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Chapter 2: Quadratic and Other Special Functions

Exercises 2.1

1. 2x%+3=x?-2x+4 9. x =2
x2+2x—1=0 xz—x:O
x(x-1)=0
2. P -2x45=2-2x7 Solution: x =0, 1
) : Never divide by a variable. A root is lost if
3x7-2x+3=0 you divide.
3. +1)(y+2)=4
(yz +2) 10. 1% —4r =3/
+3y+2=4
y2 Y 0=2+41
y“+3y-2=0 0=21(1+2)
2t=0o0rt+2=0

4. (z-1)(z-3)=1 Solution: =0, -2

2 —4z+2=0
, 1. 42 —4+1=0
5. X2 _4x=12 (2 ~1)(2t -1) =0
X2 —4x-12=0 2-1=0
X2 —6x+2x-12=0 Solution: z:%

xX(x=6)+2(x—-6)=0
(x=6)(x+2)=0

x—6=0o0rx+2=0

Solution: x=-2,6

12. 4972 +14z+1=0
(Tz+1)(Tz+1)=0

7z+1=0
6. x*=11x-10 7Z=1—1
X =11x+10=0 Solution: z:—;
x=10x—x+10=0 13. 5x°+6=11x
(x-10)(x-1)=0 5x° —11x+6=0
x=10=0or x—1=0 (5x=6)(x-1)=0
Solution: x=1, 10 5x-6=0o0rx—1=0
) Solution: x:E,l
7. 9—4x= =0 5
(3+2x)(3-2x)=0 14. 7x* —x=26
342x=00r3-2x=0 7x—x=26=0
Solution: )c:—i,3 (7x+13)(x-2)=0
22 7x+13=00rx-2=0
x=—£,2
2 7
8. 25x“-16=0

5x-4)(5x+4)=0
5x—4=0o0r5x+4=0

Solution: x = i, —i
5 5
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15. 2. x> —4x—4=0 20. 6x-2=3x"
a=1,b=-4,c=-4 3 —6x+2=0
—(~4) £+/(~4)% —4(1)(-4) L _6%436-24
X = -
2(1) 6
4430 4+402 64412 6+243
2 2
b. Since 2 ~1.414, the solutions are a. 3443 343
approximately 4.83, —0.83. 3 3
S P b. 0.42,1.58
a=1,b=-6,c=17 2
623628 2.y~ =7
- 2 y=+/7
+ +
2 2 22, 77 =12
V2 ~1.414, the solutions are z=+J12
approximately 4.83, —0.83. =283
16. x> —6x+7=0 5
azl’b:_6’cz7 23. 5x° =80
L _6+136-28 =16
2 x=%4
+ +
2 2 24. 3x= =75
a. 3++/2,3-\2 2 =25
b. 4.41,1.59 =45
2

17. 2w +w+1=0

2_
a=2b=1c=1 25. (x+4)~ =25

=+
14128 —1+47 X4 =5
w= = x=-4%5
4 4 lution: x =
There are no real solutions. Solution: x=1, -9
2 _

18. z242744=0 26. (x+1)7 =2
a=1,b=2c=4 x+1=+2
Z:—Zix/4—16:—24_r\/—12 x=-1++2

2 2
No real solutions. 27. Y2 4 5x=214x
19. 7-2x-x*=0 X2 44x-21=0
244+28 22442 (x+7)(x=3)=0
X = = :—liz\/i .
-2 i) Solution: x=-7, 3
a.  —1-242,-1+22
b. -3.83,1.83
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28, 1% +17x=8x-14 4. (x-3)1-x)=1
2
X2 49x+14=0 x—x"=34+3x=1
(x+7)(x+2)=0 x? —4x+4=0
Solution: x =7, -2 (x=-2)(x-2)=0
x—2=0
29, w_2_2_420 Solution: x =2
8 2
W2 —aw—3220 35. 5x25=ix+620r5x26—2x—6=0
a= =-2,c=—
(w=8)(w+4)=0 ’ ’
w—-8=0o0orw+4=0 x:2i\14+120:1i\/i
Solution: w =8, 4 10 5
. 1-431 14431
2 Solution: x = s s
30. 2 yi1=0
2 6
2
3y2—11y+6:0 36. 3x" =—-6x-2
Gy-2)(y-3)=0 352 +6x+2=0
3y—2=001‘y—3=0 a:3’b:6sC:2
2 —6+36-24 —6+12
Solution: y=—,3 X = =
3 6 6
64243 -3+43
31. 1622 +162-21=0 6 3
a=16,b=16,c=-21 . 3-J3 343
Solution: x = ,
Z_—16i\/256+1344 3 3
32 37. 21x+70-7x% =0
-16+40 3 7
= == or ——
32 4 4 100
Solution: z:—z,é
4’ 4
-10 10
2_ —_ —_ qug /r L:I:I \
32. 10y? —y—65=0 -
a=10,b=-1,c=-65 100
1+4/1-(-2600)
y=———F7""""—""
20
_1£+42601 _1£51 50 Orz -10 10
20 20 20 20 R / L:u \
=50
Solution: y:—i,E ..
2°5 Divide by —7 and rearrange.
33 Nxes) -7 X —3x-10=0
' (x; Ya+3)= (x—5)(x+2)=0
X" +4x-5=17 Solution: x=-2, 5

2 4d4x—12=0
(x+6)(x-2)=0
Solution: x =-6, 2
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38. 3x2—11x+6=0 40. —9.6+2x-0.1x> =0
1

. '\\ / . 0 /ﬂ\ 20

k

X
kOOT 1
A= GREGEEEEEE? w0

1

-10
10
/ 0 PN 20
0 \ 5 kOOT / \
T x=iz vzt
hagr -
-0 —9.6+2x—0.1x2 =0
2
—20x+96=0
Gx—2)(x—3)=0 o
5 (x—12)(x-8)=0
Solution: x = 3’ 3 Solution; x =12, 8
oy 2 _
39. 300=2x=0.01x" =0 41. 25.6x% —16.1x—1.1=0
400
5
|
—400 [ 200
R, o LY \_/
7100 x=-0EziFE0zEE  lw=0
400 -
5
\ -1 \ / 1
—400 |—= 200
r o LY \,/
100 X=.B010BEEPEER [v=0

=5
a=256,b=-16.1,c=—1.1

oo 16.1++/259.21+112.64

a=-0.01,b=-2,c=300

L_2EVar12 _ 2x4

—0.02  -0.02 e
=300 or 100 :
16.1+~/371.85

51.2
~0.69 or —0.06
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42. 6872 -497-2.6=0

43.

44.

45.

NERNEVA)
7

ROOT
X=-FEETEZFFEL  Iw=0

LN

ROOT
%=1.078051013  Iv=-FE-1Z

-5
6.822 —4.97-2.6=0
4.9+24.01+70.72
<= 13.6
49449473 494973

13.6 13.6
=1.08 or —0.36

x+§:9
x

x2+8:9x

X2 —9x+8=0
(x=8)(x-1)=0
Solution: x=1, 8
X 3
x=2 - :m
x(x+D)=1-(x=2)(x+1)=3(x-2)
2x+2=3x-6
x=8

Solution: x =8

X s
x—1 x—1
_ .2
x=02x"-2x)+1

242 —3x41=0

Qx-1)(x-1)=0

Solution: x = l
2

1 is not a root since division by zero is not

defined.

46.

47.

48.

49.

50.

5 3

4 -2
5(z=2)-3(z+4)=4(z+4)(z-2)
27-22=472+87-32
472 +62-10=0
2(2z+5)(z-1)=0
2z+5=00rz—1=0

Solution: z = —%,1

(x+8) +3(x+8)+2=0
[(x+8)+2][(x+8)+1]=0
(x+8)+2=0o0r (x+8)+1=0
Solution: x =-10, -9

(s—2)% —5(s-2)-24=0
[(s—2)-8][(s-2)+3]=0
(s—2)—8=0o0r (s—2)+3=0
Solution: s =10, -1

P =—x2 +90x—200
1200 = —x% +90x — 200
0= x% —90x+1400

0=(x—-20)(x—70)
A profit of $1200 is earned at x = 20 units or
x =70 units of production.

P=16x-0.1x% =100
When P = 180 we have

180 = 16x—0.1x% =100 or 0.1x2 —16x + 280
-0

oo 16++/256-112  16++/144
0.2 0.2

+
= 16412 =140 or 20 units
0.2
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51.

52.

53.

54.

Chapter 2: Quadratic and Other Special Functions

a. P =—18x2 +6400x — 400
61,800 = —18x2 + 6400.x — 400

18x“ —6400x + 62,200 = 0
Factoring appears difficult, so let us
apply the quadratic formula.
6400+ \/64002 —4(18)(62,200)
e 36
_ 6400+/36,481,600

36
_ 6400+ 6040

36

2

=10 or 345.56

So, a profit of $61,800 is earned for 10 units

or for 345.56 units.
b. Yes. Maximum profit occurs at vertex
as seen using the graphing calculator.

a. P=50x-300-0.01x
When P =250 we have
250 = 50x— 300 0.01x2
or 0.01x* —50x+550 = 0.
. 50+42500-22

0.02
50+49.78
002

b. Yes. Try P(4000) and P(5000).

P(4000) > $250 .

=11 or 4989 units

S =100 +96¢ —16¢2

100 = 100+ 967 — 1612

0=96t-16t> =16¢(6-1)
The ball is 100 feet high 6 seconds later.

D(t) = —16t% +10¢ +350

0=—16:2 +10¢ +350

~16¢2 +10£+350 = 0

82 —5-175=0

(8:+35)(t-5)=0
The answer 7 =35 is the only one that makes

sense in this case, so the ball hits the ground
at 5 seconds.

55. p=25-0.01s

56. S=100x—x

57.

58.

59.

60.

2

a. 0=25-001s
= (5 + 0.1s)(5 —O.ls)
p=0if 5-0.1s=0 or s=50.
b. s2>0. p=0 means there is no
particulate pollution.

2

a. 0= x(lOO—x)

A dosage of 0 or 100 ml gives S =0.
b. Dosage is effective if 0 < x<100.

¢ = 0.001(0.732x2 +15.417x+607.738)

8.99 = 0.001(0.732x2 +15.417x+ 607.738)

8990 = 0.732x2 +15.417x+607.738
2 115.417x—8382.262
_-1s417: \/(15.417)2 — 4(0.732)(~8382.262)

0=0.732x

2(0.732)

t~96.996 or r = —118.058
The positive answer is the one that makes
sense here, 97.0 mph.

B =-0.0046¢> —0.033¢ +6.05
-5=-0.0046t" —0.033¢ + 6.05
0.00461> +0.033t—11.05=0

Using the quadratic formula or a graphing
utility gives the positive value ¢ = 45.6. The
fund is projected to be $5 trillion in the red in
the year 2046.

p=0.17 =2.61t +52.64
55=0.17t> —2.61t +52.64
0.17 —=2.61t—2.36 =0

Using the quadratic formula or a graphing
utility gives the positive value r = 16.2. In
2016 the percent of high school seniors who
will have tried marijuana is predicted by the
function to reach 55%.

a. y=-0.0013x2+x+10

0.0013x% —x—-10=0
x~—-9873 or x~779.104
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Chapter 2: Quadratic and Other Special Functions

=— o + 4 x+10
Y= 81 3 64. v:k(Rz—rz)
2
A 10=0 v:2(0.01—r2)
81 3
x~115.041 or x =~ -7.041 In each case below only nonnegative values
of r are reported.
Given that the distance x is not a. 0.02= 2(0_01 _,2 )
negative, the first projectile travels
further (approximately 779 feet versus 0.01=0.01— 2
the second projectile’s approximately 5
115 feet). r =0
r=0
C
61. P=|— |-C >
100 b. 0.015:2(0.01—r )
We know that the selling price is $144 and 0.0075 = 0.01—r?
that the selling price equals the profit plus 2 _
the cost C to the store. re =0.0025
2 r=0.05
C
44=——+C ¢ 0=2(0.01-r]
100
2 2 _
14400 = C~ +100C r==0.01
r=0.1

2 +£100C —14400 = 0

C=-180 or C =80 In this case the corpuscle is at the wall of

the artery.

The cost C of the necklace to the store is not )
negative, so C = $80 is the amount the store 65. K- =16v+4

paid for the necklace.
In each case below only positive values of K

62. y=148x>-2523x+416.91 are reported.
1968 =1.48x* —25.23x+416.91

2_ -
1.48x* —=25.23x-1551.09 =0 a. K= =16(20)+4 =324

K =18
Using the quadratic formula or a graphing b. K2-= 16(60)+ 4 =964
utility gives the positive value x = 42. K ~31

. . - c. Speed triples, but K changes only by a
Spending is projected to reach $1968 billion factor of 1.72.

in the year 2032. (1990 + 42 = 2032)

66. Given that s =16 and s =1090z,,
L+t,=39=1=39-1
161> =1090¢,

63. E=4.61x"+43.4x+1620
7071 =4.61x> +43.4x+1620

4.61x° +43.4x-5451=0

=1090(3.9-1,)
Using the quadratic formula or a graphing = 4251-1090,
utility gives the positive value x =30. 5
161" +1090¢, —4251=0

The model predicts these expenditures will
reach $7071 billion in 2030. (2000 + 30 =
2030)
©2019 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly
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s=16t’ The depth of the fissure is about 219 ft.
~16(3.70)’
~219
Exercises 2.2
Loy=1224x F(x) = 6x—x°
a x—__b—_—l—_ a. XZ;—b:_—§:3'
' 2a 2(1/2) a -

1 2 . L
y—E(—l) +(=)= 5

Vertex is at (—1, —%)

b. a> 0, so vertex is a minimum.

d ——
2
2. y=x"-2x
a x=-2 -2
2a 2

When x =1, y=-1. The vertex is (1, —1).

b. a> 0, so vertex is a minimum.
c. 1
d. -1

3. y=8+2x-x
-b -2
X=—=——-=c=
2a 2(-1)

y=8+2()—(1)% =9

Vertex is at (1, 9).
b. a <0, so vertex is a maximum.
c. 1
d 9

4. y=6-4x-2x

-b 4
a x=—=—=-1
2a -4

When x=-1, y=8. The vertex is (-1, 8).

b. a <0, so vertex is a maximum.
c. -1
d. 8

©2019 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly
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£(3)=6(3)-(3)' =9

Vertex is at (3,9).

b. a <0, so vertex is a maximum.
c. 3
d. 9

FEn=(-1)"+2(-1)-3=—4
Vertex is at (—1,—4).

a >0, so vertex is a minimum.
-1
d -4

o T

Lo,
YT

Vertex is a maximum point since a < 0.
b -1

V: x=—2=—"" =2
2a 2(-1/4)

1 2
=——2)"+2=1
y 4()
1,
Zeros: ——x~ +x=0
4
x(—lx+lj20
4

x=0,4
y-intercept = 0
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8. y=-2x"+18x

Vertex is a maximum since a < 0.
b 18 9
22 4 2

2
y :—2(§j +18(2j:—ﬂ+£:g

V. x

2 2 2 2
Zeros: 0=-2x+18x
0=-2x(x-9)
—2x=00rx-9=0
x=0 x=9

y-intercept = 0
y

9. y=x"+4x+4
Vertex is a minimum point since a > 0.
-b -4
X=—=—=
2a  2(1)
y=(-2)"+4(-2)+4=0
Zeros: X* +4x+4=(x+2)(x+2)=0
x=-2
y-intercept = 4

10.

11.

y=x"—6x+9
Vertex is a minimum since a > 0.
-b 6
"2 20
y=3"-6(3)+9=0
Zeros: 0=x"—6x+9
0=(x-3)(x-3)
x-=3=0
x=3
y-intercept =9

V. x

1
y=—x"+x-3

2
Vertex is a minimum point since a > 0.
b -1

Vi x=—-= =
2a  2(1/2)

y=S I +D-3=-1

Zeros: %x2+x—320 > X +2x-6=0

e 24424 2427 s

2 2
y-intercept =—3
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Y 13. y=
a.

12. X’ +x+2y=5
2y=—x"—x+5

=——x ——x+é
Y 2 2 2

Vertex is a maximum since a < 0.

= 14.

Zeros: Using the quadratic formula,

S EXVT

2

y-intercept =

< N w

b.

y:

Vix=—"=- =— a.

1( 1)2 1( 1) 5 21 b.
y=—|—=| —=| = |+2==
2072) 2\2)72 7

a.

b.

(x=3)*+1
Graph is shifted 3 units to the right and 1
unit up.

(x—10)" +1
Graph is shifted 10 units to the right and 1
units up.

e
o
—
]
=Y
&
[~
(=]

20-16-12 -8 -4

15. y=(x+2)"-2

Graph is shifted 2 units to the left and 2
units down.
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16. y=(x+12)" -8
a. Graph is shifted 12 units to the left and 8

units down.
b.

17. vy =%x2 —x—%

b_ D,
2a  2(1/2)
1 15
=—1)’-1-—=-8
y 2() >
Zeros: x° —2x—15=(x-5)(x+3)=0
x=5-3

18.

-10 - 10

-10
From the graph, the vertex is approximately
(=2,-3.5). The zeros are approximately —8
and 4. Algebraic check:
—4

V: x-coordinate: _—b =—=-2
a 2

y-coordinate: 0.1(4 — 8 —32)=-3.6
So, actual vertex is (-2, —3.6)
Zeros: 0=x"+4x-32=(x+8)(x—4)
x=-8,4

1
19. y=Zx2+3x+l2

y =%(—6)2 +3(=6)+12=3

Zeros: x* +12x+48=0

b* —4ac=144-192<0
There are no zeros.

10

\f[’ y=4x+3x+12
-10 10

|
>
| —

10

i y=x"—2x+5
10

From the graph, the vertex is (1, 4).
There are no real zeros.
Algebraic check:
. b -2
V: x-coordinate: ——=——=1
2a 2

y-coordinate: 1 —2(1)+5 = 4

The discriminant is negative, so no real zeros.

21. f(x)=y=-5x—x

Average Rate of Change = AORPAG)]
1=-(=D)
6410
2 2
22. f(x)=y=8+3x+0.5x"
Average Rate of Change = w
_28-16 12 _ ‘
2 2
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23. y=63+02x-0.01x 26. y=0.01x—0.001x" = 0.001x(10 - x)
-0.2 Zeros: x=0,x=10
*= om0 b —001
e V: x-coordinate; — = ——— =
y=63+2-1=64 2a -0.002

Zeros: x> —20x—6300 = (x=90)(x+70) =0 y—cgordinate: 0.01.(5) - 0.001(25) =0.025
Graphing range: x-min =—-5  y-min =—0.1

x=90,-70 x-max=15 y-max=0.1

80 |y =63 +0.2x—0.01x

7 — 01y =0.01x-0.001|
-5 [ 15
-100 100
7 t 5 [
-20
-0.1
24. y=02x"+16x+140
b 16 27. f(x)=8x*—16x-16
V: x-coordinate: — =———=-40 b 16
2a  2(0.2) a. =—=1and f(1)=-24

" 24 16

y=8x* —16x-16

y-coordinate: 0.2(—40)* +16(—40)+140 = —180
Zeros: 0=0.2(x> +80x+ 700)

=0.2(x+70)(x +10) 120\
x=-70,-10 \
Graphing range: x-min =-100 y-min =-200
x-max =0 y-max = 50 -5 5
A
30

|y =022 +16x+140) -
\\ 20 b. Graphical approximation gives
100 f . Ao x=-073, 2.73

28. f(x)=3x"—18x+16
_b_g

—200

a x=— =3 and f(3)=-11.
25. y=0.0001x">—0.01 2a 6
— — 2 _
I 15|y—3x 18x+ 16|
2(0.0001) \\
y=0-0.01=-0.01 \ /
Zeros: 0.0001x> —0.01=0.01(0.01x> 1) =0 -10 \\/ 10
0.01(0.1x+1)(0.1x 1) = 0
—-15
x=-10,10
——— 002 1y = 0.0001x* 0.01|
b. Graphical approximation gives
s s x=1.085, 4.915
—0.02
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29.

30.

31.

32.

33.

Chapter 2: Quadratic and Other Special Functions

f(x)=3x"—8x+4

a. The TRACE gives x =2 as a solution.

b. (x—2) is a factor.
3x2—8x+4=(x—2)(3x—2)

d. (x—2)(3x—2):0
x—=2=0 or 3x-2=0
Solutionisx=2, 2/3.

fx)=5x*-2x-7
a. The TRACE gives x =—1 as a solution.
b. (x+1) is the factor.
5x° —2x—7=(x+1)(5x—7)
d. (x+l)(5x—7):0
x+1=0 or 5x-7=0

Solutionis x=-1, 7/5.

P =16x—-0.01x* =900
The vertex coordinates are the answers to the

questions.
a. a=-001,b=16
w=2 o180 _gpo
2a -0.02

Profit is maximized at a production level of
800 units.

b.  P(800) = 16(800)—0.01(800)° —900 = $5500

is the maximum profit.

P =80x—0.04x* —12,000
The vertex coordinates are the answers to the

questions.
a. a=-0.04,b=80
x==2- 80 1000
2a —0.08

Profit is maximized at a production level of
1000 units.

b.  P(1000) =80(1000)—0.04(1000)° 12,000
=$28,000 is the maximum profit.

Y =800x—x’
Opens down so maximum Y is at vertex.

v x= 39 400

Maximum yield occurs at x = 400 trees.

34.

35.

36.

y = kx?

y (=4 [k=2] [k=1]
\

S =1000x — x*

Maximum sensitivity occurs at vertex.

v x= 1900 550

The dosage for maximum sensitivity is 500.

N

Maximum:
250,000

300,000

200,000

100,000

}
} > X
500 lO})O

A=50x—x"

700 Maximum: 625
600
500
400
300
200
100

x-coordinate of the vertex = _—b = =30 =25

2a -2
A length of 25 feet and width of 25 feet gives a
maximum area of 625 square feet.
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Chapter 2: Quadratic and Other Special Functions

37. R=270x-90x"

38.

39.

Maximum rate occurs at vertex.

-270 3
x= =— (lumens)
2(-90) 2
is the intensity for maximum rate.
R
300 Maximum:
202.5

1 2

s=112r-16¢*
t-coordinate of the vertex =

_—b = ﬁ =3.5 seconds
2a 32

At1=3.5, s=112(3.5)—16(3.5)* = 196 feet

a. y=-0.0013x>+x+10

x=————=384.62;
~0.0026

v =—0.0013(384.62)% +384.62+10
=202.31

b. vy :—sz +ix+10
81 3

4

: 3 .
Vix==54;
81
y =—i(54)2 +i(54)+10=46
81 3

Projectile a. goes 202.31 — 46 = 156.31 feet
higher.

40.

41.

42,

43.

44.

V2 =1960(h +10)
2
4 =h+10
1960
= vi =10
1960
hoolp=—L 210
1960
20
15
10
5 100
} } > v
5 200

a. From b to c. The average rate of change is
the same as the slope of the segment. The
segment from b to c is steeper.

b. Needs to satisfy d>b to make the segment
from a to d have a greater slope.

a. From b to c¢. The average rate of change is
the same as the slope of the segment. The
segment from b to ¢ has a negative slope.

b. Needs to satisfy d <b to make the segment
from a to d have a greater slope.

2. No.of Apts | Rent | Total Revenue

50 $1800 $90,000
49 $1860 $91,140
48 $1920 $92,160

. Revenue increases $2,160
€. R=(50-x)(1800+60x)

4. R=—-60x+1200x-90,000

-1200 -1
2(=60)

Rent would be $1800 +$60(10) = $2400.

R is maximized at x =

a.  Price | No. of skaters | Total Revenue

12 50 $600
11 60 $660
10 70 $700

. The revenue increases.
€. R(x)=(12-0.5x)(50+5x) wherex is the

number of each additional 5 skaters.
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45.

46.

d.

Chapter 2: Quadratic and Other Special Functions

R(x)=—2.5x% +35x+600. Maximum

. =35
revenue is at x=——="7, or 85 skaters.

A quadratic function or parabola.

a<0 because the graph opens downward.

The vertex occurs after 2004 (or when x>0

), SO _Zi > 0. Hence with a<0 we must
a

have b > 0. The value ¢ = £(0) or the y-

value during 2004 which is positive.

y=ax’ +bx+c
Zeros: (0, 0) and (40, 0)

Vertex: (i, 40]

2a

(0, 0): 0=a(0)* +b(0)+c

0=c

So, y =ax” +bx

(40, 0): 0=1600a+40b

10,297.25-8303
15-10
Average rate of change from 2015 to 2020:
13,322-10,297.25
20-15
To the nearest dollar, the projected average rate
of change of U.S. per capita health care costs

from 2010 to 2015 will be $399/year, and from
2015 to 2020 it will be $605/year.

=398.85

=604.95

. a.

|(s)=—0.00367" + 038 +38.62]

60

L

b. Using the equation, we identify the
maximum point by computing

- b —0.38
b=-40a —2_:—2 0.0036 ~52.78
So,y:ax2—40ax a (_ : )
_404 p(52.78) ~ 48.65
S0, x-coordinate of the vertex = ———==20. The maximum point is (52.78, 48.65).
When x = 20, y = 40 ¢. According to this model, the maximum
’ 2 percentage of women in the workforce
40=a(20)" ~40(a)(20) occurs in the year 1970+53=2023.
40 =400a—800a
—400a = 40 49.
1 y=1230x2 - 22.87x+ 142.9
a=——and b=4 500 .
10
The equation is y = —%xz +4x ,r”l
47. y=20.61x" —116.4x+ 7406 \“-___-/
For 2010, x=10 gives y =8303. o .

For 2015, x=15 gives y =10,297.25. 0
For 2020, x=20 gives y =13,322.

50. The graphing calculator gives a minimum point
Average rate of change from 2010 to 2015:

at (9.3,36.6).
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Exercises 2.3

Chapter 2: Quadratic and Other Special Functions

C(x) = x> +40x +2000 6. P(x)=—1100+120x—x*
R( X) ~130x At the break-even points, P(x) = 0.
R 0=—-1100+120x - x°
x“ +40x+2000=130x 2
5 x“=120x+1100=0
X% ~90x+2000 =0 (x=110)(x—=10) = 0
(x=40)(x-50)=0 Since production < 100 units, x = 10.
x=40orx=50
Break-even values are at x =40 and 50 units. X2
7. R(x)=396x-0.9
At the break-even point, R(x) = C(x). a=-0.9,b=396
1 2 1 2 Maximum revenue is at the vertex.
3600 +25x+—x“ =175x——x 396
) 2 2 V: x =——— =220 total units
x“ =150x+3600 =0 -1.8
(x=120)(x~30)=0 R(220) = 396(220)— 0.9(220)* = $43,560
x =120 or x = 30 units
2
. R(x)=1600x—
C(x)=15,000+35x+0.1:> 8. R()=1600x—x
5 Maximum occurs at the vertex.
= -0. 1600
R(x)=385x-0.9x x-coordinate = — =800
15,000 +35x +0.1x% = 385x —0.9x° B )
x2 —350x+15,000 = 0 R(800) =1600(800)—(800)~ = $640,000
(x—300)(x—50) = 0
=300 or x = 50 9. R()=x(175-0.50x) = 175x—0.5x>
. a=-0.50,b=175
At the break-even points, R(x) = C(x). _175
1600x — x2 = 1600 +1500x Revenue is a maximum at x=—-—=175.
0= x2 —~100x+1600 Price that will maximize revenue is
x=20 or x = 80 units 10. D: p=1600—x—> x=1600— p
- R= px= p(1600—
P(x) =—11.5x—0.1x% —150 Revenue: R =px=p( ) P)
At the break-even points, P(x) = 0. R=1600p-p
_ 2 1600
0=11.5x-0.1x" -150 Max. revenue for p=——2=$800.
~0.1x% +11.5x =150 = 0 B
(x=15)(x=100) = 0
1. P(x)=—x% +110x—1000

Since production < 75 units, x = 15.

Maximum profit is at the vertex or when

x="10_ss

P(55)=$2025.
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Chapter 2: Quadratic and Other Special Functions

12. P(X)=88x—x*—1200

The x-coordinate giving the maximum profit is
b 88

P(44) =88(44) —(44)% —1200 =$736

13. a.
| () =80x~0.1x* ~7000|
10,000 //
0 800
0
b.  (400,9000) is the maximum
c. positive
d. negative
e. closerto0
14. a.
| p(x) = 50x- 0.2 ~ 2000
2000 //
200 /;/H\\ 500
-5000
b. (125,1125) is the maximum
c. positive
d. negative
e. closerto0

15. R(x)=385x—0.9:>

C(x) =15,000+35x+0.1:>

a.  P(x)=385x—0.9x% — (15,000 +35x+0.1x%)

2 1350x—15,000

=—X
-350
At the vertex we have x=——=175.

So, P(175) = $15,625.

b. No. More units are required to maximize
revenue.

¢. The break-even values and zeros of P(x) are
the same.

16. a. P(x)=R(x)-C(x)

~1600x — x2 — (1600 +1500x)

~100x—x2 —1600
100

x-coordinate of max is —— =50

P(50) =100(50) —(50)> —1600 = $900

b. No. More units are required to maximize
revenue.

¢ 0=100x—x2—1600

X2 ~100x+1600=0
(x—80)(x—20)=0
The x-coordinates are the same.

17. a. C(x)=28, OOO+(§x+222jx

=§x2 +222x + 28,000
R(x) = (lZSO—%xjx - 1250x—%x2

(The key is “per unit x.”)

R(x)=C(x)
1250x—%x2 _ %xz +222x+ 28,000

x2 ~1028x+28,000 =0
(x=1000)(x—28)=0
Break-even values are at x = 28 and

x=1000.
b. Maximum revenue occurs at

x= —120 =1042 (rounded).

5
R(1042)=$651,041.60 is the maximum

revenue.

P(x)= 1250x—%x2 —@xz +222x+28,000

= —x% +1028x—28,000
~1028

Maximum profit is at x = =514.

P(514)=$236,196 is the maximum profit.

d. Price that will maximize profit is

p= 1250—%(514) = $941.60.
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Chapter 2: Quadratic and Other Special Functions

18. a. C(x)=300+[%x+1460jx

32

= 300+Zx +1460x

R(x) = 1500— L x | x = 1500x — L 42
4 4
At break-even points C(x) = R(x).
300+ x2 +1460x = 1500x — — x>
4 4
x2 —40x+300=0
(x=30)(x-10)=0

x=300rx=10
b. Maximum revenue:
b 1500
x-coordinate: —— = ———— =3000
2a 1
2

R(3000) =1500(3000) — i (3000)2

=$2,250,000
P(x) = R(x)-C(x)

.. - 1500x—%x2 —(300+%x2 +1460xJ

= 40x—x% —300
Maximum profit:
. 40
x-coordinate: ——=——=20
2a -2

P(20) = 40(20)—(20)> —300 = $100

d. Selling price = 1500—%36 . When x = 20,

p=1500—%(20)=$1495

19. a. t~5.1,in2015; R ~$60.79 billion

b. The data show a smaller revenue,
R = $60.27 billion in 2015.

|R(f) = 02718 —2 76¢+67.83 |

¥

@
=]
1

d.

20. R(t)=-0.031z
a.

21. a.

The model fits the data quite well.

2 40.776t+0.179

Maximum occurs at the vertex. The -

coordinate of the vertex is —0'7—07662 ~12.5.

Maximum revenue occurred during 2019.
The maximum revenue predicted by the
model is R(12.5) = $5.035 million.

The entry in the table for 2019 is $5.0913
million, so the values are close.

7 |R(t)=-0.031¢* +0.7761 +0.179

0 15
0

Although there are differences, the model
appears to be a good quadratic fit for the
data.

p())=R(1)-C (1)
=-0.031¢% +0.776t +0.179
—(—0.012t2 +0.492¢ + 0.725)

=-0.019¢” +0.2841 — 0.546
—0.284
2(-0.019)
during 2014 (or perhaps in 2015)

[e(t) = 0019 + 0.2841 — 0546 |

]

N

~ 7.5; maximum profit occurred

d. The model projects decreasing profits, and,

except for 2019, the data support this.
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22.

23.

Chapter 2: Quadratic and Other Special Functions

2

Supply: p=¢~ +8q+16 (see below)

p
4
300

200

100 A

e

4 8 12 16 20
Demand: p =216-2¢g (see below)

See E on the graph.
Supply = Demand
¢ +8¢+16=216-2g

g% +10g—200=0

(g—-10)(g+20)=0

g = 10 (only positive value)
p=216-2(10)=196
q=10,p=23$196

Supply: p = %qz +10 (see below)

Demand: p =86—-6¢g— 3q2 (see below)

<

L L LY A

1 2 3 4 5

See E on graph.

%qz 110 =86 —6q —3¢>

g% +40=344-244-12¢
0=13¢% +24¢ - 304
0= (g —4)(13¢ +76)

g = 4 must be positive.
p =%(4)2 +10=14
E: (4, 14)

2

24,

25.

26.

a. Supply: p=g
Demand: p=198—4¢g —%qz (see below)

2

300

100 A

.{

4 8 12 16 20

. See E on the graph.
¢. Supply = Demand

g2 +8g+22= 198—46]—%6]2
542 +48¢-704=0
(5¢+88)(g—8)=0
q = 8 (only positive value)
When g =8, p = (8)% +8(8) +22
p=150
So, E = (8, 150).
p= q2 +8q+16

p=-3¢% +6q+436

¢ +8¢+16 =3¢

49% +2q-420=0

2¢% +¢-210=0

(2¢+21)(g—10)=0
qg=10

p =102 +8(10)+16 =196

E: (10, 196)

2 1 6q+436

2 1 84+20

S: p=gq
D: 100—4(1—612 =p
4% +8¢+20=100—4g - ¢>

2% +124-80=0
2(g+10)(g—4)=0
q =4 (only positive value)
When g =4, p =42 +8(4)+20 = $68
Equilibrium point: (4, 68)

+8g +22 (see below)
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Chapter 2: Quadratic and Other Special Functions

2 _ 30. S:2p—g+6=00rg=2p+6
27. 4g =1600
P D: (p + g)(g + 10) = 3696
300— p2 +2g=0 Substitute 2p + 6 for ¢ in D and solve for p.
(300 +29) +4q = 1600 Bp+6)(2p+16) =3696
6g =1300 6p% +60p—3600=0
g=2162 pZ+10p—-600=0
3 (p+30)(p—20)=0
pz + 4(@) =1600 or p2 p =20 (only positive value)
6 When p =20, g = 2(20) + 6 = 46.
=733.33 or p =27.08 Equilibrium point: (46, 20)
E: (216&27.08) 31. 2p—q-10=0
3 (p + 10)(g + 30) = 7200

So, (p+10)(2p—-10+30) =7200
28. S:dp—g=42o0rg=4p—42

2100 P2 +20p +100 = 3600
D: (p+2)g=21000rg=—— )
p+2 P~ +20p—3500=0
ap—ap =10 (p+70)(p—50)=0
p+2 p=50
4p% —34p -84 =2100 q=2(50)—10=90
) E: (¢, p) = (90, 50)
4p2 _34p-2184=0 2450

32. 8 2p—g=500rp=2"2
202p+39)(p—-28)=0 p—g=>totp
p = 28 (only positive value) ) _ _100+20qg
When p = $28, g = 4(28) — 42 = 70 D: pg=100+20g orp =———

Equilibrium point: (70, 28) 4+50 100+20g

29. p—g=100rg=p-10 2 q
q(2p—10)=2100 g% +50g = 200+ 40g
g=-21% g% +10g-200=0
2p-10 (g+20)(g-10)=0
p-10= 2100 q = 10 (only positive value)
2p-10 When ¢ =10, p =30
(p—10)(2p—-10)=2100 Equilibrium point: (10, 30)
2
2p© =30p+100=2100
127 g 33. p=1q+5+22:lq+27
2p* =30p—2000=0 2 2
p2—15p—1000:0 So, [%q+27+10j(q+30):7200
(p—40)(p+25)=0 (q+74)(q +30) = 14,400

p=40orp=-25

2
104 -12,180=0
(only the positive answer makes sense here) 7 10 ’
g=40-10=30 (g+174)(g-70)=0

E :(30,40) p:%(70)+27=62
E: (70, 62)
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Chapter 2: Quadratic and Other Special Functions

34. S: p:%so+l2.50 g% +75¢ =200+ 40g
100+ 20 g +35¢-200=0
D: pZT (q+40)(q—5)=0
g =5 (only positive value)
4 +250 +12.50 = 100 +20g When g = 5, Equilibrium point: (5, 40)
q

Exercises 2.4

23.

y ly =+ D(x=3)(x-D)|
5__

_
\

= o= e o

e~ o
|
-
—_—
w4
A\ 4
=

e ® RN AU E W N
—

o

24.

o
=3
—
~<
~
Il
=
w
|
oo
=
[S]
+
—_
Ne)
=
|
—_
[ |

o
o
o
w
>

o
N

o
Rl

a. cubic N —>x
b. quartic

14. a. quartic
b. cubic

15, y=x—x=x(x+1)(x-1):e

25.
16. y=(x-3)"(x+1):c y
5_-
17. y=16x>—x'=x*(4+x)(4-x):b y=1—2x
x
18. y=x'-3x"-4=(x"-4H"+1:h | o
_|5 |
19. y=x>+7x=x(x+7):d g
20. y=7x—x"=x(7-x):a s\
21. y:x_3:g
x+1
2. yo1T3 g
2x+5
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Chapter 2: Quadratic and Other Special Functions

0.000001-1 -0.999999

0.001  0.001
=-999.999

[x _1 f.  F(0) is not defined—division by zero.

30. H(x)=|x—1|

26. e. F(0.001)=

<
=

a. H-1)=2
b. H(1)=0
Ll c. HO0)=1
d. No
27. y 3 3. f(x)= B2
2; 1
s y:{”lx; a. f(16)=(16)' =64
Vx-1; x>
B b. f(H=(1)=1
, A=l c.  £(100)=(/100) =1000
-5 5 d.  £(0.09) = (+J0.09) =0.027
=51 2 & 4-2x if x<0
OO e i 0<x<a
28.
y a. k(-0.1)=4-2(-0.1)=42
A .
st |y=lrias? b k(0.1)=]0.1-4|=|-3.9|=39
4—x;x2>22
c. k(3.9)=|3.9-4|=|-0.1|=0.1
: :.\ I x d. k(4.1) is undefined
-5 )
2 ifx<0
ST 33. k(x)=qx+4 if0<x<l
1-x ifx>1
X -1
29. F(x)= a. k(-5)=2sincex<0.
L b. k(0)=0+4=4
a. F(_%j:9_1:§ ¢ k(1)=1-1=0
3 d. k(-0.001)=2 sincex <0.
100-1_ 99
b FAO)=—1—=75 0.5x+4 ifx<0
-1 34, g(x)=94-x if0<x<4
Fo=— 0 ifx>4
| 1, . g(—4)=0.5(—4)+4=—2+4=2
C (—gjz_—1=3 b g(1)=4—1:3
3 c. g(7)=0
d. Foy=100-1_9% d. g(3.9)=4-39=0.1
1010
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Chapter 2: Quadratic and Other Special Functions

— 2 _ 4 —
35. y=1.6x"-0.1x 38 f(x)=x 3
a. x+2
y a.

>
>

b. polynomial
¢. no asymptotes b. rational
d. turning points at x = 0 and approximately c. vertical: x=-2
x=-28and x=2.8 horizontal: x =1
d. no turning points
4 3
X —4x
36. f()=—7— —x if x<0
39. X) =
a. F&) Sx if x>0
a.

b. polynomial —t———0

¢. no asymptotes 8 -6 ,'4 2
d. turning point at x =3 b. piecewise
¢. no asymptotes
Dyt d. turning point at x = 0.
37. y=
x+1
a.
y
8
6
4
2
—+—t ——+> x
8 -6 -4 2 4

b. rational

c. vertical: x =—1
horizontal: y =2

d. no turning points
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Chapter 2: Quadratic and Other Special Functions

2x—1 ifx<1 43. y=200.8x""
2. f=1""" "7 Y !
—x ifx>1 a. downward
a. b. y=200 /030
5 .
E— Ill
. . op* - 20
b. piecewise
¢. no asymptotes 300
d. no turning point (there is a jump at x = 1).
c. Intersecting the graphs of y =200.8x"* and
41. V =V(x)=x*(108 —4x) y =443.202416 gives x ~14. The number
a. V(10)=100(68) = 6800 cubic inches of Internet users in Latin America is
V(20) = 400(28) = 11,200 cubic inches expected to reach 443,202,416 (about 443
b. 108—4x>0 million) in 2010 + 14 =2024.
—4x>-108
0<x<27
42.
FC
A
4000 +
3000 +
2000
.“——*—*—*—*—*—*—*—*—*—*—) X
20 40 60 80 100
44. C=0.11W"*
a. W' is“close” to W*. The graph is turning up.
b.
c
A
104
8 ——
6 -
4 -
2 -t
} } } } w
5 10 15 20
c. C(10)=0.11(10)"" =3.814 grams
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45. C(p)= 7300p
100 p

a. 0<p<100

b, C4s)=200% _gs975 73
100— 45

e €90)=229090_ g5 700
100—90

d. €99 =12 _ 755 700
100—99

C(99.6) = 2200%6) _ ¢} 217 700
100-99.6

f. Toremove p% of the pollution would cost C(p). Note how cost increases as p (the percent of pollution
removed) increases.

e

— 50,000+105x

46. C
X
— 1
a. c(3ooo)=50’000+ 05(3000) _g151.67
3000
b.

300 +
200 1+

100 +

1 1 1 1
> x

T T T
1000 2000 3000 4000

c. Yes. E(x)zw+105
X

47. A=A(x)=x(50—x)
a. A(2)=2-48=96 square feet
A(30)=30-20 =600 square feet
b. 0<x<50in order to have a rectangle.

58 if0<x<20
48. f(x)= . e
58+0.4(x—-20) ifx>20 f()_{ss if0<x<20
a. f (03) — $58 100:: 58+0.4(x—20) ifx>20
b.  £(30)=58+0.4(30-20)=$62 _\/
c.  f(40)=58+0.4(40-20) =366 s0f
d. (see graph at right) 1

©2019 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly
accessible website, in whole or in part. 119

Mathematical Applications for the Management Life and Social Sciences 12th edition Harshbarger Solutions Manual


https://ravanbooks.com/books/9781337625340-solutions

Chapter 2: Quadratic and Other Special Functions

49 [5.59x* -93.5x+633  for0<x<55
" 76,5622 ~519x+20,900 for 55 < x <90

a.

\‘:jssu\-j-%s”ﬁz} if 0<x<55
77 6.56x7 - 519x 420900 if 55 <x =90

32,000

_5 —1 95
—1500

b.  y(50)=5.59(50)" —93.5(50)+633 = $9933 billion ($9.933 trillion)
. y(75)=6.56(75)" ~519(75)+20,900 = $18,875 billion ($18.875 trillion)

50. a. C(5)=7.52+0.1079(5) = $8.06
b. C(6)=19.22 +0.1079(6) = $19.87

c.  C(3000)=131.345+0.0321(3000) = $227.65

49 if 0<x<1
70 if 1<x<2
91 if 2<x<3
112 if 3<x<4

b. P(1.2)="70;it costs 70 cents to mail a 1.2-0z letter.

51. a. P(x)=

c. Domain: 0 <x<4; Range: {49,70,91,112}

d. The postage for a 2-ounce letter is 70 cents; for a 201-ounce letter, it is 91 cents.

0.10x if 0<x<18,550
52. a. T(x)=40.15(x-18,550)+1,855 if 18,550 < x <75,300
0.25(x—75,300)+10,367.50  if 75,300 < x <151,900
b.  7(70,000)=0.15(70,000-18,550)+1,855 = $9,572.50
T (100,000) = 0.25(100,000 — 75,300)+10,367.50 = $16,542.50
d. T(75,300)=0.15(75,300-18,550)+1,855=$10,367.50
7(75,301)=0.25(75,301-75,300)+10,367.50 = $10,367.75

Jack’s tax went up $0.25 for the extra dollar earned. He is only charged 25% on the money he earns
above $75,300.
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54.

Chapter 2: Quadratic and Other Special Functions

200
2+0.1x
a.
)4
100
80
60
40
20
———+—+—> «
| 50 100 150 200 250
b. No
2
a. §=203 038 X x_ ¥ +50x¥250
x5 50 5 x 5x
b.

30‘
20|\~ - /

¥ o

Exercises 2.5

1.
2.
3.
4
5

&

3000
x+10

55. C(x)=30(x—-1)+

a.
C(x)

380
360
340
320
300
280
260

1 1 1 1
T T T T
2 4 6 8
b. A turning point indicates
maximum cost.

|

> X

a minimum or

c. This is the fixed cost of production.

Linear: The points are in a straight line.
Power

Quadratic: The points appear to fit a parabola.
Linear

Quartic: The graph crosses the x-axis four
times. Also there are three bends.

Cubic

Quadratic: There is one bend. A parabola is the
best fit.

Cubic

9. y=2x-—13is the best fit.

BN

10

N

P

-10
10. y=1.5x—4is the best fit.

y=15x-4 10

-10

e
S

-10
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Chapter 2: Quadratic and Other Special Functions

11. y=2x"-1.5x-4 is the best fit.

|y =22 1504
25

N\
A/
-10 10

KT
=5
12. y=-x"-3x—4 is the best fit.

-10 [ 10

13. y=x’-x*-3x-4 is the best fit.

[/

-10 10

\

|y=x2 -x*-3x-4
|

-80

14. y = x* —3x—4 isthe best fit

20
-10 I-.—{ 10
/L' y=x -3x-4
=30

15. y=2x"? is the best fit.

10 y:2x1/2

\
-10 10
-10
16. y=3x"" is the best fit.
60

3/2

y=3x
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25

-3

b.
c.

18. a.

-3

b.
c.

19. a.

linear
y=5x-3

30

-20

linear
y=4x+2

b.
c.

20. a.

7
]
)

quadratic
y =0.0959x + 0.4656x +1.4758
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21. a.
25

L= "
-5

b. quadratic
c. y=2x"-5x+1

22. a.
40

5 —t 4

b. quadratic
c. 3x"+3x+1

23. a.
15
-5 : { — 5
-15
b. cubic
c y=x"=5x+1
24. a
50
. L
-70
b. cubic

C.

y=2x>—-x"-3x

c. m=18.96; each year since 2010, carbon

dioxide emissions in the U.S. are expected
to change by 18.96 million metric tons.

27. a. A linear function is best; y=327.6x+9591
b.  y(17)=327.6(17)+9591~ $15,160
billion
c. m=327.6 means the U.S. disposable

income is increasing at the rate of about
$327.6 billion per year.

28. a. y=0.465x+12.0
b.  y(18)=0.465(18)+12.0 ~ 20.4%

c. 25=0465x+120=>x~28
This model predicts that the percent of U.S.
adults with diabetes will each 25% in 2000
+28 =2028.

29. a. y=0.0052x>-0.62x+15

b. x:i:—0'62 ~ 59.6
2a  2(0.0052)
¢. No, it is unreasonable to feel warmer for
winds greater than 60 mph.

30. a. y=10.0472x>+2.64x+12.1

b. A maximum occurs at approximately
(28.0,48.9). The model predicts that in the

year 2000 + 28 = 2028, developing
economies reach their maximum share,
48.9%, of the GDP.
31. a.
400,000

25. a. y=154.0x+35,860
b. y(27)=154.0(27)+35,860 =40,018

The projected population of females under
age 18 in 2037 is 40,018,000.
c. 45,000=154.0x+35860 = x =~ 59.35

This population will reach 45,000,000 in
2010 + 60 = 2070 according to this model.

26. a. y=18.96x+321.5
b.  y(14)=18.96(14)+321.5 ~ 586.9 million
metric tons

80

ohngg®=?
- 1000
b. y=106x—2870x + 28,500

y=1.70x> =72.9x* +1970x + 5270
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d. c.
400,000 quadratic 3.2 linear
"., . r_-_._._._n_.n_.-.—c—:
)
3 /{‘
M’)“ - 2
(} . - i 8(} _0.2
—1000
32 quadratic
400,000 cubic
PI __*_,._n—I—"“ s
4
-2 - a 22
IId,.-_,u,‘-l' -0.2
0 80
—1000 d. The quadratic model is a slightly better fit.

The cubic model fits better. 34. a. y=-1.03x+88.1

_ 3 2 _
32. 8. y=0.00336x7+0.0127x+4.47 b. y=0.000252x>—0.0178x> —0.0756x +87.8
b. y=-0.0000537x>+0.00738x% = 0.0609x + 4.63 ¢ 97  linear
22  gquadratis
2 M M M M M 70
;)

22

subis, [
,_—'/ —4 [ 64
7

-2 et ek e 70 d. The cubic model indicates that the percent
- of energy use may increase after 2035.

d. The fits look to be equally close.

33. a. y=0.0157x+2.01
b. y=-0.00105x>+0.367x+1.94
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35. a. d. y(75)~ $5257 billion; $5257 billion is the
60’0.00 - national health-care expenditure predicted
— by the model for 2025.
o o
| 37. a. y=0.0514x>"
" b.
500
a -
15« & &« & v v & v« .55

20,000

A cubic model looks best because of the two

bends. [
-2 M |30

b. y=0.864x"-128x>+6610x-62,600 _40

60,000 €. y(30)=~$546 billion

15 |

] .| 65
20,000

d. Using the coefficient values reported by the
calculator, the model estimates the median
income to be $56,250 at age 57.

36. a.
4500

-100

It appears that both quadratic and power
functions would make good models for these
data.

b. power: y =0.0315x*™

quadratic: y=1.76x" —71.0x+ 679
c. power: y(70)=~ $3661 billion
quadratic: y(70)~ $4335 billion

The quadratic model more accurately
approximates the data point for 2020.
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-10 110

b. Possible models are
linear: y=2.532x+162.2

quadratic: y = —-0.001020x> +2.633x +160.7
cubic: y =-0.00007456x> +0.01030x> +2.191x +163.5
c. linear: y(90)~390.08
quadratic: y(90)~ 389.36
cubic: y(90)~ 389.77
The linear model most accurately approximates the data point for the year 2040.

d. Replacing y with 425 in the linear model gives X~103.8. The U.S. population is predicted to reach 425
million in 1950 + 104 = 2054.
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Chapter 2 Review Exercises

1.

Chapter 2: Quadratic and Other Special Functions

3x% +10x =5x
3x7+5x=0
x(3x+5)=0

x:Oorx:—é
3

4x-3x>=0
x(4-3x)=0

x=00rx=i
3

X +5x+46=0
(x+3)(x+2)=0
x=-3orx=-2

11-10x=2x*>=0
a=-2,b=-10,c=11

. 10£+100+88 —5++/47

—4 2

(x-D(x+3)=-8
X +2x-3=-8
X +2x+5=0

b? —4dac <0
No real solution

4x% =
X =
x:i\/gziﬁ

4 2
20x% +3x=20-15x"

35x* +3x-20=0
(7x=5)(5x+4)=0

Hlw W

5 4
X=—orx=——
7

8x* +8x=1-8x"
16x* +8x—1=0
a=16,b=8,c=-1
L BE6d464 ~1+4/2

32 4

10.

11.

12.

7=2.07x—-0.02x"
0.02x* —=2.07x+7=0
a=0.02,b=-2.07,c=7
oo 2.07£+/4.2849-0.56 _ 2.07£1.93
0.04 0.04
=100 or 3.5

46.3x-117-0.5x" =0
a=-0.5,b=463,c=-117

_ —46.3£/2143.69+(-234) -46.3+43.7

X = =

-1 -1

=90 or 2.6

472 +25=0
75

N

-5 5

-25
472 +5° =0
The sum of 2 squares cannot be factored. There
are no real solutions.

f(2)= 72 +67-27
50
\\J{// N

-15

-15

%23 pzi

=50
From the graph, the zeros are -9 and 3.
Algebraic solution:
z2(z+6)=27
72 +62-27=0
(z+9)(z-3)=0
z=—9orz=3
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13. 3x’ —18x-48=0 17. —0.002x> —14.1x+23.1=0
50 x_14.14_rx/198.81+0.1848 141414107
i \ o —0.004 -0.004
] =-7051.64, 1.64, or 1.75 (using 14.107)
e vzo
700 18. 1.03x*+2.02x—1.015=0

a=1.03,6=2.02,c=-1.015

_ —2.02++/4.0804+4.1818 -2.02+2.87

3(x—8)(x+2)=0 X _

3(x*—6x-16)=0

g 2.06 2.06
’ — 238 0r0.41
14. f(x)=3x2—6x—9 |
3x—6x-9=0 19. y:5x2+2x
3(x2 —2x- 3) =0 a > 0, thus vertex is a minimum.
3(x-3)(x+1)=0 Vi ox= —f -
= 3, = —1 2 .
x=3, x (2)
20 |
\ / y= E(_z)z +2(-2)=-2
_5 5 1 ]
oy \'::/ y-intercept: 5(0) + 2(0) =0
-20 1 ,
Zeros: —x +2x=0
20 2

X l)c 21=0
- \\_// 5 li,;j

NZE P

=20

15. X’ +ax+b=0
To apply the quadratic formula we have “a” =1,
“b”=a,and “c”=b.

B —a+~a*—4b

X =
2

minimum

16. xr’ —4ar—x*c=0
To solve for r, use the quadratic formula with
“a” o x’ “b” o 4“, and “C” — _XZC.

da+.16a” +4x(x’c) 4a++16a*+4xc
r= =

2x 2x

_dazx2 4a* + x’c _ 2at+4da* +x'c

2x X
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Chapter 2: Quadratic and Other Special Functions

1
20. y=4+—x"
Y 4

V: x-coordinate = 0
y-coordinate = 4
(0, 4) is a maximum point

y-intercept: 4+%(0)2 =4

Zeros are x = *4.

Ay

A XiTrIrh

Wy o

-

4

21. y=6+x—x’

a <0, thus vertex is a maximum.

-1 1

X=—=—

2(-1) 2

2

2 \2 4
y-intercept: 6+0—0° =6
Zeros: 6+x-x>=0
B-x2+x)=0

x=-2,3

y

maximum
6

22. y=x"—4x+5
. 4
V: x-coordinate = 5 =2

y-coordinate = 2% —4(2)+5=1
(2, 1) is a minimum point.
y-intercept: 0° —4(0)+5=5

Zeros: Since the minimum point is above the x-

axis, there are no zeros.
y

~~minimum
1 1

23. y=x"+6x+9
a > 0, thus vertex is a minimum.
V: x= _—6 =-3
2()
y=(=3)+6(=3)+9=0
y-intercept: 0° +6(0)+9=9
Zeros: X +6x+9=0
(x+3)(x+3)=0

y x=-3

6 -4/ 2

minimum

24, y=12x-9-4x"

. 1
V: x-coordinate = —— = %

8
2
y-coordinate =12 (éj —9_4 [Ej =0
2 2
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27. y=x"+2x+5
V:(-1,4)

y-intercept: 12(0) _o_ 4(0)2 -9 There are no relaol Z€eros.

Zeros: From the vertex we have that x = 3 is the
2 y=x"+2x+5
only zero.

/

3 . . .
> 0 | is a maximum point.

y minimum
maximum

=5 5

28. y=-10+7x—x
(7 9j .
Vertex: | —,— | < maximum
2°4

Zeros: x*=T7x+10=0
(x=5)(x-2)=0
x=50rx=2
Graph using x-min=0 y-min =-5
x-max =8 y-max =135

y=3x -3 29. y=20x-0.1x>

4
\ Zeros: x(20 —0.1x) =0
\ [ / x=0,200
-5 5

(This is an alternative method of getting the
vertex.)
The x-coordinate of the vertex is halfway

™~ minimum

- between the zeros.
V: (100, 1000)
26. y= l)c2 +2

2 1200 =20x-0.1x"
Vertex: (0, 2) « minimum 4@
No zeros.
The graph using x-min =—4 y-min =10 \

x-max =4 y-max=06 maximum
is shown below. 0 g 200
6

minimum
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30. y=50-1.5x+0.01x> 37. a.  f(x)=x"
Vertex: (75, -6.25) < minimum Y
Zeros: 0.01x* —=1.5x+50=0 161

0.01(x> —150x +5000) = 0 o]
0.01(x—50)(x—100) = 0 o
x=50o0rx=100 6

Graph using x-min=0  y-min=-10 4

x-max = 125 y-max =10

4 32 -1 123 4

; ly= 50—1.5x;i—0.01x2|

\ \/ 1
0 125 b. f(x) =—
X

minimum—= y

-10 A

£(50)- £(30) _2500-2100 _ 400 _

b, o' 2
50-30 20 20

31.

£(50)— £(10) 10224178 1200
50-10 40 40

32. 30

33. a. The vertex is halfway between the zeros. So,

the vertex is (l, - 4%)

b. The zeros are where the graph crosses the
x-axis. x =-2, 4.
c. The graph matches B.

34. From the graph,
a. Vertex is (0, 49)
b. Zerosare x ==7.
¢. Matches with D.

35. a. The vertex is halfway between the zeros. So, —x* ifx<0
the vertex is (7, 24.5). 38. f(x)=11 )
Zeros are x =0, 14. T ifx>0

c. The graph matches A. 5
A f(0)=—(0°)=0

36. From the graph, 3
a. Vertexis (-1, 9). b. £(0.0001) = 0.0001
b. Zeros are x=—4 and x = 2. A Y
c. Matches with C. FE9) =97 =725

=10,000

d.  £(10) :%: 0.1

39, f(x):{x %fxsl
3x-2 ifx>1
a. f(-2)=-2
b. f(0)=0
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Chapter 2: Quadratic and Other Special Functions

e fy=1
d. f(2)=3-2-2-4
40 _x ifx<1
SRAC ek PNV

41. a.  f(x)=(x-2)

Yy

4 2 2 4 6

b, f(x)=(x+1)

42. y=x"+3x"-9x
Using x-min = —10, x-max = 10, y-min =-10,
y-max = 35, the turning points are at x =—3 and

1.
35 y=x"+3x>—9%
-10 10
[

-10

43. y=x'-9x
Using x-min = —4.7, x-max = 4.7, y-min = —15,
y-max = 15, the turning points are at x = +1.732.

[

Note: Your turning points in 42—43. may vary
depending on your scale.

47

1

x—2

4. y=

There is a vertical asymptote x = 2.
There is a horizontal asymptote y = 0.

10

x=2
-10 b 10
-10
2=
45, y:2x—1: ;’c
x+3 142
X

Vertical asymptote is x = 3.
Horizontal asymptote is y = 2.

10 2x—1
y =
-// x+3
-10 = 10
-10
46. a.
170
A
A
;; Y 28
90

b. y=-2.1786x+ 159.8571 is a good fit to the
data.
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c. y=-0.0818x"-0.2143x+153.3095 is a

slightly better fit. 52.
47. a. 275
B p=2¢*+4g+6
-} : = a
]
| 11
[} IR S RS S RS S ST S S 13 -
75 11>
1 2 3 4 5 6 17
b. y=3.13x+140 is a good fit to the data.
c. The quadratic function 53.
y =—0.479x> +18.6x + 58.4 is a better fit.
48. S=96+32t-161
a. 16(6+2t—1*)=0 18 —=3g - ¢*
‘e —2+/4+24
-2
t~—-1.650rt=3.65
b. t>0 User=3.65
c. After 3.65 seconds
49. P(x)=-0.10x" +82x—1600 —t+—+=>¢q
4 5 6

(—0.10x+80)(x—20)=0
Break-even at x = 20, 800

50. E(t) =-0.0052¢* +0.080¢ +12
a. The employment is a maximum at
—b —0.080

== x7.69
2a 2(~0.0052)

f(7.69) ~12.3; the maximum employment

in manufacturing in the U.S. is predicted to
be 12.3 million in 2010 + 8 =2018.

b. 11.5=-0.0052¢> +0.080¢ +12

The quadratic formula gives ¢ =~ —4.8 or 4 8 12 16 20 24 28
t =20.2. The employment in manufacturing b. 0.1¢° +1=85-0.2¢—0.1¢
Elzﬂ(;g 1U.S. will be 11.5 million in 2010 + 21 0.2¢> +0.2g—84=0

0.2(q° +g—420)=0
0.2(g-20)(g+21)=0
g = 20 (only positive value)
p=0.120)° +1=41

51. A= —%xz +300x

a. V: xzigo:ZOO ft

2
b. A= —%(200)2 +300(200) = 30,000 sq ft
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55. p=q*>+300 59. R(x)=100x—x"
=—q+410 -
b= v x=20 50
> +300=—q +410 -2
_ 2
(g+11)(g—10)=0 =$2500 max revenue
g=10 P(x) = (100x — x*) — (900 + 25x)
p=-10+410 =400 =—x" +75x-900
So, E: (10, 400). N _75_ 375
56. D: p>+5¢g=200—> p> =200-5¢ P(37.5) = $506.25 max profit
S: 40— p*+3g=0
Substitute 200 — 5¢ for p* in the second 60. P(x)=13x-0.01x"~30
equation and solve for g. x-coordinate of the vertex = 13 =65
40—-(200-5¢9)+3g =0 0.02
~160 = -84 P(65) =1.3(65)— 0.01(65)> =30 = 12.25 < max
g=20 Break-even points:

0=1.3x-0.01x> =30
0= -0.01(x> —130x+3000)
0 = —0.01(x —30)(x—100)
57. R(x)=100x—-0.4x" x=30o0rx=100
C(x) = 1760 +8x+0.6x°
100x—0.4x> =1760 +8x + 0.6x”
x*=92x+1760=0

+
oo 22EV1424 ‘;”24: 46+ 289 ~ 64.87,27.13

(1424 =+/16-89)

p* =200—5(20)
p> =100 orp =10

58. C(x)=900+25x
R(x)=100x - x°
900 +25x =100x — x
x> —75x+900 =0 V:x= __i(:g =50 units for maximum profit.
(x=60)(x=15)=0
x=60orx=15

R(60) = 2400; R(15) = 1275
(60, 2400) and (15, 1275)

61. P(x)=(50x—0.2x>)— (360 +10x+0.2x")
= —0.4x* +40x —360

P(50) = —0.4(50)? + 40(50) — 360
= $640 maximum profit.

62. a. C(x)=15,000+(140+0.04x)x
=15,000+140x +0.04x”
R(x)=(300-0.06x)x
=300x—0.06x"
b. 15,000 +140x +0.04x> = 300x —0.06x"
0.10x* —160x +15,000 = 0
0.1(x* =1600x +150,000) = 0
0.1(x—100)(x—1500) =0
x=100 or x=1500
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¢. Maximum revenue: 67. a. Linear, quadratic, cubic, and power
di . 300 2500 functions are each reasonable.
x-coordinate: —m =25 b, y= 23 779 (0525
d Px)= R(x)_f(x) ¢ y=23 779,0.525
x-coordinate of max = —ﬂ =800 \
-0.20

e. P(2500) = $240,000 loss
P(800) = $49,000 profit

_ 0.495
63. D(1)=4.95¢ 0 1

a. power function 0
b. D(ZO) ~21.8% d.  £(5)=23.779(5"% ~ 55 mph
C. 244, in 2025 abou't 24.4% of U.S. adults are e. Usethe TRACE KEY. It will take 9.9
expected to have diabetes. seconds.
64. a.700 68. a
y =120x> —=20x° 75,000 Data to 2021
[ -n
o o
pBotd
0 v 8 -]
—-100
b. y=20x*(6-x) :
Domain: OSXS6 _1 [ T S T S T T T T T S R T'] 15
—4000
65. C(p)= 4800p 250 Data to 2050
100-p
a. rational function a “
b. Domain: 0< p <100 a
C(0) = 0 means that there is no cost if no 2 ® “
pollution is removed. o™
d. €©9) =009 _¢475 200 S
100-99 -20
10.23x 0<x<100 b. A quadratic model could be used.
66. C(x)=1 1023+8.16(x~100) 100 < x <1000 a(x)=47.70x" +1802x +40,870;
8367 +6.76(x—1000) x>1000 A(x) =0.07294x" +0.9815x +44.45
a. C(12) = 10.23(12) = $122.76 c. 2020 data: $63,676

a(10) ~ $63,664—closer;

A(10) ~ 61.564 (S61,564)

2050 data: 202.5 ($202,500)

a(40) ~$189,292;

A(40) ~200.413 ($200,413—closer)

d. a=150,000 when x =~ 32.5, in 2043;
A=150,000 when x~31.9, in 2042

b. C(825)=1023+8.16(825-100) = $6939.
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69. a. O(x)=0.743x+6.97 70. a.
175  White non-Hispanic
b. S(x)=0264x-2.57 .
-]
o a
¢ F(x)= 0.743x+697 " i is called a "
0.264x—-2.57 o
rational function and measures the fraction o
of obese adults who are severely obese. s
. . ._0743 _5 ) 35
d. horizontal asymptote: y = 264" 0.355. 30
This means that if this model remains valid
far into the future, then the long-term 150 Others
projection is that about 0.355, or 35.5%, of o
obese adults will be severely obese. s
-]
-]
- -]
a
-]
-5 e . 85
25
A quadratic function could be used to model
each set of data.
W(x)= -0.00903x> +1.28x+124
O(x)= 0.00645x> +1.02x+20.0
b. Atx=091.1, W(x) = O(x) ~166.4
In 1970 + 92 = 2162, these population
segments are predicted to be equal (at
about 166.4 million each).
Chapter 2 Test
1. a. f(x)=x* b, g(x)=|x
y y
A A
10+
8 ——
6 ——
4 ——
2 ——
—+— —t+—+—> «
302 -1 12 3
27T X
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c. h(x)=-1 b, f(x)=(x-2) +1
y ,
A Y
0.5 T
+H+H+HHHH
10 5 5 10
0.5 T
1.5 1T
2=+
d. k(x)=+x
R

5. f(x)=x —4x’ =x*(x—-4).
.1 a. and b. are the cubic choices. f{x) <0 if
0<x<4. Answer: b

8)c—i-l ifx<0
1+ X

6. f(x)=<4 if0<x<2
2 4 6 8 10 6—x ifx>2

a. fl16)=6-16=-10
2. figure b is the graph for b > 1.

1 1
figure a is the graph for 0 <b < 1. b. f(-2)= 8(—2)+_—2 = —165
. . 13)=6-13=-7
3. f(x)=ax’> +bx+canda<0is aparabola ¢ f13)
opening downward. e <l
7. X) = B
8(x) {4—)6 ifx>1

4. a.  f(x)=(x+1)>-1

8. f(x)=21-4x—x"=(7+x)(3-x)

Vertex: x=j=ﬂ=—2
2a  2(-1)

Point: (-2, 25)

Zeros: fix) =0 atx=-7 or 3.
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£(40)= £(10) 320—(=940) 1260
40-10 30 30

14. 42

15. a. quartic
b. cubic

16. a. flx)=-0.3577x + 19.9227

22
9. 3 +2="Tx 00 22
3x*=7x+2=0 b. f(40)=5.6
(Bx-1)(x-2)=0 . f(x)=0ifx:19'9227z557
3x—1=00rx—2=0 0.3577
le,Z 1
3 17. S: ngq+3o
2 —
10. 2x° +6x-9=0 D: p:3o,000_20
x_—6ix/36+72_—6i6«/§_—34_r3\/§ q
4 4 2
(1q+3O=M_2oj6q
6 q
g* +180g = 180,000 1204
q* +300g —180,000 = 0
11. (l+2x=l+x—+lj3x (g +600)(¢g—300)=0
X 3 X Eq:q=300
3+6x =x+3x+3 E :p=50+30=80
6x° —4x=0 ’
2x(3x-2)=0 18. R(x)=285x-0.9x"

C(x)=15,000+35x+0.1x>
a. P(x)=285x—0.9x —(15,000+35x+0.1x%)
=—x" +250x—15,000

2. .
x= 3 is the only solution.

12. ¢(0) = 3—(;:24) — (100 x)(x—150)
Vertical asymptote at x = 2. b. Maximum profit is at vertex.
§h =0 w=20 s
Answer: ¢ 2(-1)

Maximum profit = P(125) = $625
13. f(x)= c. Break-even means P(x) = 0.
2x—-10 From a., x =100, 150.
Horizontal: y=0
Vertical: 2x-10=0
2x=10

x=5
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19. a. Use middle rule for s = 15. 20. a.
f(15) =-19.5 means that when the air 600
temperature is 0°F and the wind speed is 15
mph, then the air temperature feels like
—19.5 °F. In winter, the TV weather report a
usually gives the wind chill temperature. o B
b. f(48)=-31.4°F 8
¢. Break-even means P(x) = 0.
From a., x =100, 150.

0 30
0

b. Linear: y=14.1x+172
Cubic: y =0.0446x" —1.33x” +21.1x +187
c. Linear: y(24)=510.4
Cubic:
v(24) =0.0446(24)" ~1.33(247) +21.1(24) +187
~ 544

The cubic model is quite accurate, but both
models are fairly close.
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Chapter 2 Extended Applications & Group Projects

L. Body Mass Index (Modeling)

1. Eight points in the table correspond to a BMI of 30. Converting heights to inches, we have:

Height (in.) Weight (Ib)
61 160
63 170
65 180
67 190
68 200
69 200
72 220
73 230

2. A linear model seems best as there appears to be roughly a constant rate of change of weight vs. height.
y=5.700x-189.5

4. We note that y(61) ~158.1, Ib close to the actual value of 160 1b, and y(72) ~ 220.8, close to the actual

value of 220 Ib. The model seems to fit the data.
5. To test for obesity, substitute the person’s height in inches for x in the model, computing y. If the person’s

weight is larger than y, then the person is considered obese. For a 5-foot-tall person, y(60) ~152.4, so

152.4 1b is the obesity threshold for someone who is 5 feet tall. For a 6-feet-2-inches-tall person,
y(74) = 232.2, 502322 Ib is the obesity threshold for someone who is 6 foot 2.

6. The Centers for Disease Control and Prevention (CDC) post the BMI formula

BMI = M %703
[height (in)]
at their website (http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html, accessed March

12,2019).

. . o . . 30-[height]’
7. First solving the CDC formula for weight given a BMI of 30 gives weight = —————.

703
Height (in.) Weight (1b) Weight (Ib) Weight (Ib)
from model from CDC from table
definition
61 158 159 160
62 164 164
63 170 169 170
64 175 175
65 180 180 180
66 187 186
67 192 192 190
68 198 197 200
69 204 203 200
70 209 209
71 215 215
72 221 221 220
73 227 227 230
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II. Operating Leverage and Business Risk

1. R=xp

2. a. C=100x+10,000
b. C isa linear function.

3. An equation that describes the break-even point is xp =100x+10,000
4. a. xp=100x+10,000

10,000
~ p-100
b. The solution is 4.a. is a rational function.
c. The domain is all real numbers, p #100 .
d. The domain in the context of this problemis p >100.
5. a. 1500

0 200
0

b. The function decreases as p increases.
6. A price of $1100 would increase the revenue for each unit but demand would decrease.
7. A price of $101 per unit would increase demand but perhaps such a demand could not be met.

8. a. Increasing fixed costs gives a higher operating leverage. Using modern equipment would give the
higher operating leverage.
b. To find the break-even point with current costs we have 200x =100x +10,000

x=100.
To find the break-even point with modern equipment we have 200x = 50x+ 30,000
x =200.

The higher the break-even point the greater the business risk. The cost with the modern equipment
creates a higher business risk.

c. In this case, higher operating leverage and higher business event together. This higher risk might give
greater profits for increases in sales. It might also give a greater loss of sales fall.
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