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Chapter 4 8. x'-21x>+80

Higher-Degree Polynomial and Rational

Functions - (x2 - 16)(x2 B 5)
=(x+4)(x-4)(x* -5

Algebra Toolbox (x * )(x )(x )

1. a. The polynomial is 4™ degree.
9. 2x*-8x*+8

b. The leading coefficient is 3. - 2( ¥ a4+ 4)
=2(x* -2)(x* -2)

2. a. The polynomial is 3 degree. 5
=2(x* -2)

b. The leading coefficient is 5.

S g
3. a. The polynomial is 5™ degree. 10. 3x” —24x" +48x

= 3x(x4 —8x + 16)
b. The leading coefficient is —14. _ 3x(x2 —4)(x2 _4)
=3x(x+2)(x=2)(x+2)(x-2
4. a. The polynomial is 6" degree. ( )2( )(2 )( )
=3x(x+2) (x—2)

b. The leading coefficient is —8.

1
11. = ==
5. 4x’ —8x*—140x 3x-9y 3(x-3y) 3

= 4)6()62 —2x—35)
= 4x(x—7)(x+5)

x> -9 _(x+3)(x—3) x—3

2o a(x+3) 4

6. 4x° +7x" —2x"

:—2xz+7;c3+4x2 . 25° —2y

=—lx (2x —7x—4) . vy

=—x"(2x+1)(x—4) Zy(yz—l)

REIEEE

7. X' 132> +36 _2y(r+1)(r-1)

~(x*-9)(x* =4 Ybr-l)

=(x+3)(x—3)(x+2)(x—2)
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338 Higher-Degree Polynomials and Rational Functions

3 2
14. 4x2—3x 10. 4x+4+ ij +8x
X =X x—4 x —-6x+8
x(4x2—3) :4x+4.x2—6x+8
- x(x-1) x—4  8x"+8x
45 —3 =4(x+1).(x—2)(x—4)
= 1 x—4 8x(x+1)
_x=2
- 2x
2
15. ~ ;6x+8
x" =16 ) )
_(x-4)(x-2) 20, Or L valw
(x+4)(x—4) 4x"y—12xy x" +x-12
) _ 6x° .x2+x—12
T 14 4x’y—12xy  3x* +12x
6 (xr4)(x-3)
N 4xy(x—3) 3x(x+4)
16, 2 272 1
x —4x+3 =2—
(Bx+2)(x=3) 4
- (x—3)(x—1)
=3x+12 FTE FELENC R Ve Ve
X-— XX
_3x3+x 2
P2 X
g7, 223, _xlx—d) 3 4x-2
X (x—4)(x—3) i
Y
_ 1 2 2124 LCM: x°
e X X X
_z_x(x—Z)_’_i
x’ x x
18 (x+2)(x—2)(2x+_23) _5x —(x2—2x)+4
X - 3
X
=(x-2)(2x-3) 5x° —x" +2x+4
=3x>—Tx+6 B e
4x* +2x+4
——
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23. — —— = - LCM: a*(a-2)

5x 8x 5x 8x

24.

Y16 x+2 (P 44)(x -4) x+2
5x 8x
- LCM: (x*+4 2)(x-2
(x2+4)(x+2)(x—2)+x+2 (" +4)(x +2)(x-2)
Sx . 8x(x2+4)(x—2)
(x2+4)(x+2)(x—2) (x2+4)(x+2)(x—2)
5x+8x(x3—2x2+4x—8)
- (x2+4)(x+2)(x—2)
_ 5x+8x* —16x° +32x* — 64x
(x2+4)(x+2)(x—2)
_ 8x* —16x* +32x* —59x
(x2+4)(x+2)(x—2)
8x* —16x* +32x* —59x
x' =16
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340 Higher-Degree Polynomials and Rational Functions

25, L2
T x4+l x(x+1)

{LCM: x(x+1)}
x(x—l) 2

x(x+1) x(x+l)
_ x'—x=2

x(x+1)
(x=2)(x+1)

x(x+1)
_x—2

2x+1 +i_ x+1
2(2x-1) 2x x(2x-1)
{LCM: 2x(2x-1)}
_ x(2x+1) s 5(2x-1)  2(x+1)
2x(2x—1) 2x(2x—1) 2x(2x—1)
_2x2+x+(10x—5)—(2x+2)
2x(2x—1)
_2x2+x+10x—5—2x—2
2x(2x—1)
_2x2+9x—7
2x(2x—1)

26.

X=X 42 =2x+2

27. x+1>x5 +0x* + X +0x* —0x—1

-x —x*
—x*+x°
+xt+x°
2x° +0x’
—2x’ —2x°
—2x% —0x
2x% +2x
2x—-1
2x-2
-3
x'—x +2x° —2x+2R-3
or
xt—x+2x° —2x+2—i
x+1

a+a
28. a+2 ia“ +3a’ +24°
-a' -2a’
a’ +2a’
-a -2a’
0
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3x° —x?+6x-2
29. »? —2>3x5 —x*+0x* +0x? +5x—1

-3x° +6x°

—x* +6x° +0x?

x* —2x°
6x° —2x* +5x
—6x° +12x
—2x +17x-1
2x’ -4

17x-5
(3x* =x" +6x-2 )R (17x-5)
or
17x-5
X' =2

38 —x*+6x-2+

x*+1
30. 3x% — 1>3x4 +0x> +2x2 + 0x+1

—3x* +x°
3x° + Ox+1
-3x7 +1
2
x*+1R2
or
X+l —
3x" -1
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342 Higher-Degree Polynomials and Rational Functions

Section 4.1 SKkills Check 3. a. '|'1=3:-:"-I-|I-12:-:-"2
1. a. Y{=3R*3+ER z-H-10 [
H=i =0
H=0 v=-10 [-5, 5] by [-5, 5]
[-5, 5] by [-5, 5] b.
b. ¥1=3H"F+ER"Z-H-10

H=0 y=-10 (=10, 10] by [~10, 10]
[-5, 5] by [-20, 20] c.
View b) is best.

2. a ?1:::-:*3-3:-:(*‘15:-: ]"\/'/N

[-5, 5] by [-20, 20]

View c¢) is best.
H=n ¥=0

[-5, 5] by [-5, 5] 4. a. YI=3H"Yy-yRez+in

Hn=0 ¥=1in

[-10, 10] by [-10, 10]
[-10, 10] by [-10, 10]

View b) is better.
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CHAPTER 4 Section 4.1 343

[-5, 5] by [-20, 20]

View b) is best.

The x-intercepts appear to be —3, —1, and
2.

The leading coefficient is positive since
the graph rises to the right.

The polynomial is at least 3™ degree
since the curve has two turns and three
x-intercepts.

The x-intercepts appear to be —1, 2, and
3.

The leading coefficient is negative since
the graph falls to the right.

The polynomial is at least 4™ degree
since the curve has three turns and opens
down in both directions.

The x-intercepts appear to be —1, 3, and
5.

The leading coefficient is negative since
the graph falls to the right.

The polynomial is at least 3" degree
since the curve has two turns and three
x-intercepts.

The x-intercepts appear to be —1, 0, 2,
and 6.

The leading coefficient is positive since
the graph rises to the right.

The polynomial is at least 4™ degree
since the curve has three turns and four
x-intercepts.

The polynomial is 3 degree, and the
leading coefficient is 2.

The graph rises right and falls left
because the leading coefficient is
positive and the function is cubic.

Yi=Zhn"F-i

n=n ¥=0

[-10, 10] by [-10, 10]

The polynomial is 4™ degree, and the
leading coefficient is 0.3.

The graph rises right and rises left

because the leading coefficient is
positive and the function is quartic.

V=20 "Y-GR"Z+17H

n=n ¥=0

[-10, 10] by [-200, 500]

The polynomial is 3™ degree, and the
leading coefficient is —2.
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344 Higher-Degree Polynomials and Rational Functions

b. The graph falls right and rises left 14. a. M=R"Z+aH"z-4}l
because the leading coefficient is
negative and the function is cubic.

¢ M=-z(H-1)H"2-4) e

n=0 V=0

[-10, 10] by [-10, 10]

n=0 ¥=-H b. No. One turning point does not display
properly in the given viewing window.
[-10, 10] by [-30, 30]

15. a. Y{=2EH-H"Z
12. a. The polynomial is 4™ degree, and the
leading coefficient is —3.

b. The graph falls right and falls left
because the leading coefficient is
negative and the function is quartic.

¥=0

¢ Yi=-3CH-31~ECH-1)°2
; [-10, 10] by [-10, 10]

b. Yi=2BH-H"3

n=0 ¥=-g7

[-5, 5] by [-20, 10]

n=n ¥=0

13. 2. Yi=R 3-3R 2-He3
[-10, 10] by [-70, 70]

16. a. YizR~z-16%

n=n ¥

S 44 e

[-10, 10] by [-10, 10]

b. Yes, the graph is complete. As A= ¥=0 |
suggested by the degree of the cubic
function, three x-intercepts, one y- [-10, 10] by [-10, 10]
intercept, and two turns are displayed on
the graph.
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17. a.

18.

a.

Yi=H"z-16%

n=0 V=0

[-10, 10] by [-35, 35]

Y= Y=-YR " Z+YH"E

n=n ¥

0

[-10, 10] by [-10, 10]

TI=H YRR 3+ R

H=0 -'|'=III
[_4a 4] by [_4a 4]
The graph in part b) yields the best view

of the turning points.

Y1=H"Y=-4R "2

Y=n
[-10, 10] by [-10, 10]

Yes. The graph is complete.

19.

20.

a.

a.

Yi=H"Yy-4n"e-1g

H=0 ¥=-1z
[-10, 10] by [-30, 30]
The graph has three turning points.

Since the polynomial is degree 4, it has
at most three turning points.

Yi=h"4+Bn "L

Hn=0 ¥

]
[-10, 10] by [-10, 10]
Since the polynomial is degree 4, it has

at most three turning points. It could
have fewer.

21, M= EiR-11"3+3

HEZ.FREDEPE Y= 2YEZEPE

[-10, 10] by [-10, 10]

Answers will vary.
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346 Higher-Degree Polynomials and Rational Functions

22, ¥{=H"3-58-1

n=0 ¥=-1

[-10, 10] by [-10, 10]

Answers will vary.

23. ¥1=H"4-3R"2-4

Hn=0 ¥=-Y4

[-10, 10] by [-10, 10]

Answers will vary.

24. M=(R=1CK+1 K-35

n=n ¥

K]

[-10, 10] by [-20, 20]

Answers will vary.

25.

26.

a.

a.

YI=H Z+yE 24k

o

[-10, 10] by [-10, 30]

Haxirmum
n=-z.BBEGES IY=14.4B1481

[-10, 10] by [-10, 30]

The local maximum is approximately
(—2.67,14.48).

[-10, 10] by [-10, 30]

The local minimum is (0,5).

Yi=h"4-Bn"c

n=n ¥=0

[-10, 10] by [-20, 20]
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27. y=x"—4x’ +4x°

AR
Haximum 3 L
M=z 277E-6 |Y=-4.15E-11
[-10, 10] by [-20, 20] b LI
The local maximum is (0,0) . [-5, 5] by [-5, 5]

The local maximum is (1,1) .

Hinirum !
A=-g.000n =-1a

Hinimum [
[-10, 10] by [-20, 20] e Y=o

[-5, 5] by [-5, 5]

ol

Hinirura A !
H=E 0000011 IY="16 Hinimum I
H=c Y=0

[-10, 10] by [-20, 20]
[_Sa 5] by [_Sa 5]
The local minimums are (—2,—16) and

(2,—16). The local minimums are (0,0) and (2,0).

28. a. Y{=-H E-nep+On

¥=0

[-5, 5] by [-15, 10]
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Higher-Degree Polynomials and Rational Functions

b. Yi=-H~F-H"2+04

S
¥=.625
[0, 5] by [0, 10]

¢. The graph in part b) resembles a 2™
degree or quadratic function.

Section 4.1 Exercises

29.

a.

Y= in*Felinte-1008

H=I:I s lll:l:l.
[-100, 100] by [-5000, 25,000]
There are two turning points.

Based on the physical context of the

problem, both x and y need to be greater
than or equal to zero.

Yi=-1W*z+118"2-1008

Y=10000

HIE0
[0, 100] by [0, 25,000]

Y=- 10 z+118"2-1004

e V=10000
[0, 100] by [0, 25,000]

Fifty units produce revenue of $10,000.
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30. a. Y=Z0O0K+I0R"Z-3H"3

n=ck Y=E4H0BE.E

[-100, 150] by [-30,000, 220,000]
b. Based on the physical context of the

problem, both x and y need to be greater
than or equal to zero.

[0, 150] by [0, 220,000]

d. M=Z000R+308 2= 30"3

H2E0 e Y=163200
[0, 150] by [0, 220,000]
Sixty units produce revenue of

$163,200.

31. a. M=B00H-.1H"3+48"2

HEEODE N=zrBzz.z3H

[0, 100] by [0, 30,000]

32,

a.

MMM — o . . .
M=G0.000008  Y=ZBE0D

[0, 100] by [0, 30,000]

Selling 60 units produces a maximum
daily revenue of $28,800.

Y1=E00H- 1" Z+4H"E

H=0 ¥=0

[-200, 200] by [-40,000, 40,000]
Answers will vary.

The graph in part a) best represents the
physical situation. Both the number of

units produced and the revenue must be
greater than or equal to zero.

The graph is increasing on the interval
(0,60) .

H=ZE ¥=yg37e

[0, 50] by [0, 51,000]
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350 Higher-Degree Polynomials and Rational Functions
b. b. ‘Yi=z000Ci+¥)"3
Maximum ... . .......
W=Z7.998888 Y=C0ira n=de . 'Y=zBOO9.HEE —
[0, 50] by [0, 51,000] [0, 0.24] by [0, 5000]
Selling 28 units produces a maximum c. At the 20% rate the investment yields
weekly revenue of $50,176. $3456. At the 10% rate the investment
yields $2662. Therefore the 20% rate
yields an extra $794.
c. Wi=zAOOH-BR"Z-H"Z
d. The 10% rate is more realistic.
34. a.
7, rate S, future value
_ _ 0 $10,000.00
HE0 =0 5 $12,762.82
[-200, 200] by [~70,000, 70,000] 7 $14,025.52
12 $17,623.42
Answers will vary. 18 $22.877.58
d. The graph in part a) best represents the
physical situation. Both the number of b. ¥1=10000(1+3)1"E
units produced and the revenue must be [
greater than or equal to zero.
e. The graph is increasing on the interval
(0,28) .
n=de . Y=irfeezHir .
33. a. [0, 0.24] by [0, 30,000]

7, rate S, future value
0 $2,000.00
5 $2,315.25
10 $2,662.00
15 $3,041.75
20 $3,456.00

At the 24% rate the investment yields
$29,316.25. At the 10% rate the
investment yields $16,105.10.
Therefore the 24% rate yields an extra
$13,211.15.

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.
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3s.

a.

Y1=1000001+H1"5

w=d . . . Y=igi05d .
[0, 0.24] by [0, 30,000]

Y1=1000001+H1"5

LR R i § ]

[0, 0.24] by [0, 30,000]

7, rate S, future value
10 $16,105.10
24 $29,316.25

The 10% rate is more realistic.

Y= - 000zB0R*F+ 0L B0 2~

[0, 50] by [0, 12]

* Yq

3E g.499

£ 9 4@3c

37 9428

g 93606
g.zyog

EI?- CET T

ui B.9z13

¥=40

In 1990, when x = 40, the homicide rate
was approximately 9 per 100,000
people.

Haxirmumn
=24, 064758 LY=0.409090176 .

[0, 50] by [0, 12]
An x-value of 35 corresponds with the
year 1985. The number of homicides is

at a maximum in 1985.

Consider the following table

# Y4

E:- 6.079

7.Z6H
25 B.369
30 CET:[
€ g.4ag
o] 8.1 0k
yE 7.7089

nw=2e

In 1970 the number of homicides per
100,000 people is approximately 7.264.
In 1990 the number of homicides per
100,000 people is approximately 9.104.
Calculating the average rate of change:

Yy =N

Xy, =X
9.104-7.264
©40-20
1.84

20

=0.092

The average rate of change for 1970-
1990 is approximately 0.09 homicides
per 100,000 people per year.
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Y= 4E5EER " E-1Y. 085K 2+]1

S

el L YSEEA IR

[0, 18] by [0, 500]

# Y4
z zB0.06
y 37732
& 30E.iE
H 364.26
I0R.57

Iﬁ&lll Zuy
iy 198.46

n=12z

In 1992, when x = 12, there were 244
drunk driving crashes in South Carolina.

Maxim
n=L. 5555535 .'f=20p.18499 ,

[0, 18] by [0, 500]
An x-value of 5.6 corresponds with the
year 1986. The number of fatalities

from drunk driving crashes was at a
maximum in 1986.

o

H 15 EEl:I.'-IlIIH <1=188.E7E7Y &

[0, 18] by [0, 500]

37. a.

An x-value of 15.29 corresponds with
the year 1995. The number of fatalities
from drunk driving crashes was at a
minimum in 1995.

Yi=-.61Bz2R "+ BEER"2-1_

A2l s YSEEGEZ. 2026 &

[0, 42] by [0, 20,000]

# Y4
26 BzE7
27 B627
zH B976.7
29
30 :
3 10047
3z 10300

Y1=9690.676
In 1980, when x = 30, the young adult

population was approximately
9,690,676.

Hinimur
H=1E 72202 LY=oeexB.262E .

[0, 42] by [0, 20,000]

When x is 15.73, the year is 1966. The
population reaches a minimum in 1966.
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38.

39.

a.

a.

Y1=. 04028 =027 00" 2+H.3

H=g ¥=2z0.964

[2, 18] by [0, 80]

. The number of executions increased

between 1982 and 1998.

# Y4
16 cz.208
i7? Gz.050
EIE- 75.70C

9i.108
20 108.1E
21 12017
2z 1E4.30
®=19

In 1999, when x = 19, the number of
executions was approximately 91.

Y=-1.BZen"E+2e. 11in*e-5

Al e LYSEEFERD

[0, 10] by [0, 400]

# Y4

B *EB.7Y

7

B :

g e ol I

io iig.08

i1 -B1i.2Y4

iz -XEEE
Vi1=324.843

In 1998, when x = 8, the national debt is
approximately $324.843 million.

40.

Maxirmum
n=EMIREELY LY=ER1.BEORG .

[0, 10] by [0, 400]

Hinrun
A=l BE00ay Y=zl 12960 .

[0, 10] by [0, 400]

The minimum national debt of
approximately $251 million occurs in
1992, while the maximum national debt
of approximately $362 million occurs in
1997.

Flotl Flokz Flotz

~Y1 8. 060R591 13—
BAS PSR 2+ . BS2 3R
+14.147

“Me=

W=

“Ny=

~Neg=

Hinarun
HEFE.ONTELE LYY 87098

[0, 100] by [0, 20]

The minimum percentage occurs when x =
72 or the year 1972.
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41. a. P(x)=R(x)-C(x)
= (120x—0.015x2)—(10,000+ 60x —0.03x> + 0.00001x3)
=—-0.00001x" +0.015x> + 60x —10,000

——
00z Y=8000)

[0, 5000] by [-20,000, 120,000]

2000 units produced and sold produces a maximum profit.

b. The maximum profit is $90,000.

42. a. P(x)=R(x)-C(x)
- (60,000x—50x2)—(800+100x2 + x3)
=—x* —=150x* + 60,000x — 800

R TT] () P
n=i0q Y=ZHA9Z00 .,

[0, 200] by [-500,000, 5,000,000]

100,000 units are produced and sold when x = 100. Therefore the maximum occurs when
100,000 units are produced and sold.

b. The maximum profit is $3,499,200.
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Section 4.2 Skills Check

40y =x%-2x?
30
20
10

y =2.972x° - 3.36x%- 3.7x +

2. 10000 1

8000
6000
4000
2000

-2000 & 5 10 15 20

250
y = x* -4x
200
150 -

100 -

50

-50 -

400 ¥ = 1.5x* - 1.75x2

4 2 w0 2 4

b. It appears based on the scatter plot that a
cubic model will fit the data better.

a. 709
60

50

40 -

30

20

’107 V'S

-4 ® -10 { 2 4
-20 -

b. Cubic model

y =2.843x>-0.390x2-6.612x +
3.079

70 -
60 |
50 |
40
30

Quartic model
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_ 4 3 2
y =0.146x" + 2.551x~ - 1.160x “ - 8. a. y=2.843x>-0.390x?-6.612x +
5.696x + 3.579 3.079
70 - 70
60 | 60 -

50 - 50 -
40 1 40
30 - 30 4
20

20

10

10

-4 / 10 2 4

-20 -

It appears the fit is nearly identical for
both the cubic and quartic models. b. y =0.146x" + 2.551x> - 1.160x> -
5.696x + 3.579

70 -
7. a5y =0.102x°-0.230x% + 60 1

16 0.811x - 2.667 50 -
40

30
20
10 -

c. Both models fit the data equally well.
Perhaps the quartic model is slightly
b. 20 y=3457x-7.933 better.

15 1 ¢

9. a. y = 35.000x° - 333.667x° +

1600 -
1400 | 920.762x - 677.714 ¢

1200 -
1000 -
800 -
600 -
400 A
200 - ()
c. Clearly the cubic model is better. 0 9,

-200 0 2 4 6 8
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10.

11.

b. y = 12.515x"* - 165.242x°> +

748.000x°
1600 738.286

1400 -
1200 -
1000 -
800
600
400 -
200 +

o

-200 -

a. See Exercises 5 a

b. The quartic model appears to be better,

- 1324.814x +

) and 5 b).

based on the scatter plot graphs.

60 -
50
40 1
30 |
20 -
10

y =x*-4x?-3x +1

-10 3

-20 -

12. Yes. The model found in Exercise 11 is a

4™ degree polynomial
quartic.

. Therefore, it is

13.

14.

15.

16.

DN b W r—OoO =

1) First Second Third
X Difference Difference Difference
0

1 1

5 4 3

24 19 15 12
60 36 17 2
110 50 14 -3

The function f'is not exactly cubic.

DN WO~ O =

) First Second Third
8x DifferenceDifferenceDifference
0

0.5 0.5
4 3.5 3
13.5 9.5 6 3
32 18.5 9 3
62.5 30.5 12 3

The function g is exactly cubic.

120 -
100
80 -
60
40
20

04
220 &

y =0.565x°> + 2.425x% - 4.251x +
0.556
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Section 4.2 Exercises

17. a.

Hotel Revenue

90000 -
80000 -
70000 |
60000 |
50000 4

Revenue (thousands)

20000 4 51 ,962
10000 -

40000 1, = _1826x* + 16,570x° -
30000 1 47 956x2 + 49,592x +

0 2 4
Years past 1995

The equation is

y =-1826x" +16,570x" —47,956x°

+49,592x 4+ 51,962.

y=-1826x" +16,570x°

—47,956x% +49,592x + 51,962

y=-1826(3)" +16,570(3)’

~47,956(3)" +49,592(3) +51,962

1 =68,618

The hotel revenue is predicted as

$68,618,000. The prediction is the

same as the actual data point.

Using the unrounded model:

-1823.9999999952
A d+16569, 9999399
6203+ -4 7955, 99
9999905~ 2+43591
« 999999934£+3196
2. 08BbaB0na2
68613

18.

19.

a.

b. For 2002, the percent change in the

Japanese Economy
y =0.148x* - 5.829x> +

257 85165x2-545.851x +
1293.932

3
5] 1

Percent Change
o
(¢,

O T T T T T
2 4 6 8] 10 12
-0.5
14
-15- Years past 1990

gross domestic product is 1.818%

Using the unrounded model:

. 1479166666669,
~4+-5.8291666666
FenT3+83. 1643833
33478RM2+-545.85
119647 7@8x+1293.
9321428592
1.817837143

Homicide Rate

12 -

10 ¢

2 0.690x +9.945

Homicides, per 100,000 People
»

47y =0.016x°-0.269x2 +

0 T T T T T

14

0 2 4 6 8 10 12 14

Years past 1990
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20.

a.

Homicides, per 100,000 People

While both models appear to fit the data

well

Homicide Rate

y =0.001x*-0.008x° -
21 0.100x” + 0.315x + 10.071

O T T T T T T 1
0 2 4 6 8 10 12 14
Years past 1990

, the quartic model is better.

Consider part a) above. The cubic
model is

y:

0.0165x” —0.269x” +0.690x

+9.945.

Lower. The 9/11 terrorist attack skewed

the number of deaths higher.

Beneficiaries, Millions

Social Security Beneficiaries

y =0.000238x° -

90, 0.026408x° + 1.601913x
804 + 2.198990

0 20 40 60 80 100
Years after 1950

b. Consider part a) above.

21.

Yes. It appears the model fits the data

well.
College Enroliment
3500 -
’_g 3000 -
c L 2
& 2500 -
=]
2 2000 -
s 1500! 3 2
E 1000 y =0.197x" - 13.706x
'© | +265.064x +1612.529
& 500 |
O T T T

0 10 20 30
Years past 1960

The predicted college enrollment in

2000 is 2,869,492.

Using the unrounded model:

ayr

. 19662594398 383 K

~3+-13. FEeB24235

1790 2+265. 86350

214812-+1612.529
48360614

2869.491367
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22. a. Methamphetamine Labs 24. a Births

y =-2.375x"* + 16.583x° -

29.125x% + 11.917x +7 2
50 - =
45 | 5 8
401 EA 3 2
35 | 2 ,1YV= 0.0009x " - 0.0492x " +
3 w0 z 0.8314x + 6.9224
Q
2 2] 0 ‘ ‘ ‘ ‘
5 2 0 10 20 30 40
197 Years past 1960
10 1
<
0 : : ; ; ‘
0 1 2 3 4 5 b. > Y4
Years past 2000 2z 1Z.6=H
) k] 12423
b. The model seems to fit the data points e 1> GBE
zE
perfectly £2 :
=7 iE 84?7
=8 16.856
S — Y1=15.08
In 1996 the number of births is 15,080.
m <
e *
© il
§ 150 25. a. Single Parent Families
< 100 %1
- i
g y =0.0146x° - 0.7992x > + 30 - /
50  10.7172x +182.3528 25 | .
£ 20 M
0 T T T 1 g 15
0 10 20 30 40 & IS
10 1 ¢
Years past 1960 L 2
5 i
b * il ’ 0 2‘0 4‘0 6‘0
%% 1BE.24 Years past 1950
=4 :
zE £0H. 41
2B ¢iz.co
ch ceb.z2
=8 £Z6.85

Y1=196. 7885

In 1994 the number of births is
approximately 196,701.
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Based on the scatter plot it appears that

20

b. Single Parent Families - A
y =-0.0006x 3 + 0.0548x> a cubic model will fit the data well.
35 -0.7588x + 11.854
b. Congressional Grants
30 3 2
y =6.164x" -90.530x “ +
25 1200 1 373.598x + 202.867
'g 20
(3] [72]
£ §
=
10 -
5 4
0 | | | 0 5 10 15
0 20 40 60 Years past 1990
Years past 1950
c. Based on part b), the model appears to
be a good fit.
c. Single Parent Families
_ 0.8878
5. V= 1.0534x
30 4 27. a. Alcohol Related Accidents
25 4 30000 +
E 20 4
8 25000
K 15 4 A *
10 20000 -
5 2 *3ee
0 | | | "—E 15000 -
o
0 20 40 60
10000 + ., _ 3 2
Years past 1950 y =8.629x" - 238.217x° +
5000 - 1208.679x +22281.662
d. The cubic model appears to be a better 0 0 5 1‘0 1‘5 ‘
fit. Years past 1982
26. a. Congressional Grants
1200
1000 *
o 800 4
] .
2 600 ¢ oo
S 400 |® **
200
0 T T T 1
0 5 10 15

Years past 1990
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b. Alcohol Related Accidents b. 600 Property Crimes
30000
25000 - g 9007
L 73 E
20000 | 9 400 |
2 3 2
£ 15000 - S 300 |
= =
“ 10000 1 y =-0.371x*+21.970x° - 2 0
395.717x + 1882.410x + g
5000 1 21521.213 5 0. V7 -0.0067x* + 0.4366x° -
| 9.7321x% + 71.4820x +
0 | | | | 387.8286
0 Ysears pa150t 1982 15 20 0 ‘ ‘ ‘ ‘
0 10 20 30 40
Years past 1970
c. It appears that, based on parts a) and b),
the quartic model is slightly better,
although both models fit the data c. The quartic model is definitely better.
reasonably well.
d SH
HAFOS391377d23A
+-. 47082781640
28. a. Property Crimes 28X"2+ -0.8492389
600 326814x+379, 3167
4229347
284 . 22498508
500
% The cubic model predicts approximately
E 400 1 205 crimes per 1000 in 2000.
2
8 300 |
e
5 29. a. Movie Tickets
[=}
é 200 - * 6 -
(3 — 3 2 5
y =0.00756x° - 0.47503x - - ‘_‘M
100 | 5.04924x + 579.51674 g4
8
g 3
o _ 3 2
O T T T 1 '.t;; 2 4 y - 0-0003X + 0.0156X -
0 10 20 30 40 S 1 0.0804x + 4.2579
Years past 1970 |
O T 1
0 5 10

Years past 1990
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30.

¥ Y Yz

8 y.7E0E | 5.7
g E03Ey | E.7

Ex41z | 5.7
I‘F- EROES | E.7
12 6.A0EE | B2
13 6.EGED | B.7
14 7.0g91 | 5.7

H“=11

In about 11 years, in the year 2001, the
price of a movie will be $5.70.

Box Office Gross

8000 -
7000 -
6000 -
o 5000 -
[=
2 4000 -
£ 3000 - . ,
2000 1Y = 3.157x° -102.317x° +
1000 - 1217.187x - 315.341
0 : ‘ ‘ ‘
0 5 10 15 20
Years past 1980
> Y4 e
b 20HAE.2 | 4REZ
v LePh.z | 4eE:
E_ 44902 | 4653
HEEZ.Z | HBEER
i0 L47BE HEE2
i1 LEOE.E | 4REZ
1z Eolz.B | 465z
A=

When x =9, in the year 1989, the U.S.
box office grosses were $4653 million.

31.

C.

d.

600 -

500 -

400 -

200 +

100

Arrests per 100,000 people

.
300 1 *04o0®e®

Juvenile Crime

5 10 15 20
Years past 1989

Based on the scatter plot, it appears that
cubic model will fit the data well.

600 -

200 -

Arrests per 100,000 people

100

Juvenile Crime

y =-0.357x> + 9.417x2 -
51.852x + 361.208

5 10 15 20
Years past 1989

See part b) above.

o Y

FI_'i:- 23714

42ri=
13 493,59
16 Y7H.95
10 22E.0C
22 T
zZE -631.8

“=1A
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In 1990, /(10) =427.13. b.
0.4681429681425€
In 1999, 1 (19)=325.05. —C -
n1999,7(19) 5473+ -, 0BG 145860
e ratio s J(19) 32505 139868~ 2+, 535598
£(0) 42713 29059826x+14. 2682
' rAC2B2798
D o000 l14277
32. a Inflation In 1975 the percentage of the U.S.
o y =0.006x* - 0.122x° + population that is foreign-born is
6, 0.838x2-2441x +5.553 approximately 3.36%
5
&
g 41 34. a. Marriott Profit
= 3 N 900 -
g . , 800
= 2 S 700 |
© ¢ £ 600 |
" £ 500 1
°
o
S 5 Yy =-1.333x + 6.420x% +
Years past 1990 % 200 | 105.619x + 391.457
© 100 -
b. The fit is good, but definitely not 0 o ) ; : i .
perfeCt' Years past 1995
33. a. Foreign-Born Population b. 5
16 -1. 3333333333264
. At 3+0. 4280714285
“e 298x"2+1A53. 61904
5 76191%+391.45714
: 285714
£ 107 F13.6
@
5 ° In 2000, when x = 5, the operation profit
% & Q for Marriot is predicted to be $913.6
§ 4 y = 0.000055x° - million.
* ,| 0.006149x? + 0.035598x +
14.202797
0 | : ‘
0 50 100 150

Years past 1900
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Section 4.3 Skills Check

1. X*—16x=0
x(x*=16)=0
x(x+4)(x—4)=0
x=0,x=—4,x=4

Checking graphically

Yi=H"z-16%

¥=0 [¥=0

[-10, 10] by [-50, 50]

2. 2x —8x=0
2x(x2 —4) =0
2x(x+2)(x—2):0
x=0,x=-2,x=2

Checking graphically

Y1=En*z-8h

¥=0 [¥=0

[-10, 10] by [-50, 50]

3. X' —4x +4x° =0
xz(x2—4x+4):0
xz(x—2)(x—2)=0
¥ =0=x=0
x=0,x=2

Checking graphically

Y= Y=-YR " Z+YR"E

n=0 V=0

[-5, 5] by [-5, 10]

xt—6x’ +9x* =0
xz(x2 —6x+9)=0
xz(x—S)(x—3):0
X¥=0=>x=0
x=0,x=3

Checking graphically

Y1=R"Y=-GR"Z+IR"E

n=0 V=0

[-5, 5] by [-5, 10]

4x° —4x=0
4x(x* =1)=0
4x(x+1)(x—1) =0

x=0,x=-1,x=1

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.
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Checking graphically 8. X*+5x*—4x-20=0
vizynsz-yy [ (x" +5x)+(-4x-20)=0
x*(x+5)+(—4)(x+5)=0
(x+5)( )=O
- ﬁ_.u — (x+5)(x+2)(x-2)=0
Ilrr x=-5,x=-2,x=2
=0 ¥Y=0

[-5, 5] by [-5, 10] 9. 3x —4x*—12x+16=0

(3x° =457 )+ (~12x+16) =0
4 3 2
6 i =0 2 (3x—4)+ (~4)(3x - 4) =0
2 2
X (x —3x+2)=0 (3x—4)(x2—4)=0
2 j—
©(x=2)(x-1)=0 (3x—4)(x+2)(x-2)=0
¥ =0=>x=0 4
x=0,x=2,x=1 x=§,x=—2,x=2
Checking graphically

10. 4x° —8x> —36x-72=0
4(x3—2x2—9x—18)=0

4 (x* —24") +(-9x-18) | =0

Y1=H Y=-2R"Z+2R"E

| . 42 (x=2)+(-9)(x+2)]=0
| R"-_-"I Does not factor
H=0 Y=0)
[3.31by [-1, 3] 11. 2x°-16=0
2x° =16
7. x —4x"-9x+36=0 ¥ =8
(' —4x?)+(-9x+36)=0 S =R
xz(x—4)+(—9)( )=O x=2
(x—4)(x*-9)=0
(x—4)(x+3)(x—3)=0 12. 3x° -81=0
x=4,x=-3,x=3 3x’ =81
x =27
I =327
x=3
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x'=16

It =+4l16

x=12

14. 2x* -162=0
2x* =162
x* =81
Yt =+481

x=23

15. 4x* —8x* =0
4x* (¥ =2)=0
4x* =0,x>-2=0
4> =0=>x=0
X -2=0=>x"=2
Vx? =22
xzi\/z

xzi\/z,x:O

16. 3x* —24x =0
37 (x* =8) =0
3x*=0, x>’ -8=0
3x*=0=x=0
¥ -8=0=>x"=8
Vx? =+8
x=122

x=0, x=1242

17.

18.

19.

20.

21.

22.

0.5x° =12.5x=0
0.5x(x* —25)=0
0.5x(x + 5)(x — 5) =0

x=0,x=-5,x=5

0.2x° —24x=0
0.2x(x* =120)=0
02x=0,x*-120=0
02x=0=>x=0

¥ —120=0= x> =120
Jx? =120
x=i2\/%

x=0, x=i2\/%

x*—6x*+9=0
(x2 —3)(x2 —3):0
x> =3=0, x*=3=0

X =3=0=x*=3

x*—10x* +25=0
(x2 —5)(x2 —5)20
¥ =5=0, x’-5=0
¥ =5=0=x"=5
P =£45
x:i\/g

f(x)=0impliesx=-3,x=1,x=4. Note

that the x-intercepts are the solutions.

f(x)=0 implies x=-2,x=0.5,x=8. Note

that the x-intercepts are the solutions.
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23. The x-intercepts (zeros) are the solutions.

CeFn
n=-c V=0 [-10, 15] by [-400, 300]

[-10, 10] by [-125, 125]

cEFn
R=10 ¥=n
0 [-10, 15] by [-400, 300]
[-10, 10] by [-125, 125] x=-4,x=1.5x=10

2k
n=k ¥

0

[-10, 10] by [-125, 125]

x=-2,x=0.75,x=5

24. The x-intercepts (zeros) are the solutions.

CEFn
H="y ¥

0

[-10, 15] by [-400, 300]
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Section 4.3 Exercises

25.

26.

a.

a.

R=400x—x’
400x—x’ =0
x(400-x*)=0
x(20—x)(20+x)=0
x=0,20-x=0, 20+x=0
x=0,—-x=-20, x=-20
x=0,x=20,x=-20

In the physical context of the problem,
selling zero units or selling 20 units will
yield revenue of zero dollars.

Yes.

Yi=400K-R"3 [

N=i =0

[-30, 30] by [~5000, 5000]

R =12,000x —0.003x’

12,000x —0.003x” =0
0.003x(4,000,000 - x* ) =0
0.003x=0 4,000,000 — x* =0
x=0 x* =4,000,000

x =14/4,000,000

x=1x2000

x =0, x=2000, x=-2000

In the physical context of the problem,
selling zero units or selling 2000 units
will yield revenue of zero dollars.

b. Yes.

Y1=1z20008 - 00zH"=

~=2000] OF . %2000,

Hn=0 ¥=0

[-5000, 5000] by
(-10,000,000, 10,000,000]

R =(100,000-0.1x ) x
(100,000 - 0.1x* )x =0
x=0, 100,000 -0.1x* =0
—0.1x* =-100,000

x* =1,000,000

x =%4/1,000,000

x=0, x=1000, x =-1000

In the physical context of the problem,
selling zero units or selling 1000 units
will yield revenue of zero dollars.

. Yes.

Y=(1i000a0- 18" 240

—-1000 0 1000
Hn=0 ¥=0

[-2000, 2000] by
[-35,000,000, 35,000,000]

R=(100x—x2)x
(100x—x*)x=0
x2(100—x)=0
x*=0,100-x=0
x=0,x=100
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In the physical context of the problem, 30. a. Yi=E0O0OC1+HI™Y
selling zero units or selling 100 units
will yield revenue of zero dollars.
b. Yes.
YA=C100H-H 2 kH
n=de —__ _Y=rFB&/.5596H .
[0, 0.24] by [0, 12,000]
0 ‘|100 b.  10,368=5000(1+7r)"
u=n V=i (1+F)4 210,368
5000
[-250, 250] by [-100,000, 175,000] \/7 10,368
5000
29. a. Y1=z000(1+R1"3 1+r=142.0736
r=%x1.2-1
/_/_,——r___‘/- r=0.20 or —2.2
Since the negative solution does not
make sense in the context of the
n=de — _Y¥=ZH09.B58 — problem, r = 20%.
[0, 0.24] by [0, 5000] ¢.  (5000+2320.50)=5000(1+ r)4
b.  2662=2000(1+7) (147) = 122020
5000
(14r) =22 (1) = [132050
2000
5000
J(+r) =g/2662 1+r=+41.4641
2000 r
1+r=31331 r=:11-1
r=0.10 or —2.1
=J1.331-1 Since the negative solution does not
r=0.10=10% make sense in the context of the
problem, » =10%.
c. 3456 =2000(1+ r)’
4
(1+ r)3 _ 3456 31. a. The height is x inches, since the distance
2000 cut is x units and that distance when
N 3 / 3456 folded forms the height of the box.
(l + r) =3
2000
o b. The length and width of box will be
_3
I+r=v1.728 what is left after the corners are cut.
=3/1.728 -1 Since each corner measures x inches
r=0.20=20%
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32,

a.

square then the length and the width are
18—2x.

V =Iwh
=(18-2x)(18-2x)x
=(324-36x-36x+4x" )x

V =324x—-72x" +4x°

V=0

0=324x—-72x" +4x°

From part c¢) above:
0=(18—2x)(18—2x)x
18—2x=0, x=0
18-2x=0=2x=18=x=9
x=0, x=9

A box will not exist for either of the
values calculated in part d) above. For
both values of x, no tab will exist to fold
up to form the box.

0=144x—48x" +4x’
4x(36-12x+x7)=0

4x(x* —12x+36)=0

4x(x - 6)(x - 6) =

x=0,x=6

For the values calculated in part a) no
box can be formed. The calculated

values of x yield no tabs that can be
folded up to form the box.

A box can be created as long as
0<x<6.

d. Yi=i448-Y4BH"2+HE"3

w=z  Y=10H

[0, 6] by [-25, 200]

. 400 =—x° +2x* +400x — 400

~1(x* = 2x — 400x +400) = 400

x® —2x% —400x + 400 = —400

x* —2x* —400x+800=0

(x* —2x7)+(-400x+800) =0
x*(x—2)+(-400)(x-2)=0

(x=2)(x* —400)=0
(x—2)(x+20)(x—20)=0
x=2,x=-20,x=20

The negative answer does not make sense
in the physical context of the question.

Producing and selling 2 units or 20 units
leads to a profit of $40,000.

. 1200 =3x> —6x* —300x +1800

3x° —6x? —300x+1800—1200=0
3x —6x* =300x+600=0
3(x3 25 —100x+200)=0

3 (+° = 2x7) +(~100x+200) | =0

3 (x- )+ 100)( 2)]=0
3(x-2)(x* =100)=0

3(x 2)(x+10)(x—10) =0
x=2,x=-10,x=10

The negative answer does not make sense
in the physical context of the question.

Producing and selling 2 units or 10 units
leads to a cost of $120,000.
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35. a. " e

Bio
o
0

0

-0
gl
~H110)

Il | nvinciarai

>
=

0.3

s (cm/sec) 810 240 30

b. 0=30(3-10¢)’

0
3-10¢) =—

J(3-100) =30
3-10¢=0
-3
[ =——
-10
1=03

The solution in the table is the same as
the solution found by the root method.

36. Applying the intersection of graphs method

yields:

Intersechion
M=% GONPEE Y=B.1

[0, 50] by [-3, 13]

y=8.1 '-___-""T\

Intersection
M=qy 109107 Y=B.1

[0, 50] by [-3, 13]

37.

38.

After approximately 23.6 years in 1974 and
after approximately 44.1 years in 1994, the
homicide rate is 8.1 per 100,000.

a.

a.

it

—t

mmmm |-~
Lo P Ty et
U - m
L0 L
O WA

- L I L XY T ]

7RE.12
Y1=77r3. 363

In 1995 the estimated number of arrests
1s 779,365.

& Y1

= H=E.1B

y H0B

£ fraz?

7] FRE.12

v

B :

g goc.t
YVi1=813.31

In 1998 the estimated number of arrests
is 813,310.

Applying the intersection of graphs
method:

[0, 18] by —50, 250]

When x = 9.68, the stock price is
$54.98.

Since x = 9.68, after 10 months or in
January 2000, the stock price is $54.98.
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39. a. Applying the intersection of graphs
method:

[0, 30] by [2, 5]

After 7.11 years, in 1998, the percent
change is 1.3%.

b. The model will be 1.3% again. Note
that there is a second intersection point
on the graph in part a).

40. Applying the intersection of graphs method:

Mw

Intersechion
M=i0 7GE705 Y=i3

[0, 100] by [-5, 20]

In 1920 (x = 19.8) the percentage of the U.S.
population that was foreign born was 13%.

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.



374 Higher-Degree Polynomials and Rational Functions

Section 4.4 Skills Check 7. _3> —1 0 -9 3 0

3 -9 54 171
-1 3 18 57 171

1. 3)1 —4 0 310
3 -3 -9 -18

Since the remainder is not zero, x + 3
is not a factor.

8. —2) 2 5 0 -6 -4
4 2 4 4
2 1 =2 =2 0

-4 8 =20 &0

Since the remainder is zero, x + 2 is

a factor.
3 2 81
x =2x"+5x-20+
x+4
9. —1)-1 1 1 -1
1 -2 1
31002 3 0 1 -7 T 2 1 o
2 -1 -1 0 . .
One factor is x —1. The new polynomial
2 b -0 is —x* +2x—1. Solve —x* +2x—1=0.
2x3_x2_x_i x2_2x+1=O
-l (x=1)(x-1)=0
x=1Lx=1
4 —l)l 0O 0 0 -1 The solutions are x =—1 and x =1
-1 1 =1 1 (repeated two times).
1 -1 1 -1 0
X —xt+x—1 10.1)1 4 -1 —4
1 5 4
5.3)2 4 0 3 18 5 40
6 6 18 63 One factor is x —1. The new polynomial
) 27 6 21 81 isx> +5x+4. Solve x> +5x+4=0.
Since the remainder is not zero, 3 is not (x + 1)(x + 4) =0
a solution of the equation. x=-lx=—4

The solutions are x =1, x =—1, x =—4.

1 -2 0 8 0

Since the remainder is zero, — 5 is
a solution of the equation.
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12.

-22 40
-5 15 30 -40
1 -3 -6 8 0

One factor is x + 5. The new polynomial
isx’ —3x* —6x+8. Applying the rational
solutions test yields:

p:ipﬁfsziugAx)

q
N1 -3 -6 8
1 -2 -8
1 -2 -8 0

One factor is x —1. The new polynomial
is x> —2x—8. Solve x* —2x-8=0.
(x—4)(x+2):0

x=4,x=-2

The solutions are x =4, x=-2, x=1,

and x = -5.

-17 51 -63 27
6 -33 54 =27
2 11 18 -9 0

One factor is x+ 3. The new polynomial
is 2x° —11x* +18x—9. Applying the
rational solutions test yields:

2_s(129) (1501 39)
1,2 222

q
)2 -1 18 -9
2 -9 9
2 -9 9 0

One factor is x —1. The new polynomial
is 2x* —9x+9. Solve 2x* —9x+9=0.
(2x—3)(x—3)=0
2x-3=0,x-3=0

3

x=—,x=3
2

The solutions are x = %,x =3, x=1.

Note that x =3 is a repeated solution.

13.

14.

Applying the x-intercept method:

Yi=H~Zezn 2-108-40

=y Y¥=0
[-10, 10] by [-250, 250]

One solution appears to be x = 4.

4) 1 3 —18 —40
4 28 40
1 7 10 0

One factor is x —4. The new polynomial
is x* +7x+10. Solvex” +7x+10=0.

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

The solutions are x =-5,x=-2,x =4.

Applying the x-intercept method:

L

Zro
n=k

Y=-2E-12
[-10, 10] by [~100, 100]

One solution appears to be x = 5.
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15.

5)1 3 -9 -5
5 10 5
1 2 1 0

One factor is x —5. The new polynomial
is x> +2x+1. Solvex* +2x+1=0.

(x+1)(x+1)=0
x=-lx=-1

The solutions are x =5,x =—1.
Note that x = —1 is a repeated solution.

Applying the x-intercept method:

] ] [
n=-z Y=n
[-5, 5] by [-100, 100]

One solution appears to be x = 2.

-2)3 2 -7 2
-6 8 -2
3 4 1 0

One factor is x + 2. The new polynomial
is 3x> —4x+1. Solve 3x* —4x+1=0.
(3x—1)(x—1):0

x=—,x=1

1
35

The solutions are x =—-2,x=1,x = %

16. Applying the x-intercept method:

17.

-]
n=-z

[-10, 10] by [-50, 50]

One solution appears to be x =-3.

—3) 4 1 -27 18
-12 33 -18
4 -11 6 0

One factor is x + 3. The new polynomial
is 4x” —11x+6. Solve 4x” —11x+6=0.
(4x—3)(x—2) =0

3

x=—,x=2
4

The solutions are x=-3,x=2,x = %

p:i(LLl4ﬁJ2

P = +(1,2,3,4,6,12
: 1]()
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21.

22.

Applying the x-intercept method:

-1 )
=-1 ¥

0
[-10, 10] by [-100, 100]

One solution appears to be x = —1.

—1) 1 -6 5 12
-1 7 -12
1 -7 12 0

One factor is x +1. The new polynomial
is x> —=7x+12. Solvex’ —=7x+12=0.

(x—3)(x—4)=0
x=3,x=4

The solutions are x =—1,x =3,x = 4.

Applying the x-intercept method:

- )
="z ¥

0

[-10, 10] by [-100, 100]

One solution appears to be x =-2.

—2) 4 3 -9 2
-8 10 -2
4 -5 1 0

One factor is x + 2. The new polynomial
is 4x* —5x +1. Solve 4x* =5x+1=0.

(4x—-1)(x-1)=0
4x-1=0,x-1=0

le,le
4

The solutions are x =1, x =—,x = 2.

1
4,

23. Applying the x-intercept method:

L =] L
= "L

Zero [
H=.33332222 IY=0

[-5, 5] by [-50, 50]

. 1
One solution appears to be x = 3

%)9 18 5 -4

3 7 4
9 21 12 O

One factor is x —%. The new polynomial is
9x* +21x+12. Solve 9x* +21x+12=0.
3(3x + 7x+4)=0

3(3x+4)(x+1)=0

3x+4=0,x+1=0

x=—o,x=-1

3

The solutions are x = —%,x =-lLx= %
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24. Applying the x-intercept method

25.

[-10, 10] by [-50, 100]

One solution appears to be x=—4.

—4) 6 19 -19 4
24 20 -4
6 -5 1 0

One factor is x + 4. The new polynomial
is 6x° —5x+1. Solve 6x* —5x+1=0.
(3x—1)(2x—1)=0

3x-1=0,2x-1=0

1 1
X=—,x=—
3 2
. 1 1
The solutions are x = g,x = E,x =4,

¥ =10x—-7x"
x*+7x* =10x=0
x(x2 +7x—10)=0
x=0,x"+7x+10=0

Applying the quadratic formula:

. —7+7* —4(1)(-10)

2(1)
LT V89
2
The solutions are x =0, x = @

26. P =22 +3t=0

t(f =2t+3)=0
t=0,-2t+3=0
Applying the quadratic formula:
~(2)%(-2) -4(1)(3)
2(1)

t:

248
2
[ _2£2\2

2
t=1+i\2
The solutions are t =0, t =1+ iﬁ .

27. Applying the x-intercept method:

e
22K o
n=l ¥=0

[-5, 5] by [-10, 10]

It appears that w =1 is a zero.

1 4 2 0

The remaining quadratic factor is

W —4w+2.
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28.

Applying the quadratic formula:

(= -0
2(1)
WZ4¢J§

2

4422
W:

2
W=2i‘\/§
The solutions are w=1, w= 2+42.

Applying the x-intercept method:

)

Zero
n=-1 Y=0

[-5, 5] by [-10, 10]

It appears that w =—1 is a zero.

—1) 2 3 3 2
2 -1 =2
2 1 2 0

The remaining quadratic factor

is 2w” + w+2.
Applying the quadratic formula:

1) -4(2)(2)

2(2)
—1++-15
) £ ot ]
4
1415
R

The solutions are w=—-1,w=

1415
—

29. Applying the x-intercept method:

30.

Zgro
n=Z Y=0

[-5, 5] by [-10, 10]

It appears that z =2 is a zero.

2) 1 0 0 -8
2 4 8
1 2 4 0

The remaining quadratic factor
is 22 +2z+4.
Applying the quadratic formula:

22 e )@)

2(1)
—2x~-12
zZ =
2
223
2
Z=—li‘i\/§

The solutions are z=2,z=—-1+ i3.

Applying the x-intercept method:

)

] ]
n=-1 Y=n

[-5, 5] by [-10, 10]

It appears that x = —1 is a zero.

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.



380

Higher-Degree Polynomials and Rational Functions

—1) 1 0 0 1
1 1 -1
1 -1 1 0

The remaining quadratic factor
is x> —x+1.

Applying the quadratic formula:

(=D =J(=)"-4()()

X =

2(1)
1£4/-3
X =
2
1+i\3
X =
2
The solutions are x =—1,x = li;\/?

Section 4.4 Exercises

31. a. 50)—0.2 66

32.

a.

-1600 -60,000
-10 2800 60,000
-0.2 56 1200 0

The quadratic factor of P(x)
is —0.2x” +56x +1200.

—0.2x* +56x+1200=0
—~0.2(x* —280x—6000) =0
—0.2(x+20)(x—300)=0
x=-20, x=300

In the context of the problem, only the
positive solution is reasonable.

Producing and selling 300 units
results in break-even.

2eFn . . . .
n=z00 Y=

[-20, 400] by [-1000, 10,000]

10) -1 98  —700 —1800
-10 880 1800
-1 88 180 0

The quadratic factor of P(x)
is —1x* +88x +180.
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33.

a.

—x* +88x+180=0

~1(x* -88x-180)=0
~1(x=90)(x+2)=0

x=90, x=-2

In the context of the problem only the
positive solution is reasonable.
Producing and selling 90 units results

in break-even.

P
H=80 ¥=0 .I".

[-10, 100] by [-500, 2500]

=g ¥=-1E-10
[-10, 20] by [-100, 100]

Based on the graph in part a), one x-
intercept appears to be x = 8.

8)-0.1 507 —349.2 —400
0.8 3992 400

0.1 499 50 0

The quadratic factor of P(x)

is —0.1x% +49.9x +50.

Based on parts b) and c¢), one zero
1s x =8. To find more zeros,

solve —0.1x* +49.9x+50=0.
—0.1(x* —499-500) =0
~0.1(x—500)(x+1)=0

x=500, x=-1

The zeros are x =500, x =—1, x =8.

Based on the context of the problem
producing and selling 8 units or 500
units results in break-even.

[-10, 20] by [-100, 100]

Based on the graph in part a), one x-
intercept appears to be x = 11.

1) -0.1 109 —97.9 -108.9
-1.1  107.8 1089
-0.1 9.8 9.9 0
The quadratic factor of P(x)
is —0.1x* +9.8x+9.9.

Based on parts b) and c), one zero
i1sx=11. To find more zeros,

solve —0.1x* +9.8x+9.9=0.
—~0.1(x* —98-99) =0
—0.1(x=99)(x+1)=0

x=99, x=-1

The zeros are x=99,x =-1,x=11.

Based on the context of the problem
producing and selling 11 units or 99
units results in break-even.
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35. R(x)=9000
1810x —81x* — x> =9000
x* +81x* —1810x + 9000 =0

Since x =9 is a solution,

9) 1 81  —1810 9000
9 810 —9000
1 90  —1000 0

The quadratic factor of R(x)

is x* +90x —1000. To determine more

solutions, solve x* +90x —1000 = 0.
(x+ 100)(x —10) =0
x=-100,x=10

Revenue of $9000 is also achieved by

selling 10 units.

37.a. y=244

0.4566x° —14.3085x” +117.2978x +107.8456 = 244
0.4566x" —14.3085x" +117.2978x —136.1544 =0

Y=
[-10, 25] by [-75,200]

It appears that x = 12 is a zero.

36. R(x)=1000

250x —5x* —x* =1000
x> +5x* =250x+1000=0

Since x =5 is a solution,

5) 1 5 ~250 1000
5 50 -1000
1 10 ~200 0

The quadratic factor of R(x)
is x> +10x—200. To determine more
solutions, solve x* +10x —200 =0.

(x+20)(x—10)=0
x=-20,x=10

Revenue of $1000 is also achieved by
selling 10 units.

c. 12> 0.4566 —-14.3085 117.2978
54792 -105.9516

—136.1544
136.1544

0.4566 —8.8293

0

The quadratic factor of P(x) is 0.4566x” —8.8293x +11.3462.
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38.

a.

0.4566x” —8.8293x +11.3462 =0

e ~b+~/b* —4ac

- 2a

| —(~8.8293):+,)(-8.8293)" —4(0.4566)(11.3462)
e 2(0.4566)
88293+ /5723383881

0.9132
x=17.953, x=1.384

Based on the solutions in previous parts, the number of fatalities is 244 in 1982, 1992, and 1998.
y=2862

0.20x" —13.71x” +265.06x +1612.56 = 2862
0.20x° —13.71x” +265.06x —1249.44 = 0

ZerFo
n=xH ¥Y=n

[25, 50] by [-50,50]

It appears that x = 38 is a zero.

38) 0.20 -13.71 265.06 -1249.44
7.6 -232.18 1249.44
0.20 -6.11 32.88 0

The quadratic factor of P(x) is 0.2x* —6.11x +32.88.
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39.

d. 02x*-6.11x+32.88=0

2a
M _(_6-11)i\/(—6.11)2 ~4(0.2)(32.88)

2(0.2)

= 6.11++/11.0281

0.4
x=23.58,x=6.97

e. Based on the solutions in previous parts, college enrollment in thousands is 2862 in 1967, 1984,

and 1998.

Applying the intersection of graphs method:

V1= 00087 BR - 0490 2+, o

"

R

n=EE . L L YE100EENE .

[0, 50] by [9, 13]

Interseckion
n=10.ZE3619 .Y=11.:z2Y4

[0, 50] by [9, 13]

Interseckion
n=1ic Bin7eE .Y=11.:zz4

[0, 50] by [9, 13]

P 1 k']

T

Inkerseckion
wz30 . . . .Y=il.z2y
[0, 50] by [9, 13]

Based on the graphs, 11,224 births occur in
1971, 1976, and 1990.
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40. Applying the intersection of graphs method:

\J

Intersection
n=gEk.0FE181 Y=17B.96% .

[0, 50] by [150, 225]

N\

Intersection
]|

Y=17B.963 .
[0, 50] by [150, 225]

Based on the graphs, 178,963 births occur in
1985 and 1990.
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Section 4.5 Skills Check

1.

a.

To find the vertical asymptote let
q (x) =0.

x-=5=0

x =5 is the vertical asymptote.

The degree of the numerator is less than
the degree of the denominator.
Therefore, y =0 is the horizontal

asymptote.

To find the vertical asymptote let
q (x) =0.

x—4=0

x =4 is the vertical asymptote.

The degree of the numerator is less than
the degree of the denominator.
Therefore, y =0 is the horizontal

asymptote.

To find the vertical asymptote let

q (x) =0.

5-2x=0

—2x=-5

x= = :g is the vertical asymptote.

The degree of the numerator is equal to
the degree of the denominator.

Therefore, y = €1 = L is the
2 2

horizontal asymptote.

To find the vertical asymptote let

q(x) =0.
3—-x=0
—-x=-3

x =3 is the vertical asymptote.

b. The degree of the numerator is equal to
the degree of the denominator.

Therefore, y = % =—2 is the horizontal

asymptote.

a. To find the vertical asymptote let
q (x) =0.
x*=1=0
(x+1)(x—l)=0
x =—1,x =1 are the vertical asymptotes.
b. The degree of the numerator is greater
than the degree of the denominator.

Therefore, there is not a horizontal
asymptote.

a. To find the vertical asymptote let

q(x)zO.
x> +3=0
x’=-3

x=1J-3=+i\3
Since there is not a real number
solution to the equation, there is not

a vertical asymptote.

b. The degree of the numerator is equal to
the degree of the denominator.

Therefore, y = % =1 is the horizontal

asymptote.

The function in part c) does not have a
vertical asymptote. Its denominator cannot
be zero. Parts a), b), and d) all have
denominators that can equal zero for specific
x-values.

The function in part c) does not have a
horizontal asymptote. The degree of the
numerator is greater than the degree of the
denominator. Note that a slant asymptote
may exist.
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10.

11.

a.

The degree of the numerator is equal to
the degree of the denominator.

Therefore, y = % =1 is the horizontal

asymptote.

To find the vertical asymptote let
q (x) =0.

x—-2=0

x =2 is the vertical asymptote.

Y1=CR+10A0H=-20

|

n=c.k ¥Y=r
[_57 10] by [_5’ 10]

The degree of the numerator is equal to
the degree of the denominator.

Therefore, y = % =5 1is the horizontal

asymptote.

To find the vertical asymptote let
q (x) =0.
x=3=0

x =3 is the vertical asymptote.

‘\x-'“——_

=zt F\II\ ¥=-zk

[-5, 10] by [-5, 10]

YI=ERACH=2D

The degree of the numerator is less than
the degree of the denominator.

12.

a.

Therefore, y =0 is the horizontal
asymptote.

To find the vertical asymptote let
q (x) =0.

1-x*=0

¥ =1

NESEEN]

x=x=1

x =1,x =—1 are the vertical asymptotes.

M=+ ER) L -R"2)

[-5, 5] by [-5, 10]

The degree of the numerator is greater
than the degree of the denominator.
Therefore, there is not a horizontal
asymptote.

To find the vertical asymptote let
q (x) =0.

2-x=0

—x=-2

x=2

x =2 is the vertical asymptote.

M=(2h"2+12/2-1)
E

H=0 y=.

[-10, 10] by [40, 40]
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13.

14.

'|'1=IZ:-:--2-EI:I.-'IZH-;/

M=i Y=z
[-10, 10] by [-10, 10]
Y4

EROFR
y
g
B
R=3

o
-
MM

There is a hole in the graph at x = 3.

Yi=(R" =182/ (H+Y]

n=n =4

[-10, 10] by [-10, 10]

# Y4
-5 -10
- -g
é- ERROR
-3 -7
-z -6
-1 -
0 -i
=-4

There is a hole in the graph at x = —4.

15.

16.

Yi=H"2 -1

L

—h

n=0 Y=0
—h

Hinarun

A=z.0000001 1YY=y

[-5, 5] by [-10, 10]

[-5, 5] by [-10, 10]

Based on the graphs, the turning points
appear to be (0, 0) and (2, 4).

Haxirmurm

n=-1 ¥=-4

[-5, 5] by [-10, 10]

Hinimun
Rel.o0oooze IY=Yy. 599E -1z

[-5, 5] by [-10, 10]

Based on the graphs, the turning points
appear to be (-1, —4) and (1, 0).
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17.

18.

Haxirum \lll
n=Cgo0gooe liY="-Y

[-10, 10] by [-10, 10]

Hinimuﬂ
A=z.00000z1 Y=Yy

[-10, 10] by [-10, 10]

Based on the graphs, the turning points
appear to be (-2, —4) and (2, 4).

'—'—'__'__3'tf:

Hinimurm -
H=-.9999877 |Yy=-E

[-5, 5] by [-2, 2]

Haxirmum I
n=.0ooooere Iy=kt

[-5, 5] by [-2, 2]

Based on the graphs, the turning points
appear to be (-1, —0.5) and (1, 0.5).

19.

a.

Y==K 23 0H=-2)

H=0 Yz-5

[-10, 10] by [-10, 10]

Y4

JTE
0

had
%
ﬁ -k
;
i

)
ERROR
-H
"7k

Based on the graph and the table, when
x=1,y=0and whenx =3, y=-8.

y=-75

Inkersection
n=zk ¥=-7E

[-10, 10] by [-10, ~7]

y=-7.5

Intersection
n=4 Y=-r.k

[-10, 10] by [-10, 7]

Based on the graphs it appears that if
y=-7.5,thenx=3.50rx=4.
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2
d. —75-12% LCM:x—2
x=2
1-x*
=7.5(x-2)= x—2
(-2~ Jir-2)
—75x+15=1-x"
5 Intgrsection
x*=75x+14=0 n=n ¥=2
2 j—
10(x* =7.5x+14) =10(0) 10, 10] by [5. 5]
10x> —=75x+140=0
(x—4)(10x—35):0 y=2 [
x—4=0, 10x-35=0 ||.ﬁ“”"'-____
x=4,x=3.5 —_______lu
Both solutions check. -
Inkersection [
n=e Y=z
20. a. Y{=(z+4RI R E+1)
[_103 10] by [_57 5]
Based on the graphs it appears that if
y=2,thenx=0orx=2.
H=0 ¥=2 =2t LCM: x> +1
x +1
[-10, 10] by [-5, 5] 2(x2+1):(2;|-4xj(x2+1)
x +1
b K |Y4 237 +2=2+4x
-3 -1
-z 1.2 2x" —4x=0
-1 -1
0 c 2x(x—2) =0
i 2
E c x=0, x=2
iy .
Both solutions check.
A=3

Based on the graph and the table, when

x=3,y=1.4and whenx=-3,y=—1.

21.

Y1=(z-ZHi/n

_y:Tw
w=2izseE0e lY=1z.1

[-10, 10] by [-10, 10]
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22.

a.

# Y4
EEEE -:
-z -3.5
-1 -

0 ERROR

i 1

2 -E

3 -1
H=-3

Based on the graph and the table, when
x=3,y=-1and whenx =-3, y =-3.

— I
Int-ar':-a-:ti-:-n1|5 y==5
=-1 Y=-E

[-10, 10] by [-10, 10]

Based on the graph it appears that if
y=-5,thenx =-1.

LCM:x

—3x=3
x=-1

The solution checks.

R P 8 L B s

n=0 V=0

[-10, 10] by [-6, 6]

# Y4
2 z.25
I.|
-1 ERROF
0 0
i 25
2 iy
3 ‘ERZE
M=z

Based on the graph and the table, when
x=0,y=0and whenx=-2,y=4.

Inkerseckion |
HE - BEEEEEE IV=2E

y=0.25

[-10, 10] by [-1, 1]

Vet

)

y=0.25

Interseckion
n=i ¥Y=.ZE

[-10, 10] by [-1, 1]

Based on the graphs it appears that if
y=0.25, then x=—%orx= 1.
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xZ
d. 025= > 24. —-x=1+ LCM: x-2
x+1) x— x-2
1 x’ 2 (x—Z) Y —(x—2) 1+ 2
—= > LCM:4(x+1) x—2 - )
4 (x+1)
x—x(x—2)=1(x—2)+2
l[4(x l)z]z X R [4(x+1)} x—=x'+2x=x-2+42
4 (x+1) )
, —x"+3x=x
(x+1) =4x’ —x*+2x=0
X2+ 2x+1=4x" —x(x—Z):O
3x* =2x-1=0 —x=0. x=2=0
(3x+1)(x-1)=0 x=0, x=2
3x+1=0, x-1=0 x =2 does not check.
x:_%’ x=1 The only solution is x = 0.
Both solutions check.
2
3 X 02 LeMix—d
x— X—
xt+1 2
-1 =(x-1)] 2+—
(x )[x—lerj (x )( +x_1j

X +l+x(x-1)=2(x-1)+2
X1+ —x=2x-2+2
2x* —x+1=2x
2x* =3x+1=0
(2x-1)(x-1)=0

1

x=—, x=1

2
x =1 does not check.

o 1
The only solution is x = 5
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Section 4.5 Exercises

28S.

26.

a.

a.

400 +50(500) +0.01(500)’
- 500

27,900
500
The average cost is $55.80 per unit.

C= =558

400 +50(60)+0.01(60)’
60

C=

=385 _s57%
60

The average cost is $57.27 per unit.

400 +50(100) +0.01(100)’
100

C=

Co 5500 _
100
The average cost is $55 per unit.

55

No. Consider the graph of the function.

F1=Cq00+ B0+ 01200

-

R=y0n Y=EE

[0, 800] by [0, 100]

Note that the graph passes through a
minimum and then begins to increase.

1000 +30(30)+0.1(30)’

30
C= 1990 _ 663
30

The average cost is $66.33 per unit.

E:

27.

28.

a.

a.

1000 +30(300) +0.1(300)"

300

C- 19000 _633

C=

300
The average cost is $63.33 per unit.

When x = 0, the function is undefined.
If no units are produced, then there can
be no average cost.

400(5) 2000

5420 25
$5000 in advertising expenditures
results in sales volume of $80,000.

y= 80

When x = -20, the denominator is zero
and the function is undefined. Since
advertising expenditures cannot be
negative, x cannot be —20 in the context
of the problem.

YI=(L00CR~ 2+ 2RI 0" 2+ 30

M

¥=1.730z879

H=4.042553e
[-10, 10] by [-5, 5]
Based on the graph, productivity is

higher around lunch than at quitting
time.

YI=(LOOCE~ 2+ Z R 0 2+ 30

HEyOyEEREE |Y=1.72H2E7T

[-10, 10] by [-5, 5]
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c. Y1=(100CH"~Z+3HII/ (R Z+3H- d.
Hinimum ¥
el [P o B H=100.00002 LY=E0 0
[0, 8] by [0, 5] [0, 200] by [0, 300]

d. The graph in part c) is a better model of The minimum average cost of $50
the physical situation. It displays the occurs when 10,000 units are produced.
function over its domain of 0 <#<8.

30. a. Yi=(qOO+EOR+ 01R~2) R
29. a. WM=(L000+30R+ 1K 21 0
[ H=0 ll]-'|'=
H=0 =
[-100, 100] by [-100, 400]
[-10, 10] by [-200, 300]
b. W=CHOO+E0H+ 0121 4
b. [

YI=CLOO0+E0E+ 15" 21/

[0, 50] by [0, 300]

The graph in part b) fits the context of
the problem since both the viewing

window for both x and E(x) are
greater than or equal to zero.

3

: =
W=1E0 o . =54 16GGG? .

[0, 300] by [0, 400]

The graph in part b) is more appropriate,
since producing a negative number of
units does not make sense in the context
of the question.
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31.

a.

b.

C.

Mimmur
HEE00 OO0 E JYSEY

[0, 600] by 0, 100]

The minimum average cost of $54

occurs when 20,000 units are produced.

YA=CEOHYORD AR+ 20T

[0, 20] by [0, 20]

YA=CEQHYORD AR+ 20T

H | N | R

[0, 20] by [0, 20]

f(O) =6. The initial number of

employees for the startup company is 6.

YA=CEQHYORD AR 420

L PN o o Y [

[0, 20] by [0, 20]

32.

a.

/(12)~17.59. After 12 months, the

number of employees for the startup
company is approximately 18.

YI=(EOORIA 2R 2 +32]

el L YEHEZOEETR

[0, 20] by [0, 20]

# Y4
0 0
i C.HAZY
z 10
3 1z

1z.5

lh 1z.19%
& 11538

X=2

One hour after the injection the drug
concentration is 5.88%. Five hours after
the injection, the drug concentration is
12.20%.

~_

|'|l:I rim
n=h. l:ll:ll:ll:ll:ll:lE I -

[0, 20] by [0, 20]

The maximum drug concentration is
12.5% occurring 4 hours after the
injection.

After four hours, the drug concentration
begins to drop until it reaches a level of
zero. The drug concentration is zero
when none of the drug remains in the
system.
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33. a. To find the vertical asymptote let b.
g(x)=0. Sales
100 — p= 0 Price Volume
=100 5 13,061
p= 20 1322
p =100 is the vertical asymptote. 50 237
100 62
b. Since p #100, 100% of the impurities 200 16
can not be removed from the waste 500 3
water.
¢. The domain of function in the context of
o _ the problem is p > 0. There is no
34. a. If spending is allowed to increase vertical asymptote on the restricted
without bound, the function will domain.
approach its horizontal asymptote.
Since the degree of the numerator is d. The horizontal asymptote is V' =0. As
eliluil t(,) the dlegree ofthe.denomlnator, the price grows without bound, the sales
the logz)zonta asymptote 1s volume approaches zero units.
p= N =100. Therefore as spending
approaches infinity, the percentage of 36. a. Yi=CZO+YOOYI (4N
pollution removed approaches 100%.
b. No. 100% of the pollution cannot be
removed. To do so would require
spending an infinite amount of money.
n=0 ¥Y=8
35. a. Yi=g40liR+2"2
[-10, 10] by [-1000, 1000]
had Y
-y E23.33
gc BHE
A ﬁ 1174
| ERROFR
H=n ¥=1a0 :E e :EEE
-1 -123.3
[-10, 10] by [-200, 1000] ——
A Y1 , ,
¢ 21 111 There is a vertical asymptote at
-i 160 t=-25.
camm| ErRo
-1 BG40 b. No. The only vertical asymptote is at
0 ia0 t=-2.5.
i ri.iil
K=" c. Yes. Since the degree of the numerator

Based on the graph and the table, the
vertical asymptote occurs at p =—2.

equals the degree of the denominator the

horizontal asymptote is N = 4—(2)0 =200.
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As the number of months grows without
bound, the number of employees
approaches 200.

YA=10000g A+ 10 2

H=EN ¥=2B.446751
[0, 100] by [0, 1000]
The horizontal asymptote is p =0.

As the price falls, the quantity
demanded increases.

Y1=BO0RA/C2Z0+EH]

HSE0  Y=148.14815
[0, 100] by 0, 300]

Since the degree of the numerator equals
the degree of the denominator the

horizontal asymptote is y = % =160.

Advertising | Weekly
expenses sales
0 0
50 14,814.81
100 15,384.62
200 15,686.27
300 15,789.47
500 15,873.02

If an unlimited amount of money is
spent on advertising, then the weekly

sales will approach $16,000, represented
by the horizontal asymptote of the
function.

s=20,* 10 LCM: 4x
X

40\ 4) x(x 10 \( 4x
x )\ 4 4\ x 1 dx
160 x* 40x
4x 4x 4x
x* +40x +160

4x

_ x> +40x+160
4x

S

_ x> +40x+160

4x

x* +40x+160

21(4X)Z[TJ(4X)
84x = x” +40x+160
x> —44x+160=0
(x—40)(x—4)=0
x=40, x=4

21

After 4 hours or 40 hours of training, the
monthly sales will be $21,000.

YI=CE0 R0+ 020

H=BZ ¥=ri.zz2EH1

[4, 120] by [-10, 100]
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41.

b. W=iz0/HI+40+(HA 2D

[4, 120] by [-10, 100]

Based on the model, 20 hours of training
corresponds to sales of $51,000.
Y=(E+2HI/(2H+1)

.

¥=1.GBBBEG"

w=1in
[0, 20] by [0, 8]

Since the degree of the numerator equals
the degree of the denominator, the

horizontal asymptote is H =%. As the

amount of training increases, the time it
takes to assemble one unit approaches
1.5 hours.

* Yq
i4.5 1.6167
it 1.61z9
it L 15004
16 1.6061

1.5028
ﬁﬁiill 1.6
17.5 1.co7z
H=17

It takes 17 days of training to reduce the
time it takes to assemble one unit to 1.6
hours.

42.

43.

44.

A Y1
Zh 1:B.67
ch.k 139.02
7 1:9.:E
Ezli 1:0.68
: iy0
cA.E iy0.21
ch i40.61
#=28
Advertising expenses of $2800 produces
weekly sales of $14,000.
a.
[0, 250] by [0, 80]
b. A Y1
100 I7.0EZ
iin 2.x72
ct.088
20.998
149 ig6.458
iEn 1z2.294
160 B.7995
A=1306
The predicted value is 21.0%, while the
actual value in the table is 21.2%. The
values are relatively close.
a. LetA=Area.
A = xoy
x+y=51,200
b. Let L =Fence Perimeter.

L=x+2y
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399

C.

d.

L=x+2y

A=xy=51,200
51,200

X=——"

y
Substituting for x in the formula for L :

51,200
Y

?1=¢5tiiiifi:iidgfrﬂf,eﬁf

+2y

[0, 400] by [0, 1000]

Note that in this case, the x-axis
represents the variable y, and the y-axis
represents the variable L.

N

L HiH G
Asip0.gogz  Y=g4o

[0, 400] by [0, 1000]

Note that in this case, the x-axis
represents the variable y, and the y-axis
represents the variable L.

The minimum length of fence occurs
when y =160. Therefore, the total

length of the fence is

511’ 62000 +2(160) = 640 feet. The

dimensions of the rectangular field are

M =320 feet.

L:

y =160 feet and x =
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Section 4.6 Skills Check 2. Applying the x-intercept method:

1. Applying the x-intercept method:

ey

n=-z ¥Y=n
-] ] L
n="-y Y=n [-10, 10] by [-20, 20]
[-10, 10] by [-20, 80] Yizdy=-yu~z

Yi=1GR*z-H"*y[

n=o ¥=0
“=0 ¥=n [-10, 10] by [-20, 20]
[-10, 10] by [-20, 80]
2&Fa
n=e ¥=n
R0 L
H=y ¥=n [-10, 10] by [-20, 20]
[-10, 10] by [-20, 80] The function is less than or equal to zero on

the interval [—2,2] or when —-2<x<2.
The function is greater than or equal to zero

on the interval [-4,4] or when —4<x<4.

3. Applying the x-intercept method:

Yi=2R~3-8"4 [

o

N=i v

0

[75’ 5] by [75’ 5]
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Z2eFo [
n=c Y=i

[_53 5] by [_5: 5]

The function is less than zero on the interval
(—0,0)U(2,%) or when x<0 orx>2.

3x° > x*

3x*=x*>0

Applying the x-intercept method:

Y1=ER"3-n"H

n=n ¥=0

[-10, 10] by [-10, 10]

] ] /}
n=z

¥=0

[-10, 10] by [-10, 10]

The function is greater than or equal to zero
on the interval [0,3] or when 0<x<3.

Applying the x-intercept method:

o
2eF
R=-1 Y=o

[-5, 5] by [-10, 10]

s

.
Y=

ZeFo
n=1

[-5, 5] by [-10, 10]

L

2k
n=:

[-5, 5] by [-10, 10]

The function is greater than or equal to zero
on the interval [—1,1] U [3,00) or when
—1<x<lorx=3.

Applying the x-intercept method:

Zero / F
n=-1 Y=0

[-5, 5] by [-20, 20]
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YI=CR=-Z1 2 (H+1)

n=: / ['I'=|:|

[-5, 5] by [-20, 20]

The function is less than zero on the interval
(—oo,—l) or when x<-1.

Applying the intersection of graphs method:

L

AL
-—

Intersection |
n=i 11=£

[-5, 5] by [-10, 10]

Note that the graphs intersect when x = 1.
Also note that a vertical asymptote occurs at

4-2x

x=0. Therefore, > 2 on the interval

X
(0,1) or when O<x<1.

Applying the intersection of graphs method:

/

[ T T 1 -.-

y=3

Int-zr‘s-zcti-:-njf
H=-zx ==

[-10, 10] by [-10, 10]

10.

Note that the graphs intersect when x = 3.
Also note that a vertical asymptote occurs at

x+1=0orx=-1. Therefore, i >3 on

x+1
the interval [—3,—1) or when —3<x<-1.

Applying the intersection of graphs method:

y=1

Intersection ||:
=1

[-10, 10] by [-5, 5]

Intersection ||:
"=z |

[-10, 10] by [-5, 5]

Note that the graphs intersect
whenx=-3 and x =2 . Also note that a
vertical asymptote occurs

atx+1=0 orx=-1. Therefore,

XAz 2 <1 on the interval
2 x+l1
(—o0,-3]U(~1,2] or when

x<-3o0or -1<x<L2.

1-2x<0, x#1
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11.

Applying the x-intercept method:

2
n=k V=0

[-10, 10] by [-5, 5]

The inequality is true for all x in the domain
of the function such that x is in the interval

l,ooj or le. Recall that x = 1.
2 2

Therefore, the solution is [%,lj U(1,0).

Applying the intersection of graphs method:

y=27 [ j
Interseckion [
Hn=h A

V=7

[-5, 5] by [-15, 50]

Note that the graphs intersect whenx =4 .
Therefore (x - 1)3 > 27 on the interval

(4,00) or when x>4.

12.

13.

Applying the intersection of graphs method:

i

Intersection [
H=-LE 1 Y=H

[-5, 5] by [-10, 15]

Note that the graphs intersect when x = —% .
Therefore, (2x+ 3)3 <8 on the interval

—oo,—l or when x < 1 .
2 2

Applying the intersection of graphs method:

y =64

L

¥=B4

Interseckion
n=E A

[-10, 10] by [-50, 150]

Note that the graphs intersect when x=5.
Therefore, (x — 1)3 < 64 on the interval

(—o0,5) or when x<5.

14. (x+4) -12520

(x+4) 2125
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15.

Applying the intersection of graphs method:

y=125 gu{
/

Intersection f
n=1 Y=1zt

[-10, 10] by [-50, 200]

Note that the graphs intersect when x =1.
Therefore, (x+ 4)3 —125>0 on the interval

[1,00) or when x>1.

Applying the intersection of graphs method:

] ]
n=n Y=n

[-10, 10] by [~100, 100]

L g

A= -E000o0y |Y=d

[-10, 10] by [-100, 100]

Note that the graphs intersect when x =-5
and x=0. Therefore, —x’ —10x* —25x<0

on the interval {-5}U[0,%0) or when
x=-5or x=0.

16.

17.

18.

19.

20.

Applying the intersection of graphs method:

¥=0

Inkerseckion
n=n

[-8, 5] by [-100, 100]

-] ] \/l
H=-4.889897 Y=

Note that the graphs intersect when x =0
and x=—5. Therefore, x> +10x”> +25x <0
on the interval (—o0,—5)U(=5,0) or when
x<0 and x#-5.

a. f(x)<0=>x<-3o0r0<x<2

b. f(x)20:>—3SxS00rx22

a. f(x)<0=>1<x<3

b. f(x)20=>x<lorx>3
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Section 4.6 Exercises

21.

22.

R =400x —x°
= x(400-x7)
= x(20—x)(20+x)

To find the zeros, let R =0 and solve for x.

R=0

x(20—x)(20+x) =0
x=0,20-x=0, 20+x=0

x=0, x=20, x=-20

Note that since x represents product

sales, only positve values of x make
sense in the context of the question.

Lk LLLLE Tl

n=lzk ¥Y=z04B.B7E

[0, 25] by [-500, 3500]

Based on the graph and the zeros calculated
above, the revenue is positive, R >0, in the

interval (0,20) or when 0<x<20. Selling

between 0 and 20 units, not inclusive,
generates positive revenue.

a. Revenue

= (Price per unit)(Number of units)
R(x)=(1000-0.1x")(x)
=1000x - 0.1x

23.

To find the zeros, set the revenue
function equal zero and solve for x.

1000x—0.1x* =0
~0.1x(10,000 - x*) =0
—O.lx(lOO—x)(lOO+x)=O
—0.1x=0, 100-x=0, 100+x=0
x=0, x=100, x=-100

Note that since x represents product

sales, only positve values of x make
sense in the context of the question.

YA=1000h - 18"

n=BE.E ¥=3H0AE.93H

[0, 125] by [~7500, 50,000]

Based on the graph and the zeros calculated
above, the revenue is positive in the interval

(0,100) or when 0<x<100. Selling

between 0 and 100 units, not inclusive,
generates positive revenue.

a. V>0
1296x —144x* +4x° >0
Find the zeros:
1296x —144x> +4x> =0
4x° —144x* +1296x =0
4x(x* —36x+324)=0
4x(x—18)(x—18):O
4x=0, x-18=0, x—18=0
x=0, x=18, x=18
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Y1=12960-14YR"2+HH"3

H=1H v=0
[0, 36] by [-500, 5000]

Based on the graph and the zeros
calculated above, the volume is positive

in the interval (0,18)U(18,oo) or when
O<x<l8orx>18.

b. In the context of the question, the largest
possible cut is 18 centimeters.
Therefore, to generate a positive
volume, the size of the cut, x, must be in

the interval (0,18) or 0<x<l18.

24. V>0
192x —56x" +4x° >0
Find the zeros:
192x—56x" +4x* =0
4x’ —56x° +192x=0
4x(x* —14x+48)=0
4x(x—6)(x—8)=0
4x=0, x—6=0, x—8=0

x=0, x=6, x=8

Y1=192H-Can"2+4n"3

AVAS

H=h ¥=0

[0, 16] by [~100, 300]

28S.

Based on the graph and the zeros calculated
above, the volume is positive in the interval

(0,6)U(8,0) or when 0<x <6 orx>8.

In the physical context of the question, the
largest possible cut is 6 inches. A cut of
larger than 6 inches would not be possible
on the side of the cardboard measuring 12
inches. Therefore, to generate a positive
volume, the size of the cut, x, must be in the

interval (0,6) or 0<x<6.

C(x)>1200
3x —6x* —300x +1800>1200
3x* —6x? =300x + 600 >0

Find the zeros:

3x® —6x* —300x + 600 =0

3(x3 25 —100x+200):0
3[(x" = 2x) +(~100x +200) | =0

[

3[x2 (x—2)+(—100)(x—2)] =0
(
(

98]

x=2)(x* =100)=0
x=2)(x+10)(x-10)=0
x—2=0, x+10=0, x-10=0
x=2, x=-10, x=10

98]

Sign chart:
Function = --- | +++ -— +++
3 | | |
(x-10) - | - — |
(x+10) — | |
(x-2) T I =

-10 2 10

Based on the sign chart, the function is
greater than zero on the intervals (—10, 2)

and (10,00) . Considering the context of the

question, the number of units can not be
negative. The endpoints of the interval
would be part of the solution because the
question uses the phrase “at least.”
Therefore, total cost is at least $120,000 if
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0<x<2 orif x>10. In interval notation
the solution is [0,2] or [IO,oo).

Applying the x-intercept method:

CeFn

n=-11 ¥Y=ZE-10

[-15, 15] by [-2000, 2000]

-y
n=c V=0

[-15, 15] by [-2000, 2000]

n=i0 ¥

0

[-15, 15] by [-2000, 2000]

In context of the problem, the number of
units must be greater than or equal to zero.
Therefore, based on the graphs, the total cost
is greater than or equal to $120,000 on the
intervals [0,2] or [10,00) or when 0<x<2

or x>10.

26.

P(x)>400

—x’ +2x7 +400x — 400 > 400

—x" +2x* +400x —800 >0

Find the zeros:

—x* +2x +400x —800 =0
—1(x" = 2x” —400x+800) =0

—1[ (x* =247 +(~400x +800) | =0

“1(x— 2( 400)

~1(x=2)(x+20)(x—20)=0
x=2=0, x+20=0, x—20=0
=2, x=-20, x=20

(

[
—1[ % (x—2)+(-400)(x-2)]=0
(

(

Sign chart:
Function +++ | --- +++ —
-1 —_ | - - —
(x-20) -— | - — |+
(x+ 2()) — | | |
(x-2) — | | |

20 2 20

Based on the sign chart, the function is
greater than zero on the intervals (—oo,—20)

and (2, 20). Considering the context of the

question, the number of units can not be
negative. The endpoints of the interval
would be part of the solution because the
question uses the phrase “at least.”
Therefore, total cost is at least $40,000 if
2<x<20. Ininterval notation the solution

is [2,20].
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Applying the x-intercept method:

CeFn /l
n="gn ¥Y=BE-10

[-25, 25] by [-3000, 3000]

0

[-25, 25] by [~3000, 3000]

2Ekn /l
H=g0, ¥=0

[-25, 25] by [-3000, 3000]

In context of the problem, the number of
units must be greater than or equal to zero.

Therefore, based on the graphs, the total cost

is greater than or equal to $40,000 on the
interval [2,20] or when 2<x<20.

27. Applying the intersection of graphs method:

L y= 200 .-‘-______
Intersection————————
HEel ¥=200

[0, 30] by [-50, 300]

Note that the graphs intersect when x =20.
400x
x+20

[20,00) or when x >20.

>200 on the interval

Therefore,

Therefore, spending $20,000 or more on
advertising creates sales of at least
$200,000.

. Applying the intersection of graphs method:

y=41

Interseckion
H=io ¥=ui

[0, 150] by [-10, 80]

y=41

INEQE S0 mmm
H=100 Y=hi

[0, 150] by [-10, 80]

Note that the graphs intersect when x =10
or x =100 . Therefore,

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.



CHAPTER 4 Section 4.6 409

29.

. 2
C:100+30x+0.1x <41 on the interval

X
[10,100] or when 10<x<100.

Therefore producing between 1000 units and
10,000 units inclusive generates an average
cost of at most $41 per unit.

Applying the intersection of graphs method

]
| =3456

-....—P__d_-_

y=2662

-—

)

Inkerseckion
n=d Y=ZBBZ

[0, 0.25] by [-500, 4500]

| v =23456

Inkerseckian
n=2 ¥=z4tm

[0, 0.25] by [-500, 4500]
Note that the graphs intersect when » =0.10
or r=0.20. Therefore,

2662 <2000(1+7)’ <3456 on the interval
[0.10,0.20] or when 0.10<r<0.20.

Therefore, interest rates between 10% and
20% inclusive generate future values
between $2662 and $3456 inclusive.

30. Applying the intersection of graphs method:

31.

y=6553.98 .. _———

ol

Intgrseckion -
n=o? ¥=ptEz.0H

[0, 0.10] by [-500, 8000]

Note that the graphs intersect when » =0.07 .
Therefore, 5000(1+ r)4 >6553.98 on the
interval [0.07,00) or when r >0.07 .

Therefore, interest rates greater than or
equal to 7% generate future values of at least
$6553.98.

Applying the intersection of graphs method:

N

Int-zr's-zi:tu:-n
a=io.0zza?  1Y=x9090

3 =39,990

[-250, 250] by [-350,000, 350,000]

/O

$=39,990
III\ . .
tion |

Y=399090
[-250, 250] by [-350,000, 350,000]

Note that the graphs intersect
whenx ~10.02 and when x~194.80.

Therefore, R =4000x —0.1x* >39,990 on
the interval [10.02,194.80] or when
10.02<x<194.80.
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Therefore, producing and selling between 10 33. Considering the supply function and
units and 195 units inclusive generates solving for g:
revenue of at least $39,990. 6p—q=180
—g=180-6p
32. a. Revenue = q=6p—180
(Price per unit)( Number of units) Considering the demand function and

solving for ¢:

R(x)=(1000-0.1x" ) (x) (p+20)q = 30,000

R(x)=1000x—0.1x

. . . 30,000
b. Applying the intersection of graphs = 20
method: p+
Supply > Demand
y=37,500 } 6p—180>30’000 LCM: p +20

. 420
m (p+2o)(6p—180)>(P+2o)[20;038]

Inkerseckion [ (p+20)(6p—180)>30,000
H=s0 1=37500 (p+20)(6p~180)~30,000 > 0

[-100, 100] by [-75,000, 75,000]

Applying the x-intercept method:

¥ =37,500

i

|

W=GE.13H7B82 [Y=27E00 2ero
H=g0 ¥=0

[-100, 100] by [75,000, 75,000]
[0, 100] by [~50,000, 50,000]

Note that the graphs intersect o
when x = 50 and when x ~ 65.139 . When the price is at least $80, supply
exceeds demand. Note that only positive

values of p make sense in the context of the
question.

Therefore,

R(x)=1000x —0.1x" <37,500 on the
interval [0,50] or [65.139,0) or when
0<x<50 or x>65.139.

Therefore, producing and selling
between 0 units and 50 units inclusive or
more than 65 units generates revenue of
at most $37,500.
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34. Applying the intersection of graphs method:

w — y=10

[

Interseckion
TEf) =10

[0, 15] by [-5, 20]

y=10

P S
/

Intersection
H=g y=10

[0, 15] by [-5, 20]
Note that the graphs intersect when ¢ =2

and when ¢ =8 . Therefore,

200¢
Cit)=
® 2t* +32
when 2<¢1<8.

>10 on the interval [2,8] or

Therefore, the drug concentration remains at
least 10% between 2 hours and 8 hours
inclusive. The results contradict the claim
of the of the drug company that the drug
remains at a 10% for at least 8 hours. The
calculations suggest that the concentration is
at least 10% for only 6 hours, 8—-2=6.

3s.

a.

Applying the intersection of graphs
method:

Tl

Interseckinn
n=ikt ¥=18

[0, 60] by [-10, 25]

Note that the graphs intersect when
30+ 40¢

5+2¢
on the interval [0,15) or when
0<tr<15.

t=15. Therefore, f(¢)= <18

For the first 15 months of the operation,
the number of employees is at most 18.

The number of employees is less than 18
until month 15. Therefore, the number
of employees is less than 18 on the
interval [0,15) or when 0<7<15.

Thinking in terms of discrete months,
for months 0 through 14 the number of
employees is less than 18.
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Chapter 4 Skills Check

1.

4.

The degree of the polynomial is the highest
exponent. In this case, the degree of the
polynomial is 4.

A fourth degree polynomial function is
called a quartic function.

V1= -He 3+4R "2+l

"

0

-= 3
[
H 3

[-10, 10] by [-10, 10]

Yes. The graph is complete on the given
viewing window.

a.

b.

Y= Y=4R 2=-20

R=0 ¥=-z0
[-10, 10] by [-10, 10]

Y=Y -4u " 2-20

[y=-z0

n=0
[753 5] by [7503 50]

Viewing windows may vary.

5.

a.

Yi=H"Z-30"2-Y

n=0 ¥=-Y

[-5, 5] by [-10, 10]

_ E

[-5, 5] by [-10, 10]

The local maximum is (0,—4).

Hinimur
H=1.949

[-5, 5] by [-10, 10]

The local minimum is (2, —8) .

y=x +11x —16x+40

[-10, 10] by [0, 100]
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b. No. The graph is not complete.

€. YA=H"2+118"Z-1BH+40

=0 JI =40
[-25, 25] by [-250, 500]

Viewing windows may vary.

d.
Hinirum
n=.66666H: IY=ZY4.51HE19
[-25, 25] by [-250, 500]
Haxirmum
H=-A.00000z |Y=ZE0
[-25, 25] by [-250, 500]

X =16x=0

x(x2—16)=0

x=0, x+4=0, x—4=0

x=0, x=-4, x=4

10.

11.

2x* —8x* =0

257 (x* =4)=0

2x? (x+2)(x—2)=0
2x*=0, x+2=0, x—2=0

x=0, x=-2, x=2

xt—x'-20x* =0
xz(x2 —x—20)=0
x(x—S)(x+4)=0
x=0, x-5=0, x+4=0

x=0, x=5, x=-4

x —15x> +56x=0

x(x* =15x+56)=0
x(x—7)(x—8):O

x=0, x-7=0, x—-8=0

x=0, x=7, x=8

4x° —=20x* —4x+20=0
4(x3 —5x7 —x+5)=0
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12.

12x* —9x* —48x+36=0

3(4x3—3x2—16x+12)=0

3[ (4" =307 )+ (~16x+12) | =0
=0

3[ 7 (4x—3)+(—4)(4x-3) |

3(4x-3)(x" —4)=0

3(4x—3)(x+2)(x—2)=0

4x-3=0, x+2=0, x—2=0
3

x=—, x=-2, x=2
4

13. Applying the x-intercept method:

e .".___.|I

- ]
H=-.9989897 |Y=i

[-5, 5] by [-10, 10]

] ]

n=E ¥=0

[-5, 5] by [-10, 10]

W

] ]
n=z Y=n

[-5, 5] by [-10, 10]

14.

15.

Based on the graphs, the solutions are
x=—1,x=2,andx=3.

Applying the x-intercept method:

] ]

n=-Ek L ¥=0

[-10, 15] by [-2500, 1500]

]

- ) 3
HEZEEEEEEE Y20

[-10, 15] by [-2500, 1500]

R=12 | y=0
[-10, 15] by [-2500, 1500]

Based on the graphs, the solutions are

x=—2.5,x=%, and x=12.

(x—4) =8

13,()6—4)3 =38
x—4=2
x=6
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16.

17.

18.

5(x—3)" =80
(x-3)" =16
14/(x—3)4 =(‘/E

x-3=2

x=5

2)4 3 0 2 -8

8 10 20 44
4 5 10 22 36
36

x=2

4% +5x° +10x+22 +

1) 2 5 —11 4
2 7 -4
2 7 -4 0

The remaining polynomial is 2x* +7x — 4.

Set the polynomial equal to zero and solve.

2x° +7x—4=0
(2x-1)(x+4)=0
2x-1=0,x+4=0

2x—1=0:>2x=1:>x=%

x+4=0=>x=-+4

The solutions are x =1,x = —4,

andle.
2

19. Applying the x-intercept method:

FU“
Zero
n=Z Y=0

[-5, 5] by [-20, 20]

20.

It appears that x =2 is a zero.

2) 3 -1 -12 4
6 10 -4
3 5 2 0

The remaining quadratic factor
is 3x” +5x - 2.

Applying the quadratic formula:

_—(5)£4(5) -4(3)(-2)
2(3)
_—5++/49
6
-5+7
X =
6
-5+7 2 1
x= _c_-
6 6 3
or
x=_5_7=_—12=—2
6 6

The solutions are x =2, x = -2,

andle

Applying the x-intercept method:

NV
/

e )
="z ¥=0

[-5, 5] by [-20, 20]

It appears that x = -3 is a zero.

—3)2 5 4 -3
-6 3 3
2 -1 -1 0

The remaining quadratic factor is 2x* —x —1.
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21.

Applying the quadratic formula:

(D)= -4
2(2)

4
1£3
X=—-
4
1+3 4
x:—:—:l
4 4
or
1-3 -2 1
X=—=—=——
4 4 2

The solutions are x =-3,x = —%,

andx=1.

a. To find y -intercepts, let x =0 and

solve for y.
_1=0° 1
0+2 2

o)

2

To find x - intercepts, let the numerator
equal zero and solve for x.

1-x*=0

x* =1

2 =21

x=%1

(-1.0).(10)

b. To find the vertical asymptote let

q(x)=0.
x+2=0
x=-2

x =-2 is the vertical asymptote.

The degree of the numerator is greater
than the degree of the denominator.
Therefore, there is not a horizontal
asymptote.

22.

C.

a.

Y==K 23/ CH+ED

l

n=0 ¥=.k

[-5, 5] by [-15, 15]

To find y - intercepts, let x =0 and
solve for y.

_3(0)-2_2 2

0-3 -3 3

8

To find x - intercepts, let the numerator
equal zero and solve for x.

3x-2=0
3x=2

To find the vertical asymptote let

q(x)zO.
x-3=0
x=3

x =3 is the vertical asymptote.

The degree of the numerator equals the
degree of the denominator. Therefore,
the ratio of the leading coefficients is the
horizontal asymptote.

3

:—:3
4 1
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¢ TI=(FH-21 (H-3)

s

Haxirmumm I
A= ¥=.b6B6bBBE6T R=z00nnnie 1Y="6
[-10, 10] by [-10, 10] [-10, 10] by [-20, 20

The local maximum is (3,-6), while the

local minimum is (-1,2).

II-______. 25. a. [

Haxirum [
H=-z.B17E-" IV=-1.71E-1Y4

[-20, 20] by [-50, 50] -#’ﬂﬁﬁf,ﬁﬁ

[-10, 10] by [-30, 10]

T B b. '|"|=l:i+EH"'E:I|"|:H':EjJ_f

Hinimum [
a=g.000000z 1Y=186

[-20, 20] by [-50, 50]

n=1 V=1

The local maximum is (0,0) , while the
[-10, 10] by [-30, 10]

?1=i1+EHﬁEj{fﬁ:E;rﬂff

local minimum is (8,16) .

Minimun Illr________‘ H=3 o

w=-1.000001 Y=z [-10, 10] by [-30, 10]

[-10, 10] by [-20, 20] Whenx=1,y=1. Whenx=3,y =3.8.
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| 4

L~

Intersection
n=-BPE 1 IY=2.2E

[-10, 10] by [-10, 10]

L/

e

Inkerseckion
n=E I IVY=Z.2E

[-10, 10] by [-10, 10]

Ify=2.25,then x=-0.875 orx = 2.

14247
x+2

A(x+ 2)8) —4(x+ 2)(1?37

9(x+2)=4(1+2x")
Ox+18=4+8x"

8x* —9x—14=0
(8x+7)(x—2)=0

d. % LCM: 4(x +2)

8x+7:0:8x:—7:x:_%
x—2=0=>x=2

The solutions are x =2, x = —%.

26. x*—13x" +36=0
(x*=9)(x*-4)=0
(x+3)(x—3)(x+2)(x—2)=0
x+3=0, x-3=0, x+2=0, x-2=0

x==-3, x=3, x=-2, x=2

27. Applying the x-intercept method:

2
n=1 V=0

[-10, 10] by [-10, 10]

It appears that x = 1 is a zero.

1) 1 1 2 -4
1 2 4
1 2 4 0

The remaining quadratic factor

is x” +2x+4.
Set the remaining polynomial equal to
zero and solve.

X +2x+4=0

o —b++/b* —4ac
2a
_—(2)J0) -4()(4)
2(1)

_2+4-12

Ty
2423

——

x=—1ii\/§

The solutions are x =1, x=—1% i\/g.

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.



CHAPTER 4  Skills Check 419

28. Applying the x-intercept method:

CeFn
n=-c ¥=1.EE-1c

[-5, 5] by [-10, 10]

It appears that x = -2 is a zero.

—2) 4 10 5 2
-8 -4 =2
4 2 1 0

The remaining quadratic factor
is 4x* +2x +1.

Set the remaining polynomial equal to
zero and solve.

4x* +2x+1=0
_ —b+~b* —4dac
2a
)=y 40
2(4)
—2+-12
8
2+2i3
8
_1+i\3
x:
4
x=_—1i£i
47 4
The solutions are x =2, x = _71+ \f A
and —l—ﬁi
4 4

29.

30.

x —5x*>0
xz(x—S)ZO
xz(x—5)=0
x-5=0, x*=0
x=5 x=0

Sign chart:

Function
2 | |

( x—5 ) -— -— +++

Based on the sign chart, the function is
greater than or equal to zero on the interval

[5,0) or when x>5. In addition, the

function is equal to zero when x =0.

Applying the x-intercept method:

) S
-] ]
n=-1 ¥Y=n
[-5, 5] by [-15, 15]
F N

[-5, 5] by [-15, 15]
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32. 2710599
x+1
—r— Applying the intersection of graphs method:
'-.______,I' pplying grap
o] o
n=h Y=1.ZE-12

31.

[-5, 5] by [-15, 15]

Based on the graphs, the function is greater
than or equal to zero on the intervals [-1,2]

or [4,00) orwhen x>4 or -1<x<2.

4x -6
x
4x—-6
X

>2

Applying the intersection of graphs method:

Intersection .

[-10, 10] by [-10, 10]

Note that the graphs intersect when x =3.
Also note that a vertical asymptote occurs at
4x—6

x=0. Therefore, > 2 on the

x
interval (—0,0)U(3,%) or when
x<Qorx>3.

_

Interseckion §
=- y=z0

[-10, 10] by [-20, 40]

Note that the graphs intersect when x=-2.
Also note that a vertical asymptote occurs at

>20 on the

x=—1. Therefore,
x+1

interval [—2,—1) or when -2<x<-1.
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Chapter 4 Review Exercises 35. a. Using the table feature of a TI-83
graphing calculator:

33. a. Y=-A8*E+1E8 Z-2EH

r (rate) S (future value)
1% 5307.60
5% 6700.48
10% 8857.81
15% 11,565.30
R=E0 N=Z7E0,
(=100, 200] by [~2000, 60,000] b. ¥1=E000(1+H#)"5
b. Yi=-.1X~3+1EX~2-2EH
¥=.i “——————'y=gES?.B0E
. . . 0, 0.2] by [~1000, 15,000
R=100 TETELT [0,0.2]by [ > 15,000]
[0, 200] by [0, 60,000] ¢ Y1=5000(1+4)"6
c. # Y4
G Z0BEE
7 Z1iE7H
zg z2301
i ﬁﬁﬁﬁﬁl _ g iy, -
3 St N=.1 Y=BB57.B05
-z 22197 0, 0.2] by [~1000, 15,000
"|"1=23?5E [0, 0.2] by [~ , 1, ]
, Y=E000(1+H)" 6
When 50,000 units are produced, the
revenue is $23,750.
34.
M=z “—————y=iygzg gz -
[0, 0.2] by [~1000, 15,000]
M3 Ly ———ee The difference in the future values is
n=B4.051256 Y=233B5.631 14,929.92 —8857.81=$6072.11.

[0, 150] by [~6000, 40,000]

When 84,051 units are sold, the maximum
revenue of $23,385.63 is generated.
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36.

a.

V1= 00006465 H "=, 007 YH"2

-

REE0 . YR 30N2E
[0, 100] by [0, 20]

Y= 00006465 2=, 007 YH"2

L - RN, S - | L [N

[0, 100] by [0, 20]

In 1960, the model predicts the
percentage to be 5.78%. The prediction
is relatively close to actual value of

5.4%.

Applying intersection of graphs method:

ﬁ\-\-\-\_l-'-.-.

Inkerseckion
AR PLELEE Y e

[0, 100] by [0, 20]

y=7 /r
e

Inkerseckion
HEHE.DOEEYT LY=SP o

[0, 100] by [0, 20]

37.

a.

Based on the graphs, in approximately
1952 and again in 1987 the percentage is
7%.

PLUET et L b

Y= EFen"zs-

=g Y=£19.9C53
[0, 10] by [~100, 600]

V== Bz z=1.00z8"z+41,

n=H Y=4o0 844

[0, 10] by [-100, 600]
Based on the model, the United Nations

debt is approximately $400.844 million
in 1998.

Hazimump———————
H=M.EEFELZE YW=EZl.7BHZH

[0, 10] by [-100, 600]
The maximum debt is approximately

$521.768 million occurring between
1994 and 1995.
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United Nations Debt

L 2
pX

4

Debt (millions)

1y =-1.832x%+22.111x°-
50 1 55.367x + 290.659
0 T T 1

0 5 10 15
Years past 1990

b. See part a) above.

ey

I-I-:l:-:nr-'uur-'u
Y=g40

[0, 8] by [0, 1000]

An intensity level of 4 allows the maximum
amount of photosynthesis to take place.

40.  9261=8000(1+r)’

8000
m: /9261
8000

1+r=1.05
r=1.05-1

r=0.05

An interest rate of 5% creates a future value
of $9261 after 3 years.

41.

42.

a.

V=0
324x-72x" +4x’ =0

4% —72x* +324x=0
4x(x* —18x+81)=0
4x(x—9)(x—9)=0
4x=0, x—9=0, x-9=0
x=0, x=9, x=9

If the values of x from part @ are used to
cut squares from corners of a piece of
tin, no box can be created. Either no
square is cut or the squares encompass
all the tin. Therefore the volume of the
box is zero.

Reasonable values of x would allow for
a box to be created. An x-value larger
than zero and less than half the length of
the edge of the piece of tin would allow
for a box to be created. Therefore,
reasonable values are

0<x<% or 0<x<9.

M= git 342050 2 -4B. B4 -

HEy2EEEIDY Y=2H.A1ZEZAY

[0, 40] by [-15, 20]
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T

CEFn
H=y ¥=0

[0, 40] by [-15, 20]

The x-intercept is (4,0).

4) —0.2 205 -48.8 -120
-0.8 788 120
0.2 197 30 0

The remaining quadratic factor
is —0.2x* +19.7x + 30.

Set the remaining polynomial equal to
zero and solve.

—0.2x* +19.7x+30=0

o —b+~b* —4ac

2a
—(19.7)£/(19.7)" - 4(-0.2)(30)
e 2(-0.2)
L Z19.7£/412.09
- ~0.4
~19.7420.3
X=— — — — —//
0.4
1974203 -19.7-203
04 77 04

x=-1.5, x=100
The solutions are x =4, x=-1.5,
and x=100.

Since negative solutions do not make
sense in the context of the question,
break-even occurs when 400 units are
produced or when 10,000 units are
produced.

43.

44.

a.

a.

Since the degree of the numerator is less
than the degree of the denominator, the
horizontal asymptote is C =0.

As the time increases, the concentration
of the drug approaches zero percent.

(-——__________

Haxirmum
n=.98989877: Y= .1E

[0, 4] by [0, 0.3]

The maximum drug concentration is
15% occurring after one hour.

E(O) does not exist. If no units are

produced, an average cost per unit can
not be calculated.

Since the degree of the numerator equals
the degree of the denominator, the

50 _

horizontal asymptote is C (x) = 50.

As the number of units produced
increases without bound, the average
cost per unit approaches $50.

The function decreases as x increases.

YA=C(EOR+ER001/H

N QN = T B

[0, 20] by [0, 5000]

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.



CHAPTER 4 Review 425

45.

a.

YI=CEQRZ+1 20001/

MZ2E L TTiZI0 . .

[0, 50] by [0, 12,000]

|'||I'||I'l'| —
n=zo, l:Il:Il:ll:ll:I3 Ty=izoo T

[0, 50] by [0, 12,000]

The minimum average cost is $1200

occurring when 20 units are produced.

46. ¥1=30000/(H+E0)

47.

n=1t50 ¥=178.470E8

[0, 300] by [0, 1000]

a.

C(x)= 200+20x+l§9

X
2
C(x)= 2008 | 207 180
Clx)=

X X X
20x* +200x +180
X

48.

a.

—t

Ll Ll L L A L {
= R LR Al I LEY =
nmomunos oo

=]
[y

=J LAt
r }-c

X=2

Using 5 plates creates a cost of $336.

Hinirumm
n= EIEIEIEIEIEIE '|' 32!2!

[0, 8] by [-100, 1000]
Using 3 plates creates a minimum cost

of $320.

Y=CEPE E=1 R .03

w=10 Y=z2.4B2552
[0, 20] by [-25, 150]

F=ErE E-LER AR+ 02D

n=1z ¥=1z.B5z648
[0, 20] by [-25, 150]
During the 1993-94 school year, the

model predicts 13.85 students per
computer. The prediction is close to the
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actual value of 14 students per 1994 inclusive, the homicide rate is at least
computer, as displayed in the table. 8.13 per 100,000 people.

49. Applying the intersection of graphs method: 51. Applying the intersection of graphs method:

50.

y=233 "
F_ﬁ_,—l—'_ﬂ_..-.

Interseckion
H=ED Y=z2z.=

(4, 80] by [-10, 50]

Note that S >23.3 occurs on the interval
[50,00) or when x>50. Fifty or more

hours of training results in sales greater than
$23,300.

Applying the intersection of graphs method:

—— y=8.13

Interseckion——— o oy
n=ez.Bza2E  Y=H.1Z,

[0, 75] by [-2, 15]

., =813

Interseckion——— o o
n=d4.01l7yPE Y=B.13

[0, 75] by [-2, 15]

Note that y>8.13 when
23.836<x<44.017. Between 1974 and

y=59,625

Intersection™—Tr——
H=kn ¥Y=EOgp:zE

[0, 1000] by [~50,000, 300,000]

y=59,625

Y=EB5ZE
[0, 1000] by [~50,000, 300,000]

Note that R > 59,625 when x>50 and

x <605.97. Selling 50 or more units but no
more than 605 units creates a revenue
stream of at least $59,625.

52. Applying the intersection of graphs method

C _;—'—'-'-'_'_F'_'—-

y=37

Inkerseckion
=z0., . . Y=E

[0, 100] by [30, 50]
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53.

-..-_:—'—'_'-_-_--

- y =37

IE'Z'IEJI"EEE“I:II'I

g=zF
[0, 100] by [30, 50]
C<37 when 20<x<50. The average cost

is at most $37 when between 20 and 50 units
inclusive are produced.

Applying the intersection of graphs method:

/ y=30.1

Intersection
AsqizE a0ss LY=301 o .

[0, 10,000] by [0, 50]

Note that p>30.1 when x>4133.91. To

remove at least 30.1% of the particulate
pollution will cost at least $4133.91.
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Group Activity/Extended Applications

Unemployment Rates

Percentage

Percentage

Unemployment Rate

7 -
L 4
64 @ L 4
L 4

Se * o

i L 4
4 * o
3 i
2 i

1 i
O T T T T 1
0 2 4 6 8 10
Years past 1990
Unemployment Rate

15

13 A

11 y =0.0227x°-0.3555x % +

9 1.2352x +5.0101

7 |

5 1/"—\_’

3 |

1 |

10 2 4 6 8 10

Years past 1990

3. See Exercise 2 above.

4. Unemployment Rate
16
14 * .
o 12 M L 2
g 10 * 0,
€ *
g ° ¢
5 6
& 4
2
O T T T T T 1
0 2 4 6 8 10
Years past 1990
Unemployment Rate
15
5. .
13

Percentage
~

y =0.0282x° - 0.4685x> +
1.5711x + 11.6078

2 4 6 8 10
Years past 1990

6. See Exercise 5 above.

7. | Black unemployment rate

T T

E'_-______‘———__

White unemployment rate

[0, 9] by [0, 15]

8. Black unemployment rates are much higher
than white unemployment rates throughout
the 1990’s.
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9. yI=vYz-1 13. No. The graph suggests that the
unemployment rates move together in a
more or less linear fashion. That is, as one
rate rises, the other rate rises. Based on the
data analysis, affirmative action plans might
be useful in helping to narrow the

unemployment rate gap.
AUl e Y=6.Z2EEEE

[0, 9] by [0, 15]

The unemployment rate gap seems to be

decreasing.
10. Unemployment Rate Comparison
16
g 14 *
g 12 $
‘g‘ i *®
£ 104 %
Y 4
(]
= 8 L 2
§ 6
c
D 4
<
8 2
[}
O T T T 1
0 2 4 6 8
White Unemployment Rates
11. Unemployment Rate Comparison
16 -
3 14 1
g
12
€ L/
g 10 -
g
E_ 8 L 2
¢ 6+
5
x 41 y-= 1.8588x + 1.6901
©
m 27
0 T T T 1
0 2 4 6 8

White Unemployment Rates

12. See Exercise 11 above.
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Printing S. Y=BR+(12B00/H)
A. 1. Assuming the printer uses 10 plates,
then 100010 =10,000 impressions can
be made per hour. If 10,000
impressions are made per hour, it will
take 100,000 =10 hours to complete all U=2q VY=B00
the invitations. [0, 30] by [0, 10,000]
2. Since it costs $128 per hour to run the Producing 20 plates minimizes the cost,
press, the cost of using 10 plates is since the number of plates, x, that can be
10-128 = $1280. produced is between 1 and 20 inclusive.
3. The 10 plates cost 10+8 = $80. Considering a table of values yields
4. The total cost of finishing the job is A Y 1
1280+80=5$1360 P | 1izB0H
Z BE4lB
3 4290.7
4 23z
B. 1. Letx=number of plates. Then, the E %Egg 3
cost of the plates is 8x. 7 1BB4.6
A=1
2. Using x plates implies x invitations
can be made per impression. A Y4
| 1664
3. 1000x invitations per hour E,:, HEEE
Creating all 100,000 invitations ii 1zE1.8
iz 116z.7
1d . 100,000 100 h iz 10866
would require YO ours. 14 10263
»=8
1
4. C(x)=8x+128(ﬂj by 4
0 TN
C(x)=8x+( 2 j,where ig R
X ir HEB.34
x represents the number of plates 18 EEE%%
and C(x) represents the cost of the k Bon
100,000 invitations in dollars. “w=2H

Producing 20 plates creates a minimum
cost of $800 for printing the 100,000
invitations.
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