CHAPTER P
Preparation for Calculus

Section P.1 Graphs and Models

1.y=—%x+3 7.y =4 - x?

x-intercept: (2, 0)

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

2. y =~9 - #? 6;

x-intercepts: (-3, 0), (3, 0)

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

3. y =3 x?
x-intercepts: (\/g, O), (—\/5, 0)

y-intercept: (0, 3)

Matches graph (a).

4.y =x —x ylolalt1]ol1 [4 |09
x-intercepts: (0, 0), (-1, 0), (1, 0)

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

5.y=%x+2

x| 4] 21024

ylo |1 [2]3]4

6 x| 4|3 -2 -1 0 1 2
4.4
Tes y 3 2 1 0 1 2 3
©,2)
=21
4\ -2 é 4 ' 6
(=400,
6. y =5-2x
x| -1 |of1|2|3| 3|4
y| 7 [5]3[1]o0o]-1]-3
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Section P.1 Graphs and Models 3

y| =5 | =% | -1 | Undef. | 1

=
EN

16

-2 (~4.00, 3)

(2, 1.73)

)

@ (2,9)=217) (y=~5-2=+3~17)
) (63)=(43) (3=15-(-4)

16. y = x° — 5x

6
)

(=0.5,2.47

2 7 14 N \ﬁ (
2 3 4 ) v<1_4)

6

@ (<05, y) = (-0.5, 2.47)
(®) (x, —4) = (-1.65, —4)and (x, —4) = (1, —4)

17. y =2x -5
y-intercept: y = 2(0) — 5 = =5; (0, -5)

x-intercept: 0 = 2x — 5
5=2x

x| 3| 2 -1 10 1 2 3
- 3 3 18. y = 4x*> +3
y 1| =5 | =3 | Undef. | 3 3 1
y-intercept: y = 4(0)2 +3=3(0,3)

;7 (L3 x-intercept: 0 = 4x* + 3

Sl 2,3 A 442

4 23, | 3 = 4x
3,71 T None (y cannot equal 0.)
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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(=2,0), (1, 0)

20. 3?2 = x> — 4x
y-intercept: y* = 0° — 4(0)
y =0;(0, 0)
x-intercepts: 0 = x° — 4x
0= x(x - 2)(x +2)
0, +2; (0, 0), (£2, 0)

X

21y = /16 - 1
y-intercept: y = 016 - 02 = 0; (0, 0)
x-intercepts: 0 = xm
0=1x/(4-x)(4+x)
0, 4, —4; (0, 0), (4, 0), (—4, 0)
22, y=(x-— l)m
y-intercept: y = (0 — l)m

X

y = -1 (0, -1)
x-intercept: 0 = (x — )/ x* + 1
x=1(0)
n.y=2_vq
S5x +1
, 2-+/0
-1nt t:y = =2; (0,2
y-intercept: y S0)+ 1 (0,2)
x-intercept: 0 = 2-x
S5x +1
0=2-~/x
x=4; (40

24, y

25.

26.

27.

28.

29.

_ x? + 3x
(3x +1)°
. 0% + 3(0)
y-intercept: y = ————~
[3(0) + 1]
vy =0;(0,0)
. x? + 3x
x-intercepts: 0 = ————
(3x + 1)
_ M)
(3x +1)°

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

¥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)
y=2x-~x*+1
y-intercept: y = 2(0) — ~/0? + 1
y=-1(0,-1)
x-intercept: (0 = 2x — ~/x? + 1
2x = x2 +1
4 = x* +1
3x2 =1
.
3
M)
3
3 (/3
x=—|—0
3 3
Note: x = —/3 /3 is an extraneous solution.

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

y=x-x

No symmetry with respect to either axis or the origin.

Symmetric with respect to the x-axis because

(—y)2 = y2 = x° — 8x.
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30.

31.

32.

33.

34.

35s.

36.

37.

38.

39.

Symmetric with respect to the origin because

() = (=) + (=)

-y =-x-x

3

y X

+ Xx.

Symmetric with respect to the origin because
(3)(3) = w0 = 4

Symmetric with respect to the x-axis because

x(—y)2 = x* = -10.

y=4-~x+3

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

xp —~4—-x* =0.

2

4—(-x)" =0

Symmetric with respect to the origin because
S S
PTGy
X
’ = X2+ 1

Symmetric with respect to the y-axis because
2
(—x) X

(—x) +1 R

y =

Symmetric with respect to the y-axis because
y = ‘(—xf + (—x)‘ = ‘—(x3 + x)‘ = ‘x3 + x‘.
Symmetric with respect to the x-axis because
|-y[-x=3

‘ y‘ - x =3.
y=2-3x
vy =2 —-3(0) = 2, y-intercept
0=2-3x)>3x=2>x= %, Xx-intercept
Intercepts: (0, 2), (%, 0) ,

Symmetry: none

40.

41.

42.

43.

Section P.1 Graphs and Models 5

y = %x +1
y = %(0) + 1 =1, y-intercept

0_2 2

3

2°

x+1= —5x = 1 = x = -3, x-intercept

Intercepts: (0, 1), (—%, ()) y

Symmetry: none

y=9- x2

y=9- (0)2 = 9, y-intercept
0=9-x= x> =9 = x = +3, x-intercepts
Intercepts: (0, 9), (3, 0), (-3, 0) y
y=9—(—x)2 =9 - x?

Symmetry: y-axis

y=2x"+x=x(2x+1)

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

0=x2x+1) = x =0, —%, x-intercepts
Intercepts: (0, 0), (—%, 0)

Symmetry: none

y=x+2
y = 0° + 2 = 2, y-intercept

3 = -2 = x = —3/2, x-intercept

0=x*+2=x
Intercepts: (—\3/5, 0), (0, 2)

Symmetry: none 5T
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44,

45.

46.

Chapter P Preparation for Calculus

y=x* - 4dx
y = 0° — 4(0) = 0, y-intercept
¥ -4x=0
x(x2 - 4) =0
x(x+2)(x-2) = 0
x = 0, £2, x-intercepts

Intercepts: (0, 0), (2, 0), (=2, 0)

y = () () = e = (- a)

Symmetry: origin

y=xx+5

y =00 + 5 = 0, y-intercept
xNx+5 =0= x = 0,-5, x-intercepts

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

Symmetry: none 2t

(-5,0) 0,0/

y =25 - x?
y =25 - 0% = /25 = 5, y-intercept

V25— % =0

25-x"=0

5+x)5-x)=0
x = x5, x-intercept

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

y =125 - (=x)" = /25 - &

Symmetry: y-axis

47. x = y?

y =0 = y = 0, y-intercept
x = 0, x-intercept
Intercept: (0, 0)

—-X = (—y)3 = —X = —y3

Symmetry: origin

¥y -4=0

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

<
I

x = 0% — 4 = -4, x-intercept
Intercepts: (0, 2), (0, —2), (—4, 0)
= (0 —a=y o

Symmetry: x-axis

8
X
8 .
n = Undefined = no y-intercept
0

= No solution = no x-intercept

=% oo =

Intercepts: none

8 8
—y=—=y==
-X X

Symmetry: origin

I N Y
|
t
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Section P.1 Graphs and Models 7

1 2 _ .=
50. y = — 0 53. y>=x=9
x°+1 P =x+9
10 .
y = ——— = 10, y-intercept y=t/x+9
0" +1
10 y = /0 + 9 = £./9 = 3, y-intercepts
> = 0 = No solution = no x-intercepts
x +1 +Vx+9 =0
Intercept: (0, 10) A x+9=0
124
_ 10 10 x = -9, x-intercept

2 =2
() +1 ¥+l Intercepts: (0, 3), (0, =3), (-9, 0)
Symmetry: y-axis
(—y)z—x=9:>y2—x=9

Symmetry: x-axis

51. y

6 =]

y=6 _‘0‘ = 6, y-intercept

6—|x|=0
6=‘x‘

x = 16, x-intercepts

Intercepts: (0, 6), (=6, 0), (6, 0)

54. 2+ 42 = 4 — _.{_47_)62

y=6-lox= 6l T T T

Symmetry: y-axis V4 -0
v y = iﬂ = ii = %1, y-intercepts
2 2

x>+ 4(0) = 4
xt =4

x = 12, x-intercepts

Intercepts: (-2, 0), (2, 0), (0, 1), (0, 1)

(—x) +4(-y) =4 =2+ 4y’ =4

52. y =[6 - x| Symmetry: origin and both axes

y = ‘6 - 0‘ =‘6‘ = 6, y-intercept v

3L
|6 — x|=0
— 0, 1)
6-x=0 2.0) 2.0)
6 = x, x-intercept 5oNd i [
©,-1)

Intercepts: (0, 6), (6, 0) A
Symmetry: none o1

y

8-+
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Chapter P Preparation for Calculus

55. x +3)* = 6 57. x+y=8=y=8-x
37 =6 —x dx-y=T=y=4x -7
- 8—x=4x-7
y=+ 6 —x
3 15 = 5x
3=x

6-0 )
yE== 3 = iﬁ’ Yy-intercepts The corresponding y-value is y = 5.
X+ 3(0)2 -6 Point of intersection: (3, 5)

x = 6, x-intercept
58. 3x-2y=-4=y= 3x + 4
Intercepts: (6, 0), (0, \/E), (0, —\/5) 2
—-4x - 10

2 4x+2y=-10> y = ——

x+3(—y) =63x+3y2:6 2
: 3x+4 —4x-10
Symmetry: x-axis =
y 2 2
» 3x+4=-4x-10
Tx = 14
x=-2
! The corresponding y-valueis y = —1.

Point of intersection: (-2, —1)

5. xX*+y=15=y=-x>+15
56. 3x —4y* =8 Bx+y=11= p=3x+11
4y* =3x -8 —x* 15 = 3x + 11
y=iJ%x—2 0=x>+3x—-4
0=(x+4)(x-1)
y=i/%(o)—2=i\/fz x=-4,1
The corresponding y-values are y = —1 (for x = —4)

= no solution = no y-intercepts
and y = 14 (for x = 1).

2
3x - 4(0)° =8 Points of intersection: (-4, —1), (1, 14)
3x =8
8 . 60. x> + 3> =25 = y? =25 - &’
X = —, x-Intercept

Bx+y=15=>y=3x+15

3
Intercept: (%, O)

3x—4(-y) =8> 3x-4y> =8

25— x* = (3x + 15)°

25 — x2

9x% + 90x + 225

. 0 = 10x% + 90x + 200
Symmetry: x-axis
. 0=1x*+9x+20

ol 0= (x+5)(x+4)

i x=-4o0orx=-5

1 |
G The corresponding y-values are y = 3 (for x = —4)
-2 2 6 8 10

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

6T Points of intersection: (-4, 3), (-5, 0)
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62.

63.

64.

= -x? - 4x
4
[Q o6 [
. N (2.2 )
y=+—x*—dx

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

Nx 6 = A2 - 4x

x+6=-x—4x

Analytically,

X +5x+6=0
(x+3)(x+2)=0
x = =3, -2.

y=-]2x-3]+6

y=6-x
7
=
(3,3)
-4 7 =% 8

- y=—|2x-3|+6

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

‘2x—3‘:x
2x -3 =xo0or2x -3 = —x
x =3or x = 1.

Replace x with —x instead of y with —y.
y2+1=(—x):>y2+1=_x
The graph of y* + 1 = x is not symmetric about the
y-axis.
The factored form of x* — 2x — 3 is (x — 3)(x + 1).
—x+1l=-x*+x+4

x> —-2x-3=0

(x=3)x+1 =0
x=3or -1

The points of intersection are (-1, 2) and (3, —2).

65. (a)

(b)

66. (a)

(b)

67. (a)
(b)

(©

Section P.1 Graphs and Models 9
y
L]
1000 + °
L)
1 e
(]
900 +
L]
T ()
sot+ ®
>
1100 1200 1300 1400

The data appear to be approximately linear.
Models will vary. Sample answer: y = 0.68x + 35
(found using a graphing utility)

y

1000

900

800

—t T R N X
1100

I
1
1200 1300 1400

When x = 1375, y = 0.68(1375) + 35 = $970.

7 8 9 1011 1213 14 15

The data do not appear to be linear.

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

d = 0.066F

0
The model fits the data well. The correlation
coefficient is » = 0.9992, so |r| is close to 1,

indicating that the linear model is a good fit for
the data.

If F = 55,then d = 0.066(55) = 3.63 centimeters.
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68.

69.

70.

71.

Chapter P Preparation for Calculus

(a) Using a graphing utility, y = 0.143x + 2.696.
The correlation coefficient is » = 0.86.

(b)

400

(c) Greater per capita energy consumption by a country

tends to correspond to greater per capita gross
national product of the country. The three countries
that most differ from the linear model are Canada,
Italy, and Japan.

(d) Using a graphing utility, the new model is
y = 0.174x — 2.14.

The correlation coefficientis » = 0.97.
(a) Using a graphing utility,

y = 0.005¢2 + 0.28¢ + 2.6.
(b) 20

0 35
0

The model is a good fit for the data.
(c) When ¢ = 45,

y = 0.005(45)" + 0.28(45) + 2.6 =~ 25.3.

So, in 2025, the GDP will be about $25.3 trillion.
(a) Using a graphing utility,

y = 0.125¢> + 12.8¢ + 120.475.
(b) o

ot .. . . i
100

The model is a good fit for the data.
(c) When ¢ = 25,
y = 0.125(25)2 +12.8(25) + 120475 = 518.6.

So, in 2025, there will be about 518,600 cellular
phone sites.

C=R
2.04x + 5600 = 3.29x
5600 = 3.29x — 2.04x
5600 = 1.25x
= % = 4480

To break even, 4480 units must be sold.

72. y

73.

74.

10,770

-0.37
32

400

0
If the diameter is doubled, the resistance is changed by
approximately a factor of %. For instance,

»(20) = 26.555 and y(40) = 6.36125.

(a) Using a graphing utility,
S = 180.89x* — 205.79x + 272.
(b) 25,000

0 14
0

(c) When x = 2, § = 583.98 pounds.
2370

= 4.06

(d)

The breaking strength is approximately 4 times
greater.
23,860 _ 437

5460

When the height is doubled, the breaking strength
increases approximately by a factor of 4.

(e)

(a) Using a graphing utility,
¢t = 0.0013s* + 0.005s + 1.48.

(b P

25 e e g5
0

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

the same. Furthermore, it takes 1.48 seconds to reach

0 miles per hour, which does not make sense.
(d) Adding (0, 0) to the data produces

t = 0.0009s + 0.053s + 0.10.

(e) Yes. Now the car starts at rest.
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75.

76.

77.

78.

(@) y = —1.806x° + 14.58x* + 16.4x + 10
(b) 300

0

(c) If x = 4.5, y = 214 horsepower.

(a) T =0.0003p° —0.064p> + 5.28p +143.1
(b) 350

0

150

(c) For T = 300°F, p = 68.29 pounds per square inch.

(d) The model is based on data up to 100 pounds per
square inch.

(a) The amplitude is approximately
(2.35 - 1.65)/2 = 0.35.

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

(b) One model is y = 0.35 sin(4zr) + 2.
() 2

(0.125,2.35)

(0.375, 1.65)

0 0.9
0

The model appears to fit the data well.

(a) S(1) = 56.37 + 25.47 sin(0.5080¢ — 2.07)

(b) 100
M—-/—\

M(t)

The model is a good fit.

(C) 100

P

/
S(n)
0 13

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
25.47 > 7.46.

79.

80.

81.

82.

83.

Section P.1 Graphs and Models 11
y =k
@ (L4): 4=kl =>k=4

(b) (-2.1): 1=k(-2) = -8k = k = -1

(©) (0,0): 0 k(O)3 = k can be any real number.

@ (-L-1): -1 =k(-1)’ =~k = k =1

y? = dkx

(@ (L1):  1* = 4k(1)
1 =4k
k=

(b) (2,4): (4)° = 4k(2)
16 = 8k
k=2

(©) (0,0):  0* = 4k(0)
k can be any real number.

@ (3,3 (3)° = 4k(3)
9 =12k
k= =3

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

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

Answers will vary. Sample answer:
y = (x + %)(x - 4)(x - %) has intercepts at

x=—%,x=4,andx=%.

(a) 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.

(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, —y) is on the graph,
then so is (—x, —(—)) = (—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.
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12 Chapter P Preparation for Calculus

84. (a) Intercepts for y = x* — x:

y-intercept: y = 0° =0 = 0; (0,0)
x-intercepts: 0 = x* — x = x(x2 - 1) = x(x = I)(x + 1);
(0.0). (1.0) (-1.0)
Intercepts for y = x> + 2:
y-intercept: y =0+ 2 =2;(0,2)
x-intercepts: 0 = x> + 2
None. y cannot equal 0.
(b) Symmetry with respect to the origin fory = x* — x because
—y=(-x) = (-x) = -2 + x.
Symmetry with respect to the y-axis for y = x* + 2 because
y=(—x)2+2=x2+2.
(c) X -x=x+2
X -xr-x-2=0
(x—2)(x2 +x+1) =0
x=2=>y=6
Point of intersection : (2, 6)

Note: The polynomial x> + x + I has no real roots.

85. False. x-axis symmetry means that if (—4, —5) is on the graph, then (—4, 5) is also on the graph. For example, (4, —5) is not

on the graph of x = y* — 29, whereas (—4, —5) is on the graph.
. . b
86. True. The x-intercept is —2—, 0l
a

Section P.2 Linear Models and Rates of Change

1. = _
2-1 -3
2. m=0 i
3. m=-1 2,7
4. m = -12
2— (-4
5. m= ( ) = § =3
5-3 2 i
j: / 7. m = 1-6 = _—5, undefined.
2 6.2 4 -4 0
N
A AR A A A The line is vertical.
o y
_3 7
4t (3.-4) o &0
s s

1 [CY)
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