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Chapter 1 Graphs and Functions
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GR14. x’ —§x+ [—SJ =x’ —;x+(——)

Gri. 2F3_7 35 2 >
2 2 5 4
=X —§x+ 2—5
GrR2, 21 %, S
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2. “
2 2 45 ....... .
GRS. \/(«B—\/ﬁ) +(v2+4B) 1
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:\/(\/3_2\/3)2+<\/5+2\/§) %‘ ! ® “ ®
8 35
= (—x/§)2+(3\/§)2 =+3+9.2 £ ]
=B+18 =121 : )
2012 2014 2016 2018 2020
GRY. x?+4x+ 4 =(x+2)° Year

GR10. x* —6x+ 9 =(x-3)

2 2
GR11. x2—5x+(_5) =x2—5x+ é =(x—§)
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2 Chapter 1 Graphs and Functions

4. YA B(1,5) Concepts and Vocabulary
1. A point with a negative first coordinate and a
positive second coordinate lies in the second
quadrant.

2. Any point on the x-axis has second coordinate
0.

3. The distance between the points P(x;, ;)

and Q(x,,y,) is given by the formula

d(P, Q)=\/(x2—x1)2+(y2—y1)2.

4. The coordinates of the midpoint M(x, y) of the
line segment joining P(x;,y;) and

BC = \/(x3 —x2)2 +(7s _J’2)2
== +(5-07
=B +(5) =34

O(x,,,) are given by

_[XTX ity
(an’)—( 2 B 2 )

COM

TBEXAM.

2 2 5. True
AC:\/(xz‘xl) +(v2 =) . . : .
> > 6. False. The point (7, —4) is 4 units to the right
= \/ (-2-6)"+(0-2) and 6 units below the point (3, 2).
= J(-8)* +(-2)* =/68 7. False. Every point in quadrant II has a
Yes, the triangle is an isosceles triangle. negative x-coordinate.
Now check to see is the Pythagorean theorem 8. : True.
holds for this triangle. Building Skill
5 2 ’ 2 uilding Skills
[d(4, B)] +[d (B, O)] =(34) +(V34)
=34+34=68 9. g
2 o(-7.4 A
=[d(4, C)] L, He
So, the triangle is an isosceles right triangle. o hY oL . 8(2’ &
_ 11 (0,
5 ||||(l’|0)¢ (|)|
: -7-6-5-4-3-2 10 1 2 3 X
-1 ®
I IR E A
b
_al
(=2,-50 —5~—
(2,2): QI; (3, —1): Q4; (-1, 0): x-axis
(-2, —5): Q3; (0, 0): origin; (-7, 4): Q2
: y-axis; (4, 2): Q2
We are asked to find the distance between the 0, 3): y-axis; (+4,2): Q
points A(60, 0) and B(0, 60). 10. a. Answers will vary. Sample answer:
-2,0), (-1,0),(0,0),(1,0),(2,0
d(A, B)=\/60 02 (0 60)2 ( > )’( ’. )’( ’ )’(’ )’( > )
The y-coordinate is 0.
\/(60 \/2 60 b. The set of all
= 6042 = 84.85 ft 05, 1) points of the
() form (x, 1) is
6. M= S+6 _2+—(_1) :(H _gj ®(Z.1)  ahorizontal line
27 2 27 2 ——1—that intersects the
}‘ y-axis at 1.
Copyright © 2023 Pearson Education Inc.
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Section 1.1 The Coordinate Plane 3

11. a. If the x-coordinate of a point is 0, the point
lies on the y-axis.

1,1)®
| |(| |)|
-5 0| 3%

The set of all points of the form (-1, y) is a
vertical line that intersects the x-axis at —1.

12. a. A vertical line that intersects the x-axis

at 3.
b. A horizontal line that intersects the y-axis
at 4.
13.a. y>0 b. y<0
c. x<0 d x>0
14. a. Quadrant III b. Quadrant I
¢. Quadrant IV d. Quadrant II

In Exercises 15—24, use the distance formula,

d= \/xz xl

formula, (x,y)= (xl-}‘_xZ’ Y1ty j ‘

yl) and the midpoint

2 2
15.0. d=v2-27+(5-1% =\4? =4
b. M:(ﬁ’ﬂ)=(2,3)
2 02

16.2. d=1(-2-3)2+(5-5)2 =/(-5)2 =

b. M =(3+(_2),ﬁ)= (0.5,5)
2 2
17.8. d=yQ2-(-1)> +(=3—(-5))°
=\32422 =413
b M= (ﬂ"5+_(‘3)j = (0.5,-4)
2 2

18,2, d=1(-7—(-4))% +(=9—1)>
= J(=3)? +(-10)> =109

-4+ (=7) 1+(-9)

DD (s

>

b =

19. a.

20. a.

21. a.

22. a.

23. a.

24. a.

d =+G- (1)) +(~6.5-1.5)2

= 4% +(-8)2 =80 =4/5

v :(—1+3’1.5+(—6.5)): (L-25)
2 2

d=+1-0.52 +(-1-0.5)2
=J0.5%+(-1.5)2 =25 = \E :@

u =(0.5+1 0.5+(=1)

=(0.75,-0.25
2 ’ 2 ) ( 4 )

ar=\/(ﬁ—ﬁ)2+(5—4)2 V12 =1

(\/_-F\/_ 4+5J (/2.43)

2 2

d =\(v+w)— (v -w)? +(t - 1)

= \I(2w)2 = 2|w|

M :((v—w)+(v+w)’ﬂ):(v’t)
2 2

d=+(k—-1)" +(t—k)
(t—k)2 +(e=k)?

=y2(1—k)* =2 K

M=(t+k’k+t)
2 2

d=n=m?+cm-n’
=\/(n2 +2mn+m2)+(m2 +2mn+n2)
=~2m? + 4mn + 2n*
=\/2(m2 +2mn+n2)

:\12(m+n)2 =x/§|m+n|

M_(m+(—n) n+(—m))
- 2 72

_(m—n n—m)
272
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Chapter 1 Graphs and Functions

25.

26.

27.

28.

29.

30.

31.

P=(-1,-2),0=(0,0), R=(1,2)
d(P,0) = \/(0 — (D) +(0-(-2))* =5
d(0.R)=(1-0)2 +(2-0)* =5
d(P.R) = (1= (=)’ + (2~ (-2))°
—V22+42 =20 =245

Because d(P, Q) + d(Q, R) = d(P, R), the
points are collinear.

P=(-3,-4),0=(0,0),R=(3,4)

d(P,0)=[(0-(=3))* +(0- (~4))’
=J25=5

d(0.R)=(3-0)% +(4—0)* =25 =5

d(P,R) = \/(3 ~(-3)" +(4-(-4)’
=6% +8% =100 =10

Because d(P, Q) + d(Q, R) = d(P, R), the
points are collinear.

P=(4,-2),0=(1,3), R=(-2,8)
d(P.0)=\(1-4)" +(3-(-2))* =34
d(O.R) =(-2-1)* +(8-3)* =34
d(P,R) = \/(—2— 4)* +(8-(-2))°

=J(=6)2 +10% =136 =234

Because d(P, Q) + d(Q, R) = d(P, R), the
points are collinear.

It is not possible to arrange the points in such
a way so that d(P, Q) + d(Q, R) = d(P, R), so
the points are not collinear.

P=(-1,4),0=3,0),R=(11,-8)
d(P,0)=\(3- (D) +(0-4)* =42
d(0,R) =[(11-3)% +((-8) - 0)2 =82
d(P,R) = \/(1 1-(-1))* +(-8-4)

=J(12)2 +(-12)> =288 = 1242
Because d(P, Q) + d(Q, R) = d(P, R), the
points are collinear.

It is not possible to arrange the points in such
a way so that d(P, Q) + d(Q, R) = d(P, R), so
the points are not collinear.

It is not possible to arrange the points in such
a way so that d(P, Q) + d(Q, R) = d(P, R), so
the points are not collinear.

32.

33.

34.

3s.

36.

P=(1,7),0=(-3,7.5),R=(-7,8)
d(P,0) = \/(—3 ~1) +(7.5-7)* =16.25
d(Q,R) = \/(—7 —(-3)*+(8-17.5)2
=16.25
d(P,R)=(-7-1)? +(8-7)*
=\(-8)? +17 =65 =24/16.25

Because d(P, Q) + d(Q, R) = d(P, R), the
points are collinear.

First, find the midpoint M of PQ.
v =(—4+0 MJ=(_2, 4)

2 72

Now find the midpoint R of PM.
—4+(-2

R D) 0x4) (5

2 2
Finally, find the midpoint S of MQ.
S = (ﬂ’ ﬂ) =(-1,6)

2 2
Thus, the three points are (-3, 2), (-2, 4), and
(-1, 6).
First, find the midpoint M of PQ.
- 4+(-12

M:( 8+16 4+ )j:(4, _4)

2 2
Now find the midpoint R of PM.

- 4+ (-4
R= E’L :(_2’ 0)
2 2

Finally, find the midpoint S of MQ.
G (4+16 ~4+(-12)

—— ]:(10,—8)

Thus, the three points are (—2, 0), (4, —4), and
(10, -8).

d(P.0)=(-1- (=) +(4-5)* =
d(0.R) = (—4— (D))’ +(1-4)’
d(P,R)=[(~4 - (-5))> +(1-5)?

The triangle is isosceles.

d(P.0)=(6-3) +(6-2)* =5
d(0.R) = (-1-6)> +(5-6)> =542
d(P.R)=(-1-3)> +(5-2)* =5

The triangle is an isosceles triangle.
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37.

38.

d(P,0) = \/0(4) +(7-8)" =17 39. d(P,0)= \/9 0)* +(-9—(-1)* =145
d(O,R) = \/3 0)° ( 7)* =13 d(O,R) = \/5 9)* +(1-(-9))* =2v29
d(P,R) = \/ —3—(-4))> +(5-8)" =10 d(P,R):\/S—O +(1-(-D)* =29
The triangle is scalene. The triangle is scalene.
d(P,Q)z\/(—1—6)2+(—1—6)2=7ﬁ 40. d(P,0)= \/4 (4) ( 4)* =65
d(0.R) =(-5-(-D)* +(3-(-D)* =412 d(0.R) =/(0-4)* +(-2-5)* =65
d(P,R)=(=5—6)? +(3-6)> =130 d(P,R) =(0 - (-4))* ( 2-4)* =213
The triangle is scalene. The triangle is isosceles.

41.

42,

d(P,0) =(-1-1)* +(1-(-1))? =242
4, R):\/ —«/5—(—1) )+ (—3-1) = [B-23+1)+ (34203 +1) =B =212

d(P,R) = \/ (\f (1)) =\/(3+2\6+1)+(3—2J§+1)=\/§=2\5

The triangle is equllateral.

d(P,0) = \/(—1.5 ~(-0.5)" +(1-(-D))* =5

d = B 3

(Q,R)_\/((I 1)- (15)) (——1} _\/((ﬁ—l) +3(V3- )+225) [4—\B+1j
=\/(3—2J§+1+3J§—3+2.25)+(1.75—J§)=ﬁ

d(P,R)= \/((ﬁ—l)—(—o.S))z +[§—(—1)J = \/((ﬁ—l)z +(ﬁ—1)+0.25)+(%+ 3 +1)
= B-243+1+43-14025)+ (175 +43) =5

The triangle is equilateral.

43.

First find the lengths of the sides: 44. First find the lengths of the sides:

d(P,0) = \/ ~1-7) (3—(—12))2 =17 d(P,Q):\/(9—8)2 +(-11-(-10))* =2
dQ.R) =(14- (- 1) +(11-3)" =17 d(0.R)=[(8-9)? +(-12- (-11))> =42
d(R,8)=\(22-14)’ +(-4-11)’ =17 d(R,S)=\(7-8)> +(-11-(-12))* =2
d(S,P)= \/(2 P4 (-4-(-12))° =17 d(S,P)=\/(8—7)2 +(-10-(-11))* =2

All the sides are equal so the quadrilateral is

either a square or a rhombus. Now find the either a square or a thombus. Now

All the sides are equal, so the quadrilateral is

find the

length of the diagonals: length of the diagonals.
2 2
d(P.R)=\[(14=7)’ +(11-(-12))" =172 d(P.R) =(8-8) +(-12 - (-10))’ =
2 2
d(0.5) =22~ (D) +(-4-3)* =172 d(0.8)=(1-9)* +(~11- (-11))* =
The diagonals are equal, so the quadrilateral is The diagonals are equal, so the quadrilateral is
a square.

a square.
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45.

46.

47.

48.

5=\/(x—2)2 +(2-(-D)’
=\x?—4x+4+9=

5=vx?-4x+13=25=x>—4x+13=
0=x>—4x—12=0=(x—6)(x+2)=
x=-2o0rx=6

13=4(2-(-10))> + (y- (-3))°
=144+ 12 +6y+9
=2 +6y+153 =
169 = y% +6y+153
0=y>+6y-16=0=(y+8)(y-2)=
y=—8ory=2
P=(-5,2),0=(2,3),R=(x,0) (Ris on the
x-axis, so the y-coordinate is 0).
d(P.R)=)(x~(=5))* +(0-2)*
d(0,R) =(x=2)2 +(0-3)>

JE=(=5)* +(0-2)° = J(x-2)* +(0-3)2
(x+52+(0-2)>=(x-2)>+(0-3)°
¥ +10x+25+4=x>—4x+4+9
10x+29 = —4x +13

14x=-16
8

xX=—-=
7

The coordinates of R are (—%, 0) .

P=(7,-4),0=(8,3),R=(0,y) (Ris on the
y-axis, so the x-coordinate is 0).
d(P.R)=\(0-7)" + (v = (-4))’
d(0.R)=(0-8)% +(y~3)°

J0-7)2 + (- ()’
=(0-8)%+(y-3)
49+ (y - (—4))* = 64+ (y-3)*
49+ y% +8y+16=64+y> -6y +9
8y+65=-6y+73
14y =8
4

y=7

The coordinates of R are (O,gj .

Applying the Concepts

49.

50.

51.

52.

53.

Total population (millions)

y

(o)

3

S
I

275—

N

S N

S O
T

>

N

(3 W W

153 S 0

=) S G
I T

A
71985 1990 1995 2000 2005 2010 2015 2020 x
Year

IV (2010+2020 308+333)

2 )
(2015, 320.5)

The population is 2015 was about 320.5
million, which is very close to the table value
for 2015.

Births

Deaths

Marriages

al | | | | | | | | |
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 x

Year

| | | | | | | | |
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 x
Year

ya| | | |
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 x
Year
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54. Y 62. a y
6 16—
B Middale
st 12k °
g 41— 8 :
A n
3 4| @ Dullsville Pleasantville
| [ ]
r Ll
Tol 0 g of 4 8 12 16 20x
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 X
Year b. d(D,M)= \/(800 —200) + (1200 — 400)>
55. 2018 is the midpoint of the initial range, so =1000
M= (2016 +2020 322”59) d(M, P) = /(2000 - 800)° + (300 — 1200)*
2 2 =1500

56.

57.

58.

59.

60.

61.

= (2018, 340.5)

Americans spent about $341 billion on
prescription drugs in 2018.

2018 is the midpoint of the initial range, so
M =(2016+2020 3696+5053)
2 ’ 2 '
= (2018, 4374.5)

There were about 4375 million Internet users
in 2018.

Percentage of Android sales in January 2014:
38.1%

Percentage of iPhone sales in January 2017:
53.9%

Android sales were at a maximum in January
2018.

iPhone sales were at a maximum in January
2021.

Denote the diagonal connecting the endpoints
of the edges a and b by d. Then a, b, and d
form a right triangle. By the Pythagorean

theorem, a® +b> =d? . The edge ¢ and the
diagonals d and 4 also form a right triangle, so

¢? +d?* = h? . Substituting d? from the first

equation, we obtain a’?+b*+c? =h%.

e

//’,,d”:

a

The distance traveled by the pilot
=1000 + 1500 = 2500 miles.

¢. d(D,P)= \/ (2000 — 200)2 + (300 — 400)>
= /3,250,000 = /32510000
=100~/325 =100-5+13 = 50013

=1802.78 miles

63. First, find the initial length of the rope using
the Pythagorean theorem:

c=+24% +10% =26.

After ¢ seconds, the length of the rope is

26 — 3z. Now find the distance from the boat
to the dock, x, using the Pythagorean theorem
again and solving for x:

(26 -31)% = x* +10?
676 — 156t +9¢t% = x> +100
576 — 156t + 9% = x>

V576156t + 9t = x

Beyond the Basics

64. The midpoint of the diagonal connecting (0, 0)
and (a + b, ¢) is (‘”b

,%) The midpoint of
the diagonal connecting (a, 0) and (b, ¢) is
also (#,%) Because the midpoints of the

two diagonals are the same, the diagonals
bisect each other.

(b, ¢) (a+b,c)

-

©00f @0
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65. a. If AB is one of the diagonals, then DC is the
other diagonal, and both diagonals have the
same midpoint. The midpoint of 4B is

(2 +5 3+4

T’TJ =(3.5,3.5) . The midpoint of

DC= (3.5,3.5):(%’3,%”).

So we have 3.5=XT+3=>x=4 and

3.5=yT+8:> y=-1,

The coordinates of D are (4, —1).

b. If AC is one of the diagonals, then DB is the
other diagonal, and both diagonals have the
same midpoint. The midpoint of AC is

~—,—|=(2.5,5.5). The midpoint o
2+3 3;8 2.5,5.5). The midpoint of

2 9
DB = (2.5,5.5):(”5,”4).
2 2
So we have 2.5=x—+5=>x=0 and

55= yT+4 = y=7.
The coordinates of D are (0, 7).

c. If BCis one of the diagonals, then DA is the
other diagonal, and both diagonals have the
same midpoint. The midpoint of BC is

(%#j = (4,6) . The midpoint of DA

) 2
is (4,6)=(x; ’yTH) So we have

X2 =6 and 6=yT+3:>y=9.

4=
The coordinates of D are (6, 9).
66. The midpoint of the diagonal connecting (0, 0)
and (b, ¢) is (g,%j . The midpoint of the
diagonal connecting (a, 0) and (x, y) is

(a ; al ,%) Because the diagonals bisect

each other, the midpoints coincide. So

b a+x
=——=x=b—-a x=a+b,and

2
y ¢ . .
By = 5 = y = c. Therefore, the quadrilateral is

a parallelogram.

(0, O)T (a,0)

67. a. The midpoint of the diagonal connecting
(1,2) and (5, 8) is (%,?):(3,5).

The midpoint of the diagonal connecting
(-2,6) and (8, 4) is

(_2; 8 ,&24) = (3,5). Because the

midpoints are the same, the figure is a
parallelogram.

b. There are three possible locations for (x, ).

(. )

(6,3)
(3,2) _
[
(i)
(6, 5) (6, 5)
ﬂ (3,2)
(6,3) 6,3
R )

> 3>
e

52 iy

(i)

Not drawn to scale

For part (i), the midpoint of the diagonal
connecting (3, 2) and (x, y) is

(3 X ’2+Ty) The midpoint of the

2
diagonal connecting (6, 3) and (6, 5) is
(6.4).S0 > =6 = x=9 and

2+Ty=4=>y=6.

For part (ii), the midpoint of the diagonal

2

while the midpoint of the diagonal
connecting (6, 3) and (x, y) is

connecting (3, 2) and (6, 5) is (2, %),

6+x’3+y . 2=6+X:x:3 and
2 2 2 2

7 3+y

—=———=y=4

2= 2 Y

(continued on next page)
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(continued) 70. Let P(0, 0), O(a, 0), and R(0, @) be the

COM

TBEXAM.

For part (iii), the midpoint of the diagonal

vertices of the triangle.

Y,
connecting (3, 2) and (6, 3) is (%, %J, R(O. )
while the midpoint of the diagonal .
connecting (6, 5) and (x, y) is
(6+x’_5+y). g=3+x=>x=3 and [
2 2 2 2 p 0(a, 0) *
3_5+y = y =0. Thus, the possible Using the Pythagorean theorem, we have
2 2 2_ 2, 2 2 _ 52 _
values for (x, y) are (9, 6), (3, 4), and (3, 0). ©= T * a\/; ¢ =2’ = c=2a=
68. Let P(0,0), O(a, 0), R(a + b, c), and S(b, c) be a= ﬁc = TC

the vertices of the parallelogram.

PO = RS = —0)2 +(0-0)2 =lal. 71. Since ABC is an equilateral triangle and O is
© \/(a )+ ) |a| the midpoint of 4B, then the coordinates of A
OR=PS = \/((a +b)—a)’ +(c-0)> are (—a, 0).
Y,
=\b*+c?. ¢
The sum of the squares of the lengths of the
sides = 2(a” +b* +c?).
A B(a. 0)
d(P,R)=+(a+b)* +c2. o g
d(0,8)=(a=b)> +(0-0c)2.
The sum of the squares of the lengths of the
diagonals is b
((a +b)? +c? ) + ((a -b)? + c2) = AB = AC = AB = 2a. Using triangle BOC and
5 , , the Pythagorean theorem, we have
a 2+2abz-|-b +2c +a2 —2421b+1; +c = BC2 = 0B? + OC? =>(2a)2 2100 =
2a°+2b" +2¢” =2(a” +b" +c”). 46> = > +0C? = 34% = 0C? = 0C =34
69. Let P(0, 0), O(a, 0), and R(0, b) be the Thus, the coordinates of C are (0, v3a) and
vertices of the right triangle. The midpoint M
a b the coordinates of D are (O, - \/ga).
of the hypotenuse is (—,—).
2°2 ,
72.
a) %
d(Q,M)=\/(a—Ej +(0_E) 0. y2)
o o) A i
2 2 2 PGy ) x| 102:)
22 b2 [y =il
d(R,M)=,]|0—=| +|b—= —— 9 S(x, v
2 2 |x =]
2 2 2 . o .
3 5 To show that M is the midpoint of the line
a b segment PQ, we need to show that the
P.M)= -— -— ’
(P, M) \/(0 2) " (0 2) distance between M and Q is the same as the
distance between M and P and that this
2 2 [ 2 2
- ’(_ﬁj + (_éj _NaZ+b” distance is half the distance from P to Q.
2 2 2 (continued on next page)
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10 Chapter 1 Graphs and Functions
(continued) Getting Ready for the Next Section
2 2 2 2
PO = - +(yy —
0=1(x,-x) + (v - 1) CRLa. x2+y2=(lj +(1J _lr 21
\/x+x bty 2 2 2 4 4 4 2
- ()
2 2 2 2 V2 ? V2 ? 2 2
2 2 b. x“+y"=|—| +|— | ==+==1
— (x2_x1) +(J/2—J’1j 2 2 4 4
2 2
2
2 2 GR2.a. )"+ +2 =[(-1)-1 1+2
B (xz—xl) +(J’2‘J’1) 2 (x ) (y |: ]2
- 4 4 =(-2)°+3%=4+9=13
1 2 2
=l =x)* + (2= ) b (x=1)2+(y+2) = (4=1)° +(2+2)’
— 12 2 _ —
Thus, we have MP=%PQ. =37 447 =9+16=25
S D o B S I
Similarly, we can show that MQ:%PQ. GR3.a. |x|+y_|2|+—3_2+—3_1 1=0

Thus, M is the midpoint of PQ, and

b —+ 5=+ =4 ==—1+1=0
(x,y)z(w_xz,w_yz) R R R
2 2
Critical Thinking/Discussion/Writing CRaa ML DI 21 2
x y - -2 -1 -2
73. a. y-axis b. x-axis =-1+(-1)=-2

74. a. The union of the x-axis and y-axis

b. The plane without the x-axis and y-axis b X + 7 370 to=1+1=2
75. a. Quadrants I and III 5
b. Quadrants I and IV GR5. x%—6x+ (_?6) =x?—6x+3°
76. a. The origin, {(0, 0)} =x"—6x+ 9
b. The plane without the origin , _8)? ) )
77.a. Right half-plane GR6. x” —8x+ (7) =x" ~8x+(~4)
b. Upper half-plane =x%—8x +16
78. Let (x, y) be the point. 2
The point liesin | if GR7. y?+3y=y+3y+ (%) =y*+3y+ %
Quadrant I x>0andy>0 ,
Quadrant II x<0andy>0 GRS. y2+5y+(§j =2 +5p+ 2
Quadrant I11 x<0andy<0 —
QuadrantyIV x>0andy<0 GRO. —ax+(_a)2—x2—ax+ a
(=) (+,+)

2

2
GR10. x2+xy+(§j =xl+xy+ yT

0 X

(=) (+,7)
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1.2 Graphs of Equations

Practice Problems

1.

y= —x2+1
x y=—x*+1 )
2 |y=—(27+1 |(2-3
-1 y=—(1P+1 | (1,0
0 y=—(0)2+1 0, 1)
y=—(1Y+1 (1,0
2 y=—(2)7+1 2,-3)
y
L
| SN
—4 o \2 42

To find the x-intercept, let y = 0, and solve the
equation for x: 0= 2x2 4+3x-2=
0=(2x—1)(x+2)=>x=% orx=-2.

To find the y-intercept, let x = 0, and solve the
equation for y:

y=2(0)*+3(0)-2= y=-2.

The x-intercepts are % and —2; the y-intercept
is —2.

To test for symmetry about the y-axis, replace
x with —x to determine if (—x, y) satisfies the
equation.

(_x)z —y?=1= x?-»? =1, which is the

same as the original equation. So the graph is
symmetric about the y-axis.

x-axis: x° = (—y)3 =x’= —y3, which is not

the same as the original equation, so the
equation is not symmetric about the x-axis.

y-axis: (—x)2 = y3 = x?= y3, which is the
same as the original equation, so the equation
is symmetric about the y-axis.

origin: (—x)2 = (—y)3 = x2= —y3, which is
not the same as the original equation, so the
equation is not symmetric about the origin.

y=—t*+77t* +324

a. First, find the intercepts. If z = 0, then
y =324, so the y-intercept is (0, 324).
Ify =0, then we have

0=—1*+77t* +324
=771* -324=0
(2 -81)(¢* +4) =0
(e+9)(t=9)(1* +4)=0=1=-9,9,+2i
So, the #-intercepts are (—9, 0) and (9, 0).
Next, check for symmetry.
t-axis: —y = —t* +77t* +324 is not the

same as the original equation, so the
equation is not symmetric with respect to
the ¢-axis.

y-axis: y=—(=t)" +77(~1)* +324 =

y= —t* +77¢% + 324, which is the same as

the original equation. So the graph is
symmetric with respect to the y-axis.

origin: —y =— (—1)4 +77 (—t)2 +324=

-y= —t* +77¢% +324, which is not the

same as the original equation. So the graph
is not symmetric with respect to the origin.
Now, make a table of values. The graph is
symmetric with respect to the y-axis, so, if
(¢, ) is on the graph, then so is (-, y).
However, the graph pertaining to the
physical aspects of the problem consists
only of those values for > 0.

t y=—¢+774+324 ¢y
0 324 (0, 324)
1 400 (1, 400)
2 616 2, 616)
3 936 (3, 936)
4 1300 (4, 1300)
5 1624 (5, 1624)
6 1800 (6, 1800)
7 1696 (7, 1696)
8 1156 (8, 1156)
9 0 9, 0)

(continued on next page)

Copyright © 2023 Pearson Education Inc.

TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780137552467-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

12 Chapter 1 Graphs and Functions
(continued) Concepts and Vocabulary
4 1. The graph of an equation in two variables,
2000~ such as x and y, is the set of all ordered pairs
000 /\ (a, b) that satisfy the equation.
AN R ; ; ;
g | a— 2. If (-2, 4)'1s a point on a graph that is
1000 symmetric with respect to the y-axis, then the
point (2, 4) is also on the graph.
~2000 -
3. If(0,—5) is a point of a graph, then —5 is a
b y- intercept of the graph.
. y
2000 = 4. An equation in standard form of a circle with
1800
1600 center (1, 0) and radius 2 is (x—1)* +y> = 4.
1400 7
:ggg 5. False. The equation of a circle has both an
800 x?-term and a y2 -term. The given equation
600
400 does not have a y2 -term.
200
o 6. False. The graph below is an example of a
graph that is symmetric about the x-axis, but
c. The population becomes extinct after 9 does not have an x-intercept.
years.
6. The standard form of the equation of a circle r’f
is (x=h)?+(y-k)?=r%
(h,k)=@3,—6)and r=10 ]
The equation of the circle is T —
2 2 _
(x=3)"+(y+6)" =100. 7. False. The center of the circle with equation
2 2 .
7. (x=2)2 +(y+1)? =36 = (hk)=(2.-1), r=6 (x+3)"+(y+4)" =9 is (-3, -4).
This is the equation of a circle with center 8. True
(2, —1) and radius 6.
y Building Skills
8 f—
o In exercises 9—14, to determine if a point lies on the
/j ?\ graph of the equation, substitute the point’s
Ll iy coordinates into the equation to see if the resulting
I GEE L S B statement is true.
4E @ -
C 9. on the graph: (-3, —4), (1, 0), (4, 3); not on the
-8t graph: (2, 3)
5
8. x2+y2+4x—6y—12:0: 10. on the graph: (-1, 1), (1, 4), (—g,Oj;noton

X +4x+yt-6y=12
Now complete the square:
(x2 +4x+4)+(y2 —6y+9)=12+4+9=>

(x+2)* +(y-3)> =25
This is a circle with center (-2, 3) and
radius 5.

11.

12.

the graph: (0, 2)

on the graph: (3, 2), (0, 1), (8, 3); not on the
graph: (8, -3)

on the graph: (1, 1), (2,%} ; not on the graph:

1
(0, 0), (—3,5)
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Section 1.2 Graphs of Equations 13
13. on the graph: (1, 0), (2,\/§),(2,—\/§);noton 20. Ll :(O’O)i L
- -3 - X
. -1L-nPIRa, -n
the graph: (0, —-1) .
.. 5k
14. Each point is on the graph. DY S E W
15. y s
5 6
_7_
3 _gb
(1,0 (0_1)_ > (=3,-9) -9 3,9
T NV AT -10F
S AT 3 5k y
L 21.
(-2, -1 b
(=3,-2) -5
16.
22.
17. y 23.
or (3.6)
41— 2,4)
ONTASE
I I | 1 I |
-6 —4 -2 L 2 4 6 X
(-1,-2f -
(—2. -0 -4l 24,
-3.-6d -6
18. y
3_
2 (3.15)
L @D 25.
0,0 (1,0.5)
[ L1
-3 -2 - 1 2 3%X (-1,3)
TE=(-1,-05)
(=2.-1) .,
-2+ L5 >0
(=3, —1.5) -5 -3 5 x
19. y i
10~ (=3,-5)
(=3.9) 91 (3.9) =ln S
8 -6
s -7
6_
5
(-2.4@ 4 $2.4)
3_
2_
(-1, HR1-#1,1)
L1 L1011

0,0
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14 Chapter 1 Graphs and Functions
26. 31. y
4_
3_
(=3.5) 3.5 L @126
(1, 1)
iy (3, 1.44)
L1 [
-4 -3 -2-1 1 2 3 4%
G G 1m0
-5 -3 5 x (=3, —1.44)\ |21
(-2.-120)] 5|
(—1,=1"
(-1,-3) (1, -3) L4l
32. y
4_
(=3, 1.44) 3
27. (—2,1.26)
2_
(-1, 1 [~ 0,0)
[ [
—4—3-—2-10L1 2 3 4x
b
-2 Q’il)
28. 3l @ -126)
: (3, —1.44)
74_
y
33. "
3+ (3.3)
2+ 2.2)
- &1,
29. ©0,0)]
0 E
-1~ w(, 1)
o 2.-2)
3 3, -3)
74_
34.
30.
u L1
3 4 x 35
—15 ’
-25

L1
—4-3-2-10 1,/2 3 4%
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Section 1.2 Graphs of Equations 15

36.

For exercises 37-46, read the answers directly from

the given graphs.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

x-intercepts:
y-intercepts:

symmetries:

x-intercepts:
y-intercepts:

symmetries:

x-intercepts:

y-intercepts:
symmetries:

x-intercepts:

y-intercepts:
symmetries:

x-intercepts:
y-intercepts:

symmetries:

x-intercepts:
y-intercepts:

symmetries:

x-intercepts:
y-intercepts:

symmetries:

x-intercepts:
y-intercepts:

symmetries:

x-intercepts:
y-intercepts:

symmetries:

x-intercepts:
y-intercepts:

symmetries:

-1,1
none
y-axis
none
-1,1
x-axis
-r,0, w
0

origin

x-axis, y-axis, origin
-2,2

-3,3

x-axis, y-axis, origin
-2,0,2

0

origin

-2,0,2

0

origin

-2,0,2

0,3

y-axis

0,3

-2,0,2

x-axis

47.

48.

49.

50.

51.

52.

To find the x-intercept, let y = 0, and solve the
equation for x: 3x+4(0)=12=x=4.

To find the y-intercept, let x = 0, and solve the
equation for y: 3(0)+4y=12= y=3.
The x-intercept is 4; the y-intercept is 3.

To find the x-intercept, let y = 0, and solve the
equation for x: 2x+3(0)=5=x= %
To find the y-intercept, let x = 0, and solve the
equation fory: 2(0)+3y=5=y= %

The x-intercept is 5/2 ; the y-intercept is 5/3 .
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Chapter 1 Graphs and Functions

53.

54.

SS.

56.

57.

58.

59.

To find the x-intercept, let y = 0, and solve the
equation for x: §+g =1= x=5. To find the
y-intercept, let x = 0, and solve the equation
for y: %+§ =1= y =3. The x-intercept is 5;
the y-intercept is 3.

To find the x-intercept, let y = 0, and solve the
equation for x: %—g =1= x=2.To find the
y-intercept, let x = 0, and solve the equation
for y: g—% =1= y =-3. The x-intercept is
2; the y-intercept is —3.

To find the x-intercept, let y = 0, and solve the

. +2
equation for x: 0= T2 o x=-2. To find
x—
the y-intercept, let x = 0, and solve the
equation for y: y = % =-2.

The x-intercept is —2; the y-intercept is —2.
To find the x-intercept, let y = 0, and solve the
. 0-2
equation for x: x =——= x =-2. To find
0+1
the y-intercept, let x = 0, and solve the
. -2
equation for y: 0= RN y=2.
y+1

The x-intercept is —2; the y-intercept is 2.

To find the x-intercept, let y = 0, and solve the
equation for x: 0= x?—6x+8=x=4or

x =2. To find the y-intercept, let x = 0, and
solve the equation for y: y = 0% - 6(0)+8=
y =8. The x-intercepts are 2 and 4; the
y-intercept is 8.

To find the x-intercept, let y = 0, and solve the
equation for x: x = 0% - 500)+ 6= x=6.

To find the y-intercept, let x = 0, and solve the
equation for y: 0=y2 -Sy+6=>y=2or

y =3. The x-intercept is 6; the y-intercepts
are 2 and 3.

To find the x-intercept, let y = 0, and solve the
equation for x: x> +07=4=x=12.

To find the y-intercept, let x = 0, and solve the
equation for y: 02+’ =4= y=42.

The x-intercepts are —2 and 2; the y-intercepts
are 2 and 2.

60.

61.

62.

63.

64.

To find the x-intercept, let y = 0, and solve the
equation for x:
(x-1)+0>=9=x-1=43=
x==2orx=4

To find the y-intercept, let x = 0, and solve the
equation for y:

(0—1)2+y2 =9=>1—i-y2 =9:y2 =8=

y =18 =122

The x-intercepts are —2 and 4; the y-intercepts
are +24/2.

To find the x-intercept, let y = 0, and solve the
equation for x: 0 =+v9 - x? = x=143.

To find the y-intercept, let x = 0, and solve the
equation for y: y = V9-02 = y=3.

The x-intercepts are —3 and 3; the y-intercept
is 3.

To find the x-intercept, let y = 0, and solve
the equation for x: 0 = Vx?-1= x=%I. To
find the y-intercept, let x = 0, and solve the
equation for y: y = V0% —1 = no solution.
The x-intercepts are —1 and 1; there is no
y-intercept.

To find the x-intercept, let y = 0, and solve the
equation for x: x(0) =1= no solution. To
find the y-intercept, let x = 0, and solve the
equation for y: (0)y =1= no solution. There
is no x-intercept; there is no y-intercept.

To find the x-intercept, let y = 0, and solve the

equation for x: 0= x% +1= x? =—1= there

is no real solution. To find the y-intercept, let
x =0, and solve the equation for y:

y= 0> +1= y =1. There is no x-intercept;
the y-intercept is 1.

In exercises 65—74, to test for symmetry with respect
to the x-axis, replace y with —y to determine if (x, —)
satisfies the equation. To test for symmetry with
respect to the y-axis, replace x with —x to determine if
(—x, y) satisfies the equation. To test for symmetry
with respect to the origin, replace x with —x and y
with —y to determine if (—x, —) satisfies the equation.

65.

-y= x% +1 is not the same as the original

equation, so the equation is not symmetric
with respect to the x-axis.

y= (—x)2 +1= y= x2+1 , so the equation is

symmetric with respect to the y-axis.
(continued on next page)
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Section 1.2 Graphs of Equations 17

(continued) 0.

66.

67.

68.

69.

—yz(—x)2 +1= —yzx2 +1, is not the
same as the original equation, so the equation
is not symmetric with respect to the origin.

x= (—y)2 +l=x= y2 +1, so the equation is
symmetric with respect to the x-axis.
—-x= y2 +1 is not the same as the original

equation, so the equation is not symmetric
with respect to the y-axis.

—X= (—y)2 +1= —x= y2 +1 is not the same

as the original equation, so the equation is not 7

symmetric with respect to the origin.

-y= x> +x is not the same as the original

equation, so the equation is not symmetric
with respect to the x-axis.
y=(x x> y=-x'-x=

y= —()c3 + x) is not the same as the original

equation, so the equation is not symmetric
with respect to the y-axis.
—y=(=x)’ x> -y=—x’-x>

—y= —(x3 +tx)=>y= x> +x, so the equation

is symmetric with respect to the origin. 72.

-y= 2x* — x is not the same as the original

equation, so the equation is not symmetric
with respect to the x-axis.

y= 2(—)6)3 -(x)=y= 2 +x=
y= —2(x3 —Xx) is not the same as the original

equation, so the equation is not symmetric
with respect to the y-axis.

-y= 2(-x)} - (—x) = -y= 2% +x=

_y=_2(x3_x):>y=2x3—x,sothe 73.

equation is symmetric with respect to the
origin.
-y= 5x* +2x? is not the same as the

original equation, so the equation is not
symmetric with respect to the x-axis.

y= 5(—x)4 + 2(—)c)2 = y= Sxt +2x2 , SO
the equation is symmetric with respect to the
y-axis.

- 4 _c 4 2 .
-y =5(—x)"+2(-x)=> -y =5x"+2x" is
not the same as the original equation, so the

equation is not symmetric with respect to the
origin.

2

-y= —3x%+2x* + x? is not the same as the

original equation, so the equation is not
symmetric with respect to the x-axis.
y=-3(-0%+2(-x)* +(-x)* =

y= —3x% +2x* +x?, s0 the equation is
symmetric with respect to the y-axis.
—y=3=0+2(-0)*+ (-0 =

-y= —3x% +2x* + x? is not the same as the

original equation, so the equation is not
symmetric with respect to the origin.

-y= —3x° +2x> is not the same as the

original equation, so the equation is not
symmetric with respect to the x-axis.

y= —3(—x)5 + 2(—)c)3 = y= 3x° —2x3 is
not the same as the original equation, so the
equation is not symmetric with respect to the
y-axis.

- 5 3 _ 2.5 3
-y =-3(-x)" +2(-x)" =>-y=3x"-2x" =
-y = —(—3x5 + 2x3) =>y= 3% +2x3, so
the equation is symmetric with respect to the
origin.
-y= 2x2 - |x| is not the same as the original

equation, so the equation is not symmetric
with respect to the x-axis.

y= 2(—)6)2 —|—x| = y= 2x? —|x , so the

equation is symmetric with respect to the
y-axis.

_ 2 2 .
-y =2(-x) —|—x| = -y=2x —|x| 1s not
the same as the original equation, so the
equation is not symmetric with respect to the
origin.
x2(—y)2 +2x(=y)=1=> )czy2 —2xy=11is
not the same as the original equation, so the
equation is not symmetric with respect to the
X-axis.
(—x)zy2 +2(x)y=1= xzy2 —2xy=11s
not the same as the original equation, so the
equation is not symmetric with respect to the
y-axis.

2 2

=)=y +20)(~y) =1=
x? y2 +2xy =1, so the equation is symmetric
with respect to the origin.
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18 Chapter 1 Graphs and Functions
74. x> +(-y)? =16 = x> + > =16, so the 82. (x+2)2+(y+3)%=7
equation is symmetric with respect to the y
X-axis. W
(-x)2+1y2=16= x>+ »* =16, so the
equation is symmetric with respect to the
y-axis.
()2 +(=y)? =16 = x> + 2 =16, so the
equation is symmetric with respect to the
origin.
For exercises 7578, use the standard form of the 83. The standard form of the equation of a circle
equation of a circle, (x— h)2 +(y- k)2 =r2. with center (3, — 4) is
75. Center (2, 3); radius = 6 (x=3)* +(y+4)%* = 2. Substitute (-1, 5)
76. Center (—1, 3); radius = 4 for (x, y) and solve for 2.
. 2 2
77. Center (-2, -3); radius = /11 (-1-3)"+(5+4)" = rt=
(-4)* +92 =2 =97=42
1 3 NE) , o
78. Center >3 ) radius = B The equation of the circle is
(x=3)2+(y+4)?=97.
79. 2+(y-1) =4 y

84. The standard form of the equation of a circle
with center (=1, 1) is (x+1)* +(y—1)* = r2.

80. (x-1)2+y2=1 Substitute (2, 5) for (x, y) and solve for r2.

y 2+’ +(5-1)7=r2=
(3) +42=rt = 25=/2

i The equation of the circle is
o.sm (x+1D)*+(y-1)? =25

1.5

|
0 05 1 15 25 x y

-05 (2,5)

-1

=L D
°
T |

81. (x+1)2+(y-2)2=2

PR S S N —
-2-15-1-050 X
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Section 1.2 Graphs of Equations 19

85. The circle touches the x-axis, so the radius

is 2. The equation of the circle is
(=D +(y-2)’ =4,

y

— o UN\+ W

86. The circle touches the y-axis, so the radius

87.

88.

is 1. The equation of the circle is
(=D +(y-2)* =1

;
o

2.5
2

1.5
i

05—

s 15T >

Find the diameter by using the distance
formula:

d=\(=3-7)% +(6-4)? =104 = 2426 .

So the radius is v/26 . Use the midpoint
formula to find the center:

oL 46

2 2
of the circle is (x —2)? +(y—5)2 =26.

) =(2,5). The equation

y
1=
10
0
gl
7
6 (2,5
5 @
.
3
2.—
!
-4 -2 0/ 12345678X%

Find the center by finding the midpoint of the
. o~ (248 -3+5)_

diameter: C = (—2 =3 ) =(5,1)

Find the length of the radius by finding the

length of the diameter and dividing that by 2.

d= \/(2 —-8)2 +(=3-5)% =100 =10

Thus, the length of the radius is 5, and the

equation of the circle is

(x-52+(y-1)?=25.

~(2,-3)
89.a. x*+y?-2x-2y-4=0=
x? —2)c+y2 -2y=4
Now complete the square:
X2 -2x+14+yr -2y +1=4+1+1=
(x—1)%+(y-1)? = 6. This is a circle with
center (1, 1) and radius J6.

b. To find the x-intercepts, let y = 0 and solve
for x:
(x=12+(0-12=6=(x-1)°+1=6=
(x-1° =52 x-1=+/52x=1%5
Thus, the x-intercepts are (1 +/5 , 0) and
(1-+5.0).
To find the y-intercepts, let x = 0 and solve
for y:
O-D2+(y-Dl=6=1+(y-1) =6=
(y-1) =52 y-1=+/5= y=1+5
Thus, the y-intercepts are (0, 1++/5 ) and
(0.1-5).

90.a. x>+’ -4x-2y-15=0=

x? —4)c+y2 -2y=15
Now complete the square:
X2 —Ax+4+y° -2y+1=15+4+1=
(x—2)? +(y—-1)* = 20. This is a circle
with center (2, 1) and radius 25

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

forx: (x—=2)2+(0-1)%=20=
(x-2)"+1=20= (x-2)*=19=
x—2=i\/§=>x=2i\/§

Thus, the x-intercepts are (2+\/E, O) and

(2-13. 0).

(continued on next page)
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20 Chapter 1 Graphs and Functions
(continued) b. To find the x-intercepts, let y = 0 and solve
. _ 2
To find the y-intercepts, let x = 0 and solve for x- (x 3 l) N RIS S SN
fory: (0-2)>+(y-1)*>=20= 2 4 22
5 ) x =0, 1. Thus, the x-intercepts are (0, 0)
4+(y-1)"=20=(y-1)" =16= and (1, 0)
y-l=#=y=-33 To find the y-intercepts, let x = 0 and solve
Thus, the y-intercepts are (0, —3) and (0, 5). 12 1 11
) ) for y: (0——) +yl=—ylii=—
91.a. 2x"+2y“+4y=0= 2 4 4 4
22432 +2y)=0= x> +y2+2y=0. y? =0=> y=0. The y-intercept is (0, 0).
Now complete the square:
2 2 P q 2 2 94. a. x2+y2+l=0:>x2+y2=—l.The
X4+ y +2y+1=0+1=x"+(y+D)° =1. . . .
o . . radius cannot be negative, so there is no
This is a circle with center (0, —1) and graph
radius 1. '
. b. There are no intercepts.
b. To find the x-intercepts, let y = 0 and solve
forx: x2+(0+1)2=1=x>=0=>x=0 Applying the Concepts
Thus, the x-intercept is (0, 0). 95. The distance from P(x, y) to the x-axis is ||
To find the y-intercepts, let x = 0 and solve
for y: while the distance from P to the y-axis is | y|.
0> +(y+)i=1=y+l=%l= y=0,-2 So the equation of the graph is |x| = |y|
Thus, the y-int t 0, 0) and (0, —2).
us, the y-intercepts are (0, 0) and (0, =2) 96. The distance from P(x, y) to (1, 2) is
92.2. 3x’+3y° +6x=0= \/(x -1)%+(y-2)? while the distance from
2, .2 _ 2 2 _
3x“4+y 4+2x)=0= x“+2x+y° =0. Pto (3,-4) is \/(x—3)2 +(y+4)2 .
N;)w complete ;he square: , So the equation of the graph is
X +2x+1+y =0+1=>(x+D)"+y° =1. > ) P P
x=-1D)"+(-2)" =\(x=-3)"+(+4)" =
This is a circle with center (-1, 0) and \/( 2) o 2) \/( ) ) Hl 5 )
radius 1. x=D"+(y=-2)"=(x=-3)"+(y+4)" =
b. To find the x-intercepts, let y = 0 and solve x2—2x+1+ y2 —-4y+4=
for x: . 2 —6x+9+p2 +8y+16=
x+D)"+0° =l=x+1=xl=x=0,-2 Dx—dy+5=—6x+8y+25=
Thus, the x-intercepts are (0, 0) and (=2, 0). | 5
To find the y-intercepts, let x = 0 and solve 4x-20=12y =y = gx 3
for y: (O+1)2+y2 =1:>y2 =0=y=0
Thus, the y-intercept is (0, 0). 97. Ifyou save $100 each month, it will take 24
months (or two years) to save $2400. So, the
93.a. x*+y’-x=0=x*-x+y*=0. graph starts at (0, 0) and increases to

Now complete the square:

xz—x+l+y2 :0+l:
4 4

2
1 1 .. . .
(x _E) + y2 = e This is a circle with

center (l,Oj and radius l
2 2

(2, 2400). It will take another 30 months (or
2.5) years to withdraw $80 per month until the
$2400 is gone. Thus, the graph passes through
(4.5, 0).
¥
2400 (-
2000

1500 -

1000 —

Available money

n

=3

S
I

0 1 2 3 4455 %
Years
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Section 1.2 Graphs of Equations 21

98. Ifyou jog at 6 mph for 10 minutes, then you
have traveled 6(%) =1 mile. So the graph

starts at (0, 0) and increases to (10, 1). Resting
for 10 minutes takes the graph to (20, 1). It
will take 20 minutes to walk one mile at 3
mph back to the starting point. Thus, the graph
passes through (40, 0).

y
1 (—

Miles

| | |
0 10 20 30 40 «x

Minutes

99. a. July 2022 is represented by ¢ = 0, so March
2022 is represented by ¢ = —4. The monthly
profit for March is determined by

P =-0.5(-4)> = 3(-4) + 8 = $12 million.

b. July 2018 is represented by = 0, so
October 2018 is represented by ¢ = 3. So the
monthly profit for October is determined by

P=-0.5(3)> —3(3) +8 = —$5.5 million.
This is a loss.

C. P
15—

o«

L1
—6 —4 —2 0

-10

:/T |

T T
™,
/
o

-20

-30

Because ¢ = 0 represents July 2022,  =—6
represents January 2022, and t =5
represents December 2022.

d. To find the #-intercept, set P = 0 and solve
for: 0=-0.5t> -3t +8 =

|3’ —40.5)8) _3+425
2(-0.5) -1
=2o0r-38
The #-intercepts represent the months with
no profit and no loss. In this case, t = —8
makes no sense in terms of the problem, so

we disregard this solution. z = 2 represents
Sept 2022.

€.

100. a.

101. a.

To find the P-intercept, set = 0 and solve
for P: P=—-0.5(0)> —3(0)+8 = P =8.

The P-intercept represents the profit in July
2022.

P =187 — 69x + 11264

P
11450
11400
11350
11300
11250

11200 —

OT | | | | | |

1 2 3 4 5 6x

To find the P-intercept, set # = 0 and solve
for P: P =-18(0)> —69(0) +11,264 =
P =11,264. The P-intercept represents the

number of female college students (in
thousands) in 2015.

Tsec | Height= —16¢> +128¢ +320

0 320 feet

432 feet

512 feet

560 feet

576 feet

560 feet

DN || W N

512 feet

)= —16¢2
600l ¥ 16t~ + 128t + 320

400

200~
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22 Chapter 1 Graphs and Functions
d. To find the #intercept, set y = 0 and solve 104. Using the hint, we know that the center of the
for t: circle will have coordinates (0, k).
0=-16t% +128+320 = > >
0=-16(t> -8 -20)=
0=0-10)t+2)= t=10o0rt=-2.
The graph does not apply if £ <0, so the .51 s c0.b s
t-intercept is 10. This represents the time \ \
when the object hits the ground. To find the = 2 7 % ) 2 7 %
y-intercept, set ¢ = 0 and solve for y:
y= —16(0)2 +128(0) +320 = y = 320. Use the Pythagorean theorem to find £.
This represents the height of the building. 2 442=52 512 416=25=2k’=9=
102. a. d d:%t—%rz k=13

200~

100

I I B | L1
0] 10 20 30 40 50 6§ 70 80 ¢

—100—

—200—

0<r<60

The total time of the experiment is 60
minutes or 1 hour.

Beyond the Basics

103.

x? +y2—4x+2y—20=0:>
xt—dx+yt+2y=20=>
xP—dx+4+y? 12y +1=20+4+1=
(x=-2)*+(y+1)*=25

This is the graph of a circle with center (2, —1)
and radius 5. The area of this circle is 257.

x?+y?—4x+2y-31=0=

x2 —4x+y2 +2y=31=

X2 —dx+4+y? 12y +1=31+4+1=
(x-22+(r+1)*=36

This is the graph of a circle with center

(2, -1) and radius 6. The area of this circle is
36x. Both circles have the same center, so

the area of the region bounded by the two
circles equals 3677 —257z =11zx.

); 2+y2—4x+2y-31=0

)

1o =
Ny -
oy =

2 +y?—dx+2y-20=0

The equations of the circles are
2+ (y+3) =52

Critical Thinking/Discussion/Writing

105.

106.

The graph of y2 = 2x is the union of the
graphs of y =+/2x and y =—+/2x.

y
3

2

1

0 1 2 3 4 5 Xx
R

2

-3

Let (x, y) be a point on the graph. The graph is
symmetric with regard to the x-axis, so the
point (x, —) is also on the graph. Because the
graph is symmetric with regard to the y-axis,
the point (—x, y) is also on the graph.
Therefore the point (—x, —) is on the graph,
and the graph is symmetric with respect to the
origin. The converse, however, is not true. If a
graph is symmetric with respect to the origin,
it is not necessarily symmetric with respect to
the x-axis and y-axis. For example, the graph

of y= x> is symmetric with respect to the

origin but is not symmetric with respect to the
x- and y-axes.

107. a. First find the radius of the circle:

d(A4,B) =(6-0)> +(8-1)2 =85 =
85
2
The center of the circle is

(6+0 1+8)_(32)
2 72 2)

(continued on next page)
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Section 1.2 Graphs of Equations 23

(continued)

The equation of the circle is
2
9 85
34| y-=| ==,
(x=3) (y 2) 1

To find the x-intercepts, set y = 0, and solve
for x:

2
(x—3)2+(0—2) 8
2) 4

()c—3)2 +g=8—5:>x2 -6x+9=1=
4 4

x?—6x+8=0

The x-intercepts are the roots of this

equation.

First find the radius of the circle:

d(A,B)=(a—0)2 +(b-1)>

=Ja*+(b-1)* =
Ja? +(b-1)>

2
The center of the circle is

(a+0 b+l)_(£ b+1)
2 72 27 2

So the equation of the circle is

( ajz ( b+1)2 a® +(b-1)2
x——| +|y- = .
2 2 4

To find the x-intercepts, set y = 0 and solve
for x:

2 2 2 2
(x_z) +(0_b+1) _a +(b-1)
2 2 4

2 2 2 12
T N CR R MG ()
4 4
4x? —dax+a’® +b* +2b+1=a’ +b* -2b+1
4x> —dax+4b=0

x> —ax+b=0
The x-intercepts are the roots of this
equation.

a =73 and b = 1. Approximate the roots of
the equation by drawing a circle whose
diameter has endpoints 4(0, 1) and B(3, 1).

The center of the circle is (%,1) and the

radius is % The roots are approximately

(0.4, 0) and (2.6, 0).

o .\'zfj,x‘+1=0

108. a. The coordinates of the center of each circle
are (r, r) and (3r, r).
y

X

b. To find the area of the shaded region, first
find the area of the rectangle shown in the
figure below, and then subtract the sum of
the areas of the two sectors, 4 and B.

y

| x
Arect = }"(27")2 27"2

15

A sector § — Z zr

A

sector R —

Ashaded region — 2r° — (Z r- + Z”r )

=272 —%mﬂ 2(2—%)1’2

Getting Ready for the Next Section

GRI1. E:%:l
6-2 4 2
Gr2, 2=2 _~1_1
-2-2 -4 4
2 — (=
Grs, 2203 _5 1
3-13 -10 2
GRA4. L:%:l
-2-(-6) 4 2
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Chapter 1 Graphs and Functions

GRS.

GRé.

GR7.

GRS.

GRO.

1 1 1
24 _a_ 182

3 (1) 5 455

8 4) 8

3, _1

4 __4_(_1)go 3

I ] O

2 6 3
2x+3y=6=3y=-2x+6=>y=——x+2
2l 2o X3 y=2x15
25 5

y—2—§(x+l)=0:>y—2=%(x+l):>

2 2 2 8
y=—x+—-+2=—x+—-
3 3 3 3

GR10. 0.1x+02y=0= 0.2y =-0.1x = y =-0.5x

1.3

Lines

Practice Problems

-3-5 8

T6-(-7) 13

A slope of —% means that the value of y

decreases 8 units for every 13 units increase
in x.

2
P(-2,-3), m=-=
(-2,-3), m 3

2 4
+3=-Zx-2
Y 3773
_2,.. B
YT

-4-6 -10
m=———=——= 5
-3-(-1) -2
Use either point to determine the equation of
the line. Using (-3, —4), we have

y=(-4)=5[x-(-3)]
y+4:5(x+3) (point-slope form)
y+4=5x+15=y=5x+11
Using (—1, 6), we have
y=6=5[x=(-1)]
y—6=5(x+1) (point-slope form)
y=—6=5x+5=y=5x+11

y=2 =m(x—x1)
y=(-3)=2(x-0)
y—(—3)=2(x—0)

y+3=2x=>y=2x-3

(point-slope form)

The slope is —% and the y-intercept is 4. The

line goes through (0, 4), so locate a second
point by moving two units down and three
units right. Thus, the line goes through (3, 2).

y
10
8
6

TTTTT

20,4
2 3.2
LLLILLLL]] LN L
—8-6-4-2 012 4 a\wj
—4
-6
-8
-10

Illllllllly

. x=-3. The slope is undefined, and there is no

y-intercept. The x-intercept is —3.

y="1. The slope is 0, and the y-intercept is 7.
ol
8 y=7

1
-8 -6 4120 2 4 6 8%Xx

x=-3
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Section 1.3 Lines 25

10.

First, solve for y to write the equation in
slope-intercept form:
3x+4y=24=4y=-3x+24=

y= —%x+6 . The slope is —% , and the

y-intercept is 6. Find the x-intercept by setting
vy =0 and solving the equation for x:

0:—%x+6:>6:%x:>8:x.Thus,the

graph passes through the points (0, 6) and
(8,0).

o o
I

20, 0)

%

o —
Ny -
o
o0
(=
=

4
2
|

=}
=

I I
-8-6-4-20
-2

—4
-6
-8
—10

TTTTTTTTTTITTT]

Use the equation H =2.5x+54.

H; =25(43)+54=1615

H, =2.5(44)+54=164

The person is between 161.5 cm and 164 cm

tall, or 1.615 m and 1.64 m.

Parallel lines have the same slope, so the slope
3-7 4

of the line is m = ——:i.Using the
2-5 -3 3

point-slope form, we have
y=5=[r-(2)]=3r-15-4(x+2)=
3y—15=4x+8=4x-3y+23=0

The slopes of perpendicular lines are negative
reciprocals. Write the equation
4x+5y+1=0 in slope-intercept form to find

its slope: 4x+5y+1=0=

5y:_4x—1:y:—%x—%.Theslopeofa

line perpendicular to this lines is % . Using the
point-slope form, we have
y—(—4)=%(x—3)=> 4(y+4)=5(x-3)=>
4y+16=5x-15=5x-4y-31=0

11.

Because 2026 is 12 years after 2014, set
x=12. Then y=631.1(12) + 3376.25 =
10949.45

There will be 10,949.45 million Facebook
users worldwide in 2026.

Concepts and Vocabulary

1.

The slope of a horizontal line is 0 ; the slope
of a vertical line is undefined.
The slope of the line passing through the
points P =(x;, y;) and Q=(x,, ,) is given
by the formula m = RA i Ny

X2 7X
Every line parallel to the line y =3x—2 has
slope, m, equal to 3 .
Every line perpendicular to the line
y =3x—2 has slope, m, equal to —%.

5. False. The slope of the line y = —%x +5 s
equal to —%.
6. False. The y-intercept of the line y =2x-3 is
equal to -3.
7. True
8. True
Building Skills
7-3 4
9. = ——=—; the graph is rising.
Mg T e £
0-4 -4
10. = ——=—=-2; the graph is falling.
"0 2 srap £
11. m= 2-(2 = 0 =0; the graph is
-2-6 -8
horizontal.
12. = 72D = u = slope is undefined; the
-3-(3) O
graph is vertical.
13. m= 3572755 —2.2; the graph is
3-05 25
falling.
14. m= % = _—1 =1; the graph is rising.
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15.

16.

17.
19.

21.

22.

23.

24,

25.

26.

5-1 4
m=———=——==—=4; the graph is 27.
(1+v2)-v2 1
rising.
= 33-0 = 33 _3. the graph
(+B)-(1-B) 25 2
is rising.
45 18. ¢,
ly 20. ¢
£, passes through the points (2, 3) and 28.
-4-3 -7
=5, —4). =——=—=1.
( ). my, 5, 7
£, is a horizontal line, so it has slope 0.
¢ 5 passes through the points (2, 3) and
-1-3
0, —1). =—Q=2
( ) my, 0-2
¢ 4 passes through the points (=3, 3) and 20
-1-3 4 )
0,-1). m, = =——.
©.71). me, 0-(-3) 3
(0,5); m=3
y=3x+5
b
10
81, 8)
6
0,5
EENNEENE
2 4 6 8 10x
E 30.
(0,9); m=-2
y=-2x+9
y
©, 9>’l—§_
6 1,7
4
2
L L AN L
—8—6-4—2 0= 2 4\6 8 10x

2
—4
-6
-8

-10

TTTTTTTTTTOTTTTT

1 4 1)())
=—x+ -
y b 8/
6_
" (2,5)
H4///f:(&®
Ll AN ENEREREEN
“8-6-4-2 012 4 6 8 10%
=
1 4 l)())
=——x+ -
y > sC
6_
(=2,5)%%62(0. )
2\
NN NN Il
—8—6—4—2_3:2 4 6 8NY
=
3 3
y—1=—5(x—2):>y—1=—5x+3:>

3
=——x+4
Y77

~NL.J.E/<
Ul
i
N
N

-6 -4 —2_0
-2
-3
—4
-5
-6

2 2 2
=—(x+D)=D>y=—x+—
y 5(x )=y FRRR

P oW oA e
I

4,2
(-1,0) 1/
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Section 1.3 Lines 27

31.

32.

33.

34.

3s.

36.

y+4=0x-5>=>y+4=0=>y=-+4

e I S N S S
I

Because the slope is undefined, the graph is
vertical. The equation is x = 5.

y

.

sb

S

1
[ L1l
R I

b

73_

—4 G, -He

0-1 . .
m= 1=0 = —1. The y-intercept is (0, 1), so

the equation is y =—x+1.

m= % = 2. The y-intercept is (0, 1), so the

equation is y =2x+1.
3-3

3-(-1)
line is horizontal. Its equation is y = 3.

=0 Because the slope = 0, the

7-1 6 . Lo
m = ————=—_. Now write the equation in
2-(=5) 7

point-slope form, and then solve for y to write
the equation in slope-intercept form.

6 6 30
“l=—(x+5) = y-l=—x+—=
y 7(x )=y S+

S04
7 7 7

37.

38.

39.

40.

41.
43.
45.

47.

49.

50.

51.

53.

m= L)) = 2 . Now write the equation in
1-(=2) 3

point-slope form, and then solve for y to write
the equation in slope-intercept form.

2 2 4
+tl==(x+2)= yt+l==x+—-=
y S+ =y 3773

=21
V=3T3

—-9-(3 6 . .

m= 2= = —— . Now write the equation
6-(-1) 7

in point-slope form, and then solve for y to

write the equation in slope-intercept form.

6 6 6
+3=—(x+)= y+3=--x-—-=
y S+ =y S
__ 6.2
7 7
,17
me—4_4 __7
B 11 2
0—=— —=
2 2
The y-intercept is 2, so the equation is
7
=——x+2.
YT
m:3_(_7)=m:> the slope is undefined.
4-4 0

So the graph is a vertical line. The equation is
x=4.

x=5 42. y=15
y=0 44. x=0
y=14 46. y=2x+5
2
y=—§x—4 48. y=-6x-3
4-0 4
m= =—; y=—x+4
0-(=3) 3 3
-2-0 2 2
= ——, y=——x-2
0-(-5) 5 5
y=17 52. x=4
y=-5 54. x=-3
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28 Chapter 1 Graphs and Functions

55. y=3x-2 1
The slope is 3 and the y-intercept is (0, —2). 8. x=3y-9=x+9=3y=y= Ex *3
The slope is 1/3, and the y-intercept is (0, 3).
To find the x-intercept, set y = 0 and solve for
The x-intercept is (%,0). xx=30)-9=x=-9.
y y

0=3x—2=>3x=2=>x=§

Lo
T

w'
T

I I L1 1 1
-4-3-2-10 1 2 3 4Xx
71_

56. y=-2x+3 2
The slope is —2 and the y-intercept is (0, 3).

3
0=_2x+3:>2x=3:>x=% 59. 3x-2y+6=0=3x+6=2y="x+3=y.

The x-intercept is ( 3 0). The slope is 3/2, and the y-intercept is (0, 3).

2’ To find the x-intercept, set y = 0 and solve for
J x:3x-2(0)+6=0=3x=-6=>x=-2.

y
L
3 3
2_
l_
| | | | | | |
—4 =3 -1 0 1 2 3 4 «x
3 x B
2 -2

57. x+2y—4:0:>2y:—x+4:>y:—%x+2.

The slope is —1/2, and the y-intercept is (0, 2). 60. 2x=—4y+15=2x-15=-4y=
To find the x-intercept, set y = 0 and solve for 1 15 .
v x42(0)—4=0= x=4. 2x+4—y.Theslopels 1/2, and the

y-intercept is 15/4 . To find the x-intercept,

y
Al set
oy y =0 and solve forx: 2x=-4(0)+15=
x=15/2.
¥
10
8
f \i
74_
-5
2

I Y Y S Y Y .. G e |

-6 —4 =2 46N

T

o

-4

-6
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Section 1.3 Lines 29
61. x—-5=0= x=35. The slope is undefined, >;
and there is no y-intercept. The x-intercept R
is 5. 3
y L
L .
4 T R

3 =5 -3 -0l 3 sy
21 L
1= 5k
[ L1 1 L

—32-10[ 1 2 3 4 } «x

For exercises 65-68, the two-intercept form of

the equation of a line is Rl +% =1, where a is the
a

. -1 is the y-i .
62. 2y+5=0=>y-= —% . The slope is 0, and the x-intercept and b is the -intercept

y-intercept is —5/2 . This is a horizontal line, 65. §+§ =1 66. —g +% =1
so there is no x-intercept.
y 67. 2x+3y=6o 2 X 0 x 0y
4 6 6 6 3 2
3 x-intercept = 3; y-intercept = 2
2 f—
e 68. 3x-4y+12=0=3x-4y=-12=
[ L1 3x 4y -12 Xy
—4-3-2- — == -—t+==1
M SR 12 -2 -2 403
-2 x-intercept = —4; y-intercept = 3
73 —
4 69, 2x—3y=12= 25 3 XV
12 12 6 4
63. x=0. The slope is undefined, and the The x-intercept is 6 and the y-intercept is —4.
y-intercepts are the y-axis. This is a vertical y
line whose x-intercept is 0.
y
5 —
= ]
3 /5 X
1+ / —4
[ I T I
-5 -3 -1 13 s
L 70, 3x—dy=120 2 W _ X
sl 12 12 4 3
The x-intercept is 4 and the y-intercept is —3.
64. y=0.The slope is 0, and the x-intercepts are Y

the x-axis. This is a horizontal line whose
y-intercept is 0.

=
s

y
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30 Chapter 1 Graphs and Functions
76. From exercise 75, the slope of the given line is
M. —Sx+2y=10= 245 XV, 3 : o grven
10 10 25 —+ - Any line perpendicular to this line will

The x-intercept is —2 and the y-intercept is 5.

¥

S
4

72 —dx+Sy=20m XV, X Y
20 20 5 4

The x-intercept is —5 and the y-intercept is 4.
y

)

/ X

73. m= o-4 = 3 =1. The equation of the line
7-2 5
through (2,4)and (7,9)is y-4=1(x-2)=
y=x+ 2. Check to see if (-1, 1) satisfies the
equation by substituting x =—1 and y = 1:
1=-1+2=1=1. So (-1, 1) lies on the line.

m= =2 = = =1. The equation of the line
2-7 =5

through (7, 2) and (2, -3) is

y=2=1(x—-7)= y=x-5. Check to see if

(5, 1) satisfies the equation by substituting

x=5andy=1:

1=5-5=1=#0.

So (5, 1) does not lie on the line, and the

points are not collinear.

74.

75. The given line passes through the points (0, 3)
and (4, 0), so its slope is —%. Any line

parallel to this line will have the same slope.
The line that passes through the origin and is
parallel to the given line has equation

=—Zx
YTy

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

have slope %. The line that passes through the

origin and is perpendicular to the given line
has equation y = %x.

The red line passes through the points (-2, 0)
and (0, 3), so its slope is % The blue line

passes through (4, 2) and has the same slope,
so its equation is

y-2=3(x-4)=2y-4=3x-12=
2y=3x—8:>y:%x—4

The red line passes through the points (-2, 0)
and (0, 3), so its slope is % The green line
passes through (4, 2) and has slope —%, so its
equation is
y-2=-2(x-4)=3y-6="2x+8=

—_ —_2,,14
3y=-2x+14=y= SX+3

The slope of y =3x—1 is 3. The slope of
y=3x+2 is also 3. The lines are parallel.

The slope of y =2x+2 is 2. The slope of
y=-2x+2 is —2. The lines are neither
parallel nor perpendicular.

The slope of y =2x—4 is 2. The slope of
y= —%x+ 4 is —%. The lines are
perpendicular.

The slope of y =3x+1 is 3. The slope of
y= %x —1lis % The lines are neither parallel

nor perpendicular.

The slope of 3x+8y =7 is —3/8, while the
slope of 5x—7y =0 is 5/7. The lines are
neither parallel nor perpendicular.

The slope of 10x+2y =3 is —5. The slope of

S5x+ y=-1 is also -5, so the lines are
parallel.

The slope of x =4y +8 is 1/4. The slope of
y=-4x+1 is =4, so the lines are
perpendicular.

The slope of y =3x+1 is 3. The slope of

6y+2x=0 is —1/3. The lines are
perpendicular.
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Section 1.3 Lines 31

87.

88.

89.

90.

91.

92.

93.

9.

Both lines are vertical lines. The lines are
parallel.

The slope of 2x+3y =7 is —2/3, while
y =2 is a horizontal line. The lines are
neither parallel nor perpendicular.

The equation of the line through (2, —-3) with
slope 3 is
y+3=3(x—2)=>y+3=3x—6=>
y=3x-9.

The equation of the line through (-1, 3) with
slope -2 is
y=3==2(x—(-1))=>y-3=-2(x+1)=
y=3=-2x-2=y=-2x+1.

A line perpendicular to a line with slope —%
has slope 2. The equation of the line through
(-1, 2) with slope 2 is y—2=2(x—(-1))=
y—2=2(x+1):>y—2=2x+2:>
y=2x+4.

A line perpendicular to a line with slope %

has slope —3. The equation of the line through
(2, —1) with slope -3 is
y=(-1)=-3(x-2)=
y+1=—3(x—2)=>y+1=—3x+6=>
y=-3x+5.

The slope of the line joining (1, —2) and

(-3,2)is % =—1. The equation of the
line through (-2, —5) with slope —1 is
y—(-5)= —(x—(—2))=> y+5=—(x+2)=
y+S5=-x-2=y=-x-7.

The slope of the line joining (-2, 1) and (3, 5)
5-1 4

1S m=g 100.

The equation of the line through (1, 2) with
slope % is

4
y—2=g(x—l):> 5(y—2)=4(x—1):>
5y-10=4x-4=5y=4x+6=

=—x+=.
VST

95.

96.

97.

98.

99.

101.

The slope of the line joining (-3, 2) and
(-4,-1)is
-1-2
-0)

A line perpendicular to this line has slope —%.

=3.

The equation of the line through (1, —2) with

slope —% is
y=(2)=-3 (=)= 3(r+2)=-(x-1) =

3y+6=-x+1=3y=-x-5=
_ 1.5
SN
The slope of the line joining (2, 1) and (4, 1)
is
il
4-2
A line perpendicular to this line has slope 1
The equation of the line through (-1, 2) with
slope 1 is

y—2=x—(—1)=>y—2=x+1=>y=x+3.

The slope of the line y =6x+5 is 6. The

lines are parallel, so the slope of the new line
is also 6. The equation of the line with slope 6
and y-intercept 4 is y = 6x +4.

The slope of the line y=—%x+5 is —%. The

lines are parallel, so the slope of the new line
is also —%. The equation of the line with

slope —% and y-intercept 2 is y = —%x +2.

The slope of the line y =6x+5 is 6. The
lines are perpendicular, so the slope of the
new line is —%. The equation of the line with

slope —% and y-intercept 4 is y = —%x +4.

The slope of the line y:—%x+5 is —%. The

lines are perpendicular, so the slope of the
new line is 2. The equation of the line with
slope 2 and y-intercept —4 is y =2x —4.

The slope of x + y =1 is —1. The lines are
parallel, so they have the same slope. The
equation of the line through (1, 1) with slope
“lis y=l=—(x-1)= y-l=—x+1=>
y=-x+2.
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32 Chapter 1 Graphs and Functions
102. The slope of —2x+3y =7 is 2/3. The lines b. The x-intercept represents the total number
are parallel, so they have the same slope. The of minutes the cellphone can be used.
equation of the line through (1, 0) with slope ¢. The slope of the line is
2/3 is y—Ozg(x—l)zyzzx—%. ﬁ=_£=_l.
3 33 75-0 75 5
103. The slope of 3x—9y =18 is 1/3. The lines The equation of the line is P = —lt +15.
are perpendicular, so the slope of the new line 5
is =3 . The equation of the line through (-2, 4) |
with slope =3 is y—4=-3(x—(-2)) = d. The cost per minute is $g =20¢.
y=—4=-3x-6=y=-3x-2.
lobe = rise 4 1
104. The slope of —2x+ y =14 is 2. The lines are 109.  slope = w40 10
perpendicular, so the slope of the new line is 110. 4 miles = 21.120 f
—1/2. The equation of the line through (0, 2) 0. 4miles= - 0 feet,
i i 1 |slope| = LN 2000 _ 25
with slope —1/2 is y=—-3x+2. pel = 21120 264
Applying the Concepts 111. 8 in. in two weeks = the plant grows 4 in.
per week. John wants to trim the hedge when
In exercises 105 and 106, recall that 1 ft = 30.48 cm. 12 grows 6 in., so he should trim it every
2=15 ks = 10 days.
105. H=242x+81383 4= o Weeks = I AR
Substitute 43 for x: 2 min.  x min. 2.31 .
H =2.42(43)+81.83 =185.89 cm Nn2. ———=-"——=ux= =12.4 min.
5in. 31in. 5
185.89 The water will overflow in about 12 min.
Now convert to feet: ——— = 6.1 ft
) ) 30.48 113./a. x = the number of weeks; y = the amount of
The male is approximately 6.1 ft tall. money in the account after x weeks;
106. H=29x+61.53 y=7Tx+130

Substitute 36 for x:
H= 2.9(36) +61.53=165.93 cm

Now convert to feet: @ =54 ft
30.48

The female is approximately 5.4 ft tall.

107. a. The y-intercept represents the initial

expenses.

The x-intercept represents the point at
which the teacher breaks even, i.e., the
expenses equal the income.

c. The teacher’s profit if there are 16 students

in the class is $640.

d. The slope of the line is

640 - (=750) _ 1390 _ 695

16-0 16 8
The equation of the line is
P= %n - 1750.

108. a. The y-intercept represents the initial

prepaid amount.

114.

115.

116.

b. The slope is the amount of money
deposited each week; the y-intercept is the
initial deposit.

a. x =the number of sessions of golf; y = the
yearly payment to the club; y =35x+1000

b. The slope is the cost per golf session; the
y-intercept is the yearly membership fee.

a. x = the number of months owed to pay off
the refrigerator; y = the amount owed after

x months
y=-15x+600

b. The slope is the amount that the balance
due changes per month; the y-intercept is
the initial amount owed.

a. x =the number of rupees; y = the number of
dollars equal to x rupees.

y= Lx = (0.0138x
72.5

b. The slope is the number of dollars per
rupee. The y-intercept is the number of
dollars for 0 rupees.
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Section 1.3 Lines 33

117. a. x = the number of years after 2010; y = the

life expectancy of a female born in the U.S.
in the year 2010 +x; y =0.17x+80.8

The slope is the rate of increase in life
expectancy; the y-intercept is the current
life expectancy of a female born in the U.S.
in 2010.

118. a. v =-1400(2)+14,000 = $11,200

119.

120.

121.

v =—-1400(6) +14,000 = $5600

To find when the tractor will have no value,
set v =0 and solve the equation for ¢:
0=-1400¢ + 14,000 = ¢ =10 years

There are 30 days in June. For the first 13
days, you used data at a rate of % =33.5

MB/day. At the same rate, you will use
33.5(17) =569.5 MB for the rest of the

month.

435 +569.5=1004.5

So, you don’t need to buy extra data. You will
have about 20 MB left.

For the first three hours, you traveled at
195 = 65 mph.

3
d=rt=520-195=65t=325=65t=
t=5
You will arrive at your destination five hours
after 12 pmor 5 pm.

y = 5x +40,000

122.a. C=0.25x+30

(o
150
125
100

75

50

25

Cost

I Y I
0 100 200 300 400 x

Miles

¢ y=0.2560)+30=8$45

d. 47.75=0.25x+30= x =71 miles

123. a. The two points are (100, 212) and (0, 32).

212-32 180 9

So the slope is =—.
100-0 100 5

The equation is

F—32=%(C—O):>F=%C+32

b. One degree Celsius change in the
temperature equals 9/5 degrees change in

degrees Fahrenheit.
9
c. C F= 3 C+32
40°C 104°F
25°C 77°F
-5°C 23°F
-10°C 14°F

d. 100°F=%C+32=> C=37.78°C=38°C

90°F =%C+32:> C=3222°C=32°C

75°F=%C+32 = C =23.89°C=24°C

—-10°F = %C+32 = C=-23.33°C=-24°C
—20°F = %C +32= C=-28.89°C=-29°C

e. 97.6°F= %C +32 = C =36.44°C;

99.6°F = %C +32= C =37.56°C

f. Letx=°F="°C. Then x:§x+32:>
4
—gx=32=>x=—40.At40°, °F =°C.

124. a. The two points are (4, 210.20) and
(10, 348.80). So the slope is

348.80-210.20 138.6
10-4
equation is y —348.8 =23.1(x—-10) =

y=23.1x+117.8

=23.1. The

y

400 — (10, 348.80)

350

300 —

250

200~

150

100 |~

0 Y
0] 1234567 89101112x

b. The slope represents the cost of producing
customized skateboard deck. The
y-intercept represents the fixed cost.

c. y=23.1(12)+117.8= y=$395
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Chapter 1 Graphs and Functions

125. a. The year 2014 is represented by =0, and

the year 2019 is represented by = 5. The
points are (0, 100942) and (5, 96512). So

96512 -100942

the slope is =—-886 The

equation is y —100942 = -886(t — 0) =
y =-886¢+100,942.

b. J
100,000
L 99,000 y = —886r + 100,942
5 98,000
297,000
96,000
S 95,000~
294,000
E 93,000
Z 92,000~
91,000 -
A R B B
0 246 8 1012 7
Years after 2014
¢. The year 2017 is represented by ¢ = 3.
y =—886(3)+100942 = 98284
There were 98,284 prisoners in 2017.
d. The year 2025 is represented by = 11.
y =-886(11)+100942 =91196
There will be 91,196 prisoners in 2025.
126. a. The two points are (5, 5.73) and (8, 6.27).

C.

127.

6.27-573 0.54
8-5 3
The equationis V' =5.73=0.18(x-5) =

V' =0.18x +4.83.

=0.18.

The slope is

The slope represents the monthly change in
the number of viewers. The V-intercept
represents the number of viewers when the
show first started.

V'=0.18(11)+4.83 =V = 6.81 million

Let p represent the number of people not
covered by health insurance. Let ¢ represent
the number of years after 2015, with =0
representing 2015. The two data points are
(0, 29) and (5, 31). So the slope is

31-29

= 0.4 . The equation for the model is

p—29=04(0-0)= p=0.4¢+29.

The year 2025 is represented by ¢ = 10.
p=0.4(10)+29 =33

In 2025, 33 million people in the U.S. will not
be covered by health insurance.

129. a. |LinRe3

130. a. |[LinEe3

128. The year 2010 is represented by ¢ = 0, so the

year 2021 is represented by ¢ = 11. The two
data points are (0, 86.4) and (11, 97.1). So the
97.1-86.4 10.7

-0 11
The equation is y —86.4=0.97(r — 0) =
y=0.97t+86.4

=097.

slope is

J=ax+th
a=-
b=12.4

y=-2x+124

[0, 6, 1] by [0, 12, 1]

c. The price in the table is given as the

number of nickels. 35¢ = 7 nickels, so let
x=7.y==2(7)+124=-1.6

Thus, no newspapers will be sold if the
price per copy is 35¢. Note that this is also
clear from the graph, which appears to
cross the x-axis at approximately x = 6.

y=0.09x +10.3

[0, 700, 100] by [0, 80, 10]

c. The advertising expenses in the table are

given as thousands of dollars, so let
x=700. y=0.09(700)+10.3=73.3

Sales are given in thousands, so
approximately 73.3 x1000 = 73,300

computers will be sold.
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Beyond the Basics

_ c—3
C1-(-2)

131. =9=c-3=c=12

132. The y-intercept is —4, so its coordinates are
(0, —4). Substitute x = 0, y =—4 into the
equation and solve for c.
3x—cy—2=0:>3(0)—c(—4)—2=O:>

4c—2=0:>4c=2:>c=%

133.a. Letd=(0,1),B=(1,3),C=(-1,-1).
3-1 -1-3 4

"B =g T BB T T T
-1-1
-1-0
The slopes of the three segments are the
same, so the points are collinear.

b. d(4,B)=(1-0)2+3-1)*=+5
d(B,C)=(-1-12 +(-1-3)? =25
d(A4,C)=(-1-0)2 +(-1-1)% =5

Because d(B, C) =d(A4, B) + d(4, C), the
three points are collinear.

134.a. LetA=(1,0.5), B=(2,0), C=(0.5,0.75).

myc = 2

0-0.5 0.75-0
myp=—"-=—05mp~= =-0.5
4B 5 BC T 05-2
0.75-0.5
My =— =05
A€7 05-1

The slopes of the three segments are the
same, so the points are collinear.

2
b. d(A,B)=\/(1—2)2+G_oj _ 5.5

4 2
2 2
as.0r=[1-2) +[3-0)

B £_3 5
16 4
2 2
d(A,C)=J@_I) 20
_ 55
16 4

Because d(B, C) =d(A4, B) + d(4, C), the
three points are collinear.

Section 1.3 Lines 35
4-1 3 8—4 2
135.a. myp=—"=——;mpr = =—.
BT 117 277BC T s_(-) 3
The product of the slopes =—1, so

AB 1 BC.

b. d(4,B)=y(-1-1)%+@-1* =13
d(B,C) = \/(5 —(-1)2+@8-4)% =52
d(4,C)=(5-1)>+@8-1)?* =65
(d(4,B))* +(d(B,C))* =(d(4,C)), so
the triangle is a right triangle.

2-(-1) 3 -2 1

136. mp; = P S
Ma T2y T30 )

S 2-1 3 2= 1

Meb T 3T T T )T 2

So, AB||CD and BC|| AD , and ABCD is a
parallelogram.

For exercises 137 and 138, refer to the figures
accompanying the exercises in your text.

137. 4D and BC are parallel because they lie on
parallel lines /; and /,. AB and CD are

parallel because they are parallel to the x-axis.
Therefore, ABCD is a parallelogram.

AB =CD and AD = CB because opposite
sides of a parallelogram are congruent.
AABD =ACDB by SSS. Then

_riﬁ BD rise BD

my = =——and m, =——=——. Since

run  CD run  AB
AB:CD, ml :QZQ:mz.

CD AB
138. AOKA ~ABLO because OL = AK =d and
BL =OK = c. Then, m, _nse_d and
run ¢

rise ¢ c
mz = — = =,

run  —d

d({ c
m1m2=? —; =-1.
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36 Chapter 1 Graphs and Functions
139. Let the quadrilateral ABCD be such that The slope of M,M is
AB = CD and AB|| CD. Locate the points as Yo+ ys V3t
shown in the figure. 2 2 Vi
Y X2+X3_X3+X4 _xz—x4'
D(c,d) C(b+c,d 2 2
The slope of M;M, is
Y3tVa ity
d - 2 2 TN _NT)s
A(0,0) B(b, 0) x X3+xg XXy xy-x; X —X3
Because AB | CD, the y-coordinates of C and 2 2
—_— = The slope of MM, is
D are equal. Because AB = CD, the
x-coordinates of the points are as shown in the NtV Ntra _
figure. The slope of AD is d/c. The slope of 2 2 7N
J—0 d x1+x2_x1+x4 Xy =Xy
BCis ———==. So AD || BC. 2 2
b+c-b ¢
< So MM, || M;M, and M,M; || M,M,
d(4,D)=~Nd" +c". and M M,M;M , is a parallelogram.
2 2 _ [, 2
d(B,C)= \/d +((b+c)=b)" =Nd” +c”. 141. Let (x, y) be the coordinates of point B. Then
So 4D = BC. d(4,B)=125=J(x-2)* +(y-2)> =
140. Let A(x,, ), B(xy,7,),C(x3, v3) and (x=2)*+(y-2)* =156.25 and

D(x4,y,) be the vertices of the quadrilateral.

Y B(x,, y7)

Alxy, yp)

D(x4s y4)

Then the midpoint M, of AB is

2

is (xz tXxX3 Yot
2 b

(W—XZ,W—TJ/ZJ; the midpoint M, of BC
);the midpoint M5 of
CD is (%,%); and the midpoint
M, of AD is(xl-l-Tx“,wTy“j.

The slope of MM, is
Nty atys

2 2 N7
xl+X2_xZ+X3 x| — X3
2 2

4 y-2
n%=§=“;j:>4(x—2)=3(y—2):>

4 2 . .
y= Ex 3 Substitute this into the first

equation and solve for x:

2
(x-2)%+ (Gx —%)— 2) =156.25

2
(x—2)2+(fx—§j =156.25
373
16 , 64 64
-——X

2 —dx+d+—x +— =156.25
9 9

9x% —36x+36+16x° — 64x + 64 = 1406.25
25x2 —100x —1306.25 = 0
Solve this equation using the quadratic
formula:
100+ \/1002 — 4(25)(~1306.25)
x =
2(25)
_ 100 £4/10,000 + 130,625

50

_100+/140,625 100+375

50 50
=95o0r —5.5

(continued on next page
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Section 1.3 Lines

(continued)

142.

143.

144.

Now find y by substituting the x-values into

the slope formula: 4 = y=2 = y=12 or

3 95-2
4 =2 2 = y =-8. So the coordinates of
3 -55-2

B are (9.5, 12) or (-5.5, -8).

Let (x, y) be a point on the circle with (x,y;)
and (x,,y,) as the endpoints of a diameter.

Then the line that passes through (x, y) and
(x;, ) is perpendicular to the line that passes

through (x, y) and (x,,y,), and their slopes
are negative reciprocals. So
Yo X=X
| y=>
Y=y -ry)=-(-x)x-x)=
(x=x))(x=x2)+(y=y)(y—»y)=0.
¢

P(=5, 12) /
0(0,0)
12-0 12

mi = —-———=
P 5-0 5
Since the tangent line ¢ is perpendicular to

OP, the slope of ¢ is the negative reciprocal of

12 5 . .
—— or TR Using the point-slope form, we

5
have
y—lZzi[x—(—S)]:y—lZzi(x—i-S):
12 12
y—12 ix+@

=—x+—=y=
12 12 12 12
¢

///”

P(xy, yp)

0(0,0)

_n-0_»n

or X1 — 0 X1

Since the tangent line £ is perpendicular to
OP , the slope of ¢ is the negative reciprocal
of 2L or 2L

X1 3
Using the point-slope form, we have

X1
y—yn=——x—x)=>
)

2 2 2 2
W=V ==X x0T =ty =x )

Since the equation of the circle is

x2+y2=a2

to obtain xx; + yy; = a’.

145.

Flokl Floktz Flokz
=MiE2E+E
wMeE2E4E
wMrE2E+d
wMyB2E-2
~HMeBZE-40
M=

M=

W
W/

The family of lines has slope 2. The lines have

different y-intercepts.

146.

Flokl Floktz Flokz
=M EEE+E
wMeE2E4E
wMrEdE+E
wMyB-2E+2
wMeB-dE+2

M=

P <
/1N

M=

The family of lines has y-intercept 2. The lines

have different slopes.

147.

Flobl Flokz Plot:
M EACE-100

VA

Ll e S S

| A

The lines pass through (1, 0). The lines have

different slopes.

148.

Flotl Flokz Flot: !
S EECE+E] -2
“MeEIOR+1 -2
~MEESCRE] 22

2 X

The lines pass through (=1, —2). The lines
have different slopes.
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38 Chapter 1 Graphs and Functions

Critical Thinking/Discussion/Writing

149. a. y
5

x:—2x+2

I I A N I I |

-5 -3 ? 1 3 5 x

y=—2x -3\
-3

Y= 22— |
_5_

This is a family of lines parallel to the line
y =-2x. They all have slope —2.

b. y
\ ?: /;-3)(4
Lo N/
=5 =3 \10 3 s«
N
y=—4 B

6\ y = —2x— 4

This is a family of lines that passes through
the point (0, —4). Their y-intercept is —4.
150 y=mx+b }:> mx+b =myx+b, =
y=myx+b,
mx—myx=b, —by = x(ml —m2)=b2 -b =
by — by
my —ni,

X =

a. If m; >m, >0 and b, > b,, then

x= by =by =— bi=b, <0.
my —mjp my —myp

b. If my >m2 >0 and bl <b2, then

b, —b
x=—2—"150.
my —nmyp

c. If my <my <0 and by > b,, then
by=b _b-b

X = = > 0.
m—my My —m

d. If nmy <m2 <0 and bl <b2, then

b, —b -
x=—2 "1 =—b2 b <0.
my —nmyp my —my

Active Learning

151. a.—c. Refer to the app using the QR code in
your text.

Getting Ready for the Next Section

GRIl. x’-4=0=(x+2)(x-2)=0=
x+2=0=>x=-2o0r
x=2=0=>x=2
Solution: {-2, 2}

GR2. 1-x*=0=(1+x)(1-x)=0=
l+x=0=>x=-lor
I-x=0=>x=1

Solution: {1, 1}

GR3. x?-x-2=0
(x+1)(x—2)=0
x+l=0=x=-lorx—-2=0=>x=2
Solution: {1, 2}
GR4. x> +2x-3=0
(x+3)(x—1)=0
x+3=0=x=-3
x-1=0=>x=1
Solution: {-3, 1}
GRS. (3(a+h)+1)-(3a+1)=(3a+3h+1)-(3a+1)
=3h
GR6. (2(a+h)’ +1)-(24” +1)
=(2(a2+2ah+h2)+1)—(2a2+1)
:(2a2+4ah+2h2+1)—(2a2+1)

= 4ah+2h*
—(a+h)2+a2 —(a2+2ah+h2)+a2
GR7. =
h h
_ 2ah—h* _h(-2a—h)
ok h
=22a—-h
GRS. l( 1 _lj:l a—(a+h) _ —h
h\a+h a h a(a+h) h(a(a+h))
1
__a(a+h)
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Section 1.4 Functions 39

GR9. (x—l)(x—3)<0 2 5
Solve the associated equation: 2
(x-1)(x-3)=0=x=1orx=3.
So, the intervals are
(=eo, 1), (1, 3),and (1,¢0).

3

2. Solve each equation for y.

Value of Result a. 2x'—y’=1=0’-1=y"=

+2x? -1= y; not a function

Interval Test
point | (x-1)(x-3)

(_009 1) 0 3 + 1
b. x—2y=5:>x—5=2y:>—(x—5)=y;
(1, 3) 2 ) - . 2
a function
(3,20) 4 3 +

3. g(x) = —2x% +5x

The solution set is (1, 3). (0)=-2(0)* +5(0)
a. g(0)=-2(0)"+5(0)=0

GR10. x?-2x-320
x?=2x=320= (x-3)(x+1)20
Now solve the associated equation:
(x—3)(x+1)=0:>x=3 orx=-1.

b. g(-1)=-2(-1)*+5(-1)=-7

c. g(x+h)==2(x+h)" +5(x+h)
=2 (x? + 2xh+ h? )+ 5x+ 5h

So, the intervals are
=—2x% —4hx+5x-2h* +5h

(oo, —1]. [~1, 3].and [3,50).

Interval Test Value of Result 4. Ap s = (length)(height) = (|3 - 1|)(22)
point 2 -2x-3 = (2)(22) = 44 sq. units
(—oo, —1] -2 5 + 5. a. The function f"puts no restrictions on the
variable x. You can multiply any real
[-1, 3] 0 -3 - number by 3 and then subtract 5. So, the
domain is the set of all real numbers, in
[3,) 5 12 + interval notation (—ee, o).

The solution set is (—eo, —1]U[3, ).

b. f(x)= \/ll—_x is not defined when

1.4 Functions
l-x=0=x=1 or
whenl—x < 0= 1< x.. Thus, the domain

of fis (—eo, 1).

Practice Problems

1. a. The domain of R is {2, =2, 3} and its range
is {1, 2}. The relation R is a function

g(x)=vx? +2x -3 is not defined when

because no two ordered pairs in R have the c.
same first component. 2 42x—3<0.
2 1 Use the test point method to see that
-2 2 x%+2x—-3<0 on the interval 3, D).
J Thus, the domain of g is
3
(=02, =3]UL, ).
The domain of S'is {2, 3} and its range is | |
{5, —2}. The relation S is not a function ! :
1 _ | |
because the ordered paired (3, —2) and b 0 0 4444+
(3, 5) have the same first component. | |
T3 ¢ ' ' ¢ ¢ ¢
-4 -3 -2 -1 0 1 2

P+ —3=@x+3)@—1)=00r(-»,—3]U[l,®)
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40 Chapter 1 Graphs and Functions
6. f(x) _ x2, domain X =[-3, 3] b. Lety=-38, then solve for x:
) 8=x?+4x-5=0=x" +4x+3=
a. f(x)=10=>x*=10= x =110 =13.16 0=(x+3)(x+1)= x=-3 orx=-1I
Since V10 >3 and —/10 < -3, neither The points (—3, —8) and (—1, —8) lie on the
solution is in the interval X =[-3, 3]. graph.
Therefore, 10 is not in the range of f. c. Letx =0, then solve for y:
b. f(x)=4>x’=d4=x=1 y=0?+4(0)-5="-5
Since —3 <—2 <2 < 3, 4 is in the range of f. The y-intercept is —5.
c. The range of fis the interval [0, 9] because d. Lety =0, then solve for x:
for each number y in this interval, the 0=x2+44x-5=0= (x + 5)(x - 1) =
number x = \/; is in the interval [-3, 3]. x==Sorx=1
; The x-intercepts are —5 and 1.
Y,
10. The range of C(¢) is [6, 12).
C(11)=3C(10)+6=7(11.989)+6 ~11.995.
[ ]
* 11. From Example 11, we have
[ ] —_
° . AP =500 + x* and PD =1200~x feet. If
o 0 T e ¢ = the cost on land, the total cost C is given
by C=1.3c(PD)+c(A4P)
=1.3¢v/5007 + x? +¢(1200 - x)
The graph is not a function because a vertical = c[1.3 500% + x? +1200 — x}
line can be drawn through three points, as
shown. 12.a. C(x)=1200x+100,000
8. "
61 b. R(x)=2500x
4ra3) c. P(x)=R(x)-C(x)
TR e = 2500x — (1200x +100,000)
L1l |ﬁ\| [ I =1300x —100,000
6 —4 {2 O0[}Y2 4 6 =«
j Hla,-n d. The break-even point occurs when
D r C(x)=R(x).
= 1200x +100,000 = 2500x
100,000 =1300x = x = 77
Domain: (-3, «); range: (-2, 2]U{3} Metro needs 77 shows to break even.
9. y= f(x) =x2+4x-5 Concepts and Vocabulary

a. Check whether the ordered pair (2, 7)
satisfies the equation:
7222 +4(2)-5
7=7V
The point (2, 7) is on the graph.

1.

In the functional notation y = f'(x), x is the
independent variable.

If f(=2)=7,then —2 is in the domain of the
function f, and 7 is in the range of f.

If the point (9, —14) is on the graph of a
function f, then f(9)=-14.

If (3, 7) and (3, 0) ar both points on a graph,
then the graph cannot be the graph of a
function.

Copyright © 2023 Pearson Education Inc.

TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780137552467-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

Section 1.4 Functions 41

False.

False. For example, if f (x)= l, thena =1
x

and b =—1 are both in the domain of f.
However, a + b =0 is not in the domain of .

True. —x = 7 and the square root function is
defined for all positive numbers.

False. The domain of f'is all real x for x > —2.
Values of x < -2 make the fraction undefined.

Building Skills

9.
10.
11.
12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Domain: {a, b, c}; range: {d, e}; function
Domain: {a, b, c}; range: {d, e, f}; function
Domain: {a, b, c}; range: {1, 2}; function

Domain: {1, 2, 3}; range: {a, b, ¢, d}; nota
function

Domain: {0, 3, 8}; range:{ -3, -2,-1, 1, 2};
not a function

Domain: {-3,-1,0, 1, 2, 3};
range: {-8, -3, 0, 1}; function

x+y=2= y=-x+2;afunction

x=y—-1= y=x+1;a function

1 .
y =— a function
X

1 .
xy=-l=y= - ; a function

y2=x2:>y=i\/x2 = y=zxx;nota
function

x=|y|:>y=x0ry=—x;notafunction

1

J2x-5
-1

; a function

Y o 5
y =; ; a function

\/xz—
2—-y=3x= y=2-3x;a function
3x—5y=15=>y=%x—3;afunction

x+y2 =8= y=1/8—x; not a function

x=y? = y=+/x ory=—/x ; not a function

27. x2+y3=5=>y=\/35—x2 ; a function

28. x+y3 =8 = y=3/8—x;afunction

In exercises 29-32, f(x)= x?=3x+1, g(x)= 2 )
Nx
and Ai(x)=+/2—-x.

29. £(0)=02-3(0)+1=1
g(0)= % = g(0) is undefined
h0)=+2-0=42
f(a)za2 —-3a+1
F(=x)=(=x)* =3(=x) +1=x +3x+1

30. f()=1>-3()+1=-1; g(l)=%=z;
M =V2-T=1; g(a)=%=2f;

2 2
g0 =—==15
NI

31. f(-)=(-D)*-3(-D)+1=5;

= g(-1) is undefined;

e-h=7
h(-=1) =2 - (1) =/3;h(c) =2 - ¢;
h(=x)=2-(-x)=~+/2+x

32, f(4)=4"-34)+1=5g(4) =%=1;

h(4) =~/2— 4 =\=2 = h(4) is undefined;
2 .
24k’
fla+k)=(a+k) -3a+k)+1
=a® +2ak +k* -3a -3k +1

2(0)

g2+k)=

33.a. f(0)= o =0
21 2 243
O
c f(2)=\/%=6=>f(2) is undefined
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42 Chapter 1 Graphs and Functions
2(-2) -4 ) 43. The numerator is not defined for x < 3, and the
d. f(=2)= 20 F(=2)is denominator is not defined for x =-2. The
\4=(=2) ..
domain is [3, )
undefined
44. The denominator is not defined for x > 4. The
2(-x —2x e (—oo
e f(-x)= y ) e domain is (oo, 4)
4= 4-x 45. The denominator equals 0 if x =—1 or x =-2.
The domain is (—oo,—2)UJ(-2,-1)U(~1,0) .
34.a. g(0)=2(0)+ V02 -4 = 2(0) is undefined ( YU( YU( )

3s.

36.

37.

38.
39.

40.

41.

42.

46.

g(1)=2(1) + V1> —4 = g(1) is undefined

2(2)=2(2)+V2* -4 =4
g(—3)=2(—3)+\/(_3)ﬁ=_6+\/§

g(x) = 2(=0) +y(=0) ~4
=2x+Vx* -4

The width of each rectangle is 1. The height of
the left rectangle is f(1)=1%+2=3. The
height of the right rectangle is
f(2)=2*+2=6.
A=), m)+1)(r(2)

=1(3)+(1)(6) =9 sq. units
The width of each rectangle is 1. The height of
the left rectangle is f(0)=0%+2=2. The
height of the right rectangle is
f)=1>+2=3.

A=1)(£(0))+ (M) (1 (1))
=1

(2)+(1)(3) =5 sq. units
(—oo’ oo)
(—oo, °°)

The denominator is not defined for x = 9. The
domain is (—ee,9) U (9, )

51.

The denominator is not defined for x = -9.
The domain is (—e0,—9) U (-9, )

The denominator is not defined for x =—1 or
x = 1. The domain is

(=0, ~DU(=LDHU(L, o).

The denominator is not defined for x = -2 or
x = 2. The domain is

(=00, =2)U(=2,2) U (2, ).

47.

49.

50.

The denominator equals 0 if x =-2 or x =-3.
The domain is (—oo,—3) U (-3,-2) U (=2,0) .

The denominator is not defined for x = 0. The
domain is (—e0,0) U (0,c)

. The denominator is defined for all values of x.

The domain is (—eo,0) .

. a function
1 1 _I I 1
I e B A
I o
T iI 3(3,2)
—Lhe1-ed 1
L1 ET Ly
RN o x
1 1
(-2.-2e 1 ! $@2.-2)
N
I I — 1 I 1
I I 1 I 1
A ' not a
n @4 function
- ed.)
(-L.Hel-e(,1) !
T I T A
0 1 E X
(-2,-2e
- ¢
- (4,4
LV a function
|
|
\ |
|
|
N
|
|
|
|
|
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52

53.

54.

5s.

56.

57.

58.

59.

60.

61.

A not a
' function
i
I
[\
Q./i/ '
1
|
y - not a
/ function
Q ;
Y. a function

0 \/ x
S =-2f-D=L13)=5f(5) =7
g(-2)=5g()=-4g(3)=0,g(4) =5
h(=2) = =5;h(=1) = 4;h(0) = 3; h(1) = 4

f(=D=410)=0,f1)=—4

h(x) =17, so solve the equation

|
|
I
I
|
|
|
T
|
|
I
|
|
|
I

'

|

|

|

I

I

|

|

|

T

|

|

I

|

|

|

I

T=x—x+1.
x-x—6=0=(x-3)(x+2)=0=x=-2

or x=3.

H(x)=17, so solve the equation

T=x>+x+8.
-1+ 1-40)1
x2+x+1=0:>x=—2(1) ()():>

x_—li\/—_S
2

= there is no real solution.

1=—2(1+1)>+7 = 1=-1, which is false.

Therefore, (1, 1) does not lie on the graph
of f.

62. a.

63.
64.

65.

66.

67.

68.

Domain:

1=2(x+D)*+7=2(x+1)* =6=
(x+1)? =3 x+1=t3=x=-1%3
The points (—1—\/3, 1) and (—1+\/§, 1)
lie on the graph of f.
y==2(00+1)+7=y=5

The y-intercept is (0, 5).

0=2(x+1’+7=-7=2(x+1)" =
Z=(x+l)2:>i\/z=i£=x+1:>
2 2 2

Jia

x=—-1t—
The x-intercepts are (—l—g, OJ and
[—1+@, 0].

10 = =3(-2)" —12(=2) = 10 = 12, which is
false. Therefore, (—2, 10) does not lie on
the graph of f.

f(x)=12, so solve the equation

3x? ~12x=12.

Bxl—12x=12= x> +4x=-4=

2 Hdx+4=0=(x+2)°=0=
xX+2=0=>x=-2
y=-3(0)"-12(0)= y=0

The y-intercept is (0, 0).
0=-3x"-12x=0=-3x(x+4)=

x=0orx=-4
The x-intercepts are (0, 0) and (—4, 0).

Domain: [-3, 2]; range: [—3, 3]
Domain: [—1, 3]; range: [—2, 4]
Domain: [—4, «); range: [-2, 3]

(—oo, 4]; range: [-1, 3]

Domain: -3, ) ; range: [-1, 4]U{-3}

Domain: (—eo, —1)U[, 4)

Range: (-2, 4]
69. Domain: (—eo, —4]U[-2, 2]U[4, =)
Range: [-2, 2]U{3}
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70.

71.

73.
75.

76.

77.

78.
79.

81.

82.

83.

Domain: (—es, —2)U[~1, o)
Range: (~e», <)

[-9, o) 72. [-1,7]
-3,4,7,9 74. 6
f(T)=47(1)=5 1(5)=2
S(4)=4.f(-1)=7. 7 (3)=3
{-3.75, ~ =2.14, 3}U[12, =)

%)

[-9, ) 80. {-4}U[-2, 6]
g(-4)=-1g(1)=3,g(3)=4
l2(-5)-g(5) =-2-¢[=8

[-9, -5) 84. [5, )

Applying the Concepts

8S.

86.

87.

88.

89.

90.

91.

92.

93.

A function because there is only one high
temperature per day.

A function because there is only one cost of a
first-class stamp on January 1 each year.

Not a function because there are several states
that begin with N (i.e., New York, New
Jersey, New Mexico, Nevada, North Carolina,
North Dakota); there are also several states
that begin with T and S.

Not a function because people with different
first names may have the same birthday.

A(x)=x%;4(4) =16
A(4) represents the area of a tile with side 4.
V(x)=x>V(3)=27 in?

V(3) represents the volume of a cube with
edge 3.

It is a function. S(x) = 6x2;5(3) =54

x
39.37

a. The domain is [0, 8].

f(x)= ; £(59) = 1.5 meters

b. h(2)=128(2)—16(2%)=192
h(4) =128(4)—16(4%) = 256
h(6) =128(6)—16(6%) =192

c. 0=128—16t>=0=16{8—1) =
t=0ort=8. It will take 8 seconds for the
stone to hit the ground.

d. h
300 po) =128t — 162
250
200 —
150 —
100 —
50
[ A I I |
0 1 2 3 4 5 6 7 8 ¢

94. After the first shot, there is 100% of 0.5 mg of

the drug in Andrew’s bloodstream.
After 12 hours (filter #1), there is

0.5 mg—0.5(0.5 mg) =0.25 mg in his
bloodstream.

After the next 12 hours (filter #2), there is
0.25-0.5(0.25)=0.125 mg

He then gets shot #2, so there is

0.125 mg + 0.5 mg = 0.625 mg in his
bloodstream.

After the next 12 hours (filter #3), there is
0.625-0.5(0.625) = 0.3125 mg

After the next 12 hours (filter #4), there is
0.3125-0.5(0.3125) = 0.15625 mg in his

bloodstream.
He then gets shot #3, so there is
0.5+0.15625 =0.65625 mg of the drug in

Andrew’s bloodstream.

. After 4 hours, there are (0.75)(16) = 12 ml of

the drug.

After 8 hours, there are (0.75)(12 + 16) =21
ml. After 12 hours, there are

(0.75)(21 + 16) =27.75 ml.

After 16 hours, there are

(0.75)(27.75 + 16) = 32.81 ml.

After 20 hours, there are

(0.75)(32.81 + 16) = 36.61 ml.

y
501~
45
40
351
301~
251~ \
201
15
10—\o
sk
Lol 1
of 4 8 12 16 20 7

X+y=28=y=28-x
P=x(28-x)=28x—x’
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Section 1.4 Functions 45
97. P=60=2(x+y)=>30=x+y=>y=30—x 101. The volume of the tank is V:64:7zr2h, S0
A=x(30-x)=30x~x" 64 .
h=—=. The top is open, so the surface area
98. Note that the length of the base = the width of . ,” r
the base = x. is given by
2 64 7+ 2mrh = et + 27 o4
V=lwh=x"h=64=h=— - Jg)
X
S =2Iw+2Ih+2wh =2 4128
r
=2x% + 2x(6—jj + 2x(6—§j
X X 102. The volume of the pool is
R V=288 = x’h= h= 200
X X X 2
9. ! x2+y2:r2, y20 i
(x, ) h g
X
> The total area to be tiled is
a. x2+y2=r2$y2=r2—x2=> 4xh=4x(2—828j=1152
_[2_2 x *
y=Nri-x . . L (11526912
The length of the rectangle is 2x and its The cost of the tile is 6 = .
— X X
heightis y=+vr"—x~. .
eightls y=Nr==x The area of the bottom of the pool is x2, so
22
P=20+2w=2(2x)+2Vr" —x the cost of the cement is 2x2. Therefore, the
_ 22
=42Vt —x total cost is C=2x2+%.
X
b. A=lw=2xVr?-x? ,
103. y
100. The piece with length x is formed into a circle, Ty
s0 C=x=21r=r=-2. Thus, the area of
20T 2100 - 301 g
2
the circleis A=zrl=x| 2| =2 21007
27 47 4
The piece with length 20 — x is formed into a
square, o P=20—x=4s:s=l(20—x). :
. 4 ! 1500-30r |4 ¥
Thus, the area of the square is PR
) 1500
2 1 1 2 .
s°= 2(20 -x)| = E(ZO -x)". Using the Pythagorean theorem, we have

R d?* = (1500 - 30¢)* + (2100 - 30)* =
is A=+ (20— x)? 12
The sum of the areas is A4 4ﬂ'+16(20 x) d:[(1500—30t)2+(2100—301)2}
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46 Chapter 1 Graphs and Functions
104. Y b. P
1200 (5, 1150)
1000 - (15,900)
800 [~
oy 2% 600~
f) =2 —3x+6| 21 400 (30, 525)
0 x
200~
Using the distance formula we have I T N R I
. : o 5 10 15 20 25 30 «
d=(x-2)"+(y-1)
5 c. 650=1275-25x= —-625=-25x=x=25
= \/(x - 2)2 n [(x3 “3x+ 6) - 1} 25,000 TVs can be sold at $650 per TV.
2 _ _ _ _hg, 2
_ \/(x oYy <x3 et 5) 107. a. R(x) = (1275 - 25x)x =1275x — 25x
2 domain [1, 30]
_ 2 (.3 2
‘[(X‘z) +(x* =3w+5) } b. R(1)=1275(1)— 25(12) = 1250
_ _hg(s2y =
105. cmi P (- mmi C R(5)=1275(5)—25(5%) X 5750
: » ¢ R(10) =1275(10) — 25(107) =10,250
/
Sm_i // R(15) =1275(15) — 25(15%) = 13,500
p 1
| // R(20) =1275(20) — 25(20%) = 15,500
s R(25) =1275(25) - 25(25%) = 16,250
A R(30) =1275(30) — 25(30%) = 15,750
. - . This is the amount of revenue (in thousands
The distance from 4 to P is of dollars) for the given number of TVs
V2 +52 =x2 +25 mi. At 4 mi/hr, it will sold (in thousands).
2 R
. Nx“+25 . c. (25, 16,250)
take Julio ———— hr to row that distance. % iiggg (20. 15.500) (30, 15.750)
The distance from P to C is (8 — x) mi, so it % Eggg U1, 13.500)
- £ 10,000
will take Julio 8-x hr to walk that distance. 2 8000 (10, 10.250)
S 6000 § (5 5750)
The total time it will take him to travel is o ‘2‘888
B x2+25 8-x 51015202530 x
T= T + T Number of TVs sold
(thousands)
106. a. I’; (5530; 1T2\7/5 R 251()5) =11dl Sﬂ? Ty d. 4700=1275x-25x" =
. s can be sold, the price per TV is 22— 51x 4188 = 0=
p(15)=1275-25(15) =900 51i«/512 —4(1)(188)
If 15,000 TVs can be sold, the price per TV 2(1)
is $900. x=4orx=47
p(30)=1275-25(30) =525 47 is not in the domain, so 4000 TVs must
I£ 30,000 TVs can be sold, the price per TV be sold in order to generate revenue of 4.7
is $525. million dollars.
108. a. C(x)=5.5x+75,000
b. R(x)=0.6(15)x =9x
c. P(x)=R(x)—C(x)=9x—-(5.5x+75,000)
=3.5x-75,000
Copyright © 2023 Pearson Education Inc.
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Section 1.4 Functions 47

d. The break-even point is when the profit is 116. f(x)# g(x) because they have different
zero: 3.5x—75,000=0= x = 21,429 domains. g(x) is not defined for x = —1, while
e. P(46,000) =3.5(46,000)— 75,000 f(x) is defined for all real numbers.
=$86,000 .
The company’s profit is $86,000 when 117.  f(x) # g(x) because they have different
46,000 copies are sold. domains. g(x) is not defined for x =3, while
109. 2. C(x) = 0.5x+500,000; R(x) = 5x f(x) is not defined forx =3 or x =-2.
The break-even point is when the profit is 118. f(x)=g(x) because f(3)=10=g(3) and
zero (when the revenue equals the cost):
5x = 0.5x +500,000 = 4.5x = 500,000 = f(5)=26=¢(5).
x=111L111.11 )
Because a fraction of a CD cannot be sold, 119. f(x) # g(x) because f (2) =16 while
111,112 CD’s must be sold. g(2)=13.
b. P(x) = R(x) = C(x) —15= 4(2> _ —6a—
750,000 = 5x — (0.5x + 500,000) 120. f(2)=15=a(2°)+2a-3=15=6a-3=
1,250,000 = 4.5x = x = 277,778 a=3.
The company must sell 277,778 CDs in — R g2 2 2 _
order to make a profit of $750,000. 121. g(6)=28=6"+6b+b" = b7 +6b+8=0=
b+2)b+4)=0=>b="2o0rb=—4
Beyond the Basics
5 122. h(6)=0=32(66)—+2;:>0=18+2a:>a=—9
110. x=—4:>xy—4x=2:>xy=2+4x:> (6)-
Y h(3) is undefined = 33)+2(=9) has a zero
y_4x+2 = ()= 4x+2 2(3)-b
in the denominator. So 6-b=0=5b=6.
. 9
Domain: (=e2,0)U(0,c2). f(4)=>. 123 f(x)=20-3= f(x?)=22"-3
111, xy-3=2y=2y-xy=-3= (f(0)” = (2x=3)> = 4x> —12x+9
3 3
2-x)=3=y=-"7"-= =
y@-x) YT J&) x=2 124. g(X)=x2—L2=>g(lJ=L2—L=L2—x2
3 X X X i X
Domain: (—0,2) U (2,0). f(4) = 5 %2
2-x g(x)+g(lj=(x2—%){%—xﬂ:o
112. (x2+1)y+x=2:>y= = X X X
x“+1
2 x-1 1
= ;D —o0,00); f(4) =—— -1 -1\ x+1
f= omain: (—o,c=); /(4) =~ 125, f(o= 2Tty p(220) xel
x+1 x+1 x-1
|
113. yxz—«/;=—2y=>yx2+2y=x/;=> x+1
(x=D—=(x+1)
(x +2) \/_=>y— Jx x)= Jx o ox+1 2 _ 1
+2 x4+ (x-D+x+D)  2x x
Domain: [0,); f(4) = 5 x+l
114. f(x) # g(x) because they have different
domains.
115.  f(x)# g(x) because they have different
domains.
Copyright © 2023 Pearson Education Inc.
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48 Chapter 1 Graphs and Functions
x+3 131. Ifaset X has m elements and a set of Y has n
126. f(x)= i
’ 4x -5 elements, there are n™ functions that can be
3+5x +3 (3+5x)+3(4x-1) defined from X to Y. This is true since a

()= 4x—1 - 4x—1 function assigns each element of X to an

4 ( 3+ ij _s (12+20x) = (5(4x - 1)) element of Y. There are m possibilities for
4x -1 4x—1 each element of X, so there are
__B+5x)+(d2x-3) _17x _ n-n-n-----n=n" possible functions.

(12+20x)-(20x-5) 17 m

Critical Thinking/Discussion/Writing Active Learning

127. Answers may vary. Sample answers are given 132. a~¢. Refer to the app using the QR code in

! your text.
a. y=+x-2 b y= P Getting Ready for the Next Section
GR1. 2x-4<12=2x<16=x<8
1
c. y=+2-x d. y= o The solution set is (—oo, 8).
128. 2. axl4bxtc=0 GR2. 5x+9<7(x+1)=5x+9<Tx+7=
2<2x=1<xorx=1
b. y=c The solution set is [1, o).
c. The equation will have no x-intercepts if )
b2 _4 0 GR3. x“ >0
Taac<U. Solve the associated equation:
d. Itis not possible for the equation to have no 2 =0=x=0.
y-intercepts because y = f(x). So, the intervals are (—e, 0) and (0, o).
129.a.  f(x)=|x| b.  f(x)=0 Interval Test Value of Result
oint 2
¢ f(x)=x P *
(===, 0) -1 1 +
d f(x)= N (Note: the point is the
origi (O’OO) 1 1 +
gin.)
e. f(x)=1 The solution set is (—eo, 0)U(0, )
f. A vertical line is not a function. GR4. (3—x)(x+5)20
130.a. {(a, 1), (b, 1)} {(a,2), (b, 1)} Solve the associated equation:
{(a, 1), (b,2)} {(a, 2), (b,2)} (3—x)(x+5)=0=>x=3 orx=-5.
{(a’ 1): (b7 3)} {(a: 2)9 (b’ 3)} SO, the intervals are
{(a,3), (b, 1)} (=0, = 5], [-5, 3],and [3,).
{(a,3), (b, 2)}
{(a,3), (b, 3)} Interval Test Value of Result
There are nine functions from X'to Y. point | (3-x)(x+5)
b. {(1, @)}, {2, )}, {3, @)} (=2, =5] | -10 -65 -
{(L, o)}, {2, @)}, {3, b)}
(1, @)}, {2, D)}, {3, a)} [-5, 3] 0 15 +
{(L, a)}, {2, @)}, {(3, D)}
(1D}, {2 )} {6 @)} [3.) . 20 -
{(1, D)}, {2, @)}, {3, D)} . :
{(1’ b)}, {(2, b)}, {(3, a)} The solution set is [_5, 3]

{(1,0)}, {2, b)}, {3, b)}

There are eight functions from Y to X.
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Section 1.5 Properties of Functions 49

For exercises GR5-GR10, f (x)=3-2x?,

g(x)=+x+3, and h(x)=

GRS. f(x+1)=3-2(x+1)"=3-2(x+2x+1)
=3-2x2—4x-2=-2x2—4x+1
g(x+1)=\/(x+l)+3 =\/x+4

2 2
hix+1)= =
(x+1) (x+1)° +1 (x2+2x+1)+1
_ 2
X2 +2x+2

-g(x)=—/x+3
()=
x?+1

1.5

Properties of Functions

Practice Problems

1.

The function is decreasing on (0, 3), (12, 13),
and (15, 24); increasing on (3, 12) and

(13, 15)

Relative maxima of 3640 at x = 12 and 4070

at x = 15; relative minima of 40 at x = 3 and
3490 at x = 13.

\Ls
\

Haxirmurm
n=Ll.oogonns 1¥=1

Relative minimum of 0 atx =0
Relative maximum of 1 atx =1

v=(11—r)r2

Haxirurm
WSAEEEEEEA -Y=197.18519 .
[0, 13, 1] by [0, 250, 25]

Mrs. Osborn’s windpipe should be contracted
to a radius of 7.33 mm for maximizing the
airflow velocity.

f(x) =—x2

Replace x with —x:

f(=x)==(=x)" == = f (x)
Thus, the function is even.

y

I B | 11 1
-5 -3 - 3
1

-2

-3

—4

=5

-6

=7

-8

-9

—10

|

|
5x

y=—x
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50 Chapter 1 Graphs and Functions

6. f(x)= —
Replace x with —x:
f(=x)==(=x) =x* == (x)

Thus, the function is odd.

10—
8_

6_
4
=
L1 1 1 [ I I
75747?727[78_ 2 3 45 x
747 )7:—}(3

7.a. g(-x)=3(-x)* -5(-x)*
=3x% —5x2 =f(x)=
g(x) is even.

b.  f(—x)=4(-x)° +2(-x)° = —4x> - 2x°
=—(4x° + 267 )= —f (1) =
£(x) is odd.

c. h(—x)=2(—x)+1=—2x+l
ih(x)

# h(—x)=> h is neither even nor odd.

8. f(x)=1-x% a=2,b=4

The average rate of change is —6.

9. f(t)zl—t; a=2,b=x,x#2

(b)-f(a) _(1-x)-(=1) 2-x
b- x—2 x—2
_ —l()c—Z):_1
x—2

The average rate of change is —1.

10. £ (x)=100x> —800x + 2000
£(0)=100(0)* —800(0)+2000 = 2000
£(3)=100(3)* —800(3) +2000 = 500
/(3)=/(0) _500-2000 _-1500
3-0 3 3

=-500

The average rate of change is —500, so the
number of bacteria per cubic centimeter
decreases by 500 each day after adding the
chlorine.

11. f(x):—x2+x—3
f(x+h)==(x+h) +(x+h)-3
=—x2—2xh—h>+x+h-3

f(x+h)—f(x)

h
(—x2—2xh—h2+x+h—3)—(—x2+x—3)
- h
:M:_zx_h_ﬂ

Concepts and Vocabulary

1. A function fis decreasing if x; < x, implies

that f(x1)> f (x2 )

2. f(a) is a relative maximum of f if there is an
interval (x|, x,) containing a such that

f(a)= f(x) for every x in the interval
(xl . X2 )

3. A function f'is even if f{—x) = f(x) for all x in
the domain of £.

4. The average rate of change of f'as x changes

fO-f@ .,

—a

fromx=atox=>bis

5. True

6. False. A relative maximum or minimum could
occur at an endpoint of the domain of the
function.

7. True

8. False. The graph of an odd function is
symmetric with respect to the origin.

Building Skills
9. Increasing on (—oo, o)
10. Decreasing on (—oo, o)
11. Increasing on (—oo, 2), decreasing on (2, o)

12. Decreasing on (—e, 3), increasing on (3, <o)
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Section 1.5 Properties of Functions 51

13.

14.

15.

16.

17.
18.
19.

20.

21.

22,

23.

24.

Increasing on (—eo, —2), constant on

(-2, 2), increasing on (2, o)

Decreasing on (—eo, —1), constant on

(-1, 4), decreasing on (4, =)

Increasing on (—eo, —3) an ( <

2),

d (-1,
decreasing on (—3, —%) and (2, o)

Increasing on (-3, —1), (0, 1), and (2, o).
Decreasing on (-, —3), (=1, 0), and (1, 2).

No relative extrema
No relative extrema

(2, 10) is a relative maximum point and a
turning point.

(3, 2) is a relative minimum point and a
turning point.

Any point on (x, 2) is a relative maximum and a

relative minimum point on the interval (-2, 2).

Relative maximum at (=2, 2); relative minimum
at (2, 2). None of these points are turning points.

Any point on (x, 3) is a relative maximum and
a relative minimum point on the interval

(=1, 4). Relative maximum at (4, 3); relative
minimum at (—1, 3). None of these points are
turning points.

(-3, 4) and (2, 5) are relative maxima points
and turning points. (—%, - 2) is a relative
minimum and a turning point.

(-3,-2), (0, 0), and (2, —3) are relative
minimum points and turning points. (-1, 1)

and (1, 2) are relative maximum points and
turning points.

For exercises 25—34, recall that the graph of an even
function is symmetric about the y-axis, and the graph
of an odd function is symmetric about the origin.

25.

26.

27.

28.

The graph is symmetric with respect to the
origin. The function is odd.

The graph is symmetric with respect to the
origin. The function is odd.

The graph has no symmetries, so the function
is neither odd nor even.

The graph has no symmetries, so the function
is neither odd nor even.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

The graph is symmetric with respect to the
origin. The function is odd.

The graph is symmetric with respect to the
origin. The function is odd.

The graph is symmetric with respect to the
y-axis. The function is even.

The graph is symmetric with respect to the
y-axis. The function is even.

The graph is symmetric with respect to the
origin. The function is odd.

The graph is symmetric with respect to the
origin. The function is odd.

For exercises 35-48, f(-x)= f(x)= f(x) is even
and f(—x)=—f(x)= f(x) is odd.

35.

fEn=2(-x)*+4=2x*+4=f(x)=
f(x) is even.

g(-x)=3(-x)*=5=3x*-5=g(x) >
g(x) is even.

f(=x)=5(=x)* =3(=x) = =5x> + 3x
=—(5x° =3x)=-f(x) =
f(x) is odd.

g(=x) =2(-x)’ +4(-x)
=-2x3 —4x= -g(x)=
g(x) is odd.

J(=x)=2(-x)+4=-2x+4

;t—f(x);tf(x):
f(x) is neither even nor odd.
g(=x)=3(-x)+7=-3x+7

#z-—g(x)# g(x) =
g(x) is neither even nor odd.

1 1

J= a2y
f(x) is even.

4=f(X)=>

(—x)2+2 _ x2+2 - ¢(x)

gl :(—x)4+l x* 41 -
g(x) is even.

) M S
= (—x)2+1 B J®=
f(x) is odd.
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Chapter 1 Graphs and Functions

44.

45.

46.

47.

48.

49.

50.

51.

o (—x)4+3 _ x*+3
g( x)_ 2(_x)3_3(_x) _2x3+3x
Lo X3 o () is odd.
2x3 = 3x
— —X = —X
f( x)—( x)s 3( ) -x~ +3x

Thus, f(x) is even.
(—x)* +2(-x) _ —x—2x
2(—)6)5 —3(—x) —2x7 +3x

(—1) (—x3 - 2x)

g(=x)=

x4 2x
=f(x)

(-1)(-2x" +3x)  2x°=3x
Thus, f(x) is even.
- (—x)2 —2(—x) _ x2+2x
S 5-0)*+7  sxt+7

z-f(0)# f(x)
Thus, f{x) is neither even nor odd.
3(-x)2+7  3x*+7
g =0T
(=x)-3 -x-3
Thus, g(x) is neither even nor odd.

#-g(x)#g(x)

domain: (—oo,o0); range: (—oo, 3]

x-intercepts: (=3, 0), (3, 0)
y-intercept: (0, 3)

c¢. increasing on (—eo, 0), decreasing on
(0, )
d. relative maximum at (0, 3)

even
domain: (—oo,0); range: (—oo,o0)

x-intercepts: (—4, 0), (0, 0), (4, 0)
y-intercept: (0, 0)

decreasing on (—eo, —2) and (2, =),
increasing on (-2, 2)

relative maximum at (2,3); relative
minimum at (-2, —3)

e. odd
a. domain: (3, 4); range: [2, 2]
b. x-intercept: (1, 0); y-intercept: (0, —1)

52.

53.

54.

5S.

e

e

ol

®

constant on (-3, —1) and (3, 4)
increasing on (—1, 3)

Because the function is constant on

(=3, —1), any point (x, —2) is both a relative
maximum and a relative minimum on that
interval. Since the function is constant on
(3, 4), any point (x, 2) is both a relative
maximum and a relative minimum on that
interval.

neither even not odd

domain: (=3, 3); range: {2, 0, 2}
x-intercept: (0, 0); y-intercept: (0, 0)
constant on (=3, 0) and (0, 3)

Because the function is constant on (=3, 0),
any point (x, 2) is both a relative maximum
and a relative minimum on that interval.
Since the function is constant on (0, 3), any
point (x, —2) is both a relative maximum
and a relative minimum on that interval.

odd
domain: (=2, 4); range: [-2, 3]
x-intercept: (0, 0); y-intercept: (0, 0)

decreasing on (=2, —1) and (3, 4)
increasing on (—1, 3)

relative maximum: (3, 3)
relative minimum: (=1, —2)

neither even nor odd
domain: (—eo, o)
range: (—oo, o)

x-intercepts: (2, 0), (3, 0)
y-intercept: (0, 3)

decreasing on (-, 0)U (0, 3)U (3, °)

no relative minimum
relative maximum: (0, 3)

neither even nor odd

domain: (—eo,e0); range: (0, o)

no x-intercept; y-intercept: (0, 1)
increasing on (—ee, o)

no relative minimum or relative maximum

neither even nor odd
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56. a. domain: (—eo, 0)U(0, ) 62. h(x)=2-x*a=3,b=4
range: (oo, o) h(4)=2-4%=-14; h(3)=2-3% =7
b. x-intercepts: (—1.5, 0), (1.5, 0) average rate of change = H=h3)
no y-intercept _12__ (3_7)
- = _7
¢. decreasing on (—eo, 0) 1
increasing on (0, o) 63. f()=G-xlia=1b=3
d. no relative minimum or relative maximum f@=03-3)>=0; f)=3-1)"=4
€. cven average rate of change = w
57. f(x)=-2x+7;a=-1,b=3 0-4
fB3)==203)+7=1 f(-1)=-2(-1)+7=9 =— =72
average rate of change = % 64. f(x)=(x— 2)2; a=-1,b=5
19 [(5)=(5-2=9; f(-)=(-1-2)* =9
4 average rate of change = w
58. f(x)=4x—9;a=-2,b=2 9_9‘(‘)
f2)=412)-9=-1 f(-2)=4(-2)-9=-17 = =0
average rate of change = /@=f=2) 3
2—-(-2) 65. g(x)=x";a=-1,b=3
_T=CED g(3)=3"=27, g(-h=(-1’=-1
4 —o(—
average rate of change = £3)—eth
59. f(x)=3x+c;a=1,b=5 3-(-D
f(5)=3-5+c=15+c¢; f)=3-1+c=3+c =27—(—1)=7
- 4
average rate of change = M
- — 3. = —
15+c—(3+c) 66. g(x)= x3,a— ,b=3 .
= 4 gB)=-3"=-27 g(-) =—(-1)" =1
= 12 =3 average rate of change = £3)-gCh
4 3-(=D
60. f(x)=mx+c;a=-1,b=7 ="2Z"1=—7
f(M=Tm+c; f(-1)=-m+c
— f(— 1
average rate of change = % 67. h(x)= ;; a=2,b=6
_7m+c—(—m+c) h(Z):l;h(6)=l
= g 2 6
= 8m =m average rate of change = MO~ h2)
8 6-2
1_1 1
61. h(x)=x’-1l,a=-2,b=0 _642__E
h0)=02—1=—1; h(-2)=(-2)>-1=3
average rate of change = MO = h(=2)
0-(-2)
_-1-3_ -2
2
Copyright © 2023 Pearson Education Inc.
TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780137552467-SOLUTIONS-5/

COM

TBEXAM.

54

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

Chapter 1 Graphs and Functions

68.

69.

70.

71.

72.

73.

74.

75.

W) =——ia=-2,b=4 76.
x+3
4 4 4
h(4)=——==; h(-2) = =
@ 443 7 2 -2+3
average rate of change = = h(=2)
4-(-2)
4
_174_ 4
6 7
fx+h)y=x+h 7.

fx+h)—f(x)=x+h—-x=h
St =) _h
h h
f(x+h)=3(x+h)+2=3x+3h+2
f(x+h)—f(x)=3x+3h+2-B8x+2)=3h
Sx+h) - f(x) _3h

=1

=3
h h 78.
S(x+h)=-2(x+h)+3=-2x-2h+3
f(x+h)—f(x)=—2x—2h+3—(—2x+3)
=-2h
fath)=fo) _2h
h h
f(x+h)=—5(x+h)—6=—5x—5h—6
f(x+h)—f(x)=—5x—5h—6—(—5x—6)
=-5h
JO+h = f(x) _=5h _ s 79.
h h
f(x+h)=m(x+h)+b=mx+mh+b
f(x+h)—f(x)=mx+mh+b—(mx+b)
=mh
SG+h) = f(x) _mh 80.
h "
f(x+h)=—2a(x+h)+c=—2ax—2ah+c
f(x+h)—f(x)=—2ax—2ah+c—(—2ax+c)
=—2ah
fG+m = f(x) _=2ah _ 81.
h h

f(x+h)=(x+h)?*=x>+2xh+h*
f(x+h)— f(x)=x>+2xh+h> —x2
=2xh+ h?
S+ = f(x) _2xh+h? _
h

2x+h

f(x+h)=(x+h)?*=(x+h)
=x>+2xh+h>—x—h
fxt+h) = f(x)
:x2+2xh+h2—x—h—(x2—x)
=2xh+h*>—h
fx+h)—f(x) 2xh+h*—h
h - h

=2x+h-1

F(x+h)=2(x+h)? +3(x+h)
=2x% +4xh+2h* +3x+3h
Sx+h)= f(x)
=2x2 +4xh+2h* +3x +3h - (2x° +3x)
=4dxh+2h% +3h
f(x+h)—f(x)  4xh+2h*+3h

h h
=4x+2h+3

F(x+h)=3(x+h)?*=2(x+h)+5
=3x% +6xh+3h* —2x-2h+5
Sx+h) = f(x)
=3x2 +6xh+3h*-2x-2h+5

—(3x%=2x+5)
= 6xh +3h% = 2h
f(x+h)—f(x) _ 6xh+3h*—2h
h - h
=6x+3h-2
fx+h)=4

O+ = f(x)=4-4=0
[t =/ _0_,

h h
f(x+h)=-3
S+ )= f(x)=-3-(-3)=0

SGE+R=1()_0_
h h

1
f(x+h)—m

FOtR) = f)=—

x+h x
_ X x+h
Cx(x+h)  x(x+h)
h
_x(x+h)
__h
SO+h)-f(x) _ x(x+h) 1

h h x(x+h)
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82. f(x+h)=—L 88. f(x)=-2x*+x,a=3
e (237 +x)=(-2(3)° +3)
v e o) Me)_
x+h X X—a x-3
I S x+h _—2x2+x+15
x(x+h) x(x+h) - x-3
_ h =(—2x—5)(x—3)=_2x_5
x(x+h) x=3
h 4
SO+~ f() _x(xth) _ 1 89. f(x)=—.a=1
h h x(x+h) f(x —f(a)=i_?=%_ =4_x4x
83. f(x)=2x,a=3 xX—a 1 x- x—1

84. f(x =3x+2,a=2

X — x—2
_3)6—6_3(x—2)_3
T ox=2 x-2

85. f(x)=—x2, a=1

86. f(x)=2x" a=-1

2(x—1)(x+1)

x+1
=2(x—1)=2x—2

87. f(x)=3x2+x,a:2

7(x)-f(a) _ (3x2 +x)—(3(2)2+2)

X—a x—2
B 3x2+x-14 B (3x+7)(x—2)
o ox-2 x-2
=3x+7

90. f(x)=—%, a=

xX—a T ox-1 x—1 x—1
4x -4 _ 4(x—l) 3

x(x—l) x(x—l) B

N

Applying the Concepts

91./a. Increasing: (Feb 5, Feb 16),
(Feb 23, Mar 13), (Mar 20, Mar 31)
Decreasing: (Feb 1, Feb 5),
(Feb 16, Feb 23), (Mar 13, Mar 20)

b. Relative maximum of 0.51 on Feb 16,
relative maximum of 0.76 on Mar 13,
relative minimum of 0.38 on Feb 5, relative
minimum of 0.42 on Feb 23, relative
minimum of 0.67 on Mar 20

92. a. Increasing: (Jan., June), (July, Sept.)
Decreasing: (June, July), (Sept., Dec.)

b. Relative maxima: 185 in June, 185 in Sept.
Relative minima: 132 in July
93. The area of a cross section of the hose is
A=rnr? =3.14(1)°
1sq ft

=3.14sqin.=3.14 sq in.X —————
a q 144 sq in.

=0.02181 sq ft
0 =5 gal/min=5x(0.134) ft> / min
=0.67ft* / min
O=4Av=
,_©Q _067ft /min

4002181 ft?
Answers may vary slightly due to rounding.

= 30.72 ft/min
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94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

The area of a cross section of the nozzle is
A=mr? ~3.14(0.5)°
Isqft

=0.785 sq in. = 0.785 sq in. X -
144 sq in.

= (0.00545 sq ft

0 =5 gal/min=5x(0.134) ft> / min
=0.67ft> / min

O=4Av=
3 .
y= Q_ M ~122.9 ft/min
A4 0.00545 ft

Answers may vary slightly due to rounding.

domain: [0, )
The particle’s motion is tracked indefinitely
from time ¢ = 0.

range: [-7, 5]
The particle takes on all velocities between —7

an 5. Note that a negative velocity indicates
that the particle is moving backward.

The graph is above the 7-axis on the intervals
(0, 9) and (21, 24). This means that the
particle was moving forward between 0 and 9
seconds and between 21 and 24 seconds.

The graph is below the #-axis on the interval
(11, 19). This means that the particle is

moving backward between 11 and 19 seconds.

The function is increasing on (0, 3), (5, 6),
(16, 19), and (21, 23). However, the speed |v|
of the particle is increasing on (0, 3), (5, 6),
(11, 15), and (21, 23). Note that the particle is
moving forward on (0, 3), (5, 6), and (21, 23),
and moving backward on (11, 15).

The function is decreasing on (6, 9), (11, 15),
and (23, 24). However, the speed |v| of the
particle is decreasing on (6, 9), (16, 19), and
(23, 24). Note that the particle is moving
forward on (6, 9) and (23, 24), and moving
backward on (16, 19).

The maximum speed is between times # = 15
and 7= 16.

The minimum speed is 0 on the intervals
(9, 11), (19,21), and (24, ).

The particle is moving forward with
increasing velocity.

The particle is moving backward with
decreasing speed.

105.

12 in. 12 - 2x

a.

b.

C.

d.

106. a.

b.

107. a.

12 in.
V =Iwh= (12 - 2x)(12—2x)x
= (144— 48x + 4x2)x
=4y —48x% +144x

The length of the squares in the corners
must be greater than 0 and less than 6, so
the domain of Vis (0, 6).

Haxirmurm
nEggonie Y=icH

[0, 6, 1] by [-25, 150, 25]
range: [0, 128]

V is at its maximum when x = 2.
_ 32
Let x = one of the numbers. Then == = the
X
other number. The sum of the numbers is
S=x+ 2
x

ROt abehEzs T=11515708
[0, 50, 10] by [-10, 70, 10]
The minimum value of approximately
11.31 occurs at x = 5.66.

C(x) = 210x +10,500

C(50) =210(50)+10,500 = $21,000
It costs $21,000 to produce 50 notebooks
per day.

average cost = % =$420
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210x +10,500

d. =315

X
210x +10,500 = 315x
10,500 =105x = x =100

The average cost per notebook will be $315
when 100 notebooks are produced.

108. f(x)=-2x"+3x+4
F1)y==201)>+3(1)+4=5
f(3)=—203) +3(3)+4=-5

The secant passes through the points (1, 5)
and (3, -5).
m=—2"°_710_

3-1 2
The equation of the secant is
y—5=—5(x—1)=>y—5=—5x+5=>
y==-5x+10

£(2019) - £(2015)

2019-2015
~992,000-935,133

4
=14,217

109. average rate of increase =

56,867
4

The average rate of increase was about 14,217
students per year.

mo. 7(=2-5s

7(5)=2 5-7, f(l):é—lo-s:ss

5
A RNAY)
5-1
=5
4
The average rate of decrease is 12 gallons per

minute.

average rate of decrease =

1l.a. f(0)=0"+3(0)+4=4
The particle is 4 ft to the right from the
origin.
b. f(4)=4>+3(4)+4=32

The particle started 4 ft from the origin, so
it traveled 32 — 4 = 28 ft in four seconds.

. f(3)=32+3(3)+4=22
The particle started 4 ft from the origin, so

it traveled 22 — 4 = 18 ft in three seconds.
The average velocity is 18/3 =6 ft/sec

d. f(2)=22+3(2)+4=14
f(5)=5%+3(5)+4=44
The particle traveled 44 — 14 =30 ft
between the second and fifth seconds. The

average velocity is 30/(5-2)=10 ft/sec

112.a. P(0)=0.02(0)* +0.2(0)+50 = 50
P(5)=0.02(5)> +0.2(5)+50 = 51.5

The population of Sardonia was 50 million
in 2015 and 51.5 million in 2020.

b. The average rate of growth from 2015 to

2020 was 515250 = 0.3 million per year.

Beyond the Basics

-1
113. f(x):i_i_l

. 2x-1
reN)=3

+1

x-1 3x-3
3 —— |+1
3f(x)+1: (X"'l) x+1

f)+3 x=1 g T x—143(x+1)

x+1 x+1
3x—-3+x+1
_ x+1 _4x-2
T x—1+3(x+1) " 4x+2
x+1

C2(2x-1) 2x-1_
S 2(2x+1) 2x+1

f(2x)

114. f(x)=0 is both even and odd.

115. In order to find the relative maximum, first
observe that the relative maximum of
—(x+1)><0. Then —(x+1)° <0 =
(x+1)°20= x> -1.

Thus, the x-coordinate of the relative
maximum is —1. f(=1)=—(-1+1)* +5=5

The relative maximum is (-1, 5).
There is no relative minimum.

116. Answers will vary.

x+10 ifx<-5
f(x)= 5 if —=5<x<5
-Xx if x>5

The point (0, 5) is a relative maximum, but
not a turning point.
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117. f(.x):\/; 120. f(x)=i2
Sx+h)=f(x) _Nxrh-x Jath+x x . .
h h Jx+h++/x 5
_ x+h-x f(x+h)-f(x) :(x+h) *
W) h h
2 2
B X —(x+h)
S S 2
h(Vr ) _ X (x+h)
h
- 2 (x+h)
Jx+h+/x L G
hx? (x+h)2
118. f(x): x-1 xz—(x2+2xh+h2)
x+h)— f(x =
f( 2 f() hxz(x+h)2
CVxrh—1-Vx—1 Jarh-l+Jx-1 _ “2xh-h’ _ 2x+h
h \/x+h—1+\/x—l hxz(x+h)2 xz(x+h)2
__xeho1-(x-) Crtioat T
h(\/m_l_m) ritical Thinking/Discussion/Writing
B h 121. fhas a relative maximum at x = a if there is an
B h( N+h—1+ /x—l) interval [a, x;) with @ <x; <b such that
~ 1 f(a)z f(x), or f(x)< f(a), foreveryx
Jx+h-1++/x-1 in the interval (x;, b].
119. f(x)z—L 122. , fhas a relative minimum at x = b if there is x;
Vx in [a, b] such that f(x)= f(b) for every x
f(x+h2—f(x) in the interval (x;, b].
1 N 1 Nx+h- Jx 123. Answers will vary. Sample answers are given.
__~Nx+h Jx _ VxJx+h a. f(x)=x on the interval [-1, 1]
h h
_ if 0<x<l1
x+h—+/x b, f(x)z{x 1 x<
B x(x+h) B x+h—x 0 ifx=1
h h\/x(x+h) x if 0<x<l1

JirhVx xrheds
hfx(x+h) Nx+h+x
_ (x+h)-x
h\/x(x+h)<\/x+h+\/;)
B 1

- \/x(x+h)(\/;+\/x+7h)

© f(x)={1 if x=0

0 ifx=0o0rx=1
1 if 0 < x <1 and x is rational
-1 if 0< x <1 and x is irrational

Active Learning

124. a—b. Refer to the app using the QR code in
your text.
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Getting Ready for the Next Section

GRI1. m:ﬂ:__sz_
a-(c1) s
y—3=—(x—(—1)):>y—3:—(x+l):>
y=3=—x-l=y=-x+2

-1-2 3

GR2. m=—F=—=-3
7-6 1
y-2=-3(x-6)=y-2=-3x+18=
y=-3x+20
GR3. m=——(3)_2
6-3 3

y—(—5)=§(x—3):>y+5=%x—2:>

2
=—x-7
r73
GRA4.
y=—2x+3
L1
—5—4-3-2
GRS5. )
4
502
\21 2%+ 5 —10=0
1+ (5,0
Ll /|
12 3 4 55

GR6. If x=-3, then |x+1|= 2.

GR7. [2x-8=0=2x-8=0=2x=8=x=4

I
|
i
N—
(98]
=
[3e]
I}
—_—
ﬁ
i
N—
[9%)
I
A~
[\]
o
S
[9%)
I
|
o0
&

(i) f(-4)
GRY. f(x)=x%*

() f(2)=2%=4V=Ys4

) f(8)=8""=(¥B) =2>=4

(i) £ (-8)=(-8)"" = (¥=8)" = (-2)" =4

1.6 A Library of Functions

Practice Problems

1. Because g(—2) =2 and g(1) = 8, the line
passes through the points (-2, 2) and (1, 8).
8-2 6

"TIS () 3
Using the point-slope form:
y-8=2(x-1)=>y-8=2x-2=
y=2x+6:>g(x)=2x+6

2. Using the formula
Shark length = (0.96)(tooth height) — 0.22,

gives:
Shark length = (0.96)(16.4) — 0.22 = 15.524 m

3. y
4+
3+

2+

| | | 1
-16 —12 -8 —4 0 X

Domain: (—eo, 0]; range: [0, )

Domain: (-, o); range: (—co, o)

2.
5, _ ) x"ifx<-1
f (x) {Zx ifx>-1

f(2)=(2) =4 £(3)=2(3)=6

[50+4(x—55), 56<x<75
6. a. f(x)_{200+5(x—75), x>75

b. The fine for driving 60 mph is
50+4(60 - 55) = $70.
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60 Chapter 1 Graphs and Functions
c. The fine for driving 90 mph is 10. a. Each line of the piecewise function gives
20045 (90 - 75) =$275. the purchase price per backpack for x
backpacks.
7. The graph of f'is made up of two parts: a line 25 if 1<x<5
segment passing through (1, 5) and (3, 2) on 22 if 6<x<I15
the interval [1, 3], and a line segment passing f(x)= 20 if 16<x<?25
through (3, 2) and (5, 4) on the interval [3, 5]. 18 if 26<x
’ y
7 30— ’
6 :
(1;°3) -
5 g
: (54 g 25 | o—s
3|\ 2 —_—
2 2 20k —
| (3.2) £ 20 —
12345678 «x sl 1101

0 5 10 15 20 25 30«

For the first line segment: Number of units sold

2-5 3
3.1 2 b. Each line of the piecewise function gives
3 the total purchase price for x backpacks.
y—5=—5(x—l):>2y—10:—3(x—l):> 25r if 1<x<5
2y-10=-3x+3=>2y=-3x+13= g(x)= 22x if 6<x<15
3 13 20x if 16<x<25
y=—5x+? 18x if 26<x
For the second line segment: Y
4-2 600 — g
m=——=1
5-3

y—4=x-5=>y=x-1
The piecewise function is

Price per order
B W
S S
S 3
T

3 13
-——Xx+— if ISx<3 100 (-
g (x) =1 2 2 . /| I N N B
x-1 if 3<x<5 0 5 10 15 20 25 30x
Number of units sold
8 f(x) _ —3x lfx <-1
. 2x  ifx>-1 Concepts and Vocabulary

Graph f(x)=-3x on the interval (—eo,—1], 1. The graph of the linear function f(x)=5 isa
and graph f(x)=2x on the interval (~1,). horizontal line.

y 2. The absolute value function can be expressed

T as a piecewise function by writing

L —x if x<0
13°°L f(x)=|x|={ x if x=0°

: | S i

S 1717 B R 3. The graph of the function
2 .
(—1.-2) _) x +2if x<1
- S {ax if x>1
will have a break at x = 1 unless a = 3.
9. f(x)=[x]

f (_3,4) =—4; f(4,7) =4 (continued on next page)
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(continued) f(x)=x-1

IIIIII\\III
o=
ol
e
o=
“

— "” 2 .
/f(x)z{%x +2ifx<1

3x ifx>1

T B 11. The two points are (—1, 1) and (2, 7).

- e 7-1
4. The line that is the graph of f (x)=-2x+3 " (-1 =2
has slope —2. y_1=z(x—(—l)):>y—1=2(x+l):>
5. True. The equation of the graph of a vertical y=1=2x+2=y=2x+3 ’
line has the format x = a. f(x)=2x+3 y
A
6. False. The absolute value function, 6
—x if x<0 . sH
f(x)—|x|—{ xifxzolsanexampleofa ;1
piecewise function with domain (—oco, o). / B
e Ay R
8. False. The function is constant on [0, 1), :i:
[1,2), and [2, 3).
12. The two points are (—1, —5) and (2, 4).
Building Skills 4—(=5)
m= > (1 =3.
In exercises 9—18, first find the slope of the line using =D
the two points given. Then substitute the coordinates y—4=3 (x -2)=y-4=3x-6=
of one of the points into the point-slope form of the y=3x-2
equation to determine the equation. f(x)=3x-2
9. The two points are (0, 1) and (-1, 0).
0-1
m=——=1.
-1-0
y—l=l(x—0)=>y—l=x:y=x+l.
f(x)=x+1

13. The two points are (1, 1) and (2, -2).

m="2"1__3
2-1
y—1=—3(x—1)=>y—1=—3x+3=>
. y=-3x+4
10. The two points are (1, 0) and (2, 1).
1-0
m=2_1=1. y=0=1(x-T)=y=x-1. (continued on next page)
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62 Chapter 1 Graphs and Functions
(continued)
f(x)=-3x+4 "
oL
A L 11
3 2 34 5x
A
L
L PN
75747372717?_] 2 3 4 5«x
b
3 17. The two points are (0, —1) and (3, -3).
14. The two points are (1,—1) and (3, 5). m=%=—§.
m:S_(_l):3. 2 2
3-1 y—(—1)=—§(x—0):>y+l=—§x:>
y—5=3(x—3):>y—5=3x—9:> P
y=3x-4 y=—§x—1

f(x)=3x-4 w o P | )
X)=——x-— -

?: 3 3+

[ WA 2

—5-4-3-2-10 2 3 4 54 | I1—

1. The two points are (-2, 2) and (2, 4). 18. The two points are (1, 1/4) and (4, -2).
me—2=2 _1 _2-14 -9/4 3
2-(2) 2 "I Ty Ty
4=te)syoa=tis 3 3
y 5 ¥ 5 y—(—Z)z—Z(x—4):y+2z—Zx+3:
1 3
y=5x+3 y=—Zx+1
f@)=x+3 7 3 E
X)=—x S SE
! f(x) 4x-i—l. L
5 3_
4 2
| \|

IIV\IIII

|
)

I

|
IS

|
o |-
|
)
o)
|
w
|
.
|
w =
o
|
=t
. —o| —
I
Y-
=
|
vy -
-
|
w =
|
-
|
[
WO~
T T 17T
w =
-
Y-
=

-3+ -5
16. The two points are (2, 2) and (4, 5). 19 x ifx>2
_5-2_3 A il PRSI
4-2 2
] ; a [()=2/(2)=2f(3)=3
y—2=—(x—2)=>y—2=—x—3=>
2 2
3
==x-1
y 2x
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[ N I N - -

1 ifx>0
21 gl0)= {—1 ifx<0

a. f(-15)=-1; £(12)=1

24,

b. y
sL
s

I ——

L1 L1 1

-3 —2 -1 0| 1 2 3 «x
—k
ol
L

¢. domain: (—ee, 0)U(0, o)
range: {—1, 1}

2x+4 ifx>1
x+2 ifx<l1

22. g(x)= {

a. g(-3)=-Lg(1)=3¢g(3)=10

b. Y

23.

I

»
| / L
7
c. domain: (—oe, o)

range: (—oo, 3]U(6, =)

0
8
6
4
0
2

41+

f)= 2x ifx<0
V12 ifxzo0
s
4_
2_
| | | |
—4 2 2 4 X
2_
74_

Domain: (—eo, e); range: (—oo, )

1 x| ifx<l

X)=

x2 ifx>1
y
5_-

s L sk
-5+

Domain: (—eo, e); range: [0, o)
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64 Chapter 1 Graphs and Functions
1 . ifx <0
- ifx<0 28. =% 1
25, g(x)=1x &) {J} ifx>0
Vo ifx20 ;
y

D i . | =00, o 5 : —00, 0o
Domain: (—oo’ oo); range: (_oo’ Oo) omain ( , ) range ( )

[[x]] ifx<1
2. o) = Yo o ifx<l 29. f(x)={%/; ool
) Jx o ifx>1 -
y
¥
54 3
2_
1+ /
1 1 1 | e & I I s
.......... -3 -2 -1 0 1 2 3 X
5 A1 s —
4 .—()72_
—o -3b
_5——

Domain: (—oo, oo);

Domain: (—eo, e0); range: (oo, o) range: {..., =3, -2, —1, 0}U[L, )

7. () {|x| ifx<1 |
.og(x) =45 ] 1 )
X ifx>1 30. f(x)=1|% ifx<0
5)’__ [[xﬂ ifx=>0
i ¥
3 *—O0
2+ —O
_é ——t :_ 1 —— 5 > L e
1 — 4 L I 15
1 0] 1 2 3 4 x
sl L
Domain: (—eo, e); range: [0, o) i

Domain: (—eo, e); range:

(=, 0JU{L, 2,3, ...}
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x| if-2<x<1
3 f(x)_{\/E ifx>1

y

Domain: [-2, «); range: [0, o)

32 b x| ifx<oO
. X)=
Jx o ifo<x<4

Domain: (—eo, 4]; range: [0, o)

¥ if-8<x<1
33. g(x)_{Zx if x>1

)

(o

e S N SV -
I

I T Y |
-8 -6 -4 -2 2 X

-2

Domain: [-8, «); range: [-2, 1)U[2, )

34.

3s.

36.

37.

if x<1
if1<x<4

re={b]

e—0 |- q(l,-2)

— (4. —8)

Domain: (—eo, 4];

range: {, -3,-2, -1, O}U[—S, —2]

2x+3 ifx<-2
f(x)= x+1 -2<x<l1

—x+3 ifx>1

Domain: (—eo, o); range: (—o, 2]

2x+1 ifx<-1
f(x)=12x+1 -l<x<2
x+2 ifx>2

, (2,5)/,
\ — 2.4
(—1,3) @7

1

|
-1/0
,1)%})_

s e
I

D w
I

N -
o —
Ny
D -
=

L1
—3-2
(-1

-3

Domain: (—eo, e); range: (—1, )

The graph of fis made up of two parts.
For x <2, the graph is made up of the half-line
passing through the points (-1, 0) and (2, 3).
3-0 3
= — = 1
2-(-1) 3
y—O=x—(—1):y:x+1

m=

(continued on next page)
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66 Chapter 1 Graphs and Functions
(continued) 40. The graph of fis made up of four parts.
For x > 2, the graph is a half-line passing fh(;t)icl Sh_tlzl’e thSiI%::I()EZI ¥ (;l;zr}llgl(f;jnz)p assing
through the points (2, 3) and (3, 0). & 3 Op 3 ’ e
0-3 m=—— =_-
m=—3_2=—3 _4_(_2) 2
y=0=-3(x-3)= y=-3x+9 y—Oz—%(x—(—Z))::»y=—%(x+2):>
Combining the two parts, we have 3
i - y=——x-3
S (x)= {f;x1+ 9 12 : 22 :
= For =2 <x <0, the graph is a line segment
38. The graph of fis made up of two parts. passing through the points (=2, 0) and (0, 3).
For x <2, the graph is made up of the half-line __3-0 _3
passing through the points (2, —1) and (0, 3). 0-(-2) 2
3-(-1) 4
= 052)=_—2=—2 The y-intercept is 3, so y=%x+3.
y=-2x+3 For 0 < x <2, the graph is a line segment
For x > 2, the graph is a half-line passing passing through the points (0, 3) and (2, 0).
through the points (2, —1) and (4, 0). 0-3 3
-1-0 1 =50 2
m=——=—
2-4 2 ) ) 3
y—0=l(x—4):>y =lx—2 The y-intercept is 3, so y = —Ex+3
. 2 h 2 h For x > 2, the graph is the half-line passing
Combining the two parts, we have through the points (2, 0) and (4, 3).
—2x+3 ifx<2 _
1 me3-0_3
/(x)= J%=2 ifx22 4-2 2
y—0=§(x—2):>y=§x—3
39. The graph of fis made up of three parts. 2 2

For x <=2, the graph is the half-line passing
through the points (—2, 2) and (=3, 0).
0-2 -2

= =_—1_

"S-
y=0=2(x—(-3))= y=2(x+3)=
y=2x+6

For —2 <x <2, the graph is a horizontal line
segment passing through the points (-2, 4)
and (2, 4), so the equation is y = 4.

For x > 2, the graph is the half-line passing
through the points (2, 1) and (3, 0).
=35"
y-0=—(x-3)= y=—x+3

m -1

Combining the three parts, we have
2x+6 ifx<-2

f(x)=14 if —2<x<2
-x+3 ifx=2

Combining the four parts, we have

3
=——x-3 ifx<-2
YT
y=%x+3 if —2<x<0
f(x)=

y=—%x+3 if0<x<2

y=%x—3 ifx>2

Applying the Concepts

41. First, convert 7.5 inches to centimeters.

7.5 in. = 2.54 cm/in. X 7.5 in. =19.05 cm
Now apply the equation.
H =0.920x+145
=0.920(19.05) +145 =162.526 cm
Convert 162.526 cm to ft.
162.526 om = 162.526 cm x —1— L1t
254 cm 12in.
=533 ft = 5’4"
Answers may vary slightly due to rounding.
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Section 1.6 A Library of Functions 67

42.

43. a.

44. a.

45. a.

First, convert 9 inches to centimeters.
9 in.=2.54 cm/in. X 9 in. = 22.86 cm

Now apply the equation.
H=0.85x+155
=0.85(22.86)+155=174.431 cm
Convert 174.431 cm to ft.
174431 cm = 174431 em x — 1% LTt
254 cm 12 in.
=5.72 ft=58.67" =5'9”
Answers may vary slightly due to rounding.

X
T =35

Domain: [0,c0); range: [0, o).

3
3)=———=0.0887
/0 33.81
This means that 3 oz = 0.0887 liter.

12
12) = —=— = 0.3549 liter.
=535 e

B(0)=-1.8(0)+212=212.

The y-intercept is 212. This means that
water boils at 212°F at sea level.
0=-1.82+212=h=117.8

The A-intercept is approximately 117.80.
This means that water boils at 0°F at

approximately 117,800 feet above sea level.

Domain: closed interval from 0 to the end
of the atmosphere, in thousands of feet.

98.6=-1.81+212= h=063.

Water boils at 98.6°F at 63,000 feet. It is
dangerous because 98.6°F is the
temperature of human blood.

P(0)=%(0)+1=1.

The y-intercept is 1. This means that the
pressure at sea level (d=0) is 1 atm.

0=Ld+1:>d=—33.
33

Because d can’t be negative, there is no
d-intercept.

P(0) =1 atm; P(10) = %(10)“ ~1.3 atm;
P(33) = %(33) +1=2 atm;

P(100) = %(100) +1=4.03 atm.

46.

47.

48.

49.

5=Ld+1:>d=132 feet
33
The pressure is 5 atm at 132 feet.

V(90) = 1055 +1.1(90) = 1154 ft/sec

The speed of sound at 90°F is 1154 feet per
second.

1100=1055+1.1T = T = 40.91°F
The speed of sound is 1100 feet per second
at approximately 40.91°F.

C(x) = 50x + 6000

The y-intercept is the fixed overhead cost.
C

6300
6250
6200
6150
6100
6050
6000
5950 &

T T T T

11,500 = 50x + 6000 = 110

110 printers were manufactures on a day
when the total cost was $11,500.

The rate of change (slope) is 100. Using
point-slope form, (10, 750):
y—750=100(p-10)=

y—=750=100p -1000 = y =100p — 250
The equation is f(p) =100p —250.

f(15)=100(15)-250 =1250
When the price is $15 per unit, there are
1250 units.

1750 =100p — 250 = p = $20.

1750 units can be supplied at $20 per unit.
R =900-30x

R(6) =900-30(6) = 720

If you move in 6 days after the first of the
month, the rent is $720.

600=900-30x= x=10
You moved in ten days after first of the
month.
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50. a.

b.

51. The rate of change (slope) is

Let # = 0 represent July 2020. Then

September 2020 is represented by ¢ = 2.

The rate of change (slope) is

6.07 —2.69
2-0

form, y-2.69=1.69(t-0)=

y=1.69+2.69= f(t)=1.69¢+2.69

=1.69. Using the point-slope

November 2020 is represented by ¢ = 4.
/(4)=1.69(4)+2.69=9.45

If the trend continued, there were 9.45
million confirmed case in November 2020.

13=1.69t+2.69=10.31=1.69% =t =6.1
If the trend continued, the number of
confirmed cases was approximately 13
million six months after July 2020, or in
January 2021.

10040
20-80

Using the point-slope form,
y—lOOz—(x—ZO):>y—lOOz—x+20:>
y=-x+120

Now solve 50 = —x+120 = x =70.

52. a.

53. a.

b.

Age 70 corresponds to 50% capacity.

2
=—(5)(60) =24
Y= (5)(60)
The dosage for a five-year-old child is 24
mg.
2

60=—(60)a=a =125

25

A child would have to be 12.5 years old to
be prescribed an adult dosage.

The rate of change (slope) is
50-30 2

420-150 27’

The equation of the line is

2
—30="(x-150)=
y 27(x )

2
== (x—=150)+30.
y 27(x )

1210

2
== (350-150)+30= y=—— =~ 448
y 27( ) =y >

There can’t be a fractional number of deaths,

so round up. There will be about 45 deaths
when x = 350 milligrams per cubic meter.

54.

5S.

e

70=%(x—150)+30:>x=690

If the number of deaths per month is 70, the
concentration of sulfur dioxide in the air is

690 mg/m3 .

The rate of change is % The data point

givenis | 0, 3H 0, ﬂ
12 12

The equation is
47 47
§-0)= L(S ——S+—
o 3( )= y=L(S) -

L(4) _—(4)+4—;=5 25

A child’s size 4 shoe has insole length 5.25
inches.

57 1 47 107 1

5=—==Xx+—=2—=-x=
10 3 12 60 3
x=m=5.35
20

A child whose insole length is 5.7 inches
wears a size 5.5 shoe.

T
5000 |-

4000 |~
3000 [~
2000 |~
1000 |-

] | ] | |
20,000 40,000 60,000 x

(i) T(12,000) = 0.04(12,000) = $480

(ii)

7(20,000) = 800 + 0.06(20, 000 — 20,000)
= $800

(iii)
7(50,000) =800+ 0.06(50,000 —20,000)
=$2600
@i 600=0.04x= x=3$15,000
(i) 1200 =0.04x = x = $30,000 , which
is outside of the domain. Try
1200 = 800 + 0.06 (x — 20,000)
400 = 0.06 (x —20,000)
6666.67 = x — 20,000 = x = $26,667

@iii) 2300 =800+ 0.06 (x — 20,000)
1500 = 0.06 (x — 20,000)
25,000 = 20,000 =
x = $45,000
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56. a. To find the each part of the piece-wise
function, apply the process shown in
Example 7 using the data points (0, 5), (1,
4.5),(2,3.6), (3,2.3), (4, 1.2), (5, 0.5), and

(6, 0).
Between (0, 5) and (1, 4.5):
m= 4.5°3 =-0.5;

1-0

y—5=—0.5(x—0):>y=—0.5x+5
Between (1, 4.5) and (2, 3.6):
= 3.6-45 _ ~0.9;
2-1
y—45=-09(x —1) =y=-09x+54
Between (2, 3.6) and (3, 2.3):
= 2.3-36 _ 13
3-2
y—3.6=—l.3(x—2)=>y=—1.3x+6.2
Between (3, 2.3) and (4, 1.2):
= 1.2-23 L
4-3
y—2.3=—l.1(x—3):>y=—1.1x+5.6
Between (4, 1.2) and (5, 0.5):

y—12= —0.7(x—4):> y=-0.7x+4
Between (5, 0.5) and (6, 0):

;= 0-0.5 — 05
6-5

y-0=-05(x-6)= y=-0.5x+3
-0.5x+5 if0<x<l1
-09x+54 ifl<x<2

f(x)= -1.3x+6.2 if2<x<3,
-1.1x+5.6 if3<x<4
-0.7x+4 ifd<x<5
—-0.5x+3 ifS5<x<6

b. f(2.5)=-1.3(2.5)+6.2=295

After two and a half months, there are 2.95
gallons remaining in the lake.

Beyond the Basics
57. 2(3)-1=a-3(3)=5=a-9=a=14
58. 1-3=3a+3=-2=3a+3=-5=3a>

a=-=

3
59. a. Domain: (—oo,0) ; range: [0,1)

b. The function is increasing on (n, n + 1) for
every integer n.

¢ f(=x)=—-x-[-x]#—-f(x)# f(x), sothe

function is neither even nor odd.

60. a. Domain: (—eo,0)U[l,0)

1 .
range: {— :n#0,n an 1nteger}
n

b. The function is constant on (1, n + 1) for
every nonzero integer n.

c. f(—x)=m¢—f(x)¢f(x), so the

function is neither even nor odd.
61.a. (i) WCI(2)=40
(ii)
WCI(16) =91.4+(91.4-40)
. (0.0203(16) ~0.3044/16 — 0.474)
=21
(iii) WCI(50)=1.6(40)-55=9

b. (i) -58=91.4+(91.4-T)
-(0.0203(36) — 0.304+/36 — 0.474
~58=91.4+(91.4—T)(~1.5672)
~58=91.4—143.24+1.5672T
~58 =-51.84+1.5672T = T = —4°F

(i) —-10=1.6T —55= T =~ 28°F

62.a. C(x)=15(f(x)—1)+55
=15(=[-x]-1)+55

b. C(23)=15(-[-23]-1)+55
=15[-(-3)-1]+55
=15(2)+55=85

It will cost 85¢ to mail a first-class letter
weighing 2.3 oz.

C

1.30

1.15

. 1.00

£ 085

2070 o—e
0.550—e

|

I\

Weight (0z)
63. C(x)=2[x]+4

150 ifx <100

64. a. C(X)={o.2[[x_1oo]]+150 ifx >100
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70 Chapter 1 Graphs and Functions

b. 9
190

180
Z 170
@]

160

150

4 L1 1 1 1 1
50 100 150 200 250 300 x

Miles driven

c. 190=0.2[x-99]+150
40 = O.2[[x - 99]] =200 = [[x - 99]]
Because 200 is the greatest integer less than
x—=99, 299 < x <300.
Between 299 and 300 miles were driven.

Critical Thinking/Discussion/Writing

65. D 66. C

67. a. Iffis even, then fis symmetric about the
y-axis. So fis increasing on (—ee, —1) and

decreasing on (-1, 0).

b. If fis odd, then fis symmetric about the
origin. So fis decreasing on (—eo, —1) and
increasing on (-1, 0).

68. a. Iffis even, then f'has a relative maximum
atx =—1 and a relative minimum at x = —3.

b. Iffis odd, then fhas a relative minimum at
x =—1 and a relative maximum at x = 3.

69. f(;;):%"c'
70. f(x)zx_Tl)C'

71. f(x)z [[x+0.5]]
72. f (x) = [[x]] + [[—xﬂ +1
Getting Ready for the Next Section

For exercises GR1-GR4, refer to section 1.3 in your
text for help on completing the square.

2
GRI. x2+8x+(§) = x> +8x+16=(x+4)

2
GR2. x2—6x+(gj =x2—6x+9=(x-3)

GRa3.

GR4.

GRS.

GRé.

GR7.

GRS.

GRO.

GR10.

GR11.

GR12.

, 4 (1 4)2 , 4 4 ( 2)2
X" t=—x+|--—| =X t+t-Xxt+—-=[x+—-
5 57725 5

If we add 3 to each y-coordinate of the graph
of f, we will obtain the graph of y = fix) + 3.

If we subtract 2 from each x-coordinate of the
graph of £, we will obtain the graph of

y=flx+2).

If we replace each x-coordinate with its
opposite in the graph of £, we will obtain the

graph of y = fl—x).

If we replace each y-coordinate with its
opposite in the graph of £, we will obtain the

graph of y = —f(x).

o S
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Section 1.7 Transformations of Functions 71

1.7 Transformations of Functions

Practice Problems

g(x0)

The graph of g is the graph of f'shifted one
unit up. The graph of /4 is the graph of f'shifted
two units down.

The graph of g is the graph of f'shifted one
unit to the right. The graph of 4 is the graph of
f'shifted two units to the left.

3. The graph of f(x) =+/x—2+3 is the graph
of g(x)= Jx shifted two units to the right
and three units up.

y
z : fx) = m L3
40— /
. -
T _— _——
1 ok
L
frzadsex

4. The graph of y =—(x- 1)2 +2 canbe
obtained from the graph of y = x? by first

shifting the graph of y = x? one unit to the

right. Reflect the resulting graph about the
x-axis, and then shift the graph two units up

5. The graph of y =2x — 4 is obtained from the
graph of y = 2x by shifting it down by four
units. We know that

YE1=y ify<o.

This means that the portion of the graph on or
above the x-axis (y 2 0) is unchanged while
the portion of the graph below the x-axis

(¥ <0) is reflected above the x-axis. The graph

of y= |f (x)| =|2x - 4| is given on the right.

Y Y
1 ’\_
— 0,4)

S b
L

~ 8(x)

B fx)

IR N I S
of 1 2 3 45 6 x

The graph of g is the graph of fstretched
vertically by multiplying each of its
y-coordinates by 2.

yA (0.3)
3 (1,3)
1,0 /1] (4.0
L1 _|(2|)| |
—4-3-2-10"1 2 3 47X
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72 Chapter 1 Graphs and Functions

8. Start with the graph of y = Jx . Shift the

graph one unit to

graph vertically by a factor of three. Shift the

the left, then stretch the

resulting graph down two units.

Yy

9, YA
6__
3.4) T
3h 21
y=f(x) 31
2__
(-5,0) 1T(-1,0)
— )
-6-5-4-3-2-1 \1\23 45 %
27 (3.-2)

Shift the graph one unit right to graph

y= f(x - 1).

(-2,4)
y=fx-1)
(-4, 0)

(S IE S, o))
AN

[(0,0)

+ 345 %

“4.-2)

Compress horizontally by a factor of 2.

Multiply each x-coordinate by % to graph

y=f(2x-1).

Compress vertically by a factor of %

Multiply each y-coordinate by % to graph

y=5/f(2x-1).

YA

6 =+

5 4+

4 4+

1,27

y=3f2x =1 AT

(=2,0) [(0, 0)

—6-5-4-3-2-1 _W

ol @D

Shift the graph up three units to graph
y=1/(2x-1)+3.

YA
LT

y=3f@x-1)+3 AT
2.3/ o
2N

1 4

nnnnnnnnnnn

y=f(x)=y=f(x-1)>y=r(2x-1)>
)’=%f(2X—1)=>y=%f(2x—l)+3

10. The equation is
v(r)=10°(3? = 2) = 900010002,
The graph is obtained by stretching the graph

of y= 2 vertically by a factor of 1000,

reflecting the resulting graph in the x-axis, and
then shifting the graph 9000 units up.

¥
10,0004=
‘,000-—\
L0 L N
-5 A 1012 N4 57
~5,000—
—10,000 ~

—15,000—
—20,000

Concepts and Vocabulary

1. The graph of y = f(x)—3 is found by
vertically shifting the graph of y = f(x) three
units down.

2. The graph of y = f(x+5) is found by
horizontally shifting the graph of y = f(x)
five units to the left.

3. The graph of y = f(bx) is a horizontal
compression of the graph of y = f(x) is b is
greater than 1.
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Section 1.7 Transformations of Functions 73
4. The graph of y = f(-x) is found by b. The graph of 4 is the graph of freflected
reflecting the graph of y = f(x) about the about the y-axis.
y-axis. 15. a. The graph of g is the graph of freflected
bout the x-axis.
5. False. The graphs are the same if the function about Hhe A-axis
is an even function. b. The graph of 4 is the graph of freflected
about the y-axis.
6. True
16. a. The graph of g is the graph of f'stretched
7. False. The graph on the left shows y = x? vertically by a factor of 2.
first shifted up two l}nits and then reﬂectc?d b. The graph of & is the graph of f compressed
about the x-a;ns, while the graph on the right horizontally by a factor of 2.
shows y - reﬂecte.d about the x-axis and 17. a. The graph of g is the graph of f vertically
then shifted up two units. stretched by a factor of 2.
Y.
o b. The graph of 4 is the graph of fhorizontally
Y compressed by a factor of 2.
18. a. The graph of g is the graph of f'shifted two
T units to the right, then one unit up.
K b. The graph of 4 is the graph of f'shifted one
/ unit to the left, reflected about the x-axis,
10 and then shifted two units up.
8. True 19. a. The graph of g is the graph of freflected
about the x-axis and then shifted one unit
Building Skills up.
. . b. The graph of 4 is the graph of freflected
% a. Th.e graph of g is the graph of / shifted two about the y-axis and then shifted one unit
units up. up.
b. Th.i graph of /i the graph of fshifted one 20. a. The graph of g is the graph of f'shifted one
unit down. unit to the right and then shifted two units
10. a. The graph of g is the graph of f'shifted one up.
unit up. b. The graph of 4 is the graph of f'stretched
b. The graph of / is the graph of f'shifted two vertically by a factor of three and then
units down. shifted one unit down.
11. a. The graph of g is the graph of fshifted one 21. a. The graph of g is the graph of f'shifted one
unit to the left. unit up.
b. The graph of 4 is the graph of f'shifted two b. The graph of 4 is the graph of f'shifted one
units to the right. unit to the left.
12. a. The graph of g is the graph of f'shifted two 22. a. The graph of g is the graph of f'shifted one
units to the left. unit left, vertically stretched by a factor of
. . 2, reflected about the y-axis, and then
b. The graph of his the graph of fshifted shifted 4 units up.
three units to the right.
) ) b. The graph of 4 is the graph of f'shifted one
13. a. Thg igr;lpthfg is the 'griip h of f shifted one unit to the right, reflected about the x-axis,
unit left, then two units down. and then shifted three units up.
b. ThF: graph of & is the grgph of f'shifted one 23. e 2. ¢ 5. ¢ 26.
unit right, then three units up.
27. 1 28. 29. b 30.
14. a. The graph of g is the graph of freflected ! a
about the x-axis. 31. 1 32. f 33. d 34. j
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74 Chapter 1 Graphs and Functions
35. o . f(x)=x>+2
8- y
6~ gL
6_
4 L
2_
| | | | | | L1 1 I% | |
—6—4—2\2/2 4 6 X -8-6-4-7,] 2468 %
=222 4l
8-
36.
42. f(x)=x"-1
y
8_
6_
4_
2_
[
-8-6-4-2,/2 4 6 8 X
41—
6_
37. y 8-
4_
2 = 1
L1 |g(X)| |XT1 43. f(x)==+1
420 2 4 6 8 x X
-2 y
4 i
6
38. y 3K
4r <t | [ TT
oL 864%_2 468 %
[ [T B _al
—i=2 0 2 4 6 -
_2_
—44 g(x) = \/)C——4 *8%
1
39, f(x) =] +2 “. f(x)=—-2
y )7
8 oy -
6— 6x_
ab 4t
[
[ I O I I N | W I |
8-6-4-2 | 2468 X 864-2,[\ 468 %
40. f(x)=|x-1 _6\_
y 2
8_
6_
4_
2_
I | I .|
—8—6—4—22\[2 468 %
4
,6_
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Section 1.7 Transformations of Functions 75
45. Yy 49. Yy
10— oy
8 6
61 4
4+ 2 h(x) = Ix + 1l
Sl L1 1 L1 1
—6-4-20] 2 4 6 «x
L1 | | ok
—-6-4-20 4 6 x
= — 3)°
—6 fo) =@ -3 50. Yy
g 8 hx) = v — 21
6_
—-10
4_
46. y
L1 [
IOL 6420 2 4 6=x
8 -2
61— -4
o) = (x + 23
= 51 f(x)=(x+1)
[ [
—-6-4£20 2 4 6 x
72_
_4_
_6_
_8_
| 1
2 4 X
47. f(x)= x—1
y
6_
4_
2_
3
=0z 4 6 § % 52. f(x)=(x-3)
72_ )
8_
48. f(x)=+/x+2 or
y 4
8t oL
or 20 7 4 6 8
— X
4+ L
2/
! / [ R —4r
—-4-20 2 4 6 8
ol -6
_8_
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76 Chapter 1 Graphs and Functions
1 _ .3
53. f(x)= 58. f(x)=-x
x=3 y
Y N
8_
6 6L
4_
2+ 4r
[ | 5L
“8-6-4-2, % 4 6 8 %
4t T 0\2 4 %
-6 oL
8
74_
54. f(x)= ! —6r
x+2 —8k
Y.
8_
59. f(x)=2x2
4_
b
A i
6_
_4_
4_
8 2
=0 2 4
—4 — X
55. f(x)=+—x —2F
y
6 1,
Ak 60 f(x)=§x
2+ y
1 1 1 1 1 8
-8 =6 4 —2 0] 2 =x 6L
_2_ 4_
2_
56, (x)=—Vx S
y —2r
2_
| 1 I | | 61 f(x)=2|x|
-2 0N2 4 6 8 =x
) Y
_4_ 8_
—6F 6
4_
57. f(x)=-x7 J
. R
2t —2r
1 | | I
—4 2 2 4 x
2_
_4_
76_
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Section 1.7 Transformations of Functions 77
1 y
62. f(x)= §|x| 61
V. 4+
8 L
6 —
L 1 L 1 L 1
4 S 0[] 2 416 8 =x
2r -2
1 | | | | 1
—8—6—4—-20 2 4 6 8 X
ok —4

63. f(x)=(x—-2)"+1
Start with the graph of f (x)=x?, then shift

it two units right and one unit up.

64. f(x)=(x-3)"-5
Start with the graph of f (x)=x?, then shift

it three units right and five units down.

65. f(x)=5-(x-3)°
Start with the graph of f (x)=x?, then shift

it three units right. Reflect the graph across
the x-axis. Then, shift it five units up.

66. f(x)=2-(x+1)’
Start with the graph of f (x)=x?, then shift

it one unit left. Reflect the graph across the
x-axis. Shift it two units up.

67. f(x)zx/x+l -3
Start with the graph of f(x)=+/x, then shift

it one unit left and three units down.

y
4_
2+

1 | 1 1 |

-2 OM x
74_

68. f(x)=\/x—2 +1
Start with the graph of f(x)=+/x, then shift

it two units right and one unit up

6

RNl

-2 0 2 4 6 8
72_
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Chapter 1 Graphs and Functions

69. f(x)=+1-x+2

70.

71.

72.

Start with the graph of f (x) =Jx , then shift

it one unit left. Reflect the graph across the y-
axis, and then shift it two units up.

N/O\ o =
T

[ B B I
-8 -6 -4 -2 0 2 X
oL

f(x)=—vx+2-3
Start with the graph of £ (x)=+/x, then shift

it two units left. Reflect the graph across the x-
axis, and then shift it three units down.
y
2 -

L
-4 -2 0 2 4 6 X
_2._

\‘Z:\)

f(x)=|x—l|—2
Start with the graph of f(x)=|x|, then shift it

one unit right and two units down.

8

6_

4+

2_I [ |
A2 468 %
—4

—6
—8

f(x)= —|x+3|+l
Start with the graph of f(x)=|x|, then shift it

three units left. Reflect the graph across the
x-axis, and then shift it one unit up.
y

6_
4_
ﬂx):*|x+3|+12
[ 1/\1»(z [
—8—6 /4 — 2 4
/ —4
_6_

73. f(x) =

74.

75.

! +3

x—1

Start with the graph of f (x)= l, then shift it
X

one unit right and three units up.

)7
SL
6_
4_
ﬁ‘
L1 L1
—8-6-4-2,[|2 4 6 8 %
-4
-6
-8
1
X=2-
f( ) x+2

Start with the graph of f (x)= l, then shift it
x

two units left. Reflect the graph across the
x-axis and then shift up two units up.

|
oo
|
ok
|
~F
|
OOG\JkNo\\NJkO\OOV-

f(x)=2(x+1)" -1
Start with the graph of f(x)=x?, then shift

it one unit left. Stretch the graph vertically by
a factor of 2, then shift it one unit down.
y

8
6
4
2

1
-4 -2\JB| 2 4 =%
72_
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Section 1.7 Transformations of Functions 79

76. f(x)=§(x+1)2 +2

Start with the graph of f (x)=x?, then shift

it one unit left. Compress the graph vertically
by a factor of 1/3, then shift it two units up.
y

~ O

1 2

77. f(x)=2—5(x—3)

78.

79.

Start with the graph of f (x) = x?, then shift

it three units right. Compress the graph
vertically by a factor of 1/2, reflect it across
the x-axis, then shift it two units up.

y

2_
1 /I\l 1

-2 0/ 2 4\6 8 «
-2

6_
8_

f(x)=1-3(x=3)°
Start with the graph of f (x) = x?, then shift
it three units right. Stretch the graph vertically
by a factor of 3, reflect it across the x-axis,
then shift it one unit up.
y
4 —
2 —

f(x)=2Jx+1-3
Start with the graph of f(x)=+/x, then shift

it one unit left. Stretch the graph vertically by
a factor of 2, and then shift it three units
down.

80. f(x)=+2x-2+1

81.

82.

Start with the graph of f(x)=+/x, then shift

it two units right. Compress the graph
horizontally by a factor of 1/2, and then shift it
one unit up.

y

f(x)==2]x-1+2
Start with the graph of f (x) = |x|, then shift it

one unit right. Stretch the graph vertically by a
factor of 2, then reflect it across the x-axis.
Shift the graph up two units.

f(x)z—%|3—x|—1

Start with the graph of f(x)=|x|, then shift it

three units left. Compress the graph vertically
by a factor of 1/2, then reflect it across the y-
axis. Reflect the graph across the x-axis, and
then shift the graph down one unit.

Y

4+

2+
| | L1 1
_8_6_4_207}4<j

=2

~ 4+

—6+

—8F
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Chapter 1 Graphs and Functions

83.

8s.

87.

89.

91.

92.

93.

95.

96.

97.

y=x3+2 84.
y=—|x| 86.
y=(x-3)>+2 88.

y=—x+3-2 90.

y=3(-x+4)° +2

y=—(—x+1)3+1

y=—[2x-4/-3 94.

y=~x+3
y=i=

y=—(x+2)2

(=1,6)

(=3,4)

(=1,-3)

4, -5)

98.

99.

100.

101.

102.

(—4,5) y

I I I

I T

X
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103. " @.10) 109. a. y
6 (5.5)

(=1,6)

N\

104. Y

’_/.(5’ K

105. y
7
(=2,3)
N I
X
106. | | 7P
| X
;/(%fﬂ
/_ (%’74)
(-2,-6) |
107. y

:
I

108.

110. a.

6 (5.5)
4_
(1,3)
y=lgW|
oo
I I VA I
—6 -4 -2 0 2 4 6 «x
LL 6o
y
8._
6._
(=4, 4)
(3,2)
2._
| | | | | |
—6 —4 2&% 4 6 x
74._
(1, =4
Ol y=sw
78_
(5, —8)
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82 Chapter 1 Graphs and Functions
111. a. Y b. Y
6_
(10, 4)
4_
2,2 (-3,2)
ZAN N
1 1 I/ | 1 1 1 1
-12 _f/ of 4\s 12 % -4 -2 8 X
-2+ (6,-D
(=8,-2)
b. Y 114. a. Y
6_
(=3,4)
1,2
L2
| | A | 1 | |
x -4 -2 2 6 8 «x
1. -2+
1,-1) ©. =2)
112. a. Y b.
6 6 y = [g()|
—2.5,4 (=34
( )4 Al
(1,2) (6,2)
(-05,2) - 2—/\/
-1,1
1 1 1 \ 1 1 1 ¢ I) 1 1 1 1
—6—4?{0246;( -4 -2 0 2 4 6 8 X
72_ 72_
(-1.5,-1) 2, -2)
b. M 115. a. Y
6 y=lgW) (-5,7) 8
(-2.5,4)
41 6 (2,5)
(2,2

113. a. y L
6 4, —5)
6.4
4r y
22) b- = e
2_/\ L
| | A | | | |
2,5
-4 -2/0 2 6 8 x 2.5 @,5)
Y I R
(-3.-2)
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Section 1.7 Transformations of Functions 83
116. a. Y b. y
o (39 g4 bpas
4 B (-
[ L1
2F / X
30 [
X —
Applying the Concepts

119. g(x)= f(x)+800
b. 46 120.  h(x)=1.05/(x)

4((),& 121, p(x)=1.02(f (x)+500)
. T , C[L1f(x) if £ (x) <30,000
D Y 122. g(x)_{l.OZf(x) if £ (x)=30,000

123. a. Shift one unit right, stretch vertically by a
—4r factor of 10, and shift 5000 units up.
c

5030
5025
é 5020
El 5015
£ 5010
<< 5005
5000
4995

117. a. C(x)

YT T T T T T 1771

4 | | | | |
1 2 3 4 5 x
Number of employees

b. C(400)=5000+10~/400-1=3$5199.75

124. a. For the center of the artery, R = 3 mm and
r=0.

v=1000(3? - 0%) = 9000 mm/minute

b. For the inner linings of the artery,
R =3 mmand =3 mm

»=1000(3” =37) =0 mm/minute

¢. Midway between the center and the inner
linings, R =3 mm and » = 1.5 mm

»=1000(3” ~1.5%) = 6750 mm/minute

118. a. 7 125. a. For the center of the artery, R =2 mm and
(39 Fpay C=1750.

v=750(22 ~0?)=3000 mm/minute

|
RENE * b. For the inner linings of the artery,
(*7”1): R=2mmand »=2 mm

v= 750(22 - 22) =0 mm/minute
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84 Chapter 1 Graphs and Functions
c¢. Midway between the center and the inner 129. The graph shows the number of hours of
linings, R =2 mm and » = 1 mm darkness.
242 . y
v=750 (2 -1 ) = 2250 mm/minute 5E ) 12, 14)
126. a. Shift one unit left, reflect across the x-axis, 312 o 12
and shift up 109,561 units. 0 6.1
¥ (6, 10)
109,600 |
2z I
= 109500 of 2 4 6 8 10 127
5 109400
g 109300 Beyond the Basics
2 109,200
'09’100,_| Ll 130. The graph is shifted one unit right, then
4 8 12 16 20p reflected about the x-axis, and finally reflected
Price (cents) about the y-axis. The equation is
b. 69,160 =109,561—(p +1)> g(x)=/(1-x).
40,401 = (p +1)? 131. The graph is shifted two units right and then
201= p+1= p=200¢=$2.00 reflected about the y-axis.
5 The equation is g(x)= f(-2-x).
c. 0=109,561-(p+1)
109,561=(p + 1)2 132. Shift two units le?ft, then 4 units down.
331=p+1= p=330¢=$3.30 L
127. Write R(p) in the form —3(p — h)? +k : 3
R(p)==3p* +600p =-3(p* ~200p) A W S
Complete the square 7S s oL 30X
=-3(p% —200p +10,000) + 30,000 Al
=-3(p —100)* +30,000 s
sk
To graph R(p), shift the graph of y = p2 100
units to the right, stretch by a factor of 3, 133, f(x)=x>—6x= (xz —6x+ 9) -9
reflect about the x-axis, and shift by 30,000 )
units up. =(x-3)"-9
hift th its right, th i .
128. The first coordinate gives the month; the Shift yt ree units right, then 9 units down
second coordinate gives the hours of daylight. 20k
From March to September, there is daylight sk
more than half of the day each day. From
September to March, more than half of the or
day is dark each day. B
y e NIRRT R
sk A
p s
; B (6,2) -10F
ECOA NG
(U 4 6 8 12t _ .2 _ (.2
_2 _.(}L/_' 5 \%.2) 134, f()=—x"+2r=—(x"-2x+ 1) +1
’ =—(x-1%+1

Shift one unit right, reflect about the x-axis,
then shift one unit up.

(continued on next page)
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Section 1.7 Transformations of Functions 85
(continued) 138.  f(x)=-2x"-8x+3=-2 (x2 + 4x) +3
i = 2(x? +4x+4)+3+2(4)
L = 2(x+2) +11
Ll 1 iNC 11
—4=3—2-1¢[ 1 A3 45 6x Shift two units left, stretch vertically by a
L factor of 2, reflect across the x-axis, then shift
3 eleven units up.
- y
~r
-7+ /\\:
I I WA
135. f(x)=-x*—-2x= —(x2 + 2x+1)+1 B AR n NI
=—(x+1?+1 -8
Shift one unit left, y i
reflect about the i o
x-axis, then shift —20r
it up. L1t N 1
one umit up =6 SIONT % 139, f(x)=-2x"+2x—1=-2(x" ~x)-1
L = 2(x? = x+0.25)-1+2(0.25)
sk =-2(x? - x+025)-05
s = 2(x-05)*-0.5
) ) Shift 0.5 unit right, stretch vertically by a
136. f(x)=2x"-4x= 2(x -2x+ 1) -2 factor of 2, reflect across the x-axis, then shift
— 2(x _ 1)2 ) 0.5 unit down.
Shift one unit ’;_ [
right, stretch 61 1234560
vertically by a 5
factor of 2, then 4
shift two units B
down. -
RN SN AR
*4*3*2*17? 1 345 6ux
_2 —
-3
137.  f(x)=2x>+6x+3.5 140. y

=2(x? +3x)+3.5

=2(x? +3x+2.25)+3.5-2(225)

=2(x+1.5)° -1
Shift 1.5 units left,
stretch vertically

by a factor of 2,
then shift one unit

¥
8
7
6
5
down. }
| L

LW s N d 0O O

o
iy
o
=

141.

ES
&
i
+_

Q&

N —o
I
Y.
w
b
=
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86 Chapter 1 Graphs and Functions

142.

143. y
1¢
9
8
7
1
L |1
-5 -3 -10 1 3 5x
144.
145.

Critical Thinking/Discussion/Writing

146. a. y = f(x+2) is the graph of y = f(x)
shifted two units left. So the x-intercepts
are—1-2=-3,0-2=-2,and2-2=0.

b. y=f(x-2) is the graph of y = f (x)
shifted two units right. So the x-intercepts
are—1+2=1,0+2=2and2 +2=4.

c. y=—/(x) is the graph of y = f (x)

reflected across the x-axis. The x-intercepts
are the same, —1, 0, 2.

d. y=f(-x) is the graph of y = f (x)
reflected across the y-axis. The x-intercepts
are the opposites, 1, 0, 2.

147.

148.

y = f(2x) is the graph of y = f (x)
compressed horizontally by a factor of 1/2.
The x-intercepts are —%, 0, 1.

y= f(%x) is the graph of y = f(x)
stretched horizontally by a factor of 2. The
x-intercepts are -2, 0, 4.

y = f(x)+2 is the graph of y = f (x)
shifted two units up. The y-intercept is
2+2=4,

y = f(x)—2 is the graph of y = f (x)
shifted two units down. The y-intercept is
2-2=0.

y=—f(x) is the graph of y = f (x)
reflected across the x-axis. The y-intercept
is the opposite, —2.

y = f(=x) is the graph of y = f (x)
reflected across the y-axis. The y-intercept
is the same, 2.

y=2f(x) is the graph of y = f (x)
stretched vertically by a factor of 2. The
y-intercept is 4.

y :%f(x) is the graph of y = f(x)
compressed horizontally by a factor of 1/2.
The y-intercept is 1.

y:f(x+2) is the graph of y:f(x)
shifted two units left. The domain is
[-1-2,3-2]=[-3, 1]. The range is the

same, [-2, 1].
y = f(x)—2 is the graph of y = f (x)

shifted two units down. The domain is the
same, [—1, 3]. The range is

[-2-2,1-2]=[-4, -1].

v =—/(x) is the graph of y = f (x)
reflected across the x-axis. The domain is
the same, [—1, 3]. The range is the

opposite, [-1, 2].
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Section 1.7 Transformations of Functions 87

149.

&

y = f(—x) is the graph of y = f (x)
reflected across the y-axis. The domain is
the opposite, [-3, 1]. The range is the

same, [-2, 1].

y=2f(x) is the graph of y = f (x)
stretched vertically by a factor of 2. The
domain is the same, [—1, 3]. The range is

[2(=2). 2()]=[-4 2]

y =7/ (x) is the graph of y = f(x)
compressed horizontally by a factor of 1/2.
The domain is the same, [-1, 3]. The range

s[5 40)-[1.4]

y=/f(x+2) is the graph of y = f(x)
shifted two units left. So the relative
maximum is at x =1 —2 =—1, and the
relative minimum is atx =2 -2 =0.

y = f(x)—2 is the graph of y = f (x)
shifted two units down. The locations of the
relative maximum and minimum do not
change. Relative maximum at x = 1,
relative minimum at x = 2.

y=—f(x) is the graph of y = f (x)
reflected across the x-axis. The relative
maximum and relative minimum switch.
The relative maximum occurs at x = 2, and
the relative minimum occurs at x = 1.

y = f(—x) is the graph of y = f (x)
reflected across the y-axis. The relative
maximum and relative minimum occur at
their opposites. The relative maximum
occurs at x = —1, and the relative minimum
occurs at x =-2.

y=2f(x) is the graph of y = f (x)
stretched vertically by a factor of 2. The
locations of the relative maximum and
minimum do not change. Relative
maximum at x = 1, relative minimum at
x=2.

= %f(x) is the graph of y = f'(x)
compressed horizontally by a factor of 1/2.
The locations of the relative maximum and
minimum do not change. Relative

maximum at x = 1, relative minimum at
x=2.

Active Learning

150. a.-b. Refer to the app using the QR code in

your text.

Getting Ready for the Next Section

GR1.

GR2.

GRa3.

GR4.

GRS.

GRé.

GR7.

GRS.

GRO.

(5x2+5x+7)+(x2+9x—4)=6x2+14x+3

x2+2x) (6x —2x+5) 6x> +x2+5

(
(5x2+6x 2) (3x2—9x+1)=2x2+15x—3
(x3+2) (2x +5x— 3)=—x3—5x+5

(

X — )(x +2x+4)
=x*+2x% +4x-2x> —4x -8
=x*-8
(x2+x+1)(x —x+1)
=xt o el o e —x+1
=xt+x?+1
2x-3
f(x)=x2—5x+6
The function is not defined when the
denominator is zero.
X -5x+6=0=(x-2)(x-3)=0=>x=2,3
The domain is (—ee, 2)U(2, 3)U(3, ).

-2
f(x):xxz—4

The function is not defined when the
denominator is zero.

X —4=0> (x+2)(x-2)=0> x=-2,2
The domain is (—ee, —2)U (-2, 2)U(2, ).

f(x)=+2x-3

The function is defined only if 2x — 3 > 0.

2x—320:>2x23:>x2%

The domain is [%, oo).
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88 Chapter 1 Graphs and Functions
1 Interval Test Value of Result
GR10. x)= .
/() \5-2x point —2x+8
The function is defined only if 5 — 2x > 0. 2 +1
5—2x>0=>—2x>—5=>x<§ (_00,4] 0 8 +
1
The domain is (—oo, %j [4’ °°) 5 13 -
The solution set is [4, o).
x-1
GRI11. <0
x-10 orua, FIEY
First, solve x—1=0= x=1 and T (x=5)(x+1)
x-10=0=x=10. Set the numerator and denominator equal to
So the intervals are zero and solve for x.
(=e°, 1),(1, 10), and (10, ). (x=3)(x-1)=0=x=3,1
Interval Test —1 | Result - = =5 -
sotnt Value of x—1 (x 5)(x + 1) 0=>x=5,-1
X = The intervals are (—oo, —1), (—1, 1],
(—oo, 1) 0 & + [1, 3], [3, 5), and (5, =). Note that the
4 original fraction is undefined for x =—1 and
(1, 10) 5 3 - x =5, so those points are not included.
10, =) 15 % 4 Interval Tgst Value of Result
point | (x-3)(x-1)
Note that the fraction is undefined if x = 10. (x _ 5)(x n 1)
The solution set is (1, 10).
15
-3 (=2 = 1) -2 7 *
GR12. 5> 0 S
(1-x) (-1 1] 0 -5 -
Set the denominator equal to zero and solve |
for x. [1, 3] 2 9 +
2
I-x)" =0=x=1 3
( ) [3, 5) 4 -5 _
The intervals are (—eo, 1) and (1, o).
(5. ) 6 2 +
Interval Test Value of Result
point -3 The solution set is (—eo, —1)U[L, 3]U(5, ).
2
1- .. .
(1-x) 1.8 Combining Functions;
(==, 1) 0 -3 - Composite Functions
(1, =) 2 -3 - Practice Problems
There is no solution. The solution set is . . s (x) S3x-1, g (x) 249
GR13, 2 +18 <0 (f+2)(x)=r(x)+g(x)
X+ 2
=Bx-1)+(x2+2
Set the numerator and denominator equal to ( * ) (x )
zero and solve for x. =x?+3x+1
2x+8=0=-2x=-8=x=4 (f-2)(x)=f(x)-g(x)
x> +1=0 has no real solution. =(3x-1)- (x2 + 2)
The intervals are (oo, 4] and [4, o). 243523
(continued on next page)
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Section 1.8 Combining Functions; Composite Functions 89

(continued)

2.

3.

4.

(/2)(x)=f(x)-g(x)
= (3x-1)(x* +2)
=3x> x> +6x-2

(1)(@: f(x) _3x-1

g g(x) X242

f(x)zxjx—l, g(x)Z\/3—x
The domain of /is [1, ) and the domain of g
is (—eo, 3]. The intersection of Dyand Dy,
D,ND, =[1,3].
The domain of fg is [1, 3].

S

For the domain of =, we must exclude from
g

D, N D, those values where
g(x)=3—x =0. Thus, the domain of < is
[1,3). ¢
For the domain of ?, we must exclude from
D, N D, those values where
£ (x)=+x—1=0. Thus, the domain of % is
a, 3].
f(x)=-5x, g(x)=x?+1

a. (fog)(0)=1(2(0)=-5(2(0))

=—5(0>+1)=-5

b. (g0/)(0)=2(/(0)=[£(0)] +1
= (-5-0)* +1=1

f(x)=2—x, g(x):2x2+l

a. (gof)(@)=g(/(¥)=2(f(x) +1
=2(2-x) +1
22(4—4x+x2)+1
=8—8x+2x> +1
=2x>—8x+9

b. (fog)(x)=r(g(x))=2-g(x)

=2—(2x2+1)=1—2x2

A

ANB

c. (gog)(x)= g(g(x))zZ(g(x))2 +1
2(2x2+1)2+1
=2(4x4 + 42 +1)+1

=8x* +8x% +3

f(x)=\/x+1, g(x)=ﬁ

Let A={x|g(x) is defined}.
g(x) is not defined if x = 3, so
A=(—0,3)U(3, o).

Let B={x| f(g(x)) is defined}.

f<g<x>>=m=g+l

_\/2+x—3_\/x—1
NV ox-3  \x-3
f(g(x)) is not defined if x =3 or if

x—1

<0.

x-3
x—-1=0=x=1

Interval Test Value of Result
point x—1
x—3
1
1, 3) 2 -1 -
(3, =) 4 3 +
£ (g(x)) is not defined for [1, 3), so
B =(-o0, 1]U(3, ).
| | | | A |
-1 0 1 2 3 4
| | " | & |
-1 0 1 2 3 4
| | " | & |
-1 0 1 2 3 4

The domain of fog is
AN B =(—e0, 1]U(3, o).

f(x)zx/;; g(x)=3—x
fog=\glx)=3-x

fog isnotdefinedif 3—x<0=3<x or
x>3. fog isdefined for x <3. Thus, the
domain of fog is (—ee, 3].
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90 Chapter 1 Graphs and Functions

7. f(x)=\/ﬁ, g(x

The function g(x)=+4-x? is defined

for 4—x>>0= x> <4=-2<x<2. So,
A4=[-2,2].

The function f (g (x)) is defined for

Va-x2-120=V4-x* 21>

4-x? 213’2322 <3>

~B<x<B
So, B=[—\/§, «/5]
A . ! | | It |
-2 -1 0 1 2 3
B | ol | | ol |
-3 -1 0 1 32 3
ANB | gl | Lo |
-3 -1 0 1 32 3
The domain of fog is
ANB=[-3,43].

b (g0/)(x)=2(/ (x)) ={4=(/ (x))°
:\/4—(x—1) =5-x
The function f (x)=+/x—1 is defined for

x—120=x2>1. So, A:[l, oo).

The function g (f(x)) is defined for

5-x20=52x, orx<5. So,

B =(—, 5.
A ! 6 | | | |
0 1 2 3 4 5
B ! | | | ! o
0 1 2 3 4 5
ANB ' 6 ' ' ' 5
0 1 2 3 4 5
The domain of go f is ANB=[1, 5].

8. H(X)Zﬁ, g(x)=v2x? +1

To get f (x) from the defining equation for H,

replace the letter H with f'and then replace the
expression chosen for g(x) with x. Thus,

H (x) becomes f(x)= Ly
x

g(x) 24
9. f(x)zZ—xz; g(x):3x—l

First compute the component related to the
average rate of change of the inner function.

g(-1)=3(-1)-1=—-4 and
g(2)=3(2)-1=5.

ARC of g from Clto2-8@)-s()

2-(-1)
_S-(4) 9,
3 3

To compute the component related to the
average rate of change of the outer function,
we need to use the range for fas from

g(-1)=—4 to g(2)=5. We have
f(~4)=2-(-4)" =-14 and
f(5)=2-5%=-23.
ARC of f from g (-1)=-4to g(2)=5
_SO)-S(A) _23-(14) -9 _
5—(-4) 9 9
Finally, we can compute the average rate of

change of the composite function as
ARC of fog from —1to 2

= (ARC of f from g (~1)=—4 to g(2) =5)
-(ARC of g from —1to 2)
=-1.3=-3

10. 2. CBR =0.32(11.55+144.84g)

Because g is constant over the whole time
period, the woman will burn the calories at
the same rate given by the equation.

CBR =0.32(11.55+144.84-0.03) = 5.09

The exercise lasts 1 hour, so she will burn
60-5.09 = 305 calories.

b. Express g as a piecewise function:
0.02 if0<¢<10
g(t)=10.05  if10<r<40
0.04 if 40 < <60
On each of the intervals, the woman will
burn calories at a different rate. That rate

can be computed based on the main
formula as follows.

(continued on next page)
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Section 1.8 Combining Functions; Composite Functions 91
(continued) 3. The composition of the function f with the
function g is written as f o g and is defined
0.32(11.55+144.84-0.02) = 4.62
if0<r<10 by fog(x)=/(g(x))
~]0.32(11.55+144.84-0.05) = 6.01 ) ) )
CBR (1) = {10 <1< 40 4. The domain of the composite function f o g
0.32 (1 1.55+ 144.8:l . 0_04) ~5.55 consists of those values of x in the domain of
if40<£<60 g for which g (x) is in the domain of f.

11. a.

12. a.

Taking into account the length of the
intervals, estimate the total number of
burned calories:

4.62(10)+6.01(30)+5.55(20) = 338 cal.

A=97m> =97 (6)° = 324x
The area covered by the oil slick is
3247 =1018 square miles.

r(x) =x-4500
d (x) =x—0.06x =0.94x

i. (rod)(x)=r(dx)=d(x)-4500
=0.94x - 4500

This represents the price of a car when the

dealer’s discount is applied first and then

the manufacturer’s rebate is applied.

ii. (dor)(x)=d(r(x))=d(x-4500)
=0.94(x —4500)
=0.94x—-4230

This represents the price of a car when the

manufacturer’s rebate is applied first and

then the dealer’s discount is applied.

(dor)(x)=(rod)(x)

=(0.94x —4230) - (0.94x — 4500)

=270
This equation shows that any car,
regardless of its price, will cost $270 more
if you apply the $4500 rebate first and then
the 6% discount.

Concepts and Vocabulary

1.

(f-8)(x)=1(x) g (x)

2. The domain of the function f+ g consists of

those values of x that are common to the
domains of fand g.

False. For example, if f (x)=2x and
g(x)=x?, then

(fo2)(x)=f(g(x)= s (x*)=2x7, while
(g0 /)(x)=g(/ (x))=g(2x)=4x>.
True

False. The domain of f-g may include

g(x)=0, but the domain of £ cannot

g
include g(x)=0.

8. True
Building Skills

9. (f+g)(-2)=r(2)+g(-2)=1+2=3
10. (f+2)(2)=r(2)+g(2)=-2+(-1)=-3
1. (f-g)@)=r(4)-g@)=-2-1=-3
12. (f-g)-1)=s(-1)-g(-1)=1-(-4)=5
13. (f-g)(-)=s(-1)-g(-1)=1-(-4)=—4
14. (f-2)(2)=7(2)-g(2)=-2:(-1)=2
16. (5(2):%::—?:2

17. (fog)()=/(s(1)=r(-2)=1

18. (gof)(1)=g(r(1)=g(-2)=2

19. (fog)(-3)=/(2(-3)=s(0)=0

20. (gof)(-3)=2(/(-3))=g(1)=-2
2l.a. (f+2)(-1)=f(-D+g(-1)

=2(-)+—(-)=—2+1=-1
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Chapter 1 Graphs and Functions

22. a.

23.

24.

[£L)p-L0-

. (f-2)(0)= f(0)- g(0)=2(0)— (-0)=0
. (fe)R)=r
.(1] _SO_20

f(2)-8(2)=2(2)-(-2)=-8

Cg) -1

(f+&)(=1)=/(=D+g(=1)
=(1-(1?)+(-141)=0

g

. (F-28)(0)=f(0)-g(0)

=(1-0H)-(0+1)=0

- (f2)(2)=1(2)-2(2)

=(1-2%)-2+1)=-9

nH 1-1?
.(1}0 SO _1-17 _
g g(l) 1+1

- (fre)=1)=f(=D+g(-1)

S +(2(-1)+1)=0

-1+2
- (F-2)(0)=7(0)-(0)
=m%?—@mﬁﬂ=%?4
- (/8)2)=7@ 22
=¢$3%%D+U=§
ﬁ 13

g g) 2)+1 33 9

. (f+g)()=f=D+g(=1)

-1

- (-1)? —6(-1)+8

IR S

+(3-(-1)

. (F-2)(0)=f(0)~-g(0)

0
= _(3-0)=-3
02—6(0)+8( )

- (f2)(2)=f2)g2)

=;.(3_2)=2.1:>
~6(2)+8 0

the product does not exist.

25. a.

26. a.

27. a.

- 1
a [1)@).ﬂn 12 U

A

28. a.

1

1
g 2(1) 3-1 "6

f+g=x"+x-3; domain: (oo, c)

f-g=x-3-x*=-x*+x-3

domain: (—ee, o)

[rg=-3x" =x" =327
domain: (—oo, o)

S_x _23; domain: (—eo,0) U (0, )
g x

g
f x=3

; domain: (—0,3) U (3,)

ft+g= x2+ 2x —1; domain: (—oo,o0)

f-g=2x-1-x*=—x*+2x-1

domain: (—ee, o)

frg=Qx—x*=2x" —x%
domain: (—ee, o)

f2x

g x

2
£ T . domain: (—oo,l)U(l,oo)
f 2x-1 2)°\2

f+g=(x3—1)+(2x2+5)=x3+2x2+4

domain: (—ee, o)

; domain: (—eo,0) U (0, o)

f—g=(x3 —1)—(2x2 +5):x3 —2x2 -6
domain: (—ee, )
fg=(x"=1)(2x7 +3)

=2x° +5x° - 2x% -5

domain: (—ee, o)

i_ ¥ -1
g 2x%+5

;domain: (—oo, o)

2x% + .
== 15 ;domain: (—ee, 1)U (1, )

+g=(x2—4)+(x2—6x+8)

=2x? —6x+4;
domain: (—ee,o0)
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Section 1.8 Combining Functions; Composite Functions 93

29.

30.

31.

f—gz(x2 —4)—(x2 —6x+8)=6x—12
domain: (—ee, )

f-g =(x2 —4)(x2 —6x+8)
= x* —6x® +4x? +24x-32
domain: (—ee, o)

S P-4 (x+2)(x-2) x+2
g X2 —6x+8 (x—2)(x—4) x—4
The denominator of the original fraction
equals 0 if x =2 or x = 4, so the domain is

(—=,2)U(2,4) U (4,20).

g _ x2—6x+8 3 (x—2)(x—4) _x—4
f xZ -4 (x=2)(x+2) x+2
The denominator of the original fraction
equals 0 if x =-2 or x = 2, so the domain is

(=0, =2) U (=2,2) U (2, ).

f+g=2x+ Jx —1; domain: [0,0)
f—-g=2x- Jx - I; domain: [0,e0)

frg=Qx—DVx =2x/x —/x

domain: [0,o0)

A = 2x—1; domain: (0, %)

g x

£ Jx ; the numerator is defined only
f 2x-1

for x > 0, while the denominator = 0 when

x= l, so the domain is {0,1)U(l,m).
2 2)72

f+g= x—1++/x; domain: [0,00)
f—g=x—1-+/x; domain: [0,c)

f-g= (x—l)\/;; domain: [0,e0)

L o221 Gomain: (0,0)

g Jx

5_ = ﬁ; the numerator is defined only
o x-1

for x > 0, while the denominator = 0 when

x =1, so the domain is [0, 1)U(1, ).
f+g=x—-6++x—3; domain: [3,e0)

f—g=x-6-+x-3; domain: [3,e0)

32.

33.

S g=(x—6)vx—3; domain: [3,%0)
L2225 - Gomain: (3,00)

g x-3

g x=3 .

== ; the numerator is defined only
f x-6

for x > 3, while the denominator = 0 when
x =6, so the domain is [3, 6)U(6, ).

f+g=x+2+1-x; domain: (—oo, 1]
f—g=x+2—\/m; domain: (—oo, 1]
fg =(x+2)\/m; domain: (-, 1]

== ; domain: (—eo, 1

P (=, 1)

g_ - x ; the numerator is defined only
[ x+2

for x <1, while the denominator = 0 when
x =-2, so the domain is (—e. —2)U(-2, 1].

2 1
f+g=1—m+;
_x(x+1)—2x+(x+1)
N x(x+l)
_x2+x—2x+x+1 B 2 +1
B x(x+1) B x(x+1)

domain: (—ee, —1)U(=1, 0)U(0, <o)

2 1
Uy
_x(x+1)—2x—(x+1)
- x(x+l)
_x2+x—2x—x—1 B x?-2x-1
B x(x+1) B x(x+1)

domain: (—ee, —1)U(=1, 0)U(0, <o)

(1_ 2 )l_(x+l—2)l
x+1)x U x+1 Jx

_(x—l)l_ x—1

T x+1 x_x(x+l)

domain: (—ee, —1)U(=1, 0)U(0, <°)

f-g
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94 Chapter 1 Graphs and Functions

x+1 x+1
domain (—00, —I)U(—l, O)U(O, o)
o g_ % _ i(.x-l'l) _ XT-H
R (_%))H.]) x+1-2
x+1
__x _ x+1
S x-1 x(x—l)
The denominator equals zero when x = 0 or
x =1, so the domain is
(=, =)U (=1, 0)U(0, 1)U(L, o).
34. a. f+g=(1—l)+l=1
x) x

Neither fnor g is defined for x = 0, so the
domain is (—e0,0) U (0, «).

b. f—g:(l—l)—lzl—g;

x) x x
domain: (—e0,0) (0, ).

Iyry 1 1 x-1
domain: (—e,0) U (0, o).

Neither fnor g is defined for x = 0, so the
domain is (—e0,0) U (0, ).

X x
Neither fnor g is defined for x = 0, and g/f
is not defined for x = 1, so the domain is

(==2,00 U (0,1) U (1, 20).

2 X 24+ x

f+g= + =
x+1 x+1 x+1

Neither fnor g is defined for x =—1, so the

domain is (—e0,—1)U (=1, ).

35. a.

2 X 2—x

b. —-g= - = .
U x+1 x+1 x+1
domain: (—eo,—1) U (=1, ).

36.

C.

a.

f.g=(x2+1)(lej=(xixl)2.

domain: (—eo,—1) U (—1,0).

2
S _x+l zg. Neither f nor g is defined
g X X
x+1
forx=-1,and f/g isnot defined for x =0,

so the domain is (—eo,—1) U (=1, 0)U (0,0).

x
S _xxl =2 Neither f nor g is defined
g 2 2

x+1
for x =—1, so the domain is

(=o0,~D)U (=1, o).

_4x+10
( )_ x+1

_5x-1,4x4+10 _9x+9
Sre= x+1 * x+1  x+1

_9(x+1)_9

x+1
Neither fnor g is defined for x =—1, so the

domain is (—eo,—1)U (—l, oo).

- :5x—1_4x+102x—11
& x+1 x+1 x+1

Neither fnor g is defined for x =—1, so the
domain is (—eo,—1)U(-1, o).

_5x—1 4x+10 _ 20x% +46x—-10
/8= D
Neither fnor g is defined for x = —1, so the
domain is (—eo,—1)U(~1, ).

S5x-1
i: x+1 _ S5x-1
g 4x+10 4x+10
x+1

Neither fnor g is defined for x =—1 and
f/g is not defined for x =—-5/2, so the

domain is

(—w,—g)u(—g, —1ju(—l, ).
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Section 1.8 Combining Functions; Composite Functions 95
4x+10 2x
e, & __x+1 _4x+10 g _x*-1_ 2x x+l
f 5x-1  5x-1 7T 2 2
x+1 xrl
Neither fnor g is defined for x =—1 and ) 7

g/ f isnot defined for x =1/5, so the

. 1 1
domain is (—w,—l)U(—l, g)U(g, W)~

2
x“ =1
fis not defined for x =—1, g is not defined
for x = +1, and f+ g is not defined for
either —1 or 1, so the domain is

(o~ DU(L UL, ).
2 2x xz(x—l) 2x
b, f-g=——- = -
/g x+l 21 xr-1 X2
x(xz—x—2)
2-1 x2-1
_X(X—Z)()C'l'l)_xz—zx
B (x—l)(x+1) - ox-1
f1is not defined for x =—1, g is not defined
for x ==+1, and f— g is not defined for 1, so
the domain is (—eo,—1)U (=1, 1)U(L, o).

_x3—x2—2x_

c. fg= x? 2x _ 2x°
x+l x2o1 Bax?-x-1
fis not defined for x =—1, g is not defined
for x = £1, and fg is not defined for either

—1 or 1, so the domain is
(=, =DU(=1 UL, o).
2
R 2 .2
d. S x+l o xT xT-1
g 2x x+1  2x
x? -1
_x(x—l)_xz—x
S22
fis not defined for x =—1, g is not defined
forx==+1,and f/g is not defined for
either —1, 0, or 1, so the domain is

(—oo, 1)U (=1, 0)U (0, )U(1, o).

- x(x=1) x2_x
Neither fnor g is defined for x =—1 and
g/ f isnot defined forx=0orx =1, so
the domain is

(=0, =1)U(=L0)U (0, )U(L, o).

38. f(x)— x—3 ;g(x)— x-3

X2 49x+420
x-3 x=3
+

x* =25 x?+9x+20

x=3 + x—3
(x—S)(x+5) (x+4)(x+5)
(x—3)(x+4)+(x—3)(x—5)

(x—S)(x+5)(x+4)
_x7+x—12+x7 —8x+15

x> +4x? —25x-100
_ 2x2 - 7x+3
x> +4x% —25x-100

fis not defined for x =—5 and x =5, g is not
defined for x =—4 and x =—5, and f+ g is
not defined for —5, 5 or —4, so the domain

is (o0, =5)U(=5, —4)U (-4, 5)U(5, ).

_x2—25

S+g=

f-g= x-3 _ x-3
¥2 =25 x2+9x+20
x—-3 x—3

- (x—S)(x+5) (x+4)(x+5)

(x—3)(x+4)—(x—3)(x—5)

(x—5)(x+5)(x+4)
_x2+x—12—(x2—8x+15)

x® +4x? =25x-100
_ 9x—27
x> +4x* —25x-100
fis not defined for x =—5 and x =5, g is not
defined for x =—4 and x =—5, and f+ g is
not defined for —5, 5, or —4, so the domain

is (—oo,=5)U(=5, —4)U (-4, 5)U(5, ).
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96 Chapter 1 Graphs and Functions
c. f-g= §_3 = x—3 40. f(x)=+x-2; g(x)=+x+2
x°=25 x"+9x+20
(x—3)2 a. f-g=-x-2-Jx+2=vx*-4
=72 2 f1is not defined for x <2, g is not defined
-2 2
(x 5)(x TOx 0) for x <—2. The domain is [2, o).
_ x2—6x+9
x* 4953 —5x% = 225x - 500 b, LoNx=2
fis not defined for x =—5 and x =5, g is not Vx+2
defined for x = —4 and x = —5, and fg is not fis not defined for x <2, g is not defined
defined for —5, 5, or —4, so the domain is for x < —2. The denominator is zero when
(=0, =5)U (=5, —4)U(-4, 5)U(5, ). x =-2. The domain is [2, =).
! X_ZS f(x)=\/)c+2;g(x)=\/9—x2
d. —=—%—22—
g 2)6;3 a. f-g=\/x+2-\/9—x2
X7 49x+20 ( N 5)( +4) fis not defined for x < -2, g is defined for
= x23  WWI)WrH)_x+4 [-3, 3]. The domain is [-2, 3].
(x—S)(x+5) x=3 x=5
fis not defined for x =—5 and x =5, g is not b, f Jx
s defined for x =—4 and x = —5, and f/g is not "
'®) defined for x = 3 and x = 5, so the domain is flS not deﬁned for x < -2, g is defined for
O (—eo,=5)U (=5, —4)U(—4, 3)U(3, 5)U(5, ). [-3, 3]. The denominator is zero when
-3 x =-3 orx = 3. The domain is [-2, 3).
2
= e. §=% 2. f(x)=Vx?—4; g(x)=+25-
: x* =25 a. f-g= x% - 25— x?
- -5)(x+5 - )
L = )SC 3 ) '(x )_(); )=x+i flsdeﬁnedforx5—20rx22,glsdeﬁned
(x + )(x + ) * * for [-5, 5]. The domain is
28] fis not defined for x =—5 and x =5, g is not [-5, -2]U[2. 5].
— defined forx=—4 and x=—5, and g/ is not
defined for x = —4 and x = 3, so the domain is b [ /2 —
(=, =5)U(=5, ~4)U(-4, 3) T g 1/25_x
UGB UGS, =). fis defined for x <2 or x > 2, g is defined
. B for [-5, 5]. The denominator is zero when
39. f(¥)=vx-1 g(x)=+5-x x =—5 or x = 5. The domain is
a. f-g=+Jx-1-4J5-x (-5, -2]U[2, ).
f1s not defined for x < 1, g is not defined B
for x > 5. The domain is [1, 5]. 43. (gOf)(x)—g(fz( )) 2f( )
=2(x?-1)+3=2x%+1
b LYol (gOf)(2)=g((f(2)))= 2/ (2)+3
g J5-x )
fis not defined for x < 1, g is not defined = 2(2 _1)+3 =9
for x > 5. The denominator is zero when o £)(=3) = “3) =27 (=3)+3
x =5. The domain is [1, 5). (g0/)(=3) g(f( 2)) /=3
=2((-3)?-1)+3=19
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44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

(g0 )()=2(/ (1) =3(/ (x))" 1
=3fe+ 1 —1=3]¢2 + 20 1)1
(g0N@=3(7Q)) -1
=32+1 -1=26
(g0 /)(-3)=3(7 (-3) -1
=3|=3)+1 —1=11
(£og)@)=7(2(2))=2[2(2)]+!
2(20° -3)+1=11

s(r@)=2r 7 -
=2(2(2)+1)* -3=47

(fog)(-3)=s(2(-3))=2(g(-3))+1
=2(2(—3)2 —3)+1=31

g(F(-=5)=2[1(-5)] -

=2(2(-5)+1)* =3=159

(go/)(2)

(go)(-5)

(fog)(=¢)=s(g(-c)=2(g(-¢))+1
- 2(2(—c)2 —3)+1= 4¢2 -5

(fog)le)=r(g(c))=2(g(c))+1

—2(2c2—3 +1=4c2 -5

g(f(a)=2[f(a)] -
2(2a+1)* -3

2(4a +4a+1) 3
=8a° +8a—1

)=g(/f(-a))= Z[f a)] -
2(2(-a)+1)* -
2
84>

—
0Q
(]
~
SN—"
—
a
SN—"
Il

(go f)(-

(4a2 —da+ 1)
—-8a—1

5S.

Section 1.8 Combining Functions; Composite Functions 97
(for)m=r(rm)=2(s( )
—2(2(1)+ ) +1=

56.

57.

58.

59.

60.

61.

<gog><—1)=g(g<—1>)=z<g<—1>)2—3

- 2(2(—1)2 - 3)2 —3=-1

f(x)=%; g(x)=10—5x

1
(fo8))=1 5
The domain of f o g is the set of all real
numbers such that 10—5x # 0, or x # 2. The
domain of fog is (—ee, 2)U(2, o).

()= gl =

1

o X)=
(fog)(x) Jx
The domain of fis the set of all real numbers
such that x # 0. The domain of g (x) is
[0, =). Therefore, the domain of f o g is

(0, ).

f(x)=x/;; g(x) =2x—-8
(fog)()=2x—3

The domain of f o g is the set of all real
numbers such that 2x—-8>0, or x> 4. The

domain of fog is [4, ).

f(x)=x g(x)=-x
(fog)(x)=+x

The domain of f o g is the set of all real
numbers such that —x >0, or x <0. The

domain of fog is (—e°, 0].

2 2 2 2x
o8 = 1T, T e
X X

The domain of g is (-0, 0) U (0, o). Because
—1 is not in the domain of f, we must exclude
those values of x that make g(x) =—1.

1 =-l=>x=-1

X

Thus, the domain of fog is

(=2, =)U(=1, 0)U(0, ).
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Chapter 1 Graphs and Functions

63.

64.

65.

66.

x+3
_ 1 _ x+3 __x+3
2-(x+3) —x-1 x+1

x+3

The domain of g is (—e0,—-3) U (=3, o). Because

1 is not in the domain of f, we must exclude
those values of x that make g(x) = 1.

2

x+3
Thus, the domain of fog is

(=0, =3)U(-3, —1)U(-1, ).

(fog)(x)=yg(x)-3
=J(2-3x)-3=+-1-3x

The domain of g is (—ee, ). Because f'is not

=l=2=x+3=x=-1

defined for (—eo, 3), we must exclude those

values of x that make g(x) < 3.

2—3x<3=>—3x<1=>x>—l
3
Thus, the domain of fog is (—w,—é].

g(x) 245y  2+5x

(fog)(x)= g(x)-1 (2+5x)—-1 1+5x
The domain of g is (—ee,0). Since f'is not

defined for x = 1 we must exclude those
values of x that make g(x) = 1.

2+5x=1:5x:—1:x:_%

Thus, the domain of fog is

s
(fog)(x)=|g(x)|= ‘xz - 1‘

domain: (—oe, o)

(fog)(x)=3g(x)-2=3]x-1]-2
domain: (—ee, e0)

67. 2. (fog)(x)=2(g(x))-3

=2(x+4)-3=2x+5
domain: (—ee, c0)
(gof)(x)=rs(x)+4

=(2x-3)+4=2x+1
domain: (—oo, o)

68. a.

69. a.

70. a.

(fof)(x)=2/(x)-3
=2(2x-3)-3=4x-9
domain: (—oo,0)
(gog)(x)=g(x)+4
=(x+4)+4=x+8
domain: (—oo, o)
(fog)(x)=g(x)-3
=Bx—-5)-3=3x-8
domain: (—eo, o)
(gof)(x)=3/(x)=5
=3(x-3)-5=3x-14
domain: (—ee, o)
(fof)(x)=7(x)-3
=(x-3)-3=x-6
domain: (—ee, o)
(g0g)(x)=3g(x)-5
=3(3x-5)-5=9x-20
domain: (—eo, o)

(fog)(x)=1-2g(x)
=1-2(1+x%)=-2x2-1

domain: (—ee, o)

(g0 /)(x)=1+(/ (x))
=1+(1-2x)? =4x> —4x+2
domain: (—oo, o)
(fof)(x)=1-2f(x)
=1-2(1-2x)=4x-1
domain: (—oo, o)

(g08)(x)=1+(g(x))"
=1+(1+xH)r=x*+2x2 +2

domain: (—eo, o)

(fog)(x)=2g(x)-3
=2(2x%)-3=4x>-3

domain: (—oo, o)

(g0 f)(x)=2(f (x)) = 22x-3)?
=8x% —24x+18
domain: (—ee, o)
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Section 1.8 Combining Functions; Composite Functions 99

71. a.

72. a.

(fof)(x)=2/(x)-3
=2(2x-3)-3=4x-9
domain: (—oo, o)

(g°8)(x)=2(g(x)" =2(2+7)

domain: (—ee, o)

(fog)(x)=2(g(x)) +3g(x)
=202x—-1)? +3Q2x-1)
=2(4x? —4x+1)+6x-3
=8x>-2x-1

domain: (—eo, o)

(gof)(x)=2f(x)-1
=2(2x% +3x)—1=4x> +6x—1
domain: (—oo, o)

2
=8x*

2
2(f (x)" +3/ (%)
2 2 2
- 2(2x +3x) +3(2x +3x)
- 2(4x4 +12x° +9x2)+ 6x2 +9x
=8x% +24x +24x2 +9x
domain: (—ee, o)
(gog)(x)=2(g(x)-1
=22x-1)-1=4x-3
domain: (—oo, o)

(fof)(x)

[ g(x ] + 3g
= (2x) +3(2x) = 4x + 6x
domain: (—ee, o)
(gof)(x)=2/(x)
=2(x% +3x)=2x2 +6x
domain: (—oo, o)

(o /)@ =Lr @] +37(x)
=(x +3x)2+3(x2+3x)
=x* +6x° +9x% +3x? +9x
=x*+6x° +12x2 +9x

domain: (—oo, o)

(gog)(x)=2g(x)=2(2x)=4x
domain: (—ee, o)

73. a.

74. a.

75. a.

=Le()]’ =(7) ==

domain: [0, <)

(g0./)(®) =7 () =Vx* =]
domain: (—oo, o)

(o N =[] =(*) ="

domain: (—eo, o)

(gog)(x)=Ag(x) =Wx =¥x

domain: [0, o)

(fog)(®)=[g(®)] +22(x)
=(«/F) +23x+2
=x+2+2Vx+2

domain: [-2, )

gof =\f +2—\/x +2x+2

domain: (—oo, oo)

(fon)=[/(x I +2/ (%)
= (x + 2)()2 + 2()62 +2x)
=x* +4x +4x? +2x% + 4x
=x*+axd v ox? +4x
domain: (—oo, o)

=\/g(x)+2 =m

domain: [-2, )

1 1

(f g)() 2g() 1 2(1)_1
2
1 x? _ x2
2-x? 2-x? 22
2

The domain of g is (—e0,0) U (0, ). Since

% is not in the domain of f, we must find

those values of x that make g (x)=1.

1 1
—2=—:>x2=2:>x=ix/§
X 2

Thus, the domain of f o g is

(en,—2)U(2.0)U(0.42)U (43, 0).
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100 Chapter 1 Graphs and Functions
1 1 2 f(x) x—1 x-1
b. (gOf)= = =(2x—1) b. (gof)(x)== = =
[f ()T 1Y (g0 )(x) f(x)+1 (x-D+1 x
2x -1 The domain of f'is all real numbers. Since g is
1 1 not defined for x = -1, we must exclude those
The domain of fis (—‘X’,E) U (E’ °°)- Since values of x that make f{x) =—1.
) ) ) x=1=-1=x=0
0 is not in the domain of g, we must find Thus, the domain of g o f is (=, 0)U (0, ).
those values of x that make f (x)=0.
However, there are no such values, so the c. (f o f)(x) = f(x) —l=(x-D)-1=x-2
domain of go f is (—oo ljU(l,ooj. domain: (o, )
2 2
x
1 1 (x) x+1
C. = = d. (gog)(x)=
(fof)(x) 2f(x)_1 5 1 _1 ( )( ) (X)+1 X o
2x—1 x+1
1 _2x-1 2x -1 _x
T2-2x+1 3-2xr  2x-3 __x+l _ X
A x+x+1 2x+1
2x—1 —_—
1 | x+1
The domain of f'is (—‘”,E) U (E’ °°). The domain of g is (—eo, —1)U(=1, ),
e . (_m,i) U (gg oo)’ while = is defined for
X— 2 2 1 1
so the domain of f o f is (_°°’ _E)U(_E’ °°)'
( l)U(l 3)U(3 ) The domain of go g is
—oo,— P _300 . 1
a2 (= =DV -HU(-4 =)
1 1
d. (gog)(x)z[ ( )]2: ) 2=x4 77. a. =11g(x)—1=\/\/4—x—1
X
& (xz) domain: (—ce, 3]
The domain of g is (—=,0) U (0, ), while
! gis (==2,0)U(0,°) b. (g0 /)(x W e
gog=x" is defined for all real numbers.
domain: [1, 17]
Thus, the domain of go g is
(—oo,O)U(O,OO) C. :\/f(x)—lzﬂ\/x—l—l
d in: |2, oo
76.9. (fog)(x)=g(x)-1=—~-1 omain: [2, <)
X
:x—(x+1):_ 1 d. (gog)(x)=44-g(x)=+4- Ja-x
' x+1 x+1 ' domain: [—12, 4]
The domain of g is (—eo,—1) (=1, ). Since
/s defined for all real numbers, there are no 78 _ 2 4
values that must be excluded. Thus, the - [g (x)] )
domain of fog is (e, —1)U(~1,00). - ( [4_ 2 ) 4=y
domain: [-2, 2]
Copyright © 2023 Pearson Education Inc.
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Section 1.8 Combining Functions; Composite Functions 101

°

79. a.

(g0/) () =\4-[r ()]
= 4—()62—4)2
domain: [—f,_\/fJu[\/E, \/g}
(o 1)) =L/ T 4= (- -4

= (x* -8x7+16)-4

=x*-8x2+12
domain: (—oo,0c0)

(gog)(x)=y4-[e(x)]

[\S]

domain: [-2, 2]

._.
|

e _1-35
g(x)+2 i—j+2
(-9

(543 +2)(x-4)

_ (x—4)—(x+3) __ 7
(x+3)+2(x—4) 3x-5

The domain of g is (—e0,4) U (4,0). The

(fog)(x)=

denominator of fog is 0 when x = %, SO

the domain of fog is
(= 3)U. AUt

RPVRNAC N A
(g f)() f(x)—4 %

3(x+2)  2x+7

1—x)—4(x+2) —S5x-7

The domain of fis (—eo, —2) U (-2, =°). The
denominator of go f is 0 when x = _%’

so, the domain of go f is

L

80. a.

The domain of fis (—eo, —2) U (-2, o). The
denominator of f o f is 0 when x = -5, so,

the domain of f o f is
(—oo, =5)U (-5, —2)U(-2,20).

_g()+3_ 543
(gog)( )_i(x)_“_ﬁ—
_ £343)(x-4)
- 4)(-4)

T 3x+19 3x-19
The domain of g is (—0,4) U (4,0). The

denominator of go g is 0 when x = %, SO

the domain of go g is

= V(8 U2

X
x+1)+2(x— ) 3x—-1
X

The domain of g is (—eo,1) U (1,0). The
denominator of f o g is 0 when x =2, so

the domain of fog is
(—eo, U(L, 2)U(2,0).
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102 Chapter 1 Graphs and Functions
1 x+2 +1 1+ x B _ B
b. (gof)(x):;gx;-i-l i;; Tx—O:>l+x—0:>x——l
x —_— EASLEL_Spun
x-3 Thus, the domain of fo g is
(m + 1)(x -3)
s (o= DU DU (L)
(ﬁ 1 (x - 3)
_(x+2)+(x—3)_2x—1 1+(1+1j 2_}_1
(x+2)=(x-3) 5 b. (gof)(x)= o —x X
The domain of fis (—ee, 3) U (3, ). The 1- (1 + j - x
X
denominator of go f isnever 0, so, the 2y +1
domain of go f is (—eo, 3)U(3, ). =T " —2x-1
> The domain of fis (—e,0) U (0,0). Since 1
fx)+2 _15+2 is not in the domain of find th
c. (fOf)(x)= =X > 18 not in the domain ot g, we must find those
f(x)-3 -3 values of x that make f{x) = 1.
(33 +2)(x-3) 1+l o
=T x x
(% -3 ) (x -3 ) There are no values of x that make this true,
_(x+2)+2(x-3) so there are no additional values to be
B (x+2)-3(x-3) excluded from the domain of g o f. Thus,
_3x-4 _ 3x-4 the domain of go f is (—0,0)U (0, o).
—2x+11 2x-11 ! !
. . X
The domain of fis (—ee, 3) U (3, ). The e (fof)(x)=1+ ; =1+x+1= +x+1
denominator of f o f is 0 when x = %, S0, 1+ ; T
the domain of fo f is _2x+1
x+1
(==, 3)U(3’ 1_21)U(1_21’°°)' The domain of /" is (—co,0)U(0,0).
2x+1
| is undefined for (—e0,—1)U(~1,0
d (gog)(x)zg(x)-l-l:x: e is undefined for (—eo,—1)U(—1,¢0),
g(x)-1 it so the domain of f o f is
(=1 +1)(x-1) (=eo,=)U(=L,0)U(0,=).
— x—1
(%—l(x—l) plrx 2 1
_ e+l 2x d (gog)(x)=—i=x-lzx___
+)-(x-1) 2 l_iﬂ lﬁ x
: : -x l-x
The domain of g is (—eo,1) U (1,00). The The domain of g is (—eo, 1)U (1, ),
i f i h
denorTunator 0 g.o g is never 0 so the while 1 is defined for (~so,0) U (0,59).
domain of go g is (—eo,1)U(1,%0). X
The domain of go g is
1 1-x (=2,0)U(0,1) U(1,0).
81. a. (fog)(x)=1+m=1+m
l-x 82. a. (fog)(x):%/(x3+l)+l:%/x3+2;
:1+X+1—X: 2 domain: (=00, 0)
1+x l+x 5
The domain of g is (—c<,1)U (1,%0). Because b. (g0/)(x)=(x+1) +1=x+2
0 is not in the domain of f, we must find domain: (—ee, o)
those values of x that make g(x) = 0.
c. (fof)(x)=3x+1+1;domain: (—eo,c0)
d. (gog)(x)=(x*+1)* +1;domain: (~eo, o)
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Section 1.8 Combining Functions; Composite Functions 103

83.

84.

85.

86.

87.

88.

89.

90.

The domain of fis (—eo, 3)U(3, e°). Because
the domain of g is [0, 6], the domain of

f og cannot extend beyond those values.
The value of g is 3 for (1, 3], so those values

are not in the domain of f o g. Therefore, the
domain of fog is [0, 1]U(3, 6].

The domain of /is (—eo, 2)U(2, ). Because
the domain of g is [0, 6], the domain of

f og cannot extend beyond those values.
The value of g is 2 for [0, 1], so those values
are not in the domain of f o g. Therefore, the
domain of fog is (1, 6].

The domain of fis (—ee, 3]. Because the
domain of g is [0, 6], the domain of fog
cannot extend beyond those values. g(x)>3

for x > 4, so the domain of fog is [0, 4].

The domain of fis [2, e°). Because the
domain of g is [0, 6], the domain of fog
cannot extend beyond those values. g (x)<2

for 3 <x <4, so the domain of fog is

[0, 3]U(4, 6].

22-2=2 ifo<x<l
(fog)=14>-2=14 ifl<x<3
32-2=7 if3<x<6
1-2%2=-3 ifo<x<l
(fog)=11-4>=-15  ifl<x<3
1-32=-8 if3<x<6
Lzl if0<x<1
2+2 4
11
=] == ifl<x<3
(Fee)=1717=% sy
L=l if3<x<6
2+3 5
1 .
— =1 ifo<x<l
1-2
(fog): L=—l ifl<x<3
1-4 3
Lol imscx<e
-3 2

In exercises 91100, sample answers are given. Other
answers are possible.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

H(x)=\x+2= f(x)=Jx,g(x)=x+2

H(x)=]3x+2|= f(x)=|x], g(x) =3x+2
H(x)= (x2 - 3)10 = f(x)=x"g(x)=x2-3
Hx) =\3x2 452 £(x)=x +5, 2(x) = 3>

H(x) =T1_5$ 1) =%,g(x) C3cs

H(x)zﬁ::»f(x)z%,g(x)=2x+3

H(x)=3x*-7= f(x)=Yx,g(x)=x> -7
Ho =4 1 x41= roo =45,

g(x)=x?+x+1
1 1

H(x)=m:»f(x)=m,g(x>=x3 -1
o

Hx) =31+Vx = f(x)=¥x,g(x) =1+x

f(x)z)c2 +2; g(x)=1—2x

First compute the component related to the

average rate of change of the inner function.

g(1)=1-2(1)=-1 and

2(2)=1-2(2)=-3.

ARC of g fromlto2=%
_3-(1)
S

To compute the component related to the

average rate of change of the outer function,
we need to use the range for fas from

g(1)=-1 to g(2)=-3. We have
f(-1)=(-1)> +2=3 and
f(-3)=(=3)+2=11.

ARC of f fromg(1)=-1t0o g(2)=-3

_S(B)-fE) 13
-3—-(-1) -2

=2

=4

(continued on next page)
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104 Chapter 1 Graphs and Functions
(continued) To compute the component related to the
. average rate of change of the outer function,
Finally, we can compute the average rate of
. . we need to use the range for f'as from
change of the composite function as Do 2= _3 b
ARC of fog from1to 2 g(1)=0 to g(2)=-3. Wehave
= (ARC of f from g (1) =—1to g(2)=-3) £(0)=0°+2=2 and
s i i
ARC of f fromg(l) =-1to g(2) =3
102. f(x)zl—xz; g(x)=1+3x =f(0)_f -3)
First compute the average rate of change of g 0- (—3)
fromx=-1tox=1. _2-(=25)
First compute the component related to the - 3 =9
average rate of change of the inner function. Finally, we can compute the average rate of
g(-1)=1+3(-1)=-2 and change of the composite function as
g(1)=1+3(1)=4. ARC of fog from1to2
(1)_ (_1) =(ARC of f fromg(1)=0 tog(2)=—3)
ARC of g from —1to 1=23/"8 -(ARC of g from 1 to 2)
1=(-1) =9.(-3)=-27
a-(d)_,
2 104. f(x)zl—x3; g(x):x2+1
To compute the component related to the ) h lated to th
average rate of change of the outer function, First computeft elrlcompofpel:lnt re ate futo t_ ©
we need to use the range for fas from average rate c; change of the inner function.
g(-1)=-2 to g(1)=4. We have g(-1)=(-1)"+1=2 and g(0)=0? +1=1.
2 ARC of g from —1to 0
f(=2)=1-(-2)"=-3 and
2)=1-02) _50)-g()_1-2__
f(4)=1-4"=-15. 0—(-1) 1
ARC of f fromg(-1)=-2tog(l)=4 To compute the component related to the
f(4) -f (_2) ~15-— (_3) average rate of change of the outer function, we
T4 (-2) - 6 -2 need to use the range for fas from g(-1)=2
Finally, we can compute the average rate of to g(0)=1. Wehave f(2)=1-2%=-7 and
change of the composite function as 3
ARC of fog from —1to 1 f)=1-1"=0.
= (ARC of fromg(—l) =-2to g(l) = 4) ARC of f fromg(—l) =2to g(O) =1
-(ARC of g from —1to 1) _f(2)—f(1)_—7—0__7
=-2.3=-6 B 2-1 1
Finally, we can compute the average rate of
3 . _ 2 >
103, f(x)=x"+2; g(x)=1-x change of the composite function as
First compute the component related to the ARCof fog from —1to 0
average rate of change of the inner function. = ( ARC of f from g(~1)=2to g(0) = 1)
g(1)=1-1=0and g(2)=1-2% =-3. .(ARC of g from —1 to 0)
2)-o(1 =-7(-1)=7
ARCofgfromltoZz% ( )
1
Copyright © 2023 Pearson Education Inc.
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Section 1.8 Combining Functions; Composite Functions 105

105.

106.

f(x)=$; g(x)=x2—1

First compute the component related to the
average rate of change of the inner function.

g()=12-1=0 and g(2)=27-1=3.

ARC of g from 1 to 2 = g(2)-2() _3-0
2-1 1
=3
To compute the component related to the
average rate of change of the outer function,
we need to use the range for f'as from

2(1)=0 to g(2)=3. We have

1 1 1 1
FO=g ™ /=577
ARC of f fromg(l)=0t0g(2)=3

1 1 3
_SO)-/B) a7 _28__ 1
0-3 -3 -3 28

Finally, we can compute the average rate of

change of the composite function as

ARC of fog from1to 2

= (ARC of f from g(1)=0 to g (2)=3)
-(ARC of g from 1 to 2)

S S
28 28

f(x)zﬁ; (x)=x%+1

First compute the component related to the
average rate of change of the inner function.

2(0)=0>+1=1and g(2)=2>+1=5.

ARC of g from 0 102 = £(2)=2(0) _5-1

2-0 2
=2

To compute the component related to the
average rate of change of the outer function,
we need to use the range for fas from

2(0)=1 to g(2)=5. We have

03573 =7

i3 )57
ARC of f fromg(O)zltog(2)=5

Finally, we can compute the average rate of
change of the composite function as
ARC of fog from0to 2
= (ARC of f from g (0)=1to g(2)=5)
-(ARC of g from 0 to 5)
1 2

2077 21

Applying the Concepts

107. a. f(x) is the cost function.

108.

109.

110.

b.

C.

g(x) is the revenue function.
h(x) is the selling price of x shirts
including sales tax.

P(x) is the profit function.

C(p) = 4x +12,000
= 4(5000 — 5p) +12,000
= 20,000 — 20 p +12,000
=32,000-20p

R(p) = px = p(5000—5p) =5000p —5p°>

P(p)=R(p)-C(p)
=5000p —5p> —(32,000—20p)
=—5p? +5020p — 32,000

P(x) = R(x)—C(x) =25x— (350 + 5x)
=20x-350

P(20) = 20(20) — 350 = 50.

This represents the profit when 20 radios
are sold.

P(x)=20x-350;500 = 20x - 350 = x =43

C-350

C=350+5x=x=
C-350

=x(C).

(Rox)(C)= 25(

This function represents the revenue in
terms of the cost C.

g(x)=0.04x

): 5C -1750.

h(x) is the after tax selling price of
merchandise worth x dollars.

f(x)=0.02/(x)+3

T(x) represents the total price of

merchandise worth x dollars, including the
shipping and handling fee.
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Chapter 1 Graphs and Functions

111. a.

b.

C.

112. a.

113. a.

114. a.

F(x)=0.7x
g(x)=x-5

(g0 f)(x)=07x-5
(fog)(x)=0.7(x-5)

(fog)—(gof)=0.7(x—5)—(0.7x—5)
=0.7x-3.5-0.7x+5
=3$1.50

f(x)=0.8x
g(x)=0.9x
(g0 /)(x)=0.9(x)=0.9(0.8x)=0.72x
(fog)(x)=0.8g(x)=0.8(0.9x)=0.72x

They are the same.

f(@)=11x;g(x)=x+8

(fog)(x)=1.1g(x)=1.1(x +8)
=1.1x+8.8

This represents a final test score, with the

original score represented by x, computed

by first adding 8 points to the original score
and then increasing the total by 10%.

(gof)(x)=f(x)+8=1.1x+8

This represents a final test score, with the
original score represented by x, computed
by first increasing the original score by
10% and then adding 8 points.

(f0g)(70)=1.1(70+8) =85.8;
(g0 £)(70)=1.1(70)+8 = 85.0;

(fog)(x)#(gof)(x)
(@ (fog)(x)=1.1x+8.8290= x>73.82
(i) (go f)(x)=1.1x+8290 = x 2 74.55

f(x) is a function that models 3% of an

amount x.

g(x) represents the amount of money that
qualifies for a 3% bonus.

Her bonus is represented by (f o g)(x).
200+ 0.03(17,500 — 8000) = $485

521=200+0.03(x —8000) = x = $18,700

115. a.

116. a.

f(x)= x’
g(x) = 7z(x +30)?

g(x)— f(x) represents the area between
the fountain and the fence.

The circumference of the fence is 27z (x + 30) .
10.5(277(x +30)) = 4200 =
7(x+30)=200=>
7x+ 307 =200 = 7x =200-307.
g(x)— f(x) = 7(x+30)% - zx>

= 77(x? + 60x + 900) — 77x>

= 607x +9007z. Now substitute

200 - 307z for zx to compute the estimate:
1.75[60(200 —3077) + 9007]
=1.75(12,000 - 9007) = $16,052.

F(x) =180(2x +8) + 77(x + 4)*
= 1440 +360x + 77(x +4)?

g(x) = 2x(180) + x> = 360x + 77x>

f(x)— g(x) represents the area of the
track.

;
}xﬂ 180 m

T T
I I
I I
| |
° 2x+ 8 ! 2x
| |
| |
L L

(i) First find the radius of the inner track:

900 =27x+360 = @2 x . Use this
T

value to compute f(x)— g(x).
)
V4 /4
2
= (1440 + 360(@j + n(@+ 4) ]
V4 V4
2
2o 2o 22|
V4 V4

2
= l440+360(m)+2ﬂ+2160+167z
V4 T

2
—360(@j _210
V4 V4
=3600+167 = 3650.27 square meters

(i) The outer perimeter

=360+ 272’(E+ 4) = 925.13 meters
T
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Section 1.8 Combining Functions; Composite Functions 107
117. a. (f o g)(t) =72t + 1)2 d. When you are looking for the domain of the
composition of two functions that are given
_ _ 2 as sets, you are looking for values that
b. AW)=/Ci+D) =72+ come from the domain of the inside
¢. They are the same. function and when you plug those values of
x into the inside function, the output is in
118.a. (fog)(r)= iﬂ'(th _ 27”3 the domain of the outside function.
3 3 f(g(-2))= £(0), which is undefined
b. V(1)= %7[(2t)3 = %ﬂﬁ /(2(0)=1(2)=1,
/(M) =r(-2)=3,
¢. They are the same. f (g (3)) = /(2)=1

119. a.

Beyond the Basics

When you are looking for the domain of the
sum of two functions that are given as sets,
you are looking for the intersection of their
domains. Because the x-values that fand g
have in common are —2, 1, and 3, the
domain of f+ g is {-2, 1, 3}. Now add the
y-values.

(f+g)(-2)=3+0=3
(f+g)()=2+(-2)=0
(f+g)(3)=0+2=2

Thus, f+g={(=2,3),(1,0), (3, 2)}.

When you are looking for the domain of'the
product of two functions that are given as
sets, you are looking for the intersection of
their domains. Because the x-values that f
and g have in common are —2, 1, and 3, the
domain of f+ g is {2, 1, 3} .Now multiply
the y-values.

(/2)(-2)=3-0=0

(f2)(1)=2-(-2)=4

(2)(3)=0-2=0

Thus, fg = {(-2, 0), (1, —4), (3, 0)}.

When you are looking for the domain of the
quotient of two functions that are given as
sets, you are looking for the intersection of
their domains and values of x that do not
cause the denominator to equal zero. The
x-values that f'and g have in common are
—2, 1, and 3; however, g(—2) = 0, so the
domain is {1, 3}. Now divide the y-values.

2

g

2
S o1 -
Thus, . {(1, -1), (3, 0)}.

Thus, fog={(0,1), (1 3), (3, 1)}.

120. When you are looking for the domain of the
sum of two functions, you are looking for the
intersection of their domains. The domain of f

is

[-2, 3], while the domain of g is [-3, 3].

The intersection of the two domains is [-2, 3],
so the domain of f'+ g is [-2, 3].

For the interval [-2, 1],
frg=2x+(x+1)=3x+1.

For the interval (1, 2)
ftg=(Cx+1D)+(x+1)=2x+2.

For the interval [2, 3],
frg=x+1)+(2x-1)=3x

Thus,
3x+1  if —2<x<1
(f+g)(x)={2x+2 ifl<x<2
3x if2<x<3.

121. a.

122. a.

S (=x) = h(=x) + h(=(=x)) = h(=x) + h(x)

= f(x) = f(x) is an even function.

g(=x) = h(=x) = h(=(=x)) = h(=x) — h(x)
=—g(x) = g(x) is an odd function.

{f(X) = h(x) + h(=x)

g(x) = h(x) = h(=x) =

S (xX)+g(x)=2h(x)=

hy = L8 [0 g0

2 2 2

h(x) is the sum of an even function and an
odd function.

h(x) = x?-2x+3= f(x)+g(x), where
F(x)=x%+3 (even), g(x)=—2x (0dd)

h(x)=[[x]]+x=>f(x)=w
w (0dd)

(even),

g =x+
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108 Chapter 1 Graphs and Functions
1— |x| Critical Thinking/Discussion/Writing
123, f(x)=,—
2~ 125. a. The domain of f(x) is (e, 0) U, ).
1-
/(x) is defined if 5 _||);|| >0 and 2-|x|#0. b. The domain of g(x) is [0, 2].
2—|x|=0:>2=|x|:>x=i2 c. The domain of f(x)+ g(x) is[1,2].
Thus, the values —2 and 2 are not in the f(x)
domain of f. d. The domain of ﬁ is[1,2).
g(x
1- |x| . .
i i B |yl > _
2 —|x| 20t |x| 20 and 2 |x| >0, orif 126. a. The domain of fis (—oo,0). The domain of
1-[x{<0 and 2-[x|<0. fof is @ because f0f=—1 and
Casel:1—|x|20 and 2—|x|>0. _
1= |x| 20=12 |x| = -lsxsl the denominator is the square root\(/)g
2-f>0=2>[x=>2<x<2 negative number.
Thus, 1- |x| 20 and 2- |x| >0=-l<x<l. b. The domain of fis (—e,1). The domain of
Case 2: 1- |x| <0 and 2- |x| <0. fof is (—,0) because
I-[d]<0= 1<y = (oo, ~1]U[L, =) fof= _ and the denominator
2|2 <0=5 2 < o] = (=e=, ~2)U (2, =) -
Thus, 1-|x|<0 and 2 —[x|< 0= vi=x
must be greater than 0. If x = 0, then the
(—eo, =2)U(2, o). denominator = 0.
The domain of fis 127. a. The sum of two even functions is an even
(=eo, =2)U[-L 1]U(2, o). function.
L i aei<o S()= f(=x) and g(x) = g(-x) =
124 f(0)=4_ | ifo<x<2 (f +&)x) = f(x) +g(x) = f(=x) + g(~x)
. =(f +g)(=x).
F()=x-1-2<x<2
1 f—2<x<0 b. The sum of two odd functions is an odd
()= =1=1-x ifo<x<l function. ol
" e, S(=x)==f(x) and g(-x) = ~g(x) =
(f+&)=x) = f(=x)+g(=x) == f(x) - g(x)
g(x) =/ (lxl) +[ () =—(f+
==/ +g)(x).
If -2<x<0, then
= 141=x = —x. c. The sum of an even function and an odd
g(¥) |x| " |x| * function is neither even nor odd.
If 0<x<l, then g(x)=(1-x)+(x-1)=0. £(x) even = f(x) = f(~x) and g(x) odd =
If1<x<2, then g(-x)=-g(x)= f(-x)+ g(-x) =
g(x)=(x=1)+(x-1)=2(x-1). /(x)+(—g(x)), which is neither even nor
Writing g as a piecewise function, we have odd.
=— if —2<x<0
g (x) _ |(;C| * i £0<x <xl d. The product of two even functions is an

2(x—1) if1<x<2

even function.

f(x)= f(-x) and g(x) = g(-x) =
(f-@)x) = [(x)-g(x) = f(-x)-(g(~x))
=(f - g)(~x).
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Section 1.9 Inverse Functions 109

e. The product of two odd functions is an
even function.

S(=x)=~f(x) and g(-x) = —g(x) =

(f - 2)(=x) = f(-x) g(=x) == f(x)- (-g(x))

=(f - &)

f. The product of an even function and an odd
function is an odd function.

f(x) even = f(x)= f(—x) and g(x) odd =

g=x)=-gx)=

S g(=0) = f(0)(~g(0)==( g)(x)
128. a. f(—x)=—-f(x)and g(—x)=—-g(x)=

(fog)(=x)=f(g(-x))= s (-g(x))=

—f(g(x))=> (fog)(x) is odd.

b.  f(x)=f(-x) and g(x) = g(-x) =
(fog)(-x)=1(g(-x)=r(2(x))=
(fog)(x) is even.

c¢. f(x)odd= f(—x)=—f(x)and
g(x) even = g(x) = g(-x) = (f o g)(-x)
f(g(@)=r(g(-x))=(fog)() is
even.

d. f(x)even= f(x)= f(—x) and g(x) odd =
g(-x)=-g(®) = (/o g)(-%) = / (-g(x))
=/ (g(x)=(fog)(-x)=(fog)(x) is
even.

Getting Ready for the Next Section

GR1.a. Yes, R defines a function.

b. S={(2,-3),(L-1),3,1), (1 2)}
No, S does not define a function because

the value 1 maps to two different second
values, —1 and 2.

GR2. The slope of PP’ = % = —1, while the

slope of y =x is 1. Because the slopes are

negative reciprocals, the lines are

perpendicular. The midpoint of PP’ is

(ﬁ, E) = (Z, z), which lies on the
2 2 2°2

line y = x. Thus, y = x is the perpendicular

bisector of PP’

GR3. x=2y+3:>x—3=2y:>x7_3=y

GRA4. x=y2+l,yZO:x—l=y2:\/x—1=y

GR5. x’+1y’ =4 x<0=x’=4-)’=
x=—\/4—y2

GR6. 2x—l=3:>—l=3—2x:>l=—3+2x:>

y y y

1.9 Inverse Functions
Practice Problems

1. Algebraic approach: Let x; and x, be two
numbers in the domain of the function.
Suppose f(x;)= f (x;). Then
x1—1=x2—1 xl—lz—x2+1
X1 =Xy x1=x2+2:

Xy =X — 2

This means that for two distinct numbers, x;

and x, =x, -2, f(x)=f(x,). Therefore, f

is not a one-to-one function.

Geometric approach: f(x)=(x— 1)2 is not

one-to-one because the horizontal line y = 1
intersects the graph at two different points.

3. f(x)=3x—1, g(x)sz-l-1

(fog)(x)=3g(x)—1=3(xT+l)_1=x

(gOf)(x)= f(x3)+l _ (3x—31)+1 .

Because f(g(x))=g(f (x))="x, thetwo
functions are inverses.
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COM
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(=4, -2)

—4
(=2, -4
/(x)=-2x+3 is a one-to-one function, so

the function has an inverse. Interchange the
variables and solve for y:
f(X)=y=-2x43=>x="2y+3=

3-x

SoErsr=l W=

Interchange the variables and solve for y:

fx)=y= xi3
y

X=——=xy+3x=y=3x=y-xy =
y+

X # 3

3x
3x=v(l— o
X y( x)=>l_x y=

10.

4. The graph of /! is the reflection of the ARC of f from 0 to 1= S (1)-1(0)
graph of f'about the line y = x. ’ . 1 g 0
3.4 =22 _ 9

1
Now compute the average rate of change of
I 1 as
ARC of £~ from f(0)=-6tof(1)=3
1 1

:ARCofffromOtolz 9

From the text, we have d = 11?17 -33.

11-1650

d= -33=3597

The bell was 3597 feet below the surface
when the gauge failed.

Concepts and Vocabulary

1.

If no horizontal line intersects the graph of a
function f'in more than one point, the fis a
one-to-one function.

A function fis one-to-one if different x-values
correspond to different y-values.

fﬁl(x)=13xx,)€¢1 3. Iff(x)=3x,then f_l(x)zéx.

f (x) __ X 4. The graphs of a function f'and its inverse f -l
x+3 are symmetric about the line y = x.

The function is not defined if the denominator

is zero, so the domain is (—eo,—3) (-3, ). 5. True

From Practice Problem 6, 6. True. For example, the inverse of f (x)=x is

3x

)=
function is the same as the domain of the
inverse, thus the range is (—oo, 1) U (1, oo) .

, x #1. The range of the

7.

f_l(x)=x.

False. f~'(x) means the inverse of f

8. True
G is one-to-one because the domain is o .
restricted, so an inverse exists. Building Skills
G(x) =ry= x* - 1, x 0. Interchange the 9. One-to-one 10. Not one-to-one
variables and solve for y :
11. Not one-to-one 12. One-to-one

x=y2—l,ySO:>y=G_l(x)=—\/x+l.

13. Notone-to-one  14. Not one-to-one
3
f (x) =2- (3x - 1) 15. One-to-one 16. Not one-to-one
/(0)=3 7()=-6 17. f@)=7= 7' (7=2
First we compute the corresponding average
rate of f. 18. f_1(4) =-T= f(-7)=4
19. f(-)=2= f2)=-1
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Section 1.9 Inverse Functions 111

20, f(-3)=5= f(5)=-3 3. f(e()=[e(®)] = () =x
2. fla)=b= f'(b)=a g(f(x)=3r(x)=Rx* =x
2. fNo)=d= fd)=c 32. f(g(x)= E)z%zx
glx) 1
23. (/7o r)(337)= 77" (£(337)=337 x
11
f(x)= =—=
4. (for™)@sm)=f(s7 (257))=257 ¢/ () S 17
X
25.a. f(3)=2(3)-3=3 1+2x
-1 _ -
b. Using the result from part (a), f71(3)=3. 33. f(g(x))=§((;c))+2= 11+2);
—+2
_ _ 1-
c. (fOf l)(19)=f(f l(19))=19 1+2x—(1—x)x
-1 -1 :1——x23_x:x
d. (fos™)s)=r(r7(5))=5 [Tox+2(-v) 3
1-x
26.a. f(2)=2°=8 x—1
| , a5
b. Using the result from part (a), /7~ (8)=2. g(f(x))— 2—f(x)_ l_x—l
- _ 2
e (ror)0s)=s(r"09)=1s | 262 xe2i2x-2
0 i _ xX+2 _ x+2 :3_x
d. (fof )(27)=f(f (27))=27 _x-l x42-(x-D 3
x+2 x+2
27.a. f()=1+1=2 =x
b. Using the result from part (a), f71(2)=1. 3 (x)+2 3(x+§)+2
1 —1 34. f(g(x)): £ = x+_2
e. (£or™)(69)=r(r"(269))=269 gx)-1 ¥ S-1
e
3x+6 2(x—3) 3x+6+2x—6
28.a. g()=32(1°)-1=31=1 ;:,3+ (xx_3) x+xt3x
T x+2 1(x—3)  x+2-x+3
b. Using the result from part (a), g_l(l):l. x-3 x-3 x=3
5x
e (g70g)135)=g7" (2(135))=135 5
( ) 3x+2+2
_ o [x-1 _fx)+2
29. f(g(x))—3g(x)+l—3(T)+l g(f(x))—f(x)_3—3)§c+2_3
=x-1+1=x x—1
f(x)-1_ (Gx+D)-1_ 3x 3x+2  2(x-1) 3x+2+2x-2
g(f ()= === BT
3x+2 3(x—1) 3x+2-3x+3
30. f(g(x))=2—3g(x)=2—3(2;x) 53;—1 x—1 x—1
=2-24+x=x :?:x
_2-/(x)_2-(2-30) _3x _
g(f (W) === =T =x
Copyright © 2023 Pearson Education Inc.
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% | 41. . i VX
X — X — ’
35. f =213 1=2 1 3 47
et = 5] +1=2(55)e -
=x—-1+1=x NGt
(2 5+1)_1 5 *4*3*2*1/1' 2 3 4%
x):?fx—:s/zL:Q/:S:x ofei2
2 2 s 3 |
4

36 f<g<x>>=[ (

¥_/
;/
=
N
N W A
\J
. ~
‘l’ Sl
=

—4—3-—2-1,] 1 2 3 4%
1-3(1-3x)"  1-(1-3x) Z,
X)) = e
g(/ (%)) 3 3 s F
3x 4
=—=X
3 43. A G4
0o RNt
37. f S (L3.2) ;
D ” 2 ,l y:x
2 | L / 1 ) |
. —4f3-2-1,7 1 2 3 4%
432/, 1 2 3 4% e
i Chadl,
i RO I
N i
4 4
38. ; y=x 44, YA (3,4
t, /' 3 ‘:; <!
h "l 2y '/
4 1 4
—4—32A,7 1 2 3 4% K
= ; 4321,/ 1 4 3 4%
et s (—4, -3y .7 =" "1
. 4 > :
39. ¥ y=x 4
s \; i 45. f(x)=3x-1
"7 Domain: (—eo, o); range: (oo, )
“4—3-2-1,7] 1 23 4% . -
21 Replace f(x) withy, interchange x and y,
2
s ] and then solve for y.
- 4 y=3x-1=>x=3y-1=>x+1=3y=>
_ x+1
40. ) y==x A
NI % y=/m )=
: / 46. f(x)=2x+3
~4=32- 17 2 3 4% Domain: (—eo, o); range: (—co, o)
e Replace f'(x) withy, interchange x and y,
4 i and then solve for y.
y=2x+3=x=2y+3=x-3=2y=
x=3
y=/fT) ==
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Section 1.9 Inverse Functions 113

47.

48.

49.

50.

x+1

f (x) =3 T + 2
Domain: (—oo, e); range: (—oeo, o)
Replace f(x) withy, interchange x and y,

and then solve for y.

Jx+ +2= 3y +2
Y_

(—2)3— 3
3(x- 2)3—y+1:>
y=fT(x)=3(x-2)" -1

f(x)=3x;2—1

Domain: (—eo, o); range: (—co, o)

b 2:3y
3

Replace f (x) with y, interchange x and y,

and then solve for y.

y=3x;2—1=>x=13,y;2—1=>

y=2 )3=y—2
3

x+1=3 :>(x+1 —_— =

3
3(x+1) =y-2=
yzf_l(x)=3(x+l)3+2

f(x)=0x-1)"+2

Domain: (—oo, oo); range: (—oo, oo)
Replace f(x) withy, interchange x and y,
and then solve for y.

y=0Bx-1 +2=x=3y-1) +2=
x-2=0By-1)=¥-2=3y-1=
Jx-2+1=3y=
.V:f_wx*:¥;j5+l

3

f(x)=(x+1) -3

Domain: (—eo, e); range: (—oco, o)
Replace f (x) with y, interchange x and y,
and then solve for y.

y=(2x+1) -3 x=(2y+1)’ 3=
x+3=2y+1) = Yx+3=2y+1=
Ye+3-1=2y=

y=r" (9€)=—%/m_1

2

52.

53.

54.

2
f(x)=1+x

Domain: (—eo, —1)U (=1, )
Range: (—00, O)U(O, 00)
Replace f (x) with y, interchange x and y,

and then solve for y.

2 2
=— =D x=—>=2x(l+y)=2>=>
= 1+x 1+y ( y)

1+y=g:>y=f71(x)=z—l
x X

fx)=1-—
Domain: (—oo, - I)U(—l, oo)

Range: (—eo, 1)U(L, )

Replace f(x) withy, interchange x and y,

and then solve for y.

y—l—L:Mc—l—L

x+1 y+1
x—l=—ﬁ:>(x D(y+1)=-1=
y+1=——=>y=f_1(x)=—%—1
x+1
f(x)_x—Z

Domain: (—eo, 2)U(2, °)
Range: (-0, 1)U(L, )
Replace f(x) withy, interchange x and y,

and then solve for y.

+1 +1
X =>x=y =>x(y—2)=y+1=>
x=2 y=2

xy=2x=y+l=xy-y=2x+1=

- 2x+1
yx-D)=2x+1=>y=f l(x)zx—-l—l

f(x):1—2x

Domain: (—eo, —1)U (=1, o)
Range: (—oo, —2)U(-2, )
Replace f (x) with y, interchange x and y,

and then solve for y.
1-2 -
x:>x=1 2y
I+x I+y
x(l+y)=l—2y:>x+xy=l—2y:>

y:

(continued on next page)

Copyright © 2023 Pearson Education Inc.

TBEXAM COM -

THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATESY



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780137552467-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

114 Chapter 1 Graphs and Functions

(continued)
xy+2y=1—x:y(x+2)=l—x=>

yzf_l(x)zl_x x—1

x+2: x+2

In exercises 55-58, note that the domain of fis the

range of f ! and the range of f'is the domain of
T

55. f(x)=x*+1,x>0

The horizontal line test confirms that f'is one-
to-one.

Domain of f: [0, )
Range of f: [1, oo)

Find f - (x) by interchanging the variables
and solving for y.
y=x2+l:x=y2+l:x—1=y2 =
y=f"(x)=Vx-1

Domain of /" : [l o)

Range of /' : [0, o)

56. f(x)=x2—4,xS0

57.

58.

The horizontal line test confirms that fis one-
to-one.

Domain of : (—eo, 0]

Range of f: [—4, o)

Find /' (x) by interchanging the variables
and solving for y.

y=x2—4:>x=y2—4:>x+4=y2:>
yzf_l(x)z—\/x+4

Domain of fﬁl : [—4, oo)

Range of /' :(~eo, 0]

f(x)=—x2+2, x<0

Ay

The horizontal line test confirms that fis one-
to-one.

Domain of /i (e, 0]; range of fi (—ee, 2]
Find /' (x) by interchanging the variables
and solving for y.

y=—x2+2:>x=—y2+2:>x—2=—y2:>

y2 =2—x=>y=f_l(x)=—\/2—x
Domain of f_] : (—oo, 2]
Range of £ :(~oo, 0]

fx)=-x*-1,x20

T L L

The horizontal line test confirms that f'is one-
to-one.

(continued on next page)
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(continued) d. Domain of g: (—oo, oo)
Domain of f: [0, e°)

x-intercept of g: 3
Range of /i (—eo, —1] ) 2
y-intercept of g: 5

Find ™' (x) by interchanging the variables domain of g : (~os, oo); x-intercept of

and solving for y.

y=-xt-l=x=—y’ -1 x+l=—p’ = g~ 5; y-intercept of ¢!
2 —1 I
=—x—-1 = =+J—x-1
Y x-l=y=f (x) * 61. a. Not one-to-one because
Domain of f_1 :(—°<>, —1] f(l):\/4—12 -3
Range of /[0, o) F(=1)=4-(-1)* =v4-12 =3
59. a. One-to-one 62. a. Not one-to-one because
b. f(x)=y=15-73x. Interchange the variables f)=—9-1% =—
and solve fory: x=15-3y = ] 2 ] 2
15— x 1 S (1) ==0-(-1) =—Vo-1" ==
y=f (x)———S—gx.
63. a. One-to-one

andsolvefory:xz\/;+3:>

¢ f(x)’\y\ b. f(x)=y= \/; + 3 Interchange the variables
2
° x=3=y=y=/"w0=0-37

10F
m c.

~10 -5 10 15N
5k
_]O_

d. Domain of f —oo, oo ; x-intercept of f: 5;

y-intercept of i 15

domain of f -1, (—oo, oo) ; x-intercept of
#1215 peintercept of £-1: 5 d. D?main of i [0, o) ; x-intercept of f: none;
y-intercept of f: 3

60. a.  One-to-one domain of f7": [3, e0) ; x-intercept of

b. g(x)=y=2x+5. Interchange the variables f—l - 3; y-intercept of f—l . none
and solve fory: x=2y+5=
—gl(n) = x—5 lx_i 64. a. One-to-one
r8 2 22

b. f(x)=y=4- Jx. Interchange the variables
and solve fory:x=4—\/;:>

Ad+x=—y=>y=fT¥)=(x-41
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c. y
10 ()
N
- h(x)
6 \
- 1 | |
4 2 - N 2 =
_l —
2
| [ 25
of 2 4 6 8 10x
d. Domain of f: [0, ); x-intercept of f: 16; d. Domain of 4: (—ee, o); x-intercept of /: 1;
y-intercept of f: 4 y-intercept of A: 1
domain of f ™' : (~eo, 4] ; x-intercept of domain of 47! : (=eo, o) ; x-intercept of
fﬁ1 : 4; y-intercept of fﬁ1 . 16 Tl 1; y-intercept of RS
65. a. One-to-one 67. a. One-to-one
b. g(x) =y =3x+1. Interchange the variables b. f(x)=y= Ll Interchange the variables
dsolvefory:x=3y+1= X=
ar31 soveoryx_ly : 1 S .
P=yrl=y=gx)=x -1 andsovefory.x—ﬁﬁx(y—l)—1=>
1 _ 1 1
¢ —=y-l=y=f 1(x)=—+1=i.
x X X
c.

d. Domain of g: (—oo, o)

x-intercept of g: —1
-intercept of g: 1
Y prote d. Domain of i (—eo, 1)U(L, )

x-intercept of f: none; y-intercept of f: —1
domain of 7" (=0, 0)U(0, o)

domain of g™ : (~es, o) ; x-intercept of
g_1 : 1; y-intercept of g_1 : -1

66. a. One-to-one x-intercept of f |

b. h(x) =y =31-x. Interchange the variables

and solve fory:x=31-y =
Pel-y=y=gTl(0)=1-x"

y-intercept of [ ! none

68. a. One-to-one

b. g(x)=y=1- l Interchange the variables
x

andsolvefory:x=l—l:>x=y—_1:>
y y
xy=y-l=sxy-y=-1=2yx-1)=-1=
- 1 1
1
= X)=——=——.
y=g M=-T77"7%
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69. a.

70. a.

Domain of g: (—eo, 0)U (0, )
x-intercept of g: 1; y-intercept of g: none
domain of g™': (e, 1)U (1, o)
x-intercept of gi1 : none

y-intercept of g71: 1

One-to-one

f(x)=y=2++/x+1. Interchange the
variables and solve fory : x =24,y +1=

x—-2= y+1=>(x—2)2 =y+l=
y= )= (r-2) ~1=x* —4x+3

- VEY!

Domain of f: [—1, oo) ; x-intercept of f:
none; y-intercept of f: 3

Domain of f_] : [2, oo);

x-intercept of _f'_l 03

y-intercept of _f'_l : none

One-to-one

f(x)=y=-1++/x+2. Interchange the
variables and solve for y :

x==1+y+2=>x+1=y+2 =
(x+1)2=y+2:>
y=f71(x)=(x+l)2—2=x2+2x—1

71.

72.

d. Domain of f; [-2, =) ; x-intercept of £ —1;

y-intercept of £ —1++/2
Domain of f': [-1, =)
x-intercept of f_] 1442
y-intercept of f': —1

Domain: (—oe,—2) U (-2, 0)

Range: (—0,1) U (1,0)

Domain: (—oe,1) (1, )

Range: (—0,3)U(3,)

In exercises 73—76, use the fact that the range of f'is

the same as the domain of f -

73.

74.

Sx)=y=

+1 .
al 5 Interchange the variables
X—

+1
andsolvefory:x=y—2:>xy—2x=y+1:>
y—

xy—y=2x+1=y(x-1)=2x+1=>
_ 2x+1
y=fTw="
x—1
Domain of f# (—e0,2) U (2, %)
Range of fi (—oo,1) U (1, ).

+2 .
al T Interchange the variables

g)=y= o

+2
andsolvefory:x=y—1=>xy+x=y+2=>
y+

xy—y=—x+2=yx-)=-x+2=
-x+2 x-2

-1 1-x

Domain of g: (—eo,—1) U (=1, 0)
Range of g: (—o0,1)U(1, o).

y=g'(x)=
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1=2x ) 79. fis one-to-one because the domain is
5. f(0)=y= l+x Interchange the variables restricted, so an inverse exists.
1-2 =y =|x|=x, x 2 0. Interch th
and solve fory : x = AN f(x) u |x| o crenange e
+y variables and solve fory: y = x, x 2 0.
x+xy=1-2y=>xy+2y=1-x= yp S0 =l
_ 1- L 7
y(x+2)=1—x:>y=f1(x)= x. 6 y=x
x+2 . 4+ 1
. fle=x Y=
Domain of 2 (—oo,—1) U (—1,0) 2 y = f(x)
L1 [
Range of /2 (—oo,—2) U (-2, ). —6-4-2,0 2 4 6x
//_2 —
x—1 . -4
76. h(x)=y= 3 Interchange the variables L 6
x— e -6

oyl
and solve for y : x = y-3 =xy-3x=y-1= 80. g is one-to-one because the domain is

y—y=3x—1= p(x-1)=3x—1= restricted, so an inverse exists.
4 3x—1 g (x) =y= |x| = —x, x £ 0. Interchange the
y=h (x)= 1 variables and solve fory: y = —x, x 2 0.
Domain of /: (—0,3) U (3, ) g ') = —x Y &) =1
Range of h: (—o0,1) U (1, ). 6 /’y .
4=
77. fis one-to-one because the domain is y =g\ 2L -~

restricted, so an inverse exists. LN

—6-4-2,0N2 4 6
I (x) =y= —x%,x>0. Interchange the s Y= gx o)
variables and solve for y : 4
x=—y2=>y=\/—X,xS0. L// -6

1) = [
A 81. f'is one-to-one because the domain is

restricted, so an inverse exists.

f(x)=y=x*+1, x<0. Interchange the
variables and solve for y :

x=y2+l:>y=— x=1, x=1.
S g f) =2+ 1
fay = —x? o =—lx-1
y —61
yA y s
. . . 6_ //
78. g is one-to-one because the domain is 4 =
- i ~ y=fx) YT
restricted, so an inverse exists. L
g(x)=y=-x?, x 0. Interchange the [ I A
. —6—-4-2 4 6x
variables and solve for y : Lol
x=-p>=y=—J-x, x<0. e y=f'®
¢ =~ ¥

y
6
4
7
Y
//’
1 7

—6—4 2
72
— //
', -4
/ _el 80 = —x?

Copyright © 2023 Pearson Education Inc.

TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780137552467-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

Section 1.9 Inverse Functions 119

82. g is one-to-one because the domain is

83.

84.

restricted, so an inverse exists.

g (x) =y= x> +5,x20. Interchange the
variables and solve for y :

x=y2+5:>y=\/x—5,x25.

Y 7

10~

s y=gx) - y=x
//

6 e

4=

5 0 y=eg'Ww

Lo L A
6420 2 4 6 8 10x

AL sw=ats
S e

_8 —
f'is one-to-one because the domain is
restricted, so an inverse exists.

S(x)=y= x> +2, x<0. Interchange the
variables and solve for y :

x=—y2+2=>y=—\/2—x,xs2.

f)=—x*+2

Flo=-2-x

g is one-to-one since the domain is restricted,
SO an inverse exists.

g(x)=y= —x? -1, x20. Interchange the
variables and solve for y :

x=—y2—1:>y=\/—x—l,xS—1.

85. f(x)=(3x—1)’+2
:1;

86.

87.

1(0) f(1)=10
First we compute the corresponding average
rate of f.

ARC of f from 0 to 1= f(?:of(()): 101—1
=9

Now compute the average rate of change of
f 1 as
ARCoff_1 from f(0)=1tof
1
~ ARC of f from0to 1

—~

1)=10

O | —

f(x)=1-(2x-1)°
r)=2r@=0

First we compute the corresponding average
rate of f.

- £(0 -
ARC of f from 0 to 1=f( ) f( )=O 2

1-0 1
=-2
Now compute the average rate of change of
f 1 as
ARC of f7! from f(0)=2tof(1)=0
1 1

=ARCofffrom0t01= 2

3
f(¥)=——
x—1
3
f@=t rO)=3
First we compute the corresponding average

rate of f.

[ 2[%)

ARC 0fffr0m4t09=f(9)_f(4)= -1
9-4 5
1

8
Now compute the average rate of change of

fﬁ1 as
ARC of f7! from f(4)=1tof(9)=

1
_ARCOfffr0m4to9_

o0 | W
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88.

89.

90.

=12

X
1
=1 f@)=3
First we compute the corresponding average
rate of f.

f3)-s0)

ARC of f from 1 to 3 = 3-1

2 3
Now compute the average rate of change of

f_1 as
ARC of £~ from f(1)=-1tof (3)=

1 3
" ARCofffrom1to3 2

W | =

2x+3
f(x)= x=2
r(3)=9 f(5)=?

First we compute the corresponding average
rate of f.

ARCofffrom?atoS—M
13
59 7

2 3
Now compute the average rate of change of

f_1 as
ARC of /" from f(3)=9to/(5)=2
1 3

" ARC of ffrom3t05 7

3x+1
x+1

1(4)=
rO=t 1@)=2

First we compute the corresponding average
rate of f.

f(2)-£(0)
0

ARC of f from 0 to 2 = 2

2
3

Now compute the average rate of change of

f_1 as
ARC of f7! from f(0)=1tof (2
! 3
" ARC of ffrom0Oto2 2

)=

wl\l

Applying the Concepts

91. a.

92. a.

93. a.

b.

K(C)=C+273=>
C(K)=K-273=K"1(C).

This represents the Celsius temperature
corresponding to a given Kelvin
temperature.

C(300) =300 —273 = 27°C
K(22)=22+273=295°K

The two points are (212, 373) and
(32, 273). The rate of change is

373-273 _100 _5

212-32 180 9°
27322(32)+b:>b:ﬁ:>
K(F)__F 2297
9
ko p 2297 2297 5.
9 9 9 9
9 2297

9K =2297=5F = F(K)= 2K ===

This represents the Fahrenheit temperature
corresponding to a given Kelvin

temperature.
K(98.6) ——(98 6)+%_ 310°K
9 2297
F(K(O) _EK(C)_T
22
= 2(C +273) - 2297
5 5
_9.,,9273) 2297
5 5 5
20160 2c 32
55

C(K(F) = K(F)-273=7 Spy @ o7

§F+ 2297 - 2457
9 9
2p 190 3 (po3)
9 9
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9.

96. a.

COFG) =2 (F () -

F(C(x)) = %(C(x)) +32= %Gx—%)wz

=x—-32+32=x
160 160 160
o 9 T

9 9

=X

Therefore, F and C are inverses of each other.

95. a.

E(x)=0.75x, where x represents the

number of dollars
D(x) =1.25x, where x represents the

number of euros.

E(D(x)) = 0.75(1.25x) = 0.9375x # x.

Therefore, the two functions are not
inverses.

She loses money both ways.

w=4+0.05x=w-4=0.05x=
x =20w-_80.
This represents the food sales in terms of

100. a.

101. a.

102. a.

CO

CO=PP-HR-0.002= PP =———
HR -0.002

R :L: 30 :ﬂ:
PP-0.002 PP-0.002

= _608 =38 mmHg
80-0.002

V=8\/§:>%=\/§:>5V2=x=1/*1(x)

This represents the height of the water in
terms of the velocity.

(i) x= 5(302) =14.0625 ft
(i) x = é(zoz) = 6.25 ft

y=064x— 2x? has no inverse because it is

not one-to-one across its domain, [0, 32].
(It fails the horizontal line test.)

his hourly wage. y
b. x=20(12)-80=$160 500y
400}
97.a. 7=4+0.05x= x =3$60 . This means that o0k /0 .
if food sales < $60, he will receive the -
minimum hourly wage. If food sales > $60, 2007
his wages will be based on food sales. 100F
w= {471 +0.05x 1£x Z 28 48 1216 20 24 28 32 &
Hhr= However, if the domain is restricted to
b. The function does not have an inverse [0, 16], the function is one-to-one, and it
because it is constant on (0, 60), and thus, it has an inverse.
. Y |
1s not one-to-one. 00k i
c. Ifthe domain is restricted to [60, <), the 400} i
function has an inverse. 300l i
Y. 200} i
98. a. T:l.llﬁ:ﬂ:[mj 100l |
This shows the length as the function of the 81216202428 32 %
period.
, y=64x—2x> = 2x> —6dx+y=0=>
b, =] ~32# 64++/64% -8y
1.11 x= B E— =
64 £.,/4096 -8 641+2,/1024 -2
¢. T=1.11J70 =93 sec ‘= ; Y _ ; Y
99.a. CO=PP-HR-0.002= HR =— 2 _ _ 321024 -2y
PP-0.002 5
b. PP=SBP-DBP=115.5-70.5=45 1024-2y20=0<y=<512.
CO 6.48
R = = (continued on next pa
PP-0.002  45-0.002 page)
= 72 beats per minute
Copyright © 2023 Pearson Education Inc.
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(continued) To find the inverse, solve
(Because y is a number of feet, it cannot be X= 8172 —32p+1200 for p:
negat.ive.) This is th.e range of t.hel: original 8p2 ~32p+1200—x=0=
function. The domain of the original 5
function is [0, 16], which is the range of the _ 32+ \/(—32) —4(8)(1200 — x)
inverse. P 2(8)
32+,/1024-2 + -
The range of x = K Y i _ 32_\/1024 l28,400+32x
[16, 32], so this is not the inverse. _32++/32x-37376 32+442x-2336
The range of B 16 - 16
_ — 1
x:wjog)}SSlz’ s :2izx/2x—2336
[0, 16], so this is the inverse. Because the domain of the original function
y 32 +N1024 =2y is (0, 2], its range is [1168, 1200).
8F T~ 1200 K_ x = 8p? — 32p + 1200
i 1190
4r N\ 1180
201 AN 1170 F oo T=== -
16k ) 1160
F 1150
127
i ~_ 32-V1024 -2y 1 2 7
4+ 2
R So the domain of the inverse is
100 200 300 400 500 x [1168, 1200), and its range is (0, 2]. The
Note that the bottom half of the graph is the
inverse. range of p=2 +%\/2x —2336 is (2, 4], so
32— 1024 — 2(32) it is not the inverse. The range of
b. (i) x= =0.51ft 1
2 p=Z—Z\/2x—2336,1168gx<1200, is
(i) x = 32 -./1024 - 2(256) ~ 469 ft (0, 21, so it is the inverse. This gives the
2 price of computer chips in terms of the
demand x.
32-,/1024-2(512
(iii) x = (512) =16 ft x
2 4L
103. a. The function represents the amount she still 3 / !
owes after x months. | p =2+ 7\2x - 2336
b. y=36,000-600x. Interchange the variables 2r “

and solve for y: x =36,000-600y =

X
600y = 36,000 — x = y = 60— —— =
Y =Y 600

-1 1
f(x)=60 600 X.
This represents the number of months that
have passed from the first payment until the
balance due is $x.

3 = 60— ——(22,000) = 23.33 = 24 months
600

There are approximately 24 months
remaining.

p=2- %\/2)(—2336

1\11140 1160 1180 1200 p

Note that the bottom half of the graph is the
inverse.

p=2 —%1/2(1 180.5)— 2336 = $0.75

F(r)= GMm-; is a one-to-one function
p

because it is decreasing on (0, o).
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b. F=GMms=——=1
r2 GMW! r2

»  GMm fGMm
roE=—=r=,—
F F

C. y:GMmiz:w:GMmiz:
X y

1 2_GMm

X
GMm y2

y=f1(X)=\/@

106.a. ¥V (r)=%zr is a one-to-one function

because it is increasing on (0, ).

b. V=£71'r3=>X=r3=>r=13/X
3 47 47

Beyond the Basics

107. f(g3) = /(1) =3,/(g(5)=7(3)=35, and

f(g(2)=f(4)=2= f(g(x))=x for each x.

g(f(1)=gB) =1Lg(f(3)=g(5 =3, and

g(f(4)=g(2)=4= g(f(x))=x for each x.

So, fand g are inverses.

108. f(g(-2)=/D=-2,1(g0)=/(2)=0,
S(g(=3))=f(3)=-3, and
fgM)=/B=1= f(g(x)=x
for each x.
g(f))=g(-2)=Lg(f(2)=g0)=2,
g(f(3)=g(-3)=3, and g(f(4))=g() =4
= g(f(x)) = x for each x.

So f" and g are inverses.

109. a.  f(x)=+4-x?

-3 -2 -1 0| 1 2 3 X

b. f'is not one-to-one

c¢. Domain: [-2, 2]; range: [0, 2]

110. a. Domain: (—oe,2)J[3,0). Note that the
domain is not (—,2)J(2,%0) because
[x]=2 for 2<x<3.
b. The function is not one-to-one. The

function is constant on each interval
[n, n+ 1), n an integer.

111. a. fsatisfies the horizontal line test.

1 .
b. y=1-——.Interchange the variables
x+1

andsolvefory:x=l—L:>
y+1

Lzl—x:ﬂzy—i—l—xy—x:

y+1
xy—y=—=x=>yx-)=—x=

-1 X X
— x —_— —
y=7/"( 1 1o

c. Domain of £ (—eo,—1) U (=1, );
range of £ (—o0,1) U (1, ).

112. a. g satisfies the horizontal line test.
y

b. y=+1- x2. Interchange the variables
and solve for y :x =/1- y? =

x2=1—y2:>y2=l—x2:>

y=g (@) =N1-x"

¢. Domain of f=range of f: [0, 1]
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124 Chapter 1 Graphs and Functions

113. a. The graph of g is the graph of f'shifted one
unit to the right and two units up.

b. gx)=y=(x- 1)3 + 2. Interchange the
variables and solve for y :x = (y — 1)3 +2=

y=g l(x)=Yx-2+1.

114. Each of the functions 1, 2x3, 3x5, and 4x7

is increasing. Therefore, f'is increasing as a
sum of increasing functions. Because f'is
increasing, it is a one-to-one function. We

know that f 1 exists because fis a one-to-
one function and an inverse exists. However,

to find /' algebraically, we would have to

solve the equation x =1+ 2y3 + 3y5 + 4y7
for y, which is not possible.

115. 2. M= (ﬂ%

: ) =(5,5).

The coordinates of M satisfy the equation
y =Xx, so M lies on the line.

b. The slope of y = x is 1, while the slope of

PO is =-1. So,y=xis
0 73 y

perpendicular to E

6. M =(a+b,b+aj.
2 2

Because the coordinates of M satisfy the
equation y = x, M lies on the line. The slope of
the line segment between the two points is
b—a
a->b
the two lines are perpendicular, and the points
(a, b) and (b, a) are symmetric about the line
y==x
117. a. (i) f(x) =y =2x—1. Interchange the
variables and solve fory: x =2y -1=

» 11
= = — +_
y=7") 53

= —1, while the slope of y=x1is 1. So

(i) g(x) =y =3x+4. Interchange the
variables and solve for y: x =3y +4 =

4 1 4
= X)=—X——
y=g () 3773

(iii) (fog)(x)=2(3x+4)—1=6x+7
(iv) (gof)(x)=3(2x-1)+4=6x+1

) (fo g)(x) = y = 6x+ 7. Interchange
the variables and solve for y :
x=6y+7:>(fog)7l(x)=%x—%

(vi) (go f)(x)=y=06x+1.Interchange
the variables and solve for y :

- 1 1
x=6y+1:(fog)l(x):gx_g
o (1o =434
1 2 1 1 1
6 3 2 6 6
- _ (1 1 4
i) (g7 o f ‘)<x>=§(5“5)‘§
4 7
= Xt+—-———=—x——
6 3 6
. -1 7
b. () (fog) (x)=_x_g

Gi) (go/) 7 ( )=%x—é
=(r"eog™)(x)
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Chapter 1 Key Ideas at a Glance 125

118. a. (i) f(x)=y =2x+3. Interchange the
variables and solve fory: x =2y +3 =
. 1 3
= X)=—x——
y=sf =gx-7
() gx)=y= -1 Interchange the

variables and solve for y: x = y3 -1=

y=g ') =Yr+1
(i) (/og)(x)=2(x"~1)+3=2x"+1

(iv) (gof)(x)=(@x+3)° -1
=8x> +36x% +54x+26

) (fog)(x)=y=2x+1.Interchange
the variables and solve for y :

x=2y3+1:>(fog)7l(x)=43/x7_l

i) (gof)(x)=y
=8x” +36x” +54x +26
Interchange the variables and
solve for y :

x=8y>+36)% +54y+26 =
x+1=8y1+36)% +54y+27 =
x+1=2y+3)° = Yx+1=2y+3=>

y=(go )" () =513

b. (i) (fog)’l(x)=3%x—%=3x7_l
feer o
(ii) @off%)=%@ +1)-=
=(roe™))

Critical Thinking/Discussion/Writing

119. No. For example, f(x)= x® —x is odd, but it

does not have an inverse, because
£(0)= f(1), so it is not one-to-one.

120.

121.

122.

Yes. The function f ={(0,1)} is even, and it
has an inverse: £~ ={(1,0)}.

Yes, because increasing and decreasing
functions are one-to-one.

a. R={(-1,1,(0,0),(1,1}
b. R= {(_171)’ (0’ 0)’ (1’ 2)}

Active Learning

123.

a.—c. Refer to the app using the QR code in
your text.

Chapter 1 Key ldeas at a Glance

K1.

K2.

4-0_~4 _4

0-3 -3 3
Note that 3 is the x-intercept of the line and —4
is the y-intercept of the line.

The slope-intercept form of the equation of
the line through (3, 0) and (0, 4) is

m=

y=mx+b=%x—4.

Alternatively, we can use the point-slope
format and solve for y.

y—0=%(x—3)=>y=%x—4

The two-intercept form of the equation of the
line through (3, 0) and (0, —4) is

AR DN I A NN A
a b —4 3 4
_S-4_ 11
T0-2 2 2

Note that 5 is the y-intercept of the line. We
are not given the x-intercept, so we will have
to compute it.

The slope-intercept form of the equation of
the line through (2, 4) and (0, 5) is

1
y=mx+b=—5x+5.

Alternatively, we can use the point-slope
format and solve for y.

1 1
—4=——(x-2)y-4=—x+1=
v S(x=2)=» 5
1
=——x+5
7T
Letting y = 0 gives
0=—lx+5:>—5=—lx:>10=x.
2 2

Thus, the x-intercept is 10.
(continued on next page)
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126 Chapter 1 Graphs and Functions

(continued)

The two-intercept form of the equation of the
line through (2, 4) and (0, 5) is
RIRAS AT T

a b 10 5
For exercises K3 and K4, answers will vary. Sample
answers are given.

K3. Y
X
f
K4. 4 f
/N
S X

K5. The grapher screens shown below are graphed
on the window [-10, 10] by [-2, 6].

Start with f(x) = x2.

Shift the graph 6 units left to graph
f(x)=(x+6)*.

Then compress horizontally by a factor of 3
by multiplying each x-coordinate by %

f(x)=(3x+6)

Next, stretch vertically by a factor of 2 to
graph f(x)=2(3x+ 6)2 .

Now reflect the graph about the y-axis to
graph f(x)=2(-3x+ 6)2 .

Finally, shift the graph down one unit to
obtain the graph of f (x) =2 (—3x + 6)2 -1.

S R N
I

|
—1 1\2/34x
71_

72*

. The grapher screens shown below are graphed

on the window [-10, 10] by [-5, 5].
Start with £ (x) = x*.

W/

Shift the graph 4 units left to graph
2
f (x) = (x +4)".

(continued on next page)
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(continued)

\/

Then compress horizontally by a factor of 2

by multiplying each x-coordinate by %

f(x)=(2x+4)°

\

Next, compress vertically by a factor of % to

graph f(x)= %(2x + 4)2 .

\J

Now reflect the graph about the x-axis to

graph f(x) = —%(2x + 4)2 .

\

Finally, shift the graph up two units to obtain

the graph of f (x) = —%(2x +4) 42,
/ﬁ
y
3_
2
1+
| | |
-5 —4 52 - | %
1._
2._
! -

Chapter 1 Review Exercises
Building Skills

1. False. The midpoint is

(_3+3,1+11)=(O,6).
2 2

2. False. The equation is a circle with center
(—2,-3) and radius J5.

3. True

4. False. A graph that is symmetric with respect
to the origin is the graph of an odd function. A
graph that is symmetric with respect to the
y-axis is the graph of an even function.

5. False.
The slope is 4/3 and the y-intercept is 3.

6. False. The slope of a line that is perpendicular
to a line with slope 2 is —1/2.

7. True

8. False. There is no graph because the radius
cannot be negative.

9.2, d(P,0)=+[(-1-3)2+(3-5)% =25

b. M=(3+—(_1)’E)=(1’4)
2 2
3-5 1
c. m=———=—
-1-3 2

10.a. d(P,0)=\(3-(3)*+(-1-5) =632

b, Mz(_3+3,5+(_1))=(0,2)
2 2

~1-5
m: =
3-(-3)

1o d(P.0)=\(0-4 +(-8-(-3)’ =52

b. M(uu)(ﬁﬂ)
2 2 2 2

¢ m="_
9—4

128, d(P.0)=(-7-2)? +(-8-3)? =202

b, M=(2+(_7)’3+(_8)J=(_§’_§)
2 2
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128 Chapter 1 Graphs and Functions
. -8-3 11 18. A=(-6,4),B=(5,10),C=(2,3)
. om= =—
7-29 d(4,)= (2= (-6)" + 3~ 4)* =65
— 2 2 _
13.a. D(P,0)=(5-2)> +(-2—(-7))* =34 d(B.C)=(25)" +(3-10)° =58
(5, 10) is closer to (2, 3).
2+5 —T+(-2 7 9
b. M= ( z_’_z( )) ) (5’—5) 19. 4=(-53),B=(47),C=(x0)
d(4,0) =\(x= (=5)> +(0-3)°
-2-(-7) 5 [
C. =%=§ = (X+5)2+9
d(B,C) = [(x=4)2 +(0—7)2
14.8. d(P,0)=~10—(=5))> +(-3—-4)2 =274 >
; =J(x-4)%+49
~5+10 4+(-3) 51 d(4,C)=d(B,C)=
b. M = N =l <> 2 2
2 2 22 Ja+5)2+9 = J(x—4)2 +49
3.4 ; (x+5)2 +9=(x—4)? +49
R T S x? +10x+34 = x2 —8x+65
31 .. (31
5 5 x =—= The pointis | —,0 |.
15. d(4.B)=(-2-0)> +(-3-5)* =68 18 18
d(4,C)=(3-0)> +(0-5)* =34 20 A=(-3,-2),B2,~1),C(0,)
_ a2 2
0(5.C)= (-2 +(0- ()~ d(4,€) =0 "+ (r-(2)
Using the Pythagorean theorem, we have =NO+2) :9 5
2 2 = — —(-
AC?+ BC? = (53’ + (V) d(B,C)=(© O + (¢~ (1)
—683=(v68)" = 4B RAARES
- _< ) B d(4,C)=d(B,C)=
Alternatively, we can showithat AC and CB \/(y +2)2 49 = \/(y +1)% +4
are perpendicular using their slopes. (y+ 2)2 9= (y+ 1)2 +4
0-5 5 0-(-3) 3 > )
Mic=T—"F~="7:Mp= =z Y +4y+13=y°+2y+5
3-0 3 3-(=2) 5 .
= ] y =-4= The pointis (0,—4).
M= - mzg =—-1= AC L CB, so AABC is a
right triangle. 21. Not symmetric with respect to the x-axis;
symmetric with respect to the y-axis;
16. d(A4,B)=+/(4- 1)2 +(8- 2)2 =35 not symmetric with respect to the origin.
d(C,D)= \/(10 “D +(5-(=1)> =35 22. Not symmetric with respect to the x-axis;
3 3 not symmetric with respect to the y-axis;
d(4,C) = \/(7 D7+ (-1-2)" = 35 symmetric with respect to the origin.
d(B,D)= \/(10 - 4)2 +(5- 8)2 =35 23. Symmetric with respect to the x-axis;
The four sides have equal lengths, so the not symmetric with respect to the y-axis;
quadrilateral is a rhombus. not symmetric with respect to the origin.
17. A=(-6,3),B=(4,5) 24. Symmetric with respect to the x-axis;

d(4,0) =(=6-0)2 + (3-0)? =/45
d(B,0)=+(4-0)* +(5-0)% = /41

(4, 5) is closer to the origin.

symmetric with respect to the y-axis;
symmetric with respect to the origin.
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Chapter 1 Review Exercises 129

25. x-intercept

: 4; y-intercept: 2; not symmetric

with respect to the x-axis; not symmetric with
respect to the y-axis; not symmetric with
respect to the origin.

y
101
‘\‘1_
x+2y=4
I I
—6-4-=20] 2 e 101214
76_

26. x-intercept

: 4; y-intercept: —3; not symmetric

with respect to the x-axis; not symmetric with
respect to the y-axis; not symmetric with
respect to the origin.

7+

27. x-intercept

: 0; y-intercept: 0; not symmetric

with respect to the x-axis; symmetric with
respect to the y-axis; not symmetric with
respect to the origin.

3
—4
—5F
—6F
—7
—8H
—9

10+

28. x-intercept

: 0; y-intercept: 0; symmetric with

respect to the x-axis; not symmetric with
respect to the y-axis; not symmetric with
respect to the origin.

N oW w e
I

-2
—3F
—4
—5F

29. x-intercept: 0; y-intercept: 0; not symmetric
with respect to the x-axis; not symmetric with
respect to the y-axis; symmetric with respect
to the origin.

30. x-intercept: 0; y-intercept: 0; not symmetric
with respect to the x-axis; not symmetric with
respect to the y-axis; symmetric with respect
to the origin.

y

31. No x-intercept; y-intercept: 2; not symmetric
with respect to the x-axis; symmetric with
respect to the y-axis; not symmetric with
respect to the origin.
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Chapter 1 Graphs and Functions

32.

33.

34.

3s.
36.

x-intercepts: —1, 1; y-intercept: 1;

not symmetric with respect to the x-axis;

symmetric with respect to the y-axis;

not symmetric with respect to the origin.
y
2

IIIII/_\IILII

-5 =3 0 5x
g

-2
-3
—4
-5+
—6F
-7+
—8

y:l—x2

x-intercepts: —4, 4; y-intercepts: —4, 4;
symmetric with respect to the x-axis;
symmetric with respect to the y-axis;
symmetric with respect to the origin.

P +y2=16

x-intercepts: -2 s V2 ; y-intercept: —4

not symmetric with respect to the x-axis

symmetric with respect to the y-axis

not symmetric with respect to the origin.
y

W
T T T

(x-2)2+(y+3)*=25

The center of the circle is the midpoint of the
5+(-5) N 2+4

5,24 j:(o,a).

The length of the radius is the distance from
the center to one of the endpoints of the

diameter = \/(5—0)% +(2—3)2 =+/26. The

diameter. M =(

equation of the circle is X+ (y- 3)2 =26.

37.

38.

39.

40.

41.

The radius is 2, so the equation of the circle is
(x+2)2+(y+5)7% =4

2
2x—5y=10:>y=§x—2

Line with slope 2/5; y-intercept —2
x-intercept 5

x y 5
——==1=5x-2y=10=> y==x-5
275 4 Y73
Line with slope 5/2; y-intercept —5

x-intercept: 2

L (r+1)*+(y-3)2=16

\ L1
4@/2 3 4 X
x2+y2—2x+4y—4=0:

X2 =2x+1+y  +4y+4=4+1+4=

(x-)*+(y+2)*=09.
Circle with center (1, —2) and radius 3.

(continued on next page)
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(continued)

42.

43.

44.

45.

46.
47.

x2+y?—2x+4y-4=0

3x2+3y? —6x-6=0= x> -2x+y* =2=
x2—2)c+l+y2 =2+l:>()c—l)2+y2 =3.
Circle with center (1, 0) and radius NEY

YA X2+ +4x+3=0

y=2=-2(x-1)=y=-2x+4

%+%=1=>5x+2y=10=>2y=—5x+10=>
5
=——x+5
T3
o173
-1-1

y-3==2(x-1)=>y-3=-"2x+2=
y=-2x+5
x=1

a. y=3x-2=m=3;y=3x+2=>m=3
The slopes are equal, so the lines are
parallel.

b. 3x-5y+7=m=3/5;

5x-3y+2=0=>m=5/3
The slopes are neither equal nor negative
reciprocals, so the lines are neither parallel
nor perpendicular.

c. ax+by+c=0=>m=—a/b;
bx—ay+d=0=m=b/a
The slopes are negative reciprocals, so the
lines are perpendicular.

48.

49.

50.

51.

1 1
d y+2=-x-3)=>m=—;
y ;=3 3

y=5=3(x-3)=m=3

The slopes are neither equal nor negative
reciprocals, so the lines are neither parallel
nor perpendicular.

a. The equation with x-intercept 4 passes
through the points (0, 2) and (4, 0), so its
.. 0-2 1
slope is 10" 72 Thus, the slope of the

line we are seeking is also —%. The line

passes through (0, 1), which is the y-

intercept, so its equation is y = —%x +1.

b. The slope of the line we are seeking is 2
and the line passes through the origin, so its
equation is y —0=2(x — 0), or y = 2x.

Domain: {-1, 0, 1, 2}; range: {-1,0, 1, 2}.
This is a function.

y

(-1,2)

) 2

0,1
18-

1,0
(J.)

Domain: {0, 3}; range: {-2,-1, 1, 2}.
This is not a function.

y
(3,2
2 ]
10—
0, 1)
| | |
0 1 2 300X
—16-
0, =1
(3,-2)
—2 [ ]

Domain: (—co,o0); range: (—oo, ).

This is a function.
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132 Chapter 1 Graphs and Functions

52. Domain: [2,); range: [0, o).

This is a function.

y
s
2= y=Vx-2
.
| | | |
U 1 2 3 4 5 X

53. Domain: [-0.2,0.2]; range: [-0.2,0.2].

This is not a function.

y
04—
X2 +y2=0.04
| |
04 _Oxijb 0.4 X
70'4 —

54. Domain: (—oo,0]; range: [0, o).

This is a function.

x=-Vy

1~

| | | |
-4 -3 -2 -1 0 X

55. Domain: {l}; range: (—oo,0).
This is not a function.
y
10
8

S
T T T
=
1]

-1 0 2 3 X
-2

—4
—6
-8
—10

56. Domain: (—oo,o0); range: {2}.
This is a function.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

|
N

|
(5]
=
()
&
=

Domain: (—ee,o0); range: [0, o).

This is a function.

Domain: [1,0); range: (—oo,o0).

This is not a function.
y

4 x=y"+1

f(=2)=3(-2)+1=-5
g(-2)=(2)°-2=2
f(x)=4=3x+1=4=x=1
gx)=2=x2-2=2=x=%2

(f+g)(1)= s +g
= (3 +1)+(1* -2) =3

(f-g)(=1)=/(D-gD
= (3(-1)+1)- ((—1)2 - 2) -1

(/-2)(-2)=f(-2)-g(-2)
= (3(-2)+ 1).((—2)2 - 2) =-10

(g-/)(0)=g(0)- f(0)
= (02 - 2)-(3(0) +1)=-2

(f02)(3)=3g(3)+1=3(3"-2)+1=22
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68.

69.

(gof)(2)=[f(-2)] -

= (3(—2)+1) -2=23

(/0 g)(x)=3g (x) +1=3(x’
=3x2-5

-2)+1

fe=x"-2

W =
o=
=

Ilh'/%fllllll
N

70. (gof)(x)=[/f(x j -
= (B3x+1)° —2=9x2+6x—1 4
71 (fof)(x)=3/(x)+1 79. Domain: [g, oo); range: [0, )
=3(3x+1)+1=9x+4 3
Increasing on (g, wj.
72. gog [g ] -2 3
(.2 2 4 2
—(x —2) o=xtoax?i2 e
73. f(a+h)=3(a+h)+1=3a+3h+1
74. gla-h)y=(a-h)?*-2=a>-2ah+h*-2
75 S - () _ (B(x+h)+1)-(3x+1) 80. Domain: [-6,6]; range: [0,6]. Increasing on
) h h —6,0) ; decreasing on (0, 6).
3xe3hel-3xol 3 -6.0) ) gon (6,6)
h h
h(x)=V36 —x?
2 2
2 i gt _((r?-2)-G7-2) s
) h h 2
_x2+2xh+h2—2—x2+2 ,é,ﬁ,i,é of |2 i 6 glg x
h
2 81. Domain: (—oo,0); range: [1,0). Decreasing
h* +2xh
= =h+t2x=2x+h on (—oo,0); increasing on (0, ).
y
77. Domain: (—oo,0); range: {—3}. 8
7 —
Constant on (—oo, o). 6
y 3
1+ 4
L1 [ ol :
N Lot
71 —
et
N
3 82. Domain: (—oo,0); range: [0,o0). Decreasing
4 on (—o,0); increasing on (0, ).
10—
oL
78. Domain: (—oo,0); range: [—2,00). 3: g0 = { :;;Z 0
Decreasing on (—e°,0); increasing on (0, o). 6
5 | —
4.—
3.—
2_
l —
L1 N 11
5 3 —10 1 3 5=
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134 Chapter 1 Graphs and Functions

83. The graph of g is the graph of f'shifted one 88 ) () () = P — e N
unit left. o S =) H () =X —x == (%)
)7

f(x) is odd. Not symmetric with respect to

the x-axis; not symmetric with respect to the
y-axis; symmetric with respect to the origin.

89. f(—x)=|-x+3=|x+3=f(x)=>

R R f(x) is even. Not symmetric with respect to
84. The graph of g is the graph of 'shifted one the x-axis; symmetric with respect to the
unit right, stretched vertically by a factor of 2, y-axis; not symmetric with respect to the
then shifted three units up. origin.

90. f(-x)=-3x+5#f(x)or — f(x)= f(x) is
neither even nor odd. Not symmetric with
respect to the x-axis; not symmetric with
respect to the y-axis; not symmetric with
respect to the origin.

9. f(=x)=v=-x#f(x)or - f(x)= f(x) is
neither even nor odd. Not symmetric with
respect to the x-axis; not symmetric with
respect to the y-axis; not symmetric with

85. The graph of g is the graph of fshifted two respect to the origin.
units right, and then reflected across the )

x
Not symmetric with respect to the x-axis;
not symmetric with respect to the y-axis;
symmetric with respect to the origin.

x-axis. 92. f(-x)=——=—f(x)= f(x)is odd.

For exercises 93-96, answers may vary. Sample
answers are given.

93. f(x)=vx*-4= f(x)=(goh)(x) where
2(x) =+/x and h(x) = x> - 4.

86. The graph of g is the graph of f shifted one 94. g(x)= (xz -x+ 2)50 = g(x)=(foh)(x)
unit left, the;1 two units down. where f(x) = 5 and i (x) = 24
2 - x=3
2() ;t: o) 95. h(x)= 2215 = h(x) = (f o g)(x) where
20 x=3
NN AT

2
-3
-4

96. H(x)=Q2x-1)’+5= H(x)=(fog)(x)
where f(x) = x*+5 and g(x)=2x-1.

T T

87. f(-x)=(-x)’-(-0)'=x"-x*=f0)=>
f(x) is even. Not symmetric with respect to

the x-axis; symmetric with respect to the
y-axis; not symmetric with respect to the
origin.
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Chapter 1 Review Exercises 135

97.

98.

f(x):x2 -2, g(x)=2-3x

First compute the average rate of change of g
from x =—1 to x = 1, the component related to
the average rate of change of the inner
function.

g(-1)=2-3(-1)=5 and
g(1)=2-3(1)=-1.
ARC of g from —1to 1=M
)
2
To compute the component related to the

average rate of change of the outer function,
we need to use the range for f'as from

g(1)=-1to g(-1)=5. We have
f(-1)=(-1)>=2=-1 and
f(5)=5*-2=23.

ARC of f fromg(l) =-1 tog(—l) =5
SO-SC)_B()_,

5-(-1) 6
Finally, we can compute the average rate of
change of the composite function as
ARC of fog from —1to1l
= (ARC of f from g(1)=-1to g(-1)=5)
~(ARC of g from —1to l)
=4-3=12

f(x):x3 -1 g(x):2x+l

First compute the average rate of change of g
from x = -2 to x = 0, the component related to
the average rate of change of the inner
function.

g(-2)=2(-2)+1=-3 and

g(0)=2(0)+1=1.

ARC of g from —2to 0

_2(0)-g(2) _1-(3)
0-(-2) 2

To compute the component related to the

average rate of change of the outer function, we

need to use the range for fas from g(-2)=-3

=2

to g(0)=1. We have f(-3)=(-3)’ —1=-28
and f(1)=1"-1=0.

99.

100.

101.

ARC of f fromg(—2) =-3to g(O) =1

_f(3)-f(1) -28-0
o 3-1 -4

Finally, we can compute the average rate of

change of the composite function as

ARC of fogfrom —2to 0

= (ARC of fromg(—Z) =-3to g(O) = 1)
-(ARC of g from -2 to O)

=7(2)=14

7

fx) is one-to-one. f(x)=y=x+2.
Interchange the variables and solve for y :
x:y+2:>y:x—2=f_1(x).

y
6 -
4

fx) is one-to-one. f(x)=y=-2x+3.
Interchange the variables and solve for y :

x=—2y+3=>y=—%x+%=f_l(x).

N N L
-5 -3 1ol w\f
72_

_3_

flx) is one-to-one. f(x)=y=3/x—-2.
Interchange the variables and solve for y :

x=3y-2=y=x*+2=7""(x).

J

J()
| ﬁ
R
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136 Chapter 1 Graphs and Functions

102. f{x)is one-to-one. f(x)=y= 8x> —1.

Interchange the variables and solve for y :

x=8y3—1=>y=3‘}xT+1=>

VX+ = /7).

103. f()=y=-

Interchange the variables and solve for y.

lx;aﬁ2
+2

-1
x=——=xy+2x=y-1=
+2 Y Y

xy—y=-2x-1=yx-)=-2x-1=

y:—ixll _f ()_2X+1
Domain of f: (—eo,-2) U (— 2°°)

Range of /2 (—eo,1) U (1, 0)

104 f(x)=y=22F3
x—1

Interchange the variables and solve for y.

,x #1.

=2y+3:>xy—x=2y+3:>
y—1
xy=2y=x+3=>y(x-2)=x+3=
_ x+3
y=r"w=""
x—2

Domain of 1 (—eo,1) U (1, )
Range of f: (—0,2) U (2, )

105, 7()=(v+1)"+2
f(=D=2  r1)=10
First we compute the corresponding average
rate of f.
ARC of f from 0 to 1 = W
_10-2_,
2

106.

107.

Now compute the average rate of change of
f ! as
ARC of f7! from f(-1)=2tof (1) =

1 1

" ARC of f from —1to1 4

f(x)=x+1

fW=2  r@®)=3

First we compute the corresponding average
rate of f.

ARCofffr0m1t08=w
3-2 1

7 7
Now compute the average rate of change of
f ! as
ARC of £~ from f(1)=2tof(8)=3
1

= =7
ARC of ffrom 1 to 8

a. A= (_39 _3)9 B= (_23 0): C= (09 1): D= (394)
Find the equation of each segment:

m— - 0= =3.0=3(-2)+b=b=6.
2-(-3)
The equation of AB isy =3x+6.
1-0

1
- —Zib=1.
"5 T0-(2) 2

. = 1
The equation of BC is y = Ex +1.

-
The equation of CD isy=x+1.

So,
3x+6 if —3<x<-2

f(x)= %x+l if —2<x<0
x+1 if0<x<3
b. Domain: [-3, 3]; range: [-3, 4]

¢. x-intercept: —2; y-intercept: 1
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Chapter 1 Review Exercises 137

(3,-3) 15, -3
e Y j. y
5 ! sk (6, 4)
33 [ C
) B —4.0 O Dg
= e NN
L1 |00|_{); 1 L 6 —10]_1 6 x
R ' N
b (=6, -3) B
L sk
I A
k. fis one-to-one because it satisfies the
f. ys PGS horizontal line test.
— l. y
3 L
(-2, 1)f/l‘_(0, 2) B @,3)
[N I/ Y Y O I -
-5 77 I L
-3.-2 ;[
75 —
75 —
y
8 ST e
. Applying the Concepts
e+ 1)
-1,
(=3,0) - 25.95-19.2
L1 A 108. a. rate of change (slope) = 25957192 =0.45.
-5 -10[ 1 3 57X 25-10
- Using the data point (10, 19.2), we have
s [ P-19.2=0.45(d -10)
sk P—-19.2=0.45d -4.5
P=0.45d +14.7
h. yg The equation is P =0.45d +14.7.
Z b. The slope represents the amount of increase
5 in pressure (in pounds per square inch) as
4 the diver descends one foot deeper. The
3 y-intercept represents the pressure at the
48 surface of the sea.
YT
oSt o3 s ¢. P=0.45(160)+14.7=86.7 lb/in.
72 —
:i: d. 104.7=0.45d +14.7 = 200 feet
sk
30 T
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138 Chapter 1 Graphs and Functions

109. a. Let the year 2010 be represented by Y = 0.

Then the year 2018 is represented by Y = 8.

rate of change (slope) = 94~ (8)5
= 2 =1.125
8

Using the data point (0, 85), we have
w-85=1.125(Y —0) = w=1.125Y +85.

b. The slope represents the cost to dispose of
one pound of waste. The x-intercept
represents the amount of waste that can be
disposed with no cost. The y-intercept
represents the fixed cost.

c. The year 2023 is represented by ¥ = 13.
w=1.125(13)+85=99.625

Approximately 100 million tons will be
recycled in 2023.

110. a. At 60 mph = 1 mile per minute, so if the

speedometer is correct, the number of
minutes elapsed is equal to the number of
miles driven.

b. The odometer is based on the speedometer,
so if the speedometer is incorrect, so is the
odometer.

111. a.  £(2)=100+55(2)—3(2)* = $198.

She started with $100, so she won $98.

b. She was winning at a rate of $49/hour.

c. 0=100+55-3t> = (-1 +20)3t +5) =
t =20, t =—5/3. Since ¢ represents the
amount of time, we reject ¢ = —5/3.

Chloe will lose all her money after playing
for 20 hours.

d. $100/20 = $5/hour.

112. If 100 < x £500, then the sales price per case

is $4 — 0.2(4) = $3.20.

4x if0<x <100
f(x)=1<3.2x if 100 < x <500
3x if x > 500

113.a. (Lox)(t)=05[x(1)] +4

=05 (1 + 0.002t2)2 +4

— 0.5v/0.000004¢* +0.004¢% + 5

115. a. Linked

b. (Lox)(5)=05y[x(5)]" +4

= 0.5\/(1 + 0.002(52))2 +4

=0.5y(1.05)%* + 4 = 0.51/5.1025

=1.13

114 a. Revenue = number of units x price per unit:

xe p =(5000+ 50z +10£%)(10 + 0.5¢)
= 5¢% +125¢% +3000¢ + 50,000

b. p=10+0.5t=¢t=2p-20.
x(t)=x(2p—-20)
=5000+50(2p—-20)+102p — 20)2
=40p? —700p +8000, which is the
number of toys made at price p. The
revenue is p (40 p2—700p + 8000) .

40p> —=700p2 + 8000 p.

TIOWL
e dl 1

[70, 80, 1] by [200, 350, 25]
c. y=13.1(75)-729.4=253.1

A player whose height is 75 inches weighs
about 253.1 pounds. (Answer may vary due
to rounding.)

Chapter 1 Practice Test A

1. The endpoints of the diameter are (—2, 3) and

(-4, 5), so the center of the circle is

(244 3+5)_
(TP

The length of the diameter is
\/(—4 ~(2))’ +(5-3)* =B =22.

Therefore, the length of the radius is V2.
The equation of the circle is

(x+3)°+(y-4)" =2.
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TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780137552467-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

Chapter 1 Practice Test A 139

2. To test if the graph is symmetric with respect

to the y-axis, replace x with —x:

3(—x) +2(-x)y? = 1= —3x—2xy> =1, which
is not the same as the original equation, so the
graph is not symmetric with respect to the
y-axis. To test if the graph is symmetric with
respect to the x-axis, replace y with —y:

3x+ 2x(—y)2 =1=3x+ 2xy2 =1, which is
the same as the original equation, so the graph
is symmetric with respect to the x-axis. To test
if the graph is symmetric with respect to the
origin, replace x with —x and y with —y:
3(=x)+2(-x)(-y)? =1= 3x-2xp% =1,
which is not the same as the original equation,

so the graph is not symmetric with respect to
the origin.

0=x2(x—3)(x+l):>x=0 orx=3orx=-1
y= 02(0—3)(0+ 1) = y =0. The x-intercepts
are 0, 3, and —1; the y-intercept is 0.
x? —2x+y2 —-2y=2
(x2 —2x+1)+(y2—2y+1)=2+1+1
(x-1)°+(r-1)" =4

This is a circle with center (1, 1) and radius 2.

X242 —2x-2y=2
3

y-T=-1(x-2)=y-T=-x+2=
y=-x+9
The equation is y = —x + 9.

8x—2y=7:>y=4x—%:> the slope of the

line is 4.
y—(-1)=4(x-2)=y+1=4x-8=
y=4x-9

So the equation of the line parallel to the line
8x—2y =7 and passing through (2, —1) is
y=4x-9.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

(/2)(2)= 1 (2)-2(2)
= (=22 + 1)(22 +3(2)+ 2)
= (-3)(12) = -36
g(£@)=1-2(r () =1-2(2(2)-3)’
=1-2(1)* =-1
(£ )@ =[] -2/ ()
=(x?-2x)2 -2(x* - 2x)
=x* —ax? +4x? - 2x? +4x
=x* — 433 + 257 + 4x

a. f(-1)=(-1) -2(-1)=-1+2=1

b. f(0)=0°-2(0)=0

¢ fh=1-2)*=-1

1-x> 0= x <1;x must also be greater than
or equal to 0, so the domain is [0, 1).

@O _2@+7)-(21)+7)
4-1 3

=200t s =2t S = =

=2

Ax) is even.

Increasing on (—o<,0) and (2,); decreasing
on (0,2).

Shift the graph of y = Jx three units to the
right, then stretch the graph of y =+/x-3
vertically by a factor of 2, and then shift the
resulting graph, y = 2+/x—3, four units up.
25=25-(2t-57=0=-(2t-5"=

0=2t-5=1t=—=2.5seconds

[\ RO,

r2)=7=r71(7)=2
2x .
fx)=y= —1 Interchange the variables
X—

and solve for y x:2—y:
y—1
Xy—x=2y=>xy-2y=x=
X
x=2

yx-2)=x=y=f"'(x)=

A(x) =100x +1000
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140 Chapter 1 Graphs and Functions

20.a. C(230)=0.25(230)+ 30 = $87.50

b. 57.50=0.25m+30= m =110 miles

Chapter 1 Practice Test B

1. To test if the graph is symmetric with respect
to the y-axis, replace x with —x:
|—x|+ 2|y| =2= |x|+ 2|y| =2, which is the
same as the original equation, so the graph is
symmetric with respect to the y-axis. To test if
the graph is symmetric with respect to the x-
axis, replace y with —y:
|x|+2|—y| =2= |x|+ 2|y| =2, which is the
same as the original equation, so the graph is
symmetric with respect to the x-axis. To test if
the graph is symmetric with respect to the
origin, replace x with —x, and y with —:
|—x|+ 2|—y| =2= |x|+ 2|y| =2, which is the
same as the original equation, so the graph is
symmetric with respect to the origin. The
answer is D.

2. 0=x’-9=x=43;y=0-9= y=-9.

The x-intercepts are +3; the y-intercept is —9.
The answer is B.

3. D 4. D 5. C

6. Suppose the coordinates of the second point

are (a, b). Then —% = b=

2. Substitute each
a-3
of the points given into this equation to see
which makes it true.

1 1-2

2 5-3
The answer is B.

7. Find the slope of the original line:
6x-3y=5=y= 2x—§. The slope is 2.

The equation of the line with slope 2, passing
through (-1, 2)is y—2=2(x+1).
The answer is D.

10.

11.

12.

13.
16.

18.

19.

20.

(fog)(x)=3(2-x7)-5=1-3x".

The answer is B.

(fof)(x)=2(2+? —x)2 ~(2¢* -x)
=8x* —8x% +x
The answer is A.
I-(a=1) 2-a
-)=—=—
gla=D 1+(a-1) a
The answer is C.

1-x 2> 0= x <1; x must also be greater than

or equal to 0, so the domain is [0, 1].
The answer is A.

f(x)zx/x2 +6x—-7= ,I(x+7)(x—l) =
(x+7)(x—1)2 0

So, the domain of the function

(=oe, = 7]U[L, e).

The answer is B.

A 14. A 15. B
D 17. C
1-3x .
f)=y= . Interchange the variables
5+2x

and solve for y: x = 1=3y
542y

5x+2xy=1-3y=2xy+3y=1-5x=

_ 1-5x
2x+3)=1-5x=y=flx)=—=
y(2x+3) x=y=fT @)=

The answer is C.
w=5x—-190;w=5(70)—190 = 160.
The answer is B.

50=0.2m+25= m =125. The answer is A.
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Chapter 2 Polynomial and Rational Functions

Getting Ready for the Next Section GRIL. 3x247x+2=0
3x+1)(x+2)= 0
2 (
x"—x=12=(x+3)(x~4) 3x+1=0 [x+2=0
2 1 x=-2
X —5x+6=(x—2)(x—3) xz—g
L 1
x? +2x—8=(x+4)(x—2) Solution: {_2’ _3}
2
x?+7x+10= (x+2)(x+5) GRI2. x” —4x+1=0
Use the quadratic formula.
x? —6x a=1,b=-4,c=1
[ 2
One-half of —6 is 3. (—3)2 =9, soadd 9 to _—bENb” —4ac
2a
. 2 2
obtain x —6x+9=(x—3) . _(_4)i_ (_4)2_4(1)(1)
x? +8x 2(1)
One-half of 8 is 4. 42 =16, s0 add 16 to 4+;/— 4+22*f 2+ 3
) _ 2
obtain x +8x+16—(x+4) . Solution: {2—\/5, 24 }
x?—5x )
2 GR13.y=(x+2) -3
5 5
One-half of -5 is -3 (_E) == 4 , soadd 9 )
) Start with the graph of f (x)=x", then shift
to obtain x> —5x + % = (x - %) . it two units left and three units down.
L
X2 +Zx 6
4
3:.3 (3 2
One-half of S - (Z) 1 > SO add | | L
w%&zﬁ/{_ 2 4 6%
obtain x* +3 x+—=( %) . Zal
2
x"=Tx+12=0 2
GR14. y=(x—-1)"+3
(x=3)(x-4)=0 y=(x=1)
x-3=0]x-4=0 Start with the graph of f (x)=x?, then shift
x=3 x=4 it one unit right and three units up.
Solution: {3, 4} Y
x2-x-6=0 \g_
(x+2)(x-3)=0 ‘2*
x+2=0 |x-3=0 L1 —I [
x=-2 x=3 —4—2_2_2 4 6%
Solution: {-2, 3}
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142 Chapter 2 Polynomial and Rational Functions

GRI5. y=—(x+1)"+2 Al

COM

TBEXAM.

Start with the graph of f (x)=x?, then shift

it one unit left. Reflect the graph across the
x-axis and then shift it two units up

NE 4 342 -1 0]\ 1 2 x
(— 71_
L [2\ L1
6442 |\2 4 6% ol
~2
:2: The graph of f(x)=3x2—3x—6 isa

GR16. y=—(x-3)* -

Start with the graph of f (x)=x?, then shift

it three units right. Reflect the graph across
the x-axis and then shift it one unit down.

parabola with a =3, b = -3 and ¢ = —6. The
parabola opens up because a > 0. Now, find
the vertex:

b -3 1

2 203) 2

k=f(h)=f@=3@2‘3@_6:_%

¥y
4= (127
s Thus, the vertex (h, k) is > ) and the
1 L1
) 4 6 8% 27
:i B minimum value of the function is —T.
—6 Next, find the x-intercepts:
8 3% -3x-6=0=3(x ~x-2)=0=

2.1 Quadratic Functions

Practice Problems

1. Substitute 1 for &, =5 for £, 3 for x, and 7 for y
in the standard form for a quadratic equation
to solve for a:

7=a(3-1)?-5=7=4a-5= a=3.The
equation is y =3(x—1)° -

Because a = 3 > 0, f'has a minimum value of

y-intercept: £(0)=-2(0+1)" +3=1
Plot the vertex, the x-intercepts, and the
y-intercept, and join them with a parabola.

(x-2)(x+1)=0=>x=20rx=-1
Now, find the y-intercept:

£(0)=3(0)* -3(0)-6=—6.

Thus, the intercepts are (—1, 0), (2, 0) and
(0, —6). Use the fact that the parabola is

.. . . 1
symmetric with respect to its axis, x = 5, to

locate additional points. Plot the vertex, the
x-intercepts, the y-intercept, and any
additional points, and join them with a
parabola.

—Satx=1.

y

4 —

2. The graph of f(x)=—2(x+1)2+3 is a N

parabola with a =—2, A =—1 and k = 3. Thus, 2
the vertex is (—1, 3), and the maximum value of 1
the function is 3. The parabola opens down — 7'3 10 T
because a < 0. Now, find the x- interceptS' 1
0==2(x+1)+3=2(x+1) =3= :
(x +1) :—:> +1= \/7:>x +\ﬁ—l:> -
x=0.22 orx=-2.22 . Next, find the *j
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Section 2.1 Quadratic Functions 143

4. Thegraphoff( ) 3x>—6x—11isa

parabola with a =3, 5 =—6 and ¢ = —1. The
parabola opens up because a > 0. Complete
the square to write the equation in standard
form:

f(x)=3x2 —6x—1 =3(x2 —2x)—l

=3(x? —2x+1)-1-3=3(x—1)" -4
Thus, the vertex is (1, —4). The domain of f'is
(—ee, =) and the range is [—4, o).
Next, find the x-intercepts:

0=3(x—1)2—4:>g=(x—1)2 =

23 23
i—3 =x-

1= 1+——x:>x 2.15or
x=-0.15. Now, find the

y-intercept: f(0) = 3(0)2 -6(0)-1=-1.
Use the fact that the parabola is symmetric
with respect to its axis, x = 1, to locate
additional points. Plot the vertex, the
x-intercepts, the y-intercept, and any
additional points, and join them with a

parabola.
)f

=)
I

The graph of fis below the x-axis between the
x-intercepts, so the solution set for

f(x)=3x—6x-1<0 is

{1_2«/_ 2@} o {3—2«/5 3+2\/§}.

3 3 3 7 3

h(t)= —gTEﬁ + vt + hy

gp =32 ft/s®, hy =100 ft, max height = 244 ft

a. Using the given values, we have

h(t)= —%tz + vt +100

= —161% + vyt +100

Using the formula for the vertex of a

V,
arabola gives ¢ = — 0 . This is
P £ 2(-16) 3

the time at which the maximum height
h(t) = 244 ft is attained. Thus,

h(f) =244 = h(;—gj

2
= —16(V—Oj +v, (V—OJHOO
32 32

2 2 Vo2
=-20 4% 4100=20 1100
64 32 64
Solving for v, yields
" "

244="0_ 4100144 =20
64 64

vo® = 14464 = vy =+/144-64 =12-8 =96

Thus, /(¢)=-16¢> +96¢ +100 feet.

b. Using the formula for the vertex of a
96 96

2(-16) 32
The ball reached its highest point 3 seconds
after it was released.

parabola gives ¢ = —

6. Letx = the length of the playground and
y = the width of the playground.

Then 2(x+y)=1000=> x+y =500=
y=500-x.

The area of the playground is

A(x) =Xy = x(SOO—x) =500x — x°.

The vertex for the parabola is (%, k) where

h=-—20 =250 and

2(-1)
k =500(250)— 2502 = 62,500.
Thus, the maximum area that can be enclosed

is 62,500 ft. The playground is a square with
side length 250 ft.

Concepts and Vocabulary

The graph of f(x) =ax’+bx+c, a0, isa
parabola.

2. The vertex of the graph of

f(x)=a(x—h) +k, a=0, is (h k).

3. The graph of f(x)=a(x—h)2 +k,a#0,

is symmetric with respect to the vertical line
x=h.
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144 Chapter 2 Polynomial and Rational Functions
4. The x-coordinate of the vertex of 23. Substitute —3 for 4, 0 for k, —4 for y, and —5
f ( x) —axl+bxtc. as0. is given by for x in the standard form for a quadratic
, ’ ’ equation to solve for a:
T ~4=a(-5-(-3) +0=>-1=a.
5. True. The equation is y = —(x + 3)2.
6. False. The graph of f( x) =2x2 is the graph 24. Substitute 0 for 4, 1 for k, 0 for y, and —1 for x
5 . in the standard form for a quadratic equation
of g (x) = x~ compressed horizontally by a o solve for a: 0= a(~1— 0)2 1> -l=a
factor of 2. . 2
The equationis y =—x" +1.
7. False. If a > 0, then the parabola opens up and
has a minimum. 25. Substitute 2 for 4, 5 for &, 7 for y, and 3 for x
8. True in the standard form for a quadratic equation
) tosolvefora:7=a(3—2)2+5:>2=a.
Building Skills The equation is y =2(x — 2)2 +5.
9. f 10.d 1l.a 12. ¢ 26. Substitute -3 for /, 4 for k, 0 for y, and 0 for x
13. h 14. b 15. ¢ 16. ¢ in the standard form for a quadratic equation
) to solve for a:
17. Substitute —8 for y and 2 for x to solve for a: 4
8= a(2)2 - 2-q 0=a(0- (—3))2 +4= oy =a. The equation
. . _n2
The equation is y = —2x~. s y=—g(X+3)2+4.
18. Substitute 3 for y and —3 for x to solve for a:
5 1 27. Substitute 2 for &, -3 for £, 8 for y, and -5 for
3=a(=3)" = 3 =a. x in the standard form for a quadratic equation
g 2 1
The equation is y = %xz. to solve fora: 8=a(-5-2)"-3= - a.
. 11 >
19. Substitute 20 for y and 2 for x to solve for a: The equation is y = 4—9(x -2)" -3
— 2 —
20=a@2)"=5=a 28. Substitute -3 for 4, -2 for k, -8 for y, and 0
The equation is y = 5x2. for x in the standard form for a quadratic
equation to solve for a:
20. Substitute —6 for y and —3 for x to solve for a: )
) 2 8=a(0-(-3))’-2=>-Z=a
—6 = a(-3) :>—§=a. 3
2, The equation is y = —g(x + 3)2 -2.
The equation is y = —=x~. 3
3
. 1 1 1 3
21. Substitute 0 for /4, 0 for k, 8 for y, and -2 for x 29. Substitute 5 for A, 5 for £, 2 for y, and 7
in the standard form for a quadratic equation . .
) for x in the standard form for a quadratic
tosolve fora: 8=a(-2-0)"+0=8=4a= equation to solve for a:
2 = a. The equation is y = 2x>. _i= (%—%)2+%=>—12=a
22. Substitute 2 for 4, 0 for k, 3 for y, and 1 for x

in the standard form for a quadratic equation
to solve for a: 3=a(1—2)2 +0=3=a.

The equation is y = 3(x — 2)2.

2
The equation is y = —12(x —%j +%.
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Section 2.1 Quadratic Functions 145

30.

31.

32.

33.

34.

Substitute —% for A, —% for &, % for y, and

1 for x in the standard form for a quadratic
equation to solve for a:

55 ( 3) 5 3
—=a|l-|-—= || ~T=><-=a.
8 2 2 2
2
3 3 5
The equationis y=—| x+—| ——.
q 75 (x 2) 2
The vertex is (-2, 0), and the graph passes
through (0, 3). Substitute —2 for 4, 0 for %, 3
for y, and O for x in the standard form for a
quadratic equation to solve for a:
3=a(0-(-2))> +O=>%=a.
L 3 2
The equation is y = Z(x + 2) .
The vertex is (3, 0), and the graph passes
through (0, 2). Substitute 3 for 4, 0 for £, 2 for
v, and 0 for x in the standard form for a
quadratic equation to solve for a:

2=a(0—3)2+0=>§=a.

The equation is y = %(x - 3)2 )

The vertex is (3, —1), and the graph passes
through (5, 2). Substitute 3 for 4, —1 for &, 2
for y, and 5 for x in the standard form for a
quadratic equation to solve for a:

2=a(5-3)* ER TN
4
. 3 2
The equation is y = Z(x -3)" -1.
The vertex is (3, —1), and the graph passes
through (0, 3). Substitute 3 for /4, —1 for &, 3

for y, and 0 for x in the standard form for a
quadratic equation to solve for a:

3=a(0—3)2—1=>9a=4=>a=g.

The equation is y = g(x - 3)2 -1.

35. f(x)=3x?

Stretch the graph of y = x? vertically by a
factor of 3.
y

36. f (x) = %xz
Compress the graph of y = x? vertically by a
factor of 1/3.
y
AN
-3 1|1 3 X

37. ¢ (x) = (x - 4)2

Shift the graph of y = x? right four units.

38. ¢ (x) = (x + 3)2
Shift the graph of y = x? left three units.

y

-5 -3 -1 X
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146 Chapter 2 Polynomial and Rational Functions

39. f(x)=-2x-4

Stretch the graph of y = x? vertically by a
factor of 2, reflect the resulting graph about

the x-axis, then shift the resulting graph down

4 units.

40. f(x)=—-x*+3

Reflect the graph of y = x? about the x-axis,

then shift the resulting graph up 3 units.
y

41. g(x):(x—3)2+2

Shift the graph of y = x? right three units,
then shift the resulting graph up two units.

42.

43.

44.

g(x)=(x+1)*-3
Shift the graph of y = x? left one unit, then
shift the resulting graph down three units.

f(x)=-3(x-2)" +4

Shift the graph of y = x? right two units,

stretch the resulting graph vertically by a
factor of 3, reflect the resulting graph about
the x-axis, and then shift the resulting graph
up four units.

y
-

4

|
0J,123L4 5 X

f(x)=-2(x+1)*+3

Shift the graph of y = x? left one unit, stretch

the resulting graph vertically by a factor of 2,
reflect the resulting graph about the x-axis,
and then shift the resulting graph up three
units.
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45.

46.

47.

Complete the square to write the equation in

standard form: y = X +4x=
y=(x*+4x+4)-4= y=(x+2)’ 4. This

is the graph of y = x? shifted two units left
and four units down. The vertex is (-2, —4).
The axis of symmetry is x = —2. To find the
x-intercepts, let y = 0 and solve
0=(x+2)"-4= (x+2)° =4=
x+2=2=x=-4orx=0

To find the y-intercept, let x = 0 and solve

y=(0+2)>-4= y=0.

Complete the square to write the equation in

standard form: y = X2 -2x+2=
y=(x*-2x+D)-1+42= y=(x-1)% +1.

This is the graph of y = x? shifted one unit

right and one unit up. The vertex is (1, 1).
The axis of symmetry is x =1. To find the
x-intercepts, let y = 0 and solve

0=(x-1)2+1= (x—-1)> =—1= there is no
x-intercept. To find the y-intercept, let x =0
and solve y = (0—1)2 +1=y=2.

A N0 o=

L1 1 1 1

1 23 4 5%

Complete the square to write the equation in
standard form:

y=6x-10—-x> = y=—(x>-6x)—10 =
y=—(x>-6x+9-9)-10=

y=—(x>—6x+9)+9-10= y=—(x-3)* -1

48.

This is the graph of y = x? shifted three units
right, reflected about the x-axis, and then
shifted one unit down. The vertex is (3, —1).
The axis of symmetry is x = 3. To find the
x-intercepts, let y = 0 and solve
0=—(x-3)>-1= —1=(x—3)> = thereis
no x-intercept. To find the y-intercept, let
x=0andsolve y=—(0-3)> —1= y=-10.

Complete the square to write the equation in
standard form:

y=8+3x—x2 :>y=—(x2—3x)+8:>

y=—(x2—3x+%—%j+8=>

y=—(x2 —3x+2j+2+8
4) 4

This is the graph of y = x? shifted 3/2 units
right, reflected about the x-axis, and then

shifted 4 units up. The vertex is (é’ﬂ)
4 2° 4

The axis of symmetry is x = % To find the

x-intercepts, let y = 0 and solve

3V 41 3V 41
O=—|x-2| +—=|x-2| =—=
2) T4 2 4

(continued on next page)
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148 Chapter 2 Polynomial and Rational Functions
continue
( 9 0=3(x+2)2—19:>?=(x+2)2:>
i,/22x+2=>iﬁ=x+2:
3 3
o/ 24257 = x.
o _al To find the y-intercept, let x = 0 and solve
s y=30+2)2-19= y=-7.
—nnf y
20
49. Complete the square to write the equation in 16 -
standard form: ]z i
y=2x2 —8)c+9:>y=2(x2 -4x)+9=
|
y=2(x>—4x+4-4)+9 2 x
y=2(x2—4x+4)-2(4)+9
y=2(x-2)? +1
This is the graph of y = x? shifted 2 units
right, stretched vertically by a factor of 2, and 51. Complete the square to write the equation in
then shifted one unit up. The vertex is (2, 1). standard form:
T}}e axis of symmetry is x = 2. To find the y=3x2+18x—11= y= 32 —6x)-11=
x-intercepts, let y = 0 and solve
e 4] 1 2 o there y=-3(x*-6x+9-9)—11
0=2x-2)"+1= —5—(x— )" = thereis y=—3(x2 —6x+9)+3(9)—11
no x-intercept. To find the y-intercept, let y=-3(x— 3)2 416
=0andsolve y=2(0-2)*+1= y=9.
* én solve y=2( ) Y This is the graph of y = x? shifted three units
\ right, stretched vertically by a factor of three,
reflected about the x-axis, and then shifted 16
1 units up. The vertex is (3, 16). The axis of
9 symmetry is
7 x = 3. To find the x-intercepts, let y = 0 and
5 solve y=0=-3(x-3)>+16 =
3
L] l E:(x—3)2:>iﬂ:x—3:>
-2 0 6 X 3 3
50. Complete the square to write the equation in 3+ gx/g =x.

standard form:

y=3x"+12x-7= y=3(x" +4x)- 7=
y=3(x*+4x+4-4)-7

y=3(x2 +4x+4)-3(4)-7
y=3(x+2)2-19

This is the graph of y = x? shifted 2 units

left, stretched vertically by a factor of 3, and
then shifted 19 units down. The vertex is

(-2, -19). The axis of symmetry is x = —2. To
find the x-intercepts, let y = 0 and solve

0=3(x+2)>-19.

To find the y-intercept, let x = 0 and solve
y=-30-3)?+16 = y=—11.

Y
20
16
12

8

4
l

—10
Ly
-8

§

:

II\\
(S}
w
IS
W
=N
=
=
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Section 2.1 Quadratic Functions 149

52. Complete the square to write the equation in
standard form:

y==5x2—20x+13= y=-5(x*> +4x)+13=
y==5x*+4x+4-4)+13

y==5(x> +4x+4)+5(4)+13

y=-5(x+2)% +33

This is the graph of y = x? shifted two units

left, stretched vertically by a factor of five,
reflected about the x-axis, and then shifted 33
units up. The vertex is (-2, 33). The axis is
x =—2. To find the x-intercepts, let y = 0 and

solve 0=—5(x+2)2+33:3—53:(x+2)2 =

i,}%:x+2=>—21%\/165 = x. To find the

y-intercept, let x = 0 and solve
y==50+2)?+33= y=13.

1 | I
1235678 9x

54. y=x>+8x+13=a=1b=8,c=13
a. a=1>0, so the graph opens up.

b. The vertex is

8 8
(_E’ f[—EB = (~4,-3).

c. The axis of symmetry is x = —4.

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

y —8++/8%2 —4(1)1
40 - 0=x>+8x+13=x= 81y8 ()(3):
30 - 2(1)
20~ -8+
10\ x=8_—\/ﬁ=—4ix/§. To find the
| A N | | 2
—6-ya3m2-1 O\ 2y y-intercept, let x = 0 and solve
—20F y=0%+8(0)+13=13.
—-30
—or e sl
5 16
53, y=x"-8x+15=a=1,b=-8,c=15 14
124
a. a=1>0, so the graph opens up. 19
. -8 -8 6
b. The vertexis | ——, f| ——— | |= (4,-1). 41
2(1) 2(1) oL
11 1 - | |
- S o 1x
c. The axis of symmetry is x = 4. ’ 6W2 -
d. To ﬁn2d the x-intercepts, let y = 0 and solve 55, y= 2 ox—6ma=1b=—1c=—6
0=x"-8x+15=0=(x-3)(x-5=
x =3 orx=>5. To find the y-intercept, let a. a=12>0, so the graph opens up.
x=0and solve y =07 -8(0)+15= b. The vertex is
y=1s. B S & _(l _E)
2(1)° 2(1) 27 4)
. . 1
c. The axis of symmetry is x = 7
d. To find the x-intercepts, let y = 0 and solve
0=x’-x-6=0=(x-3)(x+2)=x=3
or x =—-2. To find the y-intercept, let x = 0
and solve y =02 —(0)—6= y =—6.
Copyright © 2023 Pearson Education Inc.
TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780137552467-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

150 Chapter 2 Polynomial and Rational Functions

0=x’>-2x+4=

5% DD 0@

2(1)

/ d. To find the x-intercepts, let y = 0 and solve

LS
2

= there are no x-intercepts.

To find the y-intercept, let x = 0 and solve
y=02-200)+4=y=4.

56. y=x’+x-2=a=1b=1c=-2 e.

a. a=1>0, so the graph opens up.

AN N 0 =

b. The vertex is
1 1 1 9
(‘m’f (%]J-(‘z"z)

. . 1
c. The axis of symmetry is x = 5

4
3
2
1

[ L |
d. To find the x-intercepts, let y = 0 and solve “3-2-100 1 2 3 4%

0=x’+x-2=0=(x-D(x+2)=
x=lor x=-2.

58. y=x’—-4x+5=a=1b=—-4c=5

To find the y-intercept, let x = 0 and solve 2. a=1>0, so the graph opens up.
=02 +(0)-2= y=-2. — -

Y ©) Y b. The vertex is ——4,f = =(2,1).

: 2(D 2(D
e. Y

5
4l c. The axis of symmetry is x = 2.
3r d. To find the x-intercepts, let y = 0 and solve
? : 0=x>—4x+5=>

2(1)

;;xii / SRR L TN’ - 4006)

4++-4 .
-3r == = there are no x-intercepts. To
57. y= x2—2x+4=a=1,b=-2 c=4 find the y-intercept, let x = 0 and solve

y=0"-40)+5=y=5.
a. a=12>0, so the graph opens up.

. -2 -2
b. The vertex is (_E’f(_ﬁj) =(13).

c. The axis of symmetry is x =1.

_— N W R
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(_%},f(_%))]:(_m

c. The axis of symmetry is x =—1.

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

0=6-2x—x"=

2
LDt V(=2)% = 4(=1)(6) o2 i_\éZ—S -

2(=1
x=-1%+/7.
To find the y-intercept, let x = 0 and solve
y=6-2(0)-0>= y=6.

—_— N W R W O 00

60. y=2+5x-3x>=a=-3,b=5c=2

a. a=-3 <0, so the graph opens down.

b. The vertex is
i) R
(-3) 2(-3) 6 12

c. The axis of symmetry is x = %

d. To find the x-intercepts, let y = 0 and solve
0=2+5x-3x2=0=-Cx*-5x-2)=

0=—(3x+1)(x—2)$x=—% orx=2. To

find the y-intercept, let x = 0 and solve
y=2+5(0)-3(0)2 = y=2.

61.

62.

63.

64.

65.

Section 2.1 Quadratic Functions 151
5. y=6-2x—x’*=a=-1,b=-2,c=6 I
4
a. a=-1<0, so the graph opens down. 5
b. The vertex is 2
1

|11 T
—3-2-1 1 3 4 5%

3_

. a=1>0, so the graph opens up and has a

minimum value. Find the minimum value by
finding the vertex:

)

The minimum value is —1.

. The range of fis [—1, ).

. a=-1 <0, so the graph opens down and has

a maximum value. Find the maximum value
by finding the vertex:

(_2(:>’f (_2(:)]}:(3’1)

The maximum value is 1.

. The range of fis (—oo,1].

. a=-1<0, so the graph opens down and has

a maximum value. Find the maximum value
by finding the vertex:

(_ 2(‘11) ’f(_ 2(:)]) =(2.0)

The maximum value is 0.

. The range of fis (—o,0].

. a=1>0, so the graph opens up and has a

minimum value. Find the minimum value by
finding the vertex:

e

The minimum value is 0.

. The range of fis [0, ).

. a=2>0, so the graph opens up and has a

minimum value. Find the minimum value by
finding the vertex:

(—%J[—%B:(A—S)

The minimum value is 5.

. The range of fis [-5, o).
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66.

a=3>0, so the graph opens up and has a
minimum value. Find the minimum value by

finding the vertex:

12 12
(%’f (%D:“"”)

The minimum value is —17.

b. The range of fis [-17,0).

67. a. a=-4<0, so the graph opens down and has
a maximum value. Find the maximum value

by finding the vertex:

12 - 12 =(§J6j
2(-4) 2(-4) 2
The maximum value is 16.

b. The range of fis (—eo,16].

68. a. a=-2<0, so the graph opens down and has
a maximum value. Find the maximum value

by finding the vertex:

(_ T (_ 2£2)D =(2.3)

The maximum value is 3.

b. The range of fis (—oo,3].

For exercises 69-82, refer to Example 4 for the
process. The x-intercepts of the function are the

boundaries of the intervals.

69. x*-4<0
Vertex: (0, —4); x-intercepts: —2, 2
y

3
2
1

W —
Ny -
=

Solution: [-2, 2]

70. 4-x*>0
Vertex: (0, 4); x-intercepts: -2, 2

71.

72.

73.

W<

72_
_3_

Solution: [-2, 2]

x? —4x+3<0
Vertex: (2, —1); x-intercepts: 1, 3

y
6 -

—_— N

| | | | | |
710 -
2 14_ 1\2/3 4 5 64

72_
Solution: (1, 3)

¥ +x-2>0

1 .
Vertex: (_E’_%j’ x-intercepts: -2, 1

—_ N W A
I

|
~
|
(98]
|
|
| =
=
\
o=
Iy -
=
-

Solution: (—eo,—2)U(1,°)

x2=3x-7>0

Vertex: (é, —3—7]
2 4

To find the x-intercepts, use the quadratic
equation to solve x?-3x-7=0.
=92 40 3245

- 2(1) 2

(continued on next page)
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(continued) y
¥ 87
_: 7__
2:: 6T
4T ST
T 4T
A T
8-6-4-2T 246 810% 7
A\ R
-6\ 2-14+12345678"
_8—

74.

75.

The solution of the inequality x> =3x-720

(EEe

2 2 2 2

¥ +x-8<0

Vertex: —l, —2
2 4

To find the x-intercepts, use the quadratic

equation to solve x?+x-8=0.

1P -4(1)(-8) 1233

e 2(1) 2

The solution of the inequality x*+x-8<0
[1 331 \/ﬁ}
is|————,——+ .
2 2 2 2
x?—4x+920

Vertex: (2, 5)
To find the x-intercepts, use the quadratic

equation to solve x2—4x+9=0.
_ (A -40)0) _ 42420
2(1) 2
There are no x-intercepts.

76.

71.

78.

Solution: (—eo, o)

x?—6x+9<0
Vertex: (3, 0); x-intercept: (3, 0)
y

Solution: {3}

—x2+2x-2>0
Vertex: (1,-1)

51

Solution: &

~x2+6x-9<0
Vertex: (3, 0); x-intercept: (3, 0)
y

Solution: (—e0,3)U(3,0)
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154 Chapter 2 Polynomial and Rational Functions
79. —x?-3x+10>0 82. —5x?+9x-4>0
Vertex: —é, ﬁ Vertex: i, L
2’ 4 10" 20
x-intercepts: =5, 2 ) 4
x-intercepts: —, 1
4 5
16+
4 y
0.2+
1 IO.I4 T T T T T i X
LI
I_I8 f \2‘. T I8 T x ::
—4 + 4
_2 -+
Solution: [-5, 2]
. 4
5 Solution: | —, 1
80. —x“—-x+12<0 5
Vertex: (_%’ 4749) Applying the Concepts
x-intercepts: —4, 3 83. h(x)=- 32 2. .43
y 1322
16+
€ y
150 —
125
100
| | | 75
I I8 I X
50
. 25
Solution: (—eo, —4]U|[3, °)
[ N N B
81. —6x2 +13x—-7<0 100 200 300 400 500 x

y
02+
04/1 L Iﬁx
-1 +
-2 +

a. Using the graph, we see that the ball
traveled approximately 550 ft horizontally.

b. Using the graph, we see that the ball went
approximately 140 high.

c. 0=- 32 ¥ +x+3

1322

—1J_r\/12 —4(—&)(3)
o)

= =3 or 547

Thus, the ball traveled approximately 547 ft
horizontally.

xX=

(continued on next page)
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(continued) _ _
. . . g7. |- f _00 2 (25,-425).
The ball reached its maximum height at the 2(1) 2(1)
vertex of the function (_ b h(— b D The total cost is minimum when x = 25.
"\ 2a’ 2a))
b 1 88. p=100-x= R(x)=100x—x.
o4 oy = 27225 Profit = revenue — cost
2(-32/(1322)) )
= P(x) = (100x - x?) - (50 + 2x) =
32 2
h(272.25)=- o (272.25)" +272.25+3 P(x) = —x? +98x — 50.
=139 Now find the vertex of the profit function:
The ball reached approximately 139 ft
84. R(x)=-25x%+1700x + 80,000 D D

So the maximum profit occurs when x = 49.

Y The maximum profit is $2351.
100000
89. Let x = the length of the rectangle. Then
80000 80 — 2
———— =40 — x = the width of the rectangle.
60000 2
The area of the rectangle = x(40 — x)
40000
= 40x — x>.
20000 Find the vertex to find the maximum value:
I R B
0 20 40 60 80 100 x (— 40 ,f(— 40 D: (20,400).
a. Using the graph, we see that the maximum 2(=D) 2(=D)
revenue from the apartments is The rectangle with the maximum area is a
approximately $110,000 square with sides of length 20 units. Its area is

. . 400 square units.
b. Using the graph, we see that the maximum

revenue is generated by about 35 $25- 90. The fence encloses three sides of the region. Let
increases. x = the width of the region. Then 120 — 2x = the

. . length of the region. The area of the region =
c. The maximum revenue is at the vertex of the

5 5 x(120 - 2x) = 120x — 2x2.
function, (——, R(——D. 120 -2
2a 2a d
b 1700
- = =34
2a 2(-25) . x
R(34) = -25(34)” +1700(34) + 80,000
=108,900
The maximum revenue of $108,900 is , //\M//M/M
reached at 34 $25 increases. Find the vertex to find the maximum value:
85. The vertex of the function is (— 120 ,f(— 120 D =(30,1800).
114 114 202 7 22)
(— 23’ f [— 2-3) D =(19, 1098). The maximum area that can be enclosed is

1800 square meters.
The revenue is at its maximum when x = 19.

86. p=200—4x = R(x)=200x—4x>.
The vertex of the revenue function is
__200 |- 200 =(25,2500).
2(-4) 2(-4)

The revenue is at its maximum when x = 25.
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156 Chapter 2 Polynomial and Rational Functions
91. Letx = the width of the fields. Then, Use the vertex to find the dimensions and
_ maximum area:
—6002 3x =300- %x = the length of the two 2700 2700
fields together. (Note that there is fencing (_ 2(-5) S (_ 2(-5) D =(270,4500) . So the
between the two fields, so there are three . .
“widths.”) area of the entire enclosure is 4500 square
| ' s | feet. There are 270 feet of high fencing, so the
< 300~ 5 > dimensions of the enclosure are
2270 _ 600 =75 feet by 600—2(270) = 60
i ield2 | x
¥ Reldx) Beld ! feet. The question asks for the dimensions and
maximum area of each half of the enclosure,
so each half has maximum area 2250 sq ft
The total area = x(300 B Exj 300x— Exz. with dimensions 37.5 ft by 60 ft.
' 2 ' 2 93. The yield per tree is modeled by the equation
Find the vertex to find the dimensions and of a line passing through (26, 500) where the
maximum value: x-coordinate represents the number of trees
300 300 planted, and the y-coordinate represents the
(_ 2(-3/2) »f(_ 2(-3/2) D = (100, 15,000). number of apples per tree. The rate of change
] i is —10; that is, for each tree planted the yield
So the width of each field is 100 meters. The decreases by 10. So,
length of the two fields together is 3 =500 = —10(x — 26) = y = —10x + 760.
300 — 1.5(100) = 150 meters, so the length of Si h h | vield =
each field is 150/2 = 75 meters. The area of ince there are x trees,zt ¢ total yield =
each field is 100(75) = 7500 square meters. x(=10x +760) = =10x~ + 760x. Use the
92. Let x = the amount of high fencing. vertex to find the number of trees that will

Then 8x = the cost of the high fencing. The
cost of the low fencing = 2400 — 8x, and
2400 - 8x =600 - 2x = the amount of low

fencing. This is also the width of the
enclosure. So

x—2(600-2x) 5x—1200 5

==—x-600=
2 2 2
the length of the enclosure.
< 2X- 600 >|
600 — 2x 600 — 2x 600 — 2x

The area of the entire enclosure is
(600 —2x) (%x - 600)

= —5x2 +2700x — 360, 000.

94.

maximize the yield:
__T60 - 760 = (38,14, 440).
2(-10) 2(-10)

So the maximum yield occurs when 38 trees
are planted per acre.

Let x = the number of days. The original price
is $1.50 per pound and the price decreases
$0.02 per pound each day, so the price per
pound is (1.5 — 0.02x). The weight of the steer
after x days is 300 + 8x. So the selling price =
number of pounds times price per pound
=(300+8x)(1.5—0.02x). The original cost of

the steer is 1.5(300) = $450, and the daily cost
of the steer is x, so the total cost of the steer
after x days is x + 450. The profit is
selling price — cost

=(300+8x)(1.5-0.02x) — (x +450)

= (—0.16x> + 6x +450) — (x + 450)

=—0.16x2 + 5x.
The maximum profit occurs at the x-
coordinate of the vertex:

(—;j =15.625.
2(-0.16)

The maximum profit occurs after 16 days.
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95.

96.

97.

If 20 students or less go on the trip, the cost is
$72 per students. If more than 20 students go
on the trip, the cost is reduced by $2 per the
number of students over 20. So the cost per
student is a piecewise function based on the
number of students, n, going on the trip:

72 ifn<20
f(n)_{72—2(n—20)=112—2n ifn>20

The total revenue is
72n ifn<20
nf (n) = _ 2 .
n(112-2n)=112n-2n" ifn>20
The maximum revenue is either 1440 (the
revenue if 20 students go on the trip) or the

maximum of 1127 —2n2. Find this by using
the vertex:

112 112
- - = (28,1568).
( 2(-2) f( (2)(—2)D ( :

The maximum revenue is $1568 when 28
students go on the trip.

Assume that m bytes per inch can be put on
any track. Let x = the radius of the innermost
track. Then the maximum number of bytes
that can be put on the innermost track is
27mx. So, each track will have 2zmx bytes.

9090

The total number of bytes on the disk is the
number of bytes on each track times the
number of tracks per inch times the radius (in

inches): 2zmx(p(5 - x)) = 2zmp(5x — x°)

= —27Z'mpx2 +107zmpx .

The maximum occurs at the x-coordinate of

the vertex: —i = —M = E
2a 2(2zmp) 4

inches from the center.

=25

h(t)= _gTMtz +vot + g

gy = 1.6m/52, hg =5 m, max height =25 m

a. Using the given values, we have

1.6
h(t)= —th +vot +5=—0.82 + vyt +5

Using the formula for the vertex of a

v Vv,
arabola gives ¢ = — 0 -0 Thisis
P £ 2(-08) 1.6

the time at which the height /() = 25 m is
attained. Thus,

h(t)=25=h(;—()6)

2
= —0.8(V—°j +vq (
1.6 .

j+5
2 2
Yo Yo 5V 45
32 1.6 32

Solving for v, yields

2 2
25=20_454500=20_
3.2 3.2

= '—‘|<
o N @

vo' =64= v, =8

Thus, /(t)=-0.8¢> +8¢+5.

. Using the formula for the vertex of a

8 8
=—2=3.
2(-0.8) 1.6
The ball reached its highest point 5 seconds
after it was released.

parabola gives ¢ = —

98, | h(t)= —gTMtz vt + hg

gy = 1.6m/sz, ho =7 m, max height =52 m

a. Using the given values, we have

h(t)= —%tz +vot +7=-0.8% + vyt +7
Using the formula for the vertex of a

Yo Y0 Thisis
2(-0.8) 1.6
the time at which the height /() = 52 m is
attained. Thus,

h(r)=52= h(lv—%)

2
=—0.8) 20 | 4y, | 22 |+7
1.6 1.6
2 2 2
:_VL+VL+7ZVL+7
32 1.6 32
Solving for v, yields
V, 2 vV 2
52="217=45="2 =
32 32

parabola gives ¢ = —

Vol =144 = vy =12

Thus, h(f)=-0.82 +12¢+7.
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158 Chapter 2 Polynomial and Rational Functions

b. Using the formula for the vertex of a

The area of the semicircle is 7x” / 2, and the
12 12

parabola gives ¢ = —m “Te" 5. area of the rectangle is 2){ 18- ﬂzx - 2x) _
The ball reached its highest point 7.5 ) )
seconds after it was released. 18x —7x” —2x". So the total area is
2 2
99. a. The maximum height occurs at the vertex: 18x—x2—2x2+ 75 _qgx—22 7%
4 4
__6 - 6 =(2,64), so the 7\
2(-16) 2(-16) 18x — 2+E x°.

maximum height is 64 feet. . .
& The maximum area occurs at the x-coordinate

b. When the projectile hits the ground, 2 =0, of the vertex:
so solve 18 B 18 18
0=-16t>+64t = ~16t(t - 4) = 0= 2(_2_”)‘ ~4-7 A+7
t=0ort=4.
The projectile hits the ground at 4 seconds. This is the radius of the semicircle. The length
100. a. The maximum height occurs at the vertex: of the rectangle is 2 18 = 36 ft.
4+r7) 4+rx
64 7l- 64 _ (2.464) . .
2(-16)’ 2(—16) > . The w1dthl(;f the rectarllgle is
The maximum height is 464 feet. 18—7 ( j -2 ()
4+ 4+7) 18 f
b. When the projectile hits the ground, 2 =0, 2 T4+ g

so solve 0=—16¢> + 64t + 400 =
2 2 102. a. y
—16(t° —-4t-25)=0=1t"-4t-25=0> 700 -

_A4\2 _ _ 600 |-
t:4i\/( 4)° — 4(1)(-25) .

5 o
+
t=%:>tz2ix/29:> 300 -
t=~-339 ort=~739. 2005
100

Reject the negative solution (time cannot be T
negative). The projectile hits the ground at 100 300 500 700 x
about 7.39 seconds.

b. The width of the arch is the difference

101. Let x = the radius of the semicircle. Then the . .
between the two x-intercepts:

length of the rectangle is 2x. The

2
circumference of the semicircle is zx, so the 0=-0.00635x" +4x =
perimeter of the rectangular portion of the 0=4x(-0.0015875x +1) = x =0 or
window is 18 — zx. The width of the rectangle X =629.92.

18— 7x—2x The arch is approximately 629.92 feet wide.

¢. The maximum height occurs at the vertex
of the arch. We know that the arch is
approximately 629.92 feet wide, the vertex
occurs at x = 629.92/2 =314.96.

£(314.96) = —0.00635(314.96) + 4(314.96)

18 = 629.92 feet.
— Tx—2x . . .
2 Note that the arch is as tall as it is wide!
103 2. V= 1.18 - 1.18
2(-0.01) 2(-0.01)
=(59,36.81)
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b. 0=-0.01x%>+1.18x+2=
—1.18i\/1.182 —4(=0.01)(2)
x:

2(=0.01)
_—118++/14724  -1.18+1.21

~0.02 ~0.02
~-1.50r119.5.

Reject the negative answer, and round the
positive answer to the nearest whole number.
The ball hits the ground approximately 120
feet from the punter.

¢. The maximum height occurs at the vertex.
(See part (a).) The maximum height is
approximately 37 ft.

d. The player is at x = 6 feet.
7(6) =-0.01(6)> +1.18(6) +2 = 8.72.
The player must reach approximately 9 feet
to block the ball.

e. 7=-0.01x* +1.18x+2
0=-0.01x*+1.18x -5
11841182 - 4(=0.01)(-5)
- 2(-0.01)
_-118£1.1924

-0.02
x=4.4 feet or x =113.6 feet

X

104. The maximum height occurs at the vertex:

S 30 30 _(1_5@)
2-16)" | 2(-16))) 16" 16 )

The maximum height is approximately 14
feet, so it will never reach a height of 16 feet.

105. f(x)=15.15+1.216x-0.152x"

a. We must complete the square to write the
function in standard form.

—0.152x% +1.216x +15.15
— 0152 x2 =126 111505
0.152

2
— 20152 x2—1'216x+ 1.216 _
0.152° (2.0.152)

2
+15.15+(0.152) Lﬂ
(2-0.152)

:—0.152(36— 1.216
2-0.152

2
) +17.582

~—-0.152(x—4)” +17.582

b. The vertex of the function is (4, 17.582).
Sales were at a maximum at x = 4, which is
year 4, 2016. This fits the original data.

c. The year 2015 is represented by x = 3.

f(3) =15.15+ 1.216(3) - 0.152(3»)2
=17.43

In 2015, there were about 17.43 million

trucks and cars sold.

106. £ (x)=653-0.8x+0.11x"

a. We must complete the square to write the
function in standard form.

0.11x% —0.8x + 65.3
= 0.11(x2 —ﬁx)+65.3
0.11

2
011 x2 - 28, 08 5
0.11 (2.0.11)
2
+65.3-0.11 Lz
(2-0.11)

2
=0.11(x—ﬂj +63.8
2-0.11

=0.11(x—3.64)" +63.8

b. The vertex of the function is (3.64, —63.8).

The home-ownership rate was at a minimum
at x = 3.64, or during year 4, 2016. This fits

the original data.
c. The year 2011 is represented by x =—1.

f(-1)=653-0.8(~1)+0.11(-1)

= 66.2
In 2011, about 66.2% of homes were owned
by their occupants.

Beyond the Basics
107. y=3(x+2)°+3= y=3(" +4x+4)+3=
y=3x? +12x+15

108. Substitute the coordinates (1, 5) for x and y
and (=3, —2) for 4 and £ into the standard form

y=a(x- h)2 +k to solve for a:

5=a(1+3)2—2:>7=16a:>%=a

The equation is y = f(x) = %(x+3)2 -2=
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160 Chapter 2 Polynomial and Rational Functions
109. The y-intercept is 4, so the graph passes Move the curve three units to the right by
through (0, 4). Substitute the coordinates subtracting 3 from x + 1; move the curve two
(0, 4) for x and y and (1, —2) for / and k into units down by subtracting 2 from 1:
the standard form y = a(x—h)? +k to solve y=(x+1-3)+(1-2)=(x-2)*-1=
fora: 4=a(0-1)*-2=6=a. y=x"—4x+3,
The x-coordinate of the vertex is 246
. . =2+
b b 113. The x-coordinate of the vertex is =2.
__2_=_ﬁ=>b=_12.
.a (3 o Let a = 1 and then substitute the coordinates
The y-intercept = ¢, so the equation is of one of the x-intercepts and the x-coordinate
f(x)= 6x2 —12x+4. of the vertex into the standard form
— AV .
110. The x-coordinate of the vertex of the graph is y=a(x—h)"+k tofinda value for k:
halfway between the x-intercepts: 0=1(=2- 2)2 +h=-16=*.
2+6 =4 = h. Substitute the coordinates of So one equation is
— 9V 16 =42 Ay
one of the x-intercepts and the x-coordinate of y=1(x=2)"~16=x" ~4x—12. The graph
the vertex into the standard form of thi? equ?tili)n Opelllls Epward. Tg find thed
2 . equation of the graph that opens downward,
y=a(x—h)" +k to find an expression multiply the equation by —1:
relating @ and k: 0= a(2-4)> +k = —4a = k. p=—x? +dx+12.
Now substitute the coordinates of the
y-intercept, the x-coordinate of the vertex, and 114. The x-coordinate of the vertex is -3+5 -1
the expression for k into the standard form ) ’
y=a(x-h)> +k tosolve for a: Leta=1and then substitute the coordina'tes
5 of one of the x-intercepts and the x-coordinate
24=a(0-4)" —4a= of the vertex into the standard form
24 =16a —4a = 2 = a. Use this value to find y=a(x— h)2 +k to find a value for &:
k: k=-4(2)=-8. 5
The equation is 0=1(-3-1)"+k=-16=k. So one
y=2(x—4)? 8= y=2x>—16x+24. equation is y = (x—1)? 16 =x% - 2x-15.
) ) i The graph of this equation opens upward. To
111. The x—coqrdlnate of the vertex is 3. Substitute find the equation of the graph that opens
the co.ordlnates of the x-intercept and the x- downward, multiply the equation by —1:
coordinate of the vertex into the standard form N
2 . y=—-x"4+2x+15.
y=a(x—h)" +k to find an expression
lati k: i R
relating @ an;i 115. The x-coordinate of the vertex is =-4,
0=a(7-3)"+k = —16a = k. Now substitute . .
the coordinates of the y-intercept, the x- Leta=1and then substitute the coordmaﬁes
coordinate of the vertex, and the expression of one of the ?c—lntercepts and the x-coordinate
] ) of the vertex into the standard form
for k into the standard form y =a(x—h)" +k 5
y=a(x—h)"+k tofind a value for &:
to solve for a: 14=a(0—3)2 -16a= -2=a. 5 .
. 0=1(-7+4)" +k = -9 =k. So one equation
Use this value to find &: £ =—-16(-2) =32. 5 5
The equation is is y=(x+4)" -9 =x"+8x+7. The graph of
e (x—32 432 = v=-2x2 +12x +14. this equation opens upward. To find the
Y (x=3) Y * * equation of the graph that opens downward,
112. First, write y = x? +2x+2 in standard form multiply the equation by ~1:

by completing the square:
y=(x2 +2x+1)+1:y=(x—i—l)2 +1.

y=—x2—8x—7.
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Section 2.1 Quadratic Functions 161

0 . .
= 6. Let a = 1 and then substitute the coordinates of one of the x-

116. The x-coordinate of the vertex is 241

intercepts and the x-coordinate of the vertex into the standard form y = a(x - h)2 + k to find a value for £:
0=12- 6)2 +k = —-16=k. So one equationis y = (x— 6)2 —-16 = x> —12x +20. The graph of this
equation opens upward. To find the equation of the graph that opens downward, multiply the equation by —1:
y=—-x2+12x-20.
117. First, complete the squares on x and y.
2x? +y2 —4x+6y+15= 2x? —4)c+y2 +6y+15= 2()c2 —2x)+(y2 +6y)+15
=2(x? =20 +1)+(y? +6y+9)+15-2(1)-9
=2(x=1)" +(y+3) +4
Now, consider the two functions f =2(x—1)* and g =(y+3)" +4.
The minimum of f'is 0 and the minimum of g is 4, so the minimum of f+ g =4.
118. First, complete the squares on x and y.
352 _ 2 _ 2.2 2 _ 2 2
3x? =y —12x+2y—11=-3x" —12x— y +2y—11——3(x +4x)—(y —2y)—11
= —3(x2 +4x+4)—(y2 —2y+l)—11+12+1
=3(x+2) —(y-1)*+2
Now consider the two functions f = —3(x+ 2)2 and g=—(x- 1)2 +2. The maximum of /" is 0 and the

maximum of g is 2, so the maximum of f+ g =2.

Critical Thinking/Discussion/Writing

119. f(h+p)=a(h+p)* +b(h+p)+c;  f(h—p)=a(h—p)* +b(h—p)+c
S(h+p)=f(h=Dp)
a(h+p)2+b(h+p)+c=a(h—p)2+b(h—p)+c
ah2+2ahp+ap2 +bh+bp+c=ah2 —2ahp+ap2 +bh—bp+c
4ahp = -2bp = 2ah = —b. (We can divide by p because p # 0.)

Because a #0, 2ah=-b= h= —i.
2a

120. Write y = 2x? —=8x+9 in standard form to find the axis of symmetry:

y=2x2 —8x+9=> y=2(x> —4x+4)-2(4)+9= y=2(x-2)" +1.
The axis of symmetry is x = 2.
Using the results of exercise 119, we know that f(2+ p)= f(-1)= f(2- p).

2+p=—-1= p=-3,502-p=2-(-3)=5.
The point symmetric to the point (—1, 19) across the axis of symmetry is (5, 19).
121. a. (fog)(x)z f(mx+b)= a[(mx+b)—h]2 +k
= a[(mx+b)2 —2h(mx+b)+h2J+k
= a[mzx2 +2bmx +b> —2hmx—2hb+h2]+k
= am®x? + 2abmx + ab® — 2ahmx — 2ahb + ah® + k
=am’x* + (2abm - Zahm)x + (ab2 —2ahb +ah® + k)

(continued on next page)
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162 Chapter 2 Polynomial and Rational Functions

(continued)

This is the equation of a parabola. The x-coordinate of the vertex is

_2abm=2ahm _ 2am(b—h) _ b-h h-b

2 2

2am 2am m
The y-coordinate of the vertex is

2
am? (M) + (2abm - 2ahm)(ﬂj + (ab2 —2ahb +ah* + k)
m m

= a(h-b)* +2a(b—h)(h-b)+(ab® - 2ahb+ ah® + k)
= ah® —2ahb + ab® — 2ab* + 4abh —2ah® + ab® — 2ahb+ ah®> +k =k

The vertex is (h _b, k).
m

b. (gof)(x)zg[a(x—h)2 +k}=m[a(x—h)2+k]+b

= m(ax2 —2ahx + ah’® +k)+b = max> — 2mahx + mah* + mk + b

—2mah _

This is the equation of a parabola. The x-coordinate of the vertex is — =h.

ma

The y-coordinate of the vertex is mah® —2mah® + mah* + mk +b = mk +b

The vertex is (h, mk +b).

122. If the discriminant equals zero, there is exactly
one real solution. Thus, the vertex of

y= f(x) lies on the x-axis at x = —2i, If
a

the discriminant > 0, there are two unequal
real solutions. This means that the graph of

¥ = f(x) crosses the x-axis in two places. If a

> (), then the vertex lies below the x-axis and
the parabola crosses the x-axis; if a <0, then
the vertex lies above the x-axis and the
parabola crosses the x-axis. If the discriminant
<0, there are two nonreal complex solutions.
If a > 0, then the vertex lies above the x-axis
and the parabola does not cross the x-axis (it
opens upward); if @ < 0, then the vertex lies
below the x-axis and the parabola does not
cross the x-axis (it opens downward).

123. Start by writing the function in standard form.
f(x) =2x> —2ax+a*
= Z(x2 —ax)+a2

2 2
a a
=2(x2—ax+—4 ]+a2——

2
2 2
2(_) A
2 2
2

.. . . .. a
The minimum value of this function is R

Now, rewrite the function as
f(x) =a® - 2ax+2x>
= (a2 - 2ax) +2x2
= (a2 —2ax+x2)+2x2 -x?
=(a-x)" +x
This is the same function, so
2

2
(a—x)2+x2 2%, or x2+(a—x)2 2%.

124. Start by writing the function in standard form.

2
. . .. a
The maximum value of this function is T

Now, rewrite the function as

f(x)zax—x2 =x(a—x)

a2

This is the same function, so x(a — x) < e

Active Learning

125. a.—b. Refer to the app using the QR code in
your text.
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Section 2.2 Polynomial Functions 163

Getting Ready for the Next Section

GRI. (-2x7)(-3x*) = (-2)(-3)(x?)(x*)
GR2. (2+7)(3x)(—x*) = (2)(3)(-1)(x* ) (x)(+*)
GR3. x’ (3 —ij = x? (2—2) = 2x2

GR4. x4(1+%—%j=x4(1)+x4(%)+x4(—
=x4+3x2—5z

GR5. 4x? -9=(2x+3)(2x-3)

GR6. x2+6x+9=(x+3)

GR7. 15x% +11x—12=(3x+4)(5x-3)

GR8. 14x” -3x-2=(2x-1)(7x+2)

GRY. x?(x—1)-4(x—1)=(x"—4)(x1)
= (x+2)(x—2)(x—l)

GR10. 9x? (2x+7)-25(2x +7)
(992 - 25)(2x+7)
=(3x+5)(3x 5)(2x+7)

GRIL x*+4x” +3x+12=(x* +4x7 )+ (3 +12)
=x? (x+4)+3(x+4)
=(x? +3)(x+4)

GRI12. 2x° - 3x” +2x-3 = (267 - 3x7) + (21 -3)
=x?(2x-3)+(2x-3)
= (x* +1)(2x-3)

GR13. 3x—5=3-2x
3x—=5+2x+5=3-2x+2x+5

Sx=8=x=—

Solution set: {%}

GR14. S5x-1=7x+6
S5x-1-Tx+1=Tx+6-Tx+1

—2)c=7=>x=—Z
2

Solution set: {—%}

GR15. 6x* —x-2=0= (3x-2)(2x+1)=0=
2 1
=—, X=-——

3 2

Solution set: {—l, 2}
23

GR16. 12x” +5x-3=0= (4x+3)(3x-1)=0=
3

X=——_,X=

1
4’7 3
Solution set: {—2, l}
4’3
2.2 Polynomial Functions
Practice Problems

2

+1 . . .
1 is not a polynomial function

1. a. f(x)=

because its domain is not (—ee, o).

b. g(x)=2x"+5x*~17 is a polynomial
function. Its degree is 7, the leading term is
2x”, and the leading coefficient is 2.

2. P(x) =453 +2x% +5x—17

2 5 17
=x3[4+—+—2——3}
X X X
. 2 5 17
When [x| is large, the terms —, —-, and ——
X X X

are close to 0. Therefore,
P(x)=x*(4+0+0-0)=4x>.

3. Use the leading-term test to determine the end
behavior of y = f(x)=-2x* +5x* +3. Here

n=4and a, =-2<0. Thus, Case 2 applies.

The end behavior is described as
y— —casx — —co and y —> —oo ag x —> oo,
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Chapter 2 Polynomial and Rational Functions

First group the terms, then factor and solve
f(x)=0:
f(x)= 203 -3x% +4x-6
=2x7 +4x-3x* -6
=2x(x?+2)-3(x? +2)
= (2x-3)(x* +2)
0=(2x-3)(x* +2)
0=2x—3:>x=i or
2

0=x2+2 (no real solution)

The only real zero is %

f(x)=2x3 -3x-6
S(1)=-7 and f(2)=4.Because f (1) and
/(2) have opposite signs, by the

Intermediate Value Theorem, f'has a real zero
between 1 and 2.

f(x)=(x+1)* (x=3)(x+5)=0=
(x+1)"=0orx-3=0orx+5=0=
x=-lorx=3orx=-5

Thus, f (x) has three distinct zeros.

f(x)z (x—l)2 (x+3)(x+5)= 0=
(x=1)"=0orx+3=0orx+5=0=

x =1 (multiplicity 2) or x = =3 (multiplicity 1)
or x = =5 (multiplicity 1)

yT
0] X

/N

y—>-—oasx —>—o and y — —o asx —> oo,

Now find the zeros of the function:

0=—x4+5x2—4:>O=—(x4—5x2+4)
=—(x2—4)(x2—1):>

0=x>-4or0=x>-1=

x=12 or x=x=1

There are four zeros, each of multiplicity 1, so
the graph crosses the x-axis at each zero.
Next, find the y-intercept:

7(0)==(0)" +5(0)° ~4= 4
Check for symmetries.

f=x)==(=x) +5(=x)" -4

=—x*+5x2 -4
So, f(—x) = f(x), but f(=x)#—f(x).
Therefore, the graph is symmetric with respect
to the y-axis.
Now find the intervals on which the graph lies
above or below the x-axis. The four zeros
divide the x-axis into five intervals,

(=e0,-2), (~2,-1),(~L1),(1,2), and (2,50).
Determine the sign of a test value in each
interval and draw a sign graph as shown in

Example 9, Step 5. We summarize the sign
graph in the chart below.

4 ) Interval Test Value of | Apove/below
S (x)==x"+3x" -2 has at most three nterva point f(x) Yoaxis
turning points. Using a graphing calculator,
we see that there are indeed, three turning (—°°, —2) -3 —40 below
points.
5 (-2,-1) -1.5 2.1875 above
(-1 1) 0 —4 below
-5 5
"‘J (1,2) 1.5 2.1875 above
(2,%0) 3 —40 below

- Then plot the zeros, y-intercepts, and test

9. f ( x) — Y is5x2 g points, and then join the points with a smooth
Co . . curve.
Since the degree, 4, is even and the leading

coefficient is —1, the end behavior is as

shown:

(continued on next page)
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Section 2.2 Polynomial Functions 165
(continued) Now find the intervals on which the graph lies
y above or below the x-axis. The three zeros
4 divide the x-axis into four intervals, (—eo,-2),
/\ 21 /\ (—2,0),(0, 1), and (1,°0). Determine the sign
,; b _\ O ; T of a test value in each interval and draw a sign
2 / graph as shown in Example 10, Step 5. We
_ summarize the sign graph in the chart below.
—6 Test Value of | Apove/below
Interval . .
point /(%) x-axis

10. f(x)=x(x+2) (x-1)°
We can determine the end behavior of the

(—e0,-2) -3 48 above
polynomial by finding its leading term as a (—2, ) -1 —4 below
(
(

product of the leading terms of each factor.

f(x)z x(x-i—Z)3 (x—l)2 = x(x3)(x2)=x6

Therefore, the end behavior of f (x) is Case

0
0,1) 0.5 1.95 above
)

2 128 above

1: We can sketch the graph of the polynomial
y function /by connecting the pieces of
information we gathered above (End behavior
\ / and Zero behavior) with a smooth curve.
Finally, we can check our graph using the sign
0‘ x graph information. Plot the zeros, y-intercepts,
and test points, and then join the points with a
Now find the zeros of the function. smooth curve.
x(x+2)3(x—1)2:O:> ¥
x=0]x+2=0 |x-1=0 60
x=-2 x=1
30—

The function has three distinct zeros, -2, 1,
and 0. The zero x =2 has multiplicity 3, so | | /o

the graph crosses the x-axis at -2, and near —2 —3-2- 2 37
the function looks like 30k

f(x)==2(x+2)* (-2-1)" =-18(x +2)’.
The zero x = 0 has multiplicity 1, so the graph
crosses the x-axis at 0, and near 0 the function

11. 70cm=7dm
—.7*=207.378 dm?

3fx_f

looks like f(x)=x(0+2)* (0-1)* =8x. = 207378 L

The zero x = 1 has multiplicity 2, so the graph

touches the x-axis at 1, and near 1 the function Concepts and Vocabulary

looks like

f (x) = 1(1 + 2)3 (x - 1)2 =27 (x - 1)2 ) 1. Consider the polynomial 2x° =3x* +x-6.

Check for symmetries. The degree of this polynomial is 3, its leading

f=x)=—x(-x+2)* (~x-1)* = £ ()

—f(x =—(x(x+2) (x=1)?
(x) ( ( ) (x-1) ) 2. A number ¢ for which f(c)=0 iscalleda

==x(x+2)"(x=1)"# /(=) zero of the polynomial function f.
There are no symmetries.

term is 2x° , its leading coefficient is 2, and
its constant term is —6.

3. Ifcis azero of even multiplicity for a
polynomial function f, then the graph of f
touches the x-axis at c.
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166 Chapter 2 Polynomial and Rational Functions
4. If cis a zero of odd multiplicity for a 23. Not a polynomial function because the graph
polynomial function f, then the graph of f is not continuous.
crosses the x-axis at c. 24. Not a polynomial function because the domain
5. False. The graph of a polynomial function is a is not (—oo’ oo)_
smooth curve. That means it has no corners or
cusps. 25. Not a polynomial function because the graph
6. True is not continuous.
7. False. The polynomial function of degree n 26. Not a polynomial fungtlon because the graph
has a sharp corner. It is not a smooth curve.
has, at most, n zeros.
27. Not a polynomial function because it is not the
8. True .
graph of a function.
Building Skills 28. Not a polynomial function because the graph
) ) has sharp corners. It is not a smooth curve.
9. Polynomial function; degree: 5; .
. . . 29. . 1.
leading term: 2x°; leading coefficient: 2 % ¢ 30 3. a
. . 32. ¢ 33. d 34. b
10. Polynomial function; degree: 4;
leading term: —7x%; leading coefficient: —7 5. f (x) =x-x°
11. Polynomial function; degree: 3; The leading term is —x*, 50 f (x) — o as
. 2 . . 2 —c0 —o0 oo
leading term: ng; leading coefficient: 3 r= and f (x)—> as x = oo
3 a2
12. Polynomial function; degree: 3; leading term: 36. f(x)=2x"=2x"+1
V2x3; leading coefficient: ~/2 The leading term is 2x>, so f (x)— —co as
13. Polynomial function; degree: 4; leading term: x——eo and f(x) > as x— oo
4 . .
; 1 fficient:
7zx"; leading coefficient: 7 3. f(x)= At 420 41
14. Polynomial function; degree: 0; leading term: . . 4
5: leading coefficient: 5 The leading term is 4x”, so f(x) — o as
15. Not a polynomial function because the graph x— o and f (x) T As X e
has sharp corners. It is not a smooth because 38 4430
of the presence of |x|. - S(x) =43 4
. , ' The leading term is —x*, so f (x) = —co as
16. Not a polynomial function because the domain
is not (—oo, o). x— —oo and f(x)—> —co as x — oo,
17. Not a polynomial function because the domain 39. 1 ( x)= ( X+ 2)2 (2x- 1)
i t (—oo, o). . .
is not (o=, o) The leading term is x? (2x) = 2x°, so
18. Not a polynomial function because the graph f(x)— —o0 as x— —eo and f(x) > as
is not continuous. 4
X —> oo,
19. Not a polynomial function because of the 3
presence of ~/x. 40. f(x)=(x-2) (2x+1)
. 3 4
20. Not a polynomial function because there is a The leading term is x” (2x) =2x", so
noninteger exponent. f ( x) —3 00 as x — —oo and f( x) —> 00 as
21. Not a polynomial function because the domain X — oo,
is not (—eo, o).
22. Not a polynomial function because there is a

negative exponent.
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Section 2.2 Polynomial Functions 167

41.

42,

43.

44.

45.

46.

47.

48.

£(x)=(x+2)" (4-x)

The leading term is x? (—x) = —x>, so
f(x)—> 0 as x— —e0 and f(x)—> —oo as
x —> oo,

S(x)=(x+3)’ (2-x)
The leading term is x° (—x) = —x*, so

S (x)— — as x — —co and f(x) - —oo as

f(x)=3(x—1)(x+2)(x—3)
Zeros: —2,1,3

x =-2: multiplicity: 1, crosses the x-axis
x = 1: multiplicity: 1, crosses the x-axis
x = 3: multiplicity: 1, crosses the x-axis

f(x) = —5(x+ 1)(x +2)(x— 3)

Zeros: —2,-1,3

x =-=2: multiplicity: 1, crosses the x-axis
x =—1: multiplicity: 1, crosses the x-axis
x =3: multiplicity: 1, crosses the x-axis

f(x)=(x+2)*(2x-1)
Zeros: -2, %

x =-=2: multiplicity 2, touches but does not
cross the x-axis

X = % : multiplicity 1, crosses the x-axis

F(x)=(x=2) (2x+1)
Zeros: —%, 2

X = —% : multiplicity 1, crosses the x-axis

x = 2: multiplicity 3, crosses the x-axis
f(x)= x? (x2 - 9) (3x+ 2)3

Zeros: —3,—%, 0,3

x =-3: multiplicity 1, crosses the x-axis

X= —% : multiplicity 3, crosses the x-axis

x = 0: multiplicity 2, touches but does not
cross the x-axis
x = 3: multiplicity 1, crosses the x-axis

f (x) =—x° (xz - 4) (3x— 2)2
2
_29 09 ?5 2
x =-2: multiplicity 1, crosses the x-axis
x = 0: multiplicity 3, crosses the x-axis

Zeros:

49.

50.

51.

52.

53.

54.

xX= % : multiplicity 2, touches but does not

cross the x-axis
x = 2: multiplicity 1, crosses the x-axis

£ (x)=(x +1)(3x-2)*

Zero: %, multiplicity 2, touches but does not

cross the x-axis

£(x)=(x? +1)(x+1)(x-2)

Zeros: —1, 2

x =—1: multiplicity 1, crosses the x-axis
x = 2; multiplicity 1, crosses the x-axis

f@)=2*-23-10=-2
f3)=3*-3*-10=44.

Because the sign
changes, there is a
real zero between
2 and 3. The zero

is approximately 2eF
2.09. H=E.0Ez0E0E  ¥=0

\

FH=1*-12-21)-5=-7;
f(2)=2%-22-2(2)-5=3.

Because the sign
changes, there is a
real zero between
1 and 2. The zero

is approximately Zern
187, H=L.Brouzis V=i

N

7(2)=2°-9(2)? -15=-19;
7(3)=3"-9(3)% —15=147.

Because the sign
changes, there is a
real zero between
2 and 3. The zero

is approximately Zern
2.28. H=z.zBiEZFE Y=0

\

—_

£(0)=0° +5(0%) +8(0%) +4(0%) ~0~5 = -5;
=1 +501*+801%)+4(1*)-1-5=12.

Because the sign
changes, there is a
real zero between
0 and 1. The zero

is approximately Tera
0.68. H=.6B4357E9 TY=0

AN
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168 Chapter 2 Polynomial and Rational Functions
55. The least possible degree is 3. The zeros are The end behavior is f ( x) —3 00 a5 X —> —oo
-2, 1, and 3, each with multiplicity 1. The end .
behavior is f(x) — —eo as x — —eo and and f(x) = = as x — o, 50 the leading
) coefficient is 1. The polynomial with smallest
J(x) = oo as x — oo, so the leading ol d . (52 3
+ - -3).
coefficient is 1. The polynomial with smallest possible degree 1s (x ) (x )(x )
possible degree is (x +2) (x -1)(x-3). 62. The zeros are —3 (multiplicity 1), 0
) ) (multiplicity 2), and 2 (multiplicity 1), so the
56. The least possible degree is 3.The zeros are least possible degree is 4. The end behavior is
;1},11, ?nq 3, each with multiplicity 1. ”l;ihe end F(x)— —e as x— —e0 and £ (x) = oo as
ehavior is f (x)— co as x — —eo .an x — oo, s0 the leading coefficient is —1. The
f(x) = —eo as x— oo, so the leading polynomial with smallest possible degree is
coefficient is .—1. The polynomial with —y2 (x+3)(x-2).
smallest possible degree is
—(x+1)(x=1)(x=3). For exercises 63—74, use the procedures shown in
Examples 9 and 10 in the text to graph the function.
57. The least possible degree is.3.The zeros are —3 Step 1: Determine the end behavior.
(multiplicity 1) and 2 (multiplicity 2). The end Step 2: Find the real zeros of the polynomial
behavior is f(x) — —eo as x — —o and function.
£(x) = o0 as x — oo, so the leading Step 3: Find the y-intercept by computing £ (0).
coefficient is 1. The polynomial with smallest Step 4: Use symmetry, if possible, by checking
] ] ) whether the function is odd, even, or neither.
possible degree is (x + 3)(x -2). Step 5: Determine the sign of f (x) by using
58. The least possible degree is 3.The zeros are —1 arbitrarily chosen “test numbers” in the intervals
(multiplicity 2) and 2 (multiplicity 1). The end defined by the x-intercepts. Find on which of these
behavior is f( x) oo as x —> —oo and intervals the graph lies above or below the x-axis.
) Draw a sign graph as shown in the Examples.
f(x) > —eo as x — oo, so the leading Step 6: Draw the graph using points from Steps 1-5.
fficient is —1. The pol ial with
coefficient is e polynomia w12 63. f(x)=2(x+1)(x—2)(x+4)
smallest possible degree is —(x+1)" (x—2). 5
End behavior: like y =x
59. The leas‘F pgs§ible degree is 4. .Th.e Zeros are Zeros: (-1, 2, - 4)
—1 (multiplicity 2) and 2 (multiplicity 2). The ]
end behavior is f(x) — oo as x — —eo and y-intercept: f(0)=2(1)(-2)(4)=-16
f(x) = = as x — oo, so the leading sym(m;:try 2 1)(x=2)(x +4)
coefficient is 1. The polynomial with smallest x3 *
ble degreeis (r+1) (r2)’ =2(x +3x2 —6x— 8)
possible degree is (x x=2)".
S(=0)=2(=x+1)(-x=2)(-x+4)
60. The leasF pggsible degree is 4. 'Th'e zeros are - 2( 3432 +6x— 8)
—2 (multiplicity 2) and 2 (multiplicity 2). The
end behavior is f'(x) — —e as x — —eo and f(=x)# f(x), so f(x) is not even.
f(x) = —eo as x —> oo, s0 the leading S (=x)#—=f(x), so f(x) is not odd. There
coefficient is —1. The polynomial with are no symmetries.
smallest possible degree is The three zeros (—1, 2, — 4) divide the x-axis
—(x+ 2)2 (x- 2)2 . into four intervals: (—eo, —4), (-4, —1),
61. The zeros are —2 (multiplicity 2), 2 (=1, 2), and (2, ). We choose =5,-3, 0,
(multiplicity 1), and 3 (multiplicity 1), so the and 3 as test numbers.
least possible degree is 4. (continued on next page)
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(continued)
f(—5) =-56, below x-axis
/(=3) =20, above x-axis
f(O) =—16, below x-axis
/(3) =56, above x-axis
y
200
100 |~ /
| | [
SA—3-2-1 1T 2 3 4x
—100 —
—200
64. f(x) = —(x— 1)(x+3)(x—4)

End behavior: like y = —

Zeros: (1, -3, 4)

y-intercept: f(0)=—(-1)(3)(-4)=-12
symmetry:
f(x)==(x=1)(x+3)(x-4)

= +2x2 +11x-12
J(=x)==(=x=1)(=x+3)(-x-4)

O +2x7 - 11x-12
S (=x)# f(x), so f(x) is not even.
f(=x)#=1(x), so f(x) is not odd. There
are no symmetries.
The three zeros (1, -3,
into four intervals: (—ee, —3), (=3, 1), (1, 4),
and (4, ). We choose =5, 0, 3, and 5 as test

numbers.

f (—5) =108, above x-axis
7(0

3

I
G

4) divide the x-axis

)=-12, below x-axis
) =12, above x-axis
)= =32, below x-axis

v

100 |-
\ 50
| [

L—~T"T~,
—4-3=1971 2 3 4\

—100 —

65.

66.

£(x)=(x=1)" (x+3)(x - 4)
End behavior: like y = x?
-3, 4); 1 has multiplicity 2

—(=1)(3)(-4) =-12

Zeros: (1,
y-intercept: f(0)=
symmetry:
F(x)=(x=1) (x+3)(x-4)
=x*—3x% —9x? +23x-12
F(=x)=(x=1)" (~x+3)(-x-4)
=x*+3x° —9x? ~23x-12
S (=x)# f(x), so f(x) is not even.
S (=x)#—=f(x), so f(x) is not odd. There
are no symmetries.
The three zeros (1, -3,

into four intervals: (—eo, —3), (-3, 1), (1, 4),
and (4, e). We choose —4, 0, 3, and 5 as test

numbers.

4) divide the x-axis

/(=4)=200, above x-axis

/(0)=-12, below x-axis
£ (3) =24, below x-axis
f(5)=

5)= 128 above x-axis

\ 200—
| | 11 |
—4-3-2-1 w x

—200

f(x) =—x? (x + 1)(x - 2)
End behavior: like y =—x
Zeros: (0, -1,

2

2); 0 has multiplicity 2

y-intercept: f(0) =

symmetry:

/(x)= —x? (x+1)(x-2)

=—x*+x* +2x7

S (=x) = =(=x)" (~x +1)(~x~2)
=—xt-x*+2x7

S (=x)# f(x), so f(x) is not even.

S (=x)#—f(x), so f(x) is not odd. There

are no symmetries.
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170 Chapter 2 Polynomial and Rational Functions
The three zeros (0, —1, 2) divide the x-axis 68. f(x)=(x— 2)2 (x+ 3)2
into four intervals: (—eo, —1), (-1, 0), (0, 2), End behavior: like y = x>
and (2, «). We choose 2, _%’ I, and 3 as Zeros: (2, —3); both zeros have multiplicity 2
test numbers. ) y-intercept: f(0)=36
/(-2)=-16, below x-axis symmetry:
1) 5 , '
f(—EJ = above x-axis ()= (x-2)* (x+3)
£ (1)=2, above x-axis =x*+2x% —11x% —12x+36
£(3) =36, below x-axis f(=x)=(~x=2)* (~x+3)’
y =x* —2x —11x% +12x+36
8 f(=x)# f(x), so f(x) is not even.
4r S (=x)#—=f(x), so f(x) is not odd. There
== "‘0/1\ = are no symmetries.
e The two zeros (2, —3) divide the x-axis into
sl three intervals: (—eo, —3), (-3, 2), and
(2, ). We choose —4, 0, and 3 as test
67. f(x)=-x*(x- 3)2 numbers.

End behavior: like y = —x?

Zeros: (0, 3); both zeros have multiplicity 2
y-intercept: f(0)=0
symmetry:
JAE
=—x* +6x°-9x?
F(ex)= () x- )
=—x*—6x%-9x?
S (=x)# f(x), so f(x) is not even.
S (=x)#—=f(x), so f(x) is not odd. There
are no symmetries.
The two zeros (0, 3) divide the x-axis into
three intervals: (-, 0), (0, 3), and (3, ).
We choose —1, 1, and 4 as test numbers.
/(=1)=-16, below x-axis
f(1)=—4, below x-axis
f(4) =—16, below x-axis

[V
g
W -
=

69.

f(~4) =36, above x-axis

/(0)=36, above x-axis

£ (3) =36, above x-axis
y

400 -

200 —

~4-3-2-10 1 2 3 4%
—200 -

—400 -

f(x)= (=1 (x+2) (x-3)
End behavior: like y = x?
Zeros: (1, —2, 3); 1 has multiplicity 2
y-intercept: f(0)=-24
symmetry:
F(3)= (-1 (520 (-3
=x®+x° —11x* -13%°
+26x% +20x — 24
F(x) = (x 1) (x4 2) (x-3)
=x0 x5 —11x* +13x°
+26x% — 20x — 24
S (=x)# f(x), so f(x) is not even.
S (=x)#—=f(x), so f(x) is not odd. There

are no symmetries.
(continued on next page)
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(continued)

The three zeros (1, —2, 3) divide the x-axis
into four intervals: (—eo, —2), (-2, 1), (1, 3),
and (3, ). We choose -3, 0, 2, and 4 as test

numbers.
/(=3)=96, above x-axis
/(0)=-24, below x-axis

)=
/(2)=-64, below x-axis
)=

/(4) =1944, above x-axis

70. £ (x)=(x—1) (x+1)’ (x-3)

End behavior: like y = x?

Zeros: (1, —1, 3); —1 has multiplicity 2

y-intercept: f (0) =

symmetry:

S (@)= (x=1) (r+1)* (x-3)

=x%—4x +x +8x° —5xF —4x+3

S(=x)=(cx=1) (~x +1)* (-2 -3)
=x%+4x° +x* —8x° —5x% +4x+3

f(=x)# f(x), so f(x) is not even.

S (=x)#—=f(x), so f(x) is not odd. There

are no symmetries.
The three zeros (1, -1,

into four intervals: (—ee, —1), (=1, 1), (1, 3),

3) divide the x-axis

and (3, °<>). We choose —2, 0, 2, and 4 as test

numbers.

f (—2) =135, above x-axis
/(0)=3, above x-axis

(2) -9, below x-axis

/(4) =675, above x-axis

y
20—

71.

72.

f(x)= —x? (x2 - 1)(x+ 1)

End behavior: like y = —x°

Zeros: (0, 1,—1); 0 and —1 have multiplicity 2
y-intercept: f(0) =
symmetry:
f(x)=—x? (x2 - 1)(x +1)
=—x" —x* x4 2
f(3)= =0 ()" =) (w4)
=x0 —xt x4 2
S (=x)# f(x), so f(x) is not even.
S (=x)#—=f(x), so f(x) is not odd. There
are no symmetries.
The three zeros (0, 1, —1) divide the x-axis
into four intervals: (—eo, —1), (=1, 0), (0, 1),
and (1, e). We choose =2, -+, %, and 2 as
test numbers
—2) =12, above x-axis

( j , above x-axis

( J = —, above x-axis

f(2)= —36 below x-axis

End behavior: like y = x>
Zeros: (0,2,—2); 0 and —2 have multiplicity 2
y-intercept: f(0) =
symmetry:
/(x)= x? (x2 —4)(x+ 2)
=x° +2x* —4x% - 8x?
£ (=3) = (=) (=) = 4) (= +2)
= x> +2x* +4x% - 8x?2
S (=x)# f(x), so f(x) is not even.
S (=x)#—f(x), so f(x) is not odd. There
are no symmetries.
(continued on next page)
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(continued)
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73.

The three zeros (0, 2, —2) divide the x-axis
into four intervals: (—eo, —2), (-2, 0), (0, 2),
and (2, ). We choose =3, 1, 1 and 3 as test

numbers.
J(=3)=-45, below x-axis

74. f(x) = x(x2 +9)(x—2)2

End behavior: like y = x>

Zeros: (0, 2); 2 has multiplicity 2
y-intercept: f(0)=0

symmetry:

f(x) = x(x2 + 9)(x - 2)2

S (1) =3, belowr-axis = x% —4x* +13x% — 3637 +36x
/(1) =-9, below x-axis 5 )
7(3)=225, above x-axis £ (=3) = =x{(=x)? +9)(~x-2)
y = —x” —4x* —13x° - 36x% - 36x
16~ S (=x)# f(x), so f(x) is not even.
8- f(=x)#—-f(x), so f(x) is not odd. There
— 1l ' L are no symmetries.
M el ! A The two zeros (0, 2) divide the x-axis into
three intervals: (—eo, 0), (0, 2), and (2, o).
—l61 We choose —1, 1 and 3 as test numbers.

f(x) = x? (x2 +1)(x - 2)
End behavior: like y = x>
Zeros: (0, 2); 0 has multiplicity 2
y-intercept: f(0)=0
symmetry:
f(x) = x? (x2 + 1)(x— 2)
=x° —2x* +x3 - 2x2
£ (=)= (=3 (=) +1)(x-2)
=—x’—2x* -3 —2x?

S (=x)# f(x), so f(x) is not even.

/(=1)=-90, below x-axis
£ (1)=10, above x-axis
/(3) =54, above x-axis

401

20

|
&)
|
—_
-
(S}
w -
N
=

—20

Applying the Concepts

~0.04825 3
f(=x)#—=1(x), so f(x) is not odd. There 5. a b= 746 (40)" = 4.14 hp
are no symmetries.

The two zeros (0, 2) divide the x-axis into = 0.04825 (65)3 =17.76 hp
three intervals: (—oo, 0), (0, 2), and (2, 00). 746
We choose —1, 1 and 3 a§ test numbers. e P= 0.04825 (80)3 ~33.12 hp
f(—l) = —6, below x-axis 746

£ (1) ==-2, below x-axis

Py _ ")

f (3) =90, above x-axis d _ % g
: 0.04825 . 3 3
y P(v) 746V v
16 -
sk 76. a. E=12800(1.75)" =120,050]
I | | L1
—4—3-2-1/0 3 4 x
8 —
16~
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Section 2.2 Polynomial Functions 173
4 b. v
b. E=12800(0.5833)" =~1481.76]
4 4
E =12800 (é) =12800 (ﬂ)
3 3
=12800(1.75)"* (é) ~1482]
1
It reduced by a factor of <. o >
c. E=12800(0.07)" ~0.31] 80.
4 4
E= 12800(£j = 12800(1’£j
25 25
4 ( 1 ) Haxirur
=12800 (1_75) =0317J M= BEEBRE —Y=.14B14B1E L
390,625 v is a maximum when = 0.67.
1
It reduced by a factor of 390,635 e i
4 81. a. R(x) =x| 27— (ﬁj =27x —m
L L L >
N E(L) _ 12800(%) ko
E(L) 12800L* L* 16 b. The domain of R(x) is the same as the

domain of p. p >0 when p < 900+/3.

77. a. 3x*(4-x)=0=x=0orx=4.
The domain is [0, 900+/3 J

x = 0, multiplicity 2; x = 4, multiplicity 1.

Y R
b. b c.
18,000 |—
40 14,000 —
30l 10,000 -
ol 6000 |—
2000 i# | |
10— 0" 400 1000 1600 x
[ [ |
-2-10 1 2 3 5% 82. a.

c¢. There are 2 turning points.

d. Domain: [0, 4].

Haxirur
The portion between the x-intercepts is the HEFO0 G000 V16200
graph of R(x). About 900 pairs of slacks were sold.
78. b. $16,200

83. a. N(x)=(x+ 12)(400 - 2x2)

-~ b. The low end of the domain is 0. (There

o2 BERBGAE Y=ZE.HY4YYY | cannot be fewer than 0 workers.) The upper
end of the domain is the value where
productivity is 0, so solve N(x) =0 to find
79. a. Domain [0, 1] the upper end of the domain.

(x+12)(400 - 2x?) = 0 = x = —12 (reject
this) or 400 —2x% =0=200=x> =
x=11042 (reject the negative solution).

The domain is [0, 10+/2].

R(x) is a maximum at x = 2.67.
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174 Chapter 2 Polynomial and Rational Functions
c. N 88.
6000
5000
4000
3000 Haxirur
2000 H=1H.000001 LY=11664
1000 The largest possible volume of the box is
L\ 11,664 cubic inches.
0 24 6 8 10121416 « 5
89. a. V(x)=x"(62-2x
84. a. () ( )
b. V
9000 [~
7000 [~
Haxirum B
H=E.08z1z08 JY=5950.HE1Y 4 5000 [
The maximum number of oranges that can 3000 B
be picked per hour is about 5950. =
1000
b. The number of employees =12 +5=17. R TR TR
85. a. V(x)=x(8-2x)(15-2x) 90.
K s .
T S L
X 1
8 18 —2x ! Haxirur
______________ H=Z0.5666EE -Y=AAZE.963 —
l The volume is greatest when x ~ 20.67, so
the dimensions of the suitcase with the
b. 10‘6 L largest volume are approximately
90 - 20.67 in. x 20.67 in. x 20.67 in.
80 -
o 91. a. V(x)=2x%(45-3x)
50
40 - b. v
30 3000 [~
20
10 | | | 2500
0 1 2 3 4x 2000 =
86. 1500 —
1000 -
500 [~
| | |
Haximum 0 3 6 12 15 x
H=1.6EEEEZE _Y¥=00.7H0741 o
The largest possible value of the volume of the 2.
box is 90.74 cubic units.
87. a. V(x)=Iwh=x>(108—4x)
Haxirur
v H=10. 1 L=z

* 12,000
10,000 |-
8000
6000
4000
2000

N
0 9 18

27 x

The volume is greatest when x = 10, so the
width of the bag is 10 inches, the length is
2(10) = 20 inches, and the height is

45 -20—10 = 15 inches.
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