y-axis

y =25 +x = x(2x + 1)
y = 0(2(0) + 1) = 0, y-intercept

0 = x(2x + 1) = x = 0, -3, x-intercepts
Intercepts: (0, 0), (—-é—, 0)

Symmetry: none

y=x+2

y = 0® + 2 = 2, y-intercept

0=x+2= x =-2= x = -2, x-intercept
Intercepts: (—3/5 , 0), (0, 2) .
Symmetry: none 3T
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Chapter P Preparation for Caiculus

4. y = x> - 4x
y = 0° = 4(0) = 0, y-intercept
X —4x=0
x(x2 - 4) =0

x(x + 2)(x - 2)=0
x = 0, £2, x-intercepis

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

y = (—x)3 - 4(—.?() =-x+4x = 4—(x3 - 4x)

Symmetry: origin

45. y = xJx+5
v = 00+ 5 = 0, y-intercept
x\/m = 0 = x = 0,-5, x-intercepts
Intercepts: (0, 0), (-5, 0) y

Symmeﬁy: none :

39 00

w4

46. y = /25 - x*
y =~25-0% = \/25 = 5, y-intercept

N25-x2 =0

25-x*=0

(5+x)(5-2x) =0
x = %5, x-intercept

Intercepts: (0, 5), (5, 0), (=5, 0)

‘ y'= Af25 - (—x)2 =J25- %

Symmetry: v-axis

5,0

——————

~4-3-2-1 L 1
-2
-3

s
3

—
2345

© 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,

47.

48.

49.

x =y

P o= 0 = y =0, y-intercept
x = 0, x-intercept

Intercept: (0, 0)

~x=(-y) = -x = -y

Symmetry: origin

44
ke

24

(. 0)"4

-4 -3 -2~} 12 3 4

-2
~34
4]

—t—t—

-

x=y' -4
Y -4=0

(y + 2)(y - 2) =0
+2, y-intercepts

i

Y

x=0*~4= -4 x-intercept

Intercepts: (0, 2), (0. —2), (-4. 0)

x= () -4= -4

Symmetry: x-axis

8
y ==
x
8 .
y = 0 = Undefined = no y-intercept
8 ‘ . .
— = 0 = No solution = no x-intercept
x
Intercepts: none
8 8
-x X

Symmetry: origin




10
50, y =
YT E
10
= —— = 10, y-intercept
Y 0% +1 7 P
10 . .
= { = Nosolution = no x-intercepts
x2 +1
Intercept: (0, 10) i
oy mm 10 o 10 o . 10y
! (——x)z + ] x2 41

51

52.

Symmetry: y-axis

= 6-Ix
y =6 —|0| = 6, y-intercept
6-|x|=0

6 = |x|

x = 6, x-intercepts
Intercepts: (0. 6), (~6. .O), (6, 0)
y=6-i-x|=6-|x|

Symmetry: y-axis

v <lo-

y =|6 - 0| =|6] = 6, y-intercept

|6 —x[= 0
6-x=0
6 = x, x-intercept

Intercepts: (0, 6), (6, 0)
Symmetry: none

Section P.] Graph.s and Models 7

53 y'~-x=9
VYV =x+9
Ay:i- x+9

54. £°

y=32J0+9 = +/9 = *3, y-intercepts

tVx+9 =0
x+9 <0

= -9, x-intercept
Intercepts: (0, 3), (0, -3), (=9, 0)
("y)z ~x=0= 3y - x =9

Symmetry: x-axis

AN 2
C((). -3y
SN

~14
44

—6+

o4 byt w4 own oy o E 7

y o= L_\/_Z;;_()’ = t-—\gg = *1, y-intercepts
xt + 4(0) = 4

x2 =4

x = 2, x-intercepts

Intercepts: (=2, 0), (2,°0), (0, -1}, (0, 1)
(—x)2 + 4(—y)2 =4 = x+4y* = 4

Symmetry: origin and both axes
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Chapter P Preparation for Cafculus
55. x +3y° = 6
3y =6~ x
_ 6 - x
7 3
y ==z, % = +/2, y-intercepts
x+3(0) =6

x = 6, x-intercept
Intercepts: (6, 0), (0, \/-2—), (0, —\/5)

x+3-yY =6=>x+32 =6

Symmetry: x-axis

56. 3x — 4y* = 8

y=¢4/%x—i
+ %(0)-2=i\[—_2

y =
= no solution => no y-intercepts
3x - 4(0)’ = 8
3x =28

8
—, x-intercept

x
Intercept: (%, O)

3x - 4(-y)’ =8 = 3x—4y? = 8

Symmetry: x-axis
v

57.

58.

59.

60.

X+y=8=y=8-x
dx~y=7T=y=4x-7
8-x=4x-7

15 = 5x
3=x

The corresponding y-value is y = 5.

Point of intersection: (3, 5)

-2y =-4=y= 3";4
4x+2y=-10> y = 4"2'10
3x+4 -4x-10
2 2

x+4 =-4x - 10

Tx = ~14

x = =2
The corresponding y-valueis y = -1.-

Point of intersection: (-2, -1)

x2+y=6=>y=6-x2
X+y=4=y=4-x
6-x2=4-x
0=x*-x-2
0=(x-2)(x+1)
x=2,-1

The corresponding y-values are y = 2 (for x = 2)and
y =5 (for x = -1).

Points of intersection: (2, 2), (-1, 5)

x=3-y'= 32 =3-4%
y=x-1

3—x=(x—l)2

3-x=x*-2x+1 ‘
0=x2—x—2=(x+1)(x—2)
x=-lorx =2

The corresponding y-values are y = -2 (for x = -1)

and y = 1 (for x = 2).

Points of intersection: (-1, ~2), (2
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Section P.1 Graphs and Models 9

61. x* + y* =5 = yP =5 x2 64. y = x* —2x2 41
x—-y=1l=>ypy=x-1
5-x2=(x-1)
5-x%=x-2x+1
0=2x"=2x-4=20x+1)(x-2)
x=-lorx=2
The corresponding y-values are y = -2 (for x = —1)

and y =1 (for x = 2).

Points of intersection: (-1, ~2), (2, 1)

Analytically, 1 - x% = x* — 2x* + 1

1]

62. x* +3p? =25 = y2 =25 - x*

0= x* - x?
-3 = 15 =3 15
Xy ﬁyz ¥ 0=x*(x+1(x-1)
2 _
25 - x* = (3x + 15) x=-101,

25 — x% = 9x% + 90x + 225
0 = 10x® + 90x + 200
0=x%+9x+20
0=(x+5)(x+4)

—4orx=-5

=
I

The corresponding y-values are y = 3 (for X = -4)
and y = 0 (for x = -5).

ints of 1 tion: (—4 -
Points of intersection ( ’ 3)’ ( > O) Points of intersection: (—2, 2), (—3, \/3) I~ (—3, 1.732‘_)

63. y=x>-2x" +x-1 Analytically, x4 6 = J-x - 4x
y = -x%+3x -1 X+ 6= -x? ~ 4x
X +5x+6=0"
(x+3)(x+2) 0

' ‘({:-.:7&—1 5 ¢ x = -3, -2
A 66. y = —|2x - 3|+ 6

y=6-x

]

-4

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

Analytically, x* — 2x* + x =1 = —x? + 3x - 1

X -xP-2x=0
x(x-2)x+1)=0 ' -
x =-1,0, 2.

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

|2x—3|=x
2x -3 =xo0r2x-3=-x
x=3or x =1,
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10 Chapter P Preparation for Calculus

67. (a) Using a graphing utility, you obtain
y = 0.005 + 027t + 2.7.

e

L
ojl 30
[}
() For 2020, ¢ = 40.
¥ = 0.005(40)" + 0.27(40) + 2.7
=215
The GDP in 2020 will be $21.5 trillion.

() s

68. (a) Using a graphing utility, you obtain
y = 0241 + 12.6r — 40.

®)

sk
30

- 20

The model is a good fit for the data.
(c) For2020,: = 30.
y = 0.24(30)° + 12.6(30) — 40
= 554
The number of cellular phone subscribers in 2020
will be 554 million.
69. C=R
2.04x + 5600 = 3.29x
5600 = 3.29x — 2.04x

5600 = 1.25x
x =000 _ 4ag0
125

To break even, 4480 units must be sold.

10,770

70. y = p

400

] 100
[

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

¥(20) = 26.555 and y(40) ~ 6.36125.

71.

72.

73.

74.

75.

y =k

@ (L4): 4=k =k =4
®) (=21 1=k(-2) = -8k = k= -1
) (0,0: 0= k(O)3 = k can be any real number.

@ L=1) -1= k(-1 = ~k = & = 1
y? = 4o

@ (L1): = 4k()

®) (2,4):  (4) = 4k(2)

16 = 8
ko =2
© (0,0 0% = 4k(0)

k can be any real number.

@ (3,3: (3 = 4k(3)

9 =12
-9 _3
k T 127 g

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

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

Y
X

n

Answers may vary. Sample answer:

(x + 3 - 4)(x ~-$) has intercepts at

]

Y

1t

-3 x=4,and x = 3,

* 2 2

(a) If (x, ) is on the graph, then so is (—}, ¥) by y-axis
symmetry. Because (-x, y) is on the graph, then so
is (~x, - ») 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.

(b) Assume that the graph has x-axis and origin
symmetry. If (x, y) is on the graph, so is (x_, - y) by

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

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