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Chapter 2 Graphs and Functions

2.1 The Coordinate Plane

2.1 Practice Problems

1.
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3. (4.v1)=(-52); (x2,y2)= (-4
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- |[-4-(9) +0-2°

d= fo et =y
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144 N

a - J(Xé : X‘)z - v‘)2
\/ =(= 2+(5—0]2

= (3 (6 =3

Yes, the triangle is an isosceles triangle.

We are asked to find the distance between the
points A(60, 0) and B(0, 60).

d(A, B):\/(‘GOTOjZTfOTGOjZ

= J(60)2 + (-60)7 = \/2(60)’

Na
=60 2=x=8485
/LG ‘2+‘1\ /ﬂ E\
6. M= , =l .- /.
2 2 2 2

2.1 Basic Concepts and Skills
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 ,y )
1 1

and Q(Xy,Y,) is given by the formula

d(P,Q)= (x —x)2+(y —y)z.
2 1 2 1

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

Q(x,,y,) are given by

S——-

(xy)=" =5 =

Copyright © 2015 Pearson Education Inc.



5. True

6. False. The point (7, —4) i_s 4 units to the right
(1_ 6)2 N (5 _ 2)2 and 6 units below the point (3, 2).

144 Copyright © 2015 Pearson Education Inc.



Section 2.1 The Coordinate Plane 145

7. ¥y In Exercises 13—22, use the distance formula,
Sk
o774 NCE) d= \/[x -x ) +(y -y )? and the midpoint
.(*4,2) '2_ 22 2 1 2 1
L N P formula, (x,y) = % ,L 2l
—7—6-5-4-3-2 ]'_!i)_] 2 3% 2 2
b 6D 13.a. d=4(2-22+(-1)2 =47 =4
222 1.5
(—2,-5)® —5—
b. M= %% - (2,3)
(2, 2): Q1; (3, —1): Q4; (-1, 0): x-axis
(-2, -5): Q3; (0, 0): origin; (-7, 4): Q2 _ 5 7 7
(0, 3): y-axis; (-4, 2): Q2 14.a. d= J(/-2-3) + (SXS) = /(-5)° =5
8. a. Answers will vary. Sample answer: +(-2) 545
b. M= , =(05,5
(_210)1 (_11 0)1(01 0)1(11 0)1(21 O) 2 2 ( ]

The y-coordinate is 0.

15.a. d=+@2-(-1)% +(-3- (-5))°

b.
0.5, 1) =\/32 +22 :\/E
(1. 1)
e, 1) / \
| I | - - -
F 2 3% b M= 12 S5 )
2 2
16.a. d=/(-7-(-4)% +(-9-1)°
The set of all points of the form (x, 1) is \j%( )
a horizontal line that intersects the y-axis = (-3) +(-10) = 109
at1. /
=4 +(=T7) 1+(—91\
9. a. If the x-coordinate of a point is 0, the point b. M= s> ' 5 T (-5.5,-4)
lies on the y-axis.
b. 17.a. d= \/(3—(—1))2 F(-65-15)°

= J4% +(-8)? = /80 = 45

b M < /-1+3 1.5+(—6.5)\)\/__@’_2l5)

1 1
-5

2 2

The set of all points of the form (-1, y) is a 18.a. d= (1-05)2+(-1-05)?
vertical line that intersects the x-axis at —1.

=7(05)2 +(-1.5)% = 25= 5_a0
10. a. A vertical line that intersects the x-axis =V(05)7+(-15)" = 25= 27 2

at-3. /
05+1 05 (—1)\
b. A horizontal line that intersects the y-axis b. M= 2+ , +2 = (0.75,-0.25)
at 4.
2
1l.a y>0 b.y<0 19.a d:\/(ﬁ—ﬁ] +(5-4)? =17 =1
c. x<0 d x>0

Copyright © 2015 Pearson Education Inc.



Section 2.1 The Coordinate Plane 145

12.a. Quadrantlll b. Quadrant| b. MJM@\ :(ﬁ,4.5)

2 2
c. QuadrantlV d. Quadrantll

20.a. d= \/((V+W) - (v-w)? + (t-1)?

=/(w)? = 2|w|

Copyright © 2015 Pearson Education Inc.
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b.

M:((V_W)J“(VJ“W),H\:(v,t] d(P.R) = f[= 2 2

= \(-6)? +10% = /136 = 2./34

2 2

21.a. d=+(k-1)%+(t-k)? Because d(P, Q) + d(Q, R) = d(P, R), the

23.

24,

> 2 points are collinear.
= J[k? - 2tk t?) (1 - 2kt + 2
\/ 26. Itis not possible to arrange the points in such
— 4tk +2k? = \/ ( -2tk+k2] a way so that d(P, Q) + d(Q, R) = d(P, R), so
5 the points are not collinear.
=J2(t-k) =t - k|v2
27. P=(-1,4),Q=(3,0),R=(11,-8)
ot e g
M o Lk ket d(P,Q) = [(3-(-1)2+(0-4)2=4 2
2 2 > 2
d(Q,R) = /11-3)% + ((-8) - 0)% =842
d= f-A—m)is{-m-n)° d(P,R):\/(11—(—1))2+(-8—4)2
_ (.2 2 2 2 2 2
-\/(n +2mn+m?)+ (m? + 2mn + n?) = (12)2 +(-12)? = /288 = 1242

Because d(P, Q) + d(Q, R) =d(P, R), the

2m? + 4mn + 2n° \ .
points are collinear.

= \/2 [m2 +2mn + n2]

28. Itis not possible to arrange the points in such

=V2m+n)? = V2|m+n| a way so that d(P, Q) + d(Q, R) = d(P, R), so
the points are not collinear.
M = m+(=n) R +(=m) 29. Itis not possible to arrange the points in such
( 2 \ 2 a way so that d(P, Q) + d(Q, R) = d(P, R), so
_/m=-n n-m v the points are not collinear.
2 2 30. P=(1,7),Q=(3,75),R=(78)
P=(1-2,Q=(00)R=(12) d(P,Q) =(-3-1)7 + (7.5-7)2 = /1625
2 2 v \/
d(P.Q)= (0-(-D) +(0-(-2)" = 5 d(Q.R) = J57=(-3)% + (8- 7.5)°
d(Q,R) =\/(1-0)2 +(2-07°= 5 = 16.25
J v
d(P,R)=\/tl-(-1ﬁ2—*—H-Hﬂ3 d(P,R)=\/[—7—1)2+(8—7)2
I
=22 +4%2 =J20=25 = (-8)2+1%2= 65=2 16.25
Because d(P, Q) +d(Q, R) = d(P, R), the Because d(P, Q) + d(Q, R) = d(P, R), the
points are collinear. points are collinear.
P=(3-4),Q=(00),R=(34) 31. First, find the midpoint M of PQ.
d(P,Q) = [(0-(=3))*+(0-(-4))* = \/; =5 M = /-4+0, 081 (L2 4)
2 2

d(Q,R)=(3-0)2 +(4-0)2 =25 =5
\/ Copyright © 2015 Pearson Education Inc.
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146 Chapter 2 Graphs and Functions

Now/find the midpoinl\ R of PM.

d(P.R) = (3-(-3)" +(4-(-4) —4+(=2) 0+4
R = , =(-3 2
= 62+82 =100 =10 2 2 (5.2)
Because d(P, Q) + d(Q, R) =d(P, R), the points Finally, find the midpoint S of MQ.
are collinear. —2+0 4+8
= —, - = (—1l 6)
2 2

25. P=(4,-2),Q0=(1,3),R=(-2,8) '
d(P,Q) = \/(1_ 4)2 +(3- (_2))2 _ \/;4 ;Fﬁllj,sé;che three points are (=3, 2), (-2, 4), and
d(Q,R) =\/(-2—1)2 +(B-3)2%=+/34

Copyright © 2015 Pearson Education Inc.



Section 2.1 The Coordinate Plane 147

32. First, find the midpoint N\of PQ.

(uzt_gzl_z) 64

2
NOW/ﬁnd the midpoin\y R of PM.
R B4 4+(-4] - (-2,0)

2 2
Finally, find the midpoint S of MQ.

S :(ﬂ' -4 +(-12 \ :(10, —8]

2 2

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

3. d(P,Q)=[-1-(-5)% + (4-5)° =17

(4 7 a\\2 g0 N2 \/>
d(Q,R):\/t—q-—\—J.)} (=4} =f\’)/_2

d(P.R) = (—4-(-5))*+(1-5)° = 17

The triangle is isosceles. v

34. d(P,Q)= (6-3)°+(6-2)* =5

I

d(Q,R)=\/[—1—6)2+(5—6J2 =5 2
d(P,R) =(-1-3)2 +(5-2)? =5

The triangle is an isosceles triangle.

35. d(P,Q)=/(0-(-4)) +(7-8)? = 17
d(Q.R) = |/(-3-0)2 +(5-7)? =13

d(P,R) = \/(-3 ~(-4))? +(5-8)? = \/;

The triangle is scalene. NE

36. d(P,Q)=\/(-1-6)2—‘—&1-6%2:7 2

d(Q.R) =/(-5- (-D)* + (3~ (D) =442
Vi

d(P,R) = ‘/(-5-6)2 +(3-6)° =

39. d(P,Q)=(-1-1)2 +[1- (-D)? =242

d(Q.R) = \/[ Va- -
y

:f3_2@+1]+(3+2 3+1]
= 8=22

d(P,R) = j{—fq—ﬂz : {—J; ~ =)
N

= 8=22
The triangle is equilateral.

40. d(P,Q) = \/ -15-(-05))° + (L~ (-1)?

/
2
d(Q,R)=\/ N _(_15)2+'~@_1\

b
-J

S

Ak _3 3 ho_o:\‘
~) ] /

z

f
+/j‘\/§+1\
T

(3—2f3+1+3 3—3+2.25}
v +(1.75— 3]
-5

Copyright © 2015 Pearson Education Inc.
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+ k + + )
4

The triangle is scalene. - (3_2 3+lx 3_1+0'25)
+(175+ 3]
37. d(P.Q) = J(Q-“)Z +[-9-(-1)" = 15 -5
d(Q,R) = \/(5 —9)2 +(1- (-9))2 =229 The triangle is equilateral.
d(P,R)=\/(5—O)2+(1—(—1))2 - J29 41. First find the lengths of the sides:
The triangle is scalene. d(P.Q) = \/(‘1‘ 7) +(3- (-12))° =17
v \/ 7 2
38. d(P,.Q)= (4-(-4))+(5-4)> 65 d(QR) = "pld={=thdl=d} =17
J
4(Q.R) =\/(0_4]2 il2-5? = g5 d(R,S) = \/(22—14)2 +(-4-11)° =17
d(P,R) = [0~ ()% +(-2-4)2 =2 13 d(s,P)= (22-7)° +(-4-(-12)) =17

The triangle is isosceles. (continued on next page)

Copyright © 2015 Pearson Education Inc.



148

Chapter 2 Graphs and Functions

(continued)

42.

43.

44,

All the sides are equal, so the quadrilateral is
either a square or a rhombus. Now find the

length of the diagonals:

e
d(P,R) = J[14-7)2 + (11- (-12))° =17 2
d(@Q.S) = \/(22 ~(-D)* +(-4-3)* =172

The diagonals are equal, so the quadrilateral is
a square.

First find the lengths of the sides:

d(P.Q) = (=8)"+(=tt=t=10))" = 2
d(Q,R) =/(8-9)% +(-12- (-11))* =2
d(R.S) =(7-8)2 + (-11- (-12))? =2

2 2 \/_
d(S,P)= (8-7)"+(-10-(-11))" = 2

All the sides are equal, so the quadrilateral is
either a square or a rhombus. Now find the
length of the diagonals.

12—(—10))2 =
-11- (-11))° =

d(P,R) = /(8- 2+
d(Q.5) =/(7-9)2 +(

The diagonals are equal, so the quadrilateral is
a square.

5=\(x-2)7 +(2- (-D)?
=VxZ-4x+4+9 >

5=+x%-4x+13 = 25=x% -4x+13=>

0=x2-4x-12= 0= (x-6)(x+2) =
X=-20rx=6

13=(2- (-10))% + [y - (-3)°
=\1144+y2 +6y+9
=y?+6y+153 =

169 = y2 + 6y +153
0=y2+6y-16=0=(y+8)(y-2) =
y=-8ory=2

46.

Jx-(-5)2 + 2 - Jx-2)+(0-3)?
(x+5)2+(0—2> = (x-2)% +(0-3)*
2 2

X +10x+25+4=x -4x+4+9

10x +29 = -4x+13

14x = -16
8
X =-
7
. 8 |
The coordinates of Rare  -—,0 .

7

P=(7,-4),Q=(8,3),R=(0,y) (Rison the
y-axis, so the x-coordinate is 0).

d(P,R) = \/(0 ~7) + (y - (-4))?
d(Q.R) = /(0-8)% +(y-3)°

I

(0-7)*+(y- (-42/)2

= (0-8)%+(y-3)°
49+ (y - (-4))° = 64+ (y - 3)?

49+y2+8y+16=64+ y2—6y+9
8y +65=-6y+73
14y =8

The coordinates of R are |0, 7/ .

2.1 Applying the Concepts

47.

Copyright © 2015 Pearson éﬁueaﬂon Inc.
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148 Chapter 2 Graphs and Functions

L 2

45. P=(-5,2),Q=(2, 3),R=(x 0) (Risonthe = (2006, 298)

x-axis, so the y-coordinate is 0). The midpoint of the segment gives a good

d(P,R) = \/(x - (—5))2 +(0- 2)2 approximation to the actual value, about 300
2 > million.
d(QR) =(x-2)2+(0-3)

Copyright © 2015 Pearson Education Inc.
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49. g

26
24
22
20
18
16
14
12—
10

L

1950 1970 1990 2010 x
Year

Births

T T T T 171

50. Y
10~
9.8~
9.6~

9.4~
92—
88
8.6
8.4
821

A L1 I | |
950 1970 1990 2010 x
Year

Deaths
=]
T

N

51. ’

Marriages
-~ o = E
I I I I

1950 1970 1990 2010 «
Year
52. "
5.0
» 40
[} -
f‘:‘)
230r
ook
1.0
[ S N N N
1950 1970 1990 2010 *
Year
16,929 +14,612
53. M = =15,770.5

2
There were about 15,771 murders in 2009.

54. 2009 is the midpoint of the initial range, so

228 +320
M 2009 = 2 =274 .

2008 is the midpoint of the range

. . - b
228 274|ght © 2015 Pearson Education Inc. a

55.

56.

2010 is the midpoint of the range

274 + 320

So, in 2008, $251 billion was spent; in 2009,
$274 billion was spent, and $297 was spent in
2010.

2008 is the midpoint of the initial range, so

548 +925
M 2008 = 2 =736.5.

2006 is the midpoint of the range
[2004, 2008], so

M 5006 = @ = 642.25.
2005 is the midpoint of the range
[2004, 2006], so

2007 is the midpoint of the range
[2006, 2008], so

642.25 +736.5

Use similar reasoning to find the amounts for
2009, 2010, and 2011. Defense spending was
as follows:

Year Amount spent
2004 $548 billion
2005 $595.125 billion
2006 $642.25 billion
2007 $689.375 billion
2008 $736.5 billion
2009 $783.625 billion
2010 $830.75 billion
2011 $877.875 billion
2012 $925 billion

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

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

c2+d?=h?. Substituting d 2 from the first

equation, we obtain-a2+R2 +c? = h?.
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[2007,2009], 50 Mpgog =, =251,

Copyright © 2015 Pearson Education Inc.
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57.a. ¥

Middale
[ ]

4 |- @ Dullsville Pleasantville
[ ]
|

| 1
0 4

I O |
8§ 12 16 20 x

b. d(D,M) = /(800 - 200)2 + (1200 - 400)?

=1000

d(M, P) = \/(2000 -800)2 + (300 - 1200)?

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

c. d(D,P)= \/uuuu =200)%+(300=2400)°

= /3,250,000 = 500+/13

~1802.78 miles

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

c=+/24%2 +10% = 26.

After t seconds, the length of the rope is
26 — 3t. Now find the distance from the boat

to the dock, x, using the Pythagorean theorem
again and solving for x:

(26 - 3t)% = x% +102
676 - 156t + 9t = x2 +100
576 - 156t + 9t2 = x2

\/576 - 156t + 9t2 = x

2.1 Beyond the Basics

59. The midpoint of (he diago)YaI connecting (0, 0)

at+b ¢

and (a+b,c)is , . The midpoint of

2 2
the di{égonal C(‘nnecting (a,0)and (b, c) is

a+b ¢ .
also ,~ . Because the midpoints of

2 2

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

(b, ¢) (a+b,c

(0, O)T (a,0)

60. a. If AB is one of the diagonals, then DC is the
other diagonal, and both diagonals have the
s/éme midpoi\’ut. The midpoint of AB is

2+5 3+4

., =(3.5,3.5) . The midpoint of
2" 2 e\

/ﬂyﬁ

DC = (3.5,3.5) = )

‘x
+ N
[oV)

= = x= and
So we have 3.5 5 4

y+8

35= = y=-1.

2

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
7/ame midp0|\Ft. The midpoint of AC is

2+3 3+8

= (2.5,5.5). The midpoint of

2 2
a5 yeal
DB = (2.55.5) = 5 ' o
X+5
So we have 2.5 = = x=0 and
55= 2 $y=7

The coordinates of D are (0, 7).

¢. IfBC is one of the diagonals, then DA is the
other diagonal, and both diagonals have the
%me midpoi\’ut. The midpoint of BC is
543 448

) 2{/ = (4,6) \The midpoint of DA
is (4,6) = ﬂ,yﬁ . So we have
2 2
X+2 y +3

4="_ _= x=6and 6=2—— =9.
2 2 =Y

The coordinates of D are (6, 9).
61. The midpoint of thé diagonal connecting (0, 0)

XYy
and (x,y)is | , |.The midpoint of the
2 2
jfiagonal d\onnecting (a,0)and (b, c) is
a+b ¢

)'yright © 2015 Pearson Education Inc. -



150 Chapter 2 Graphs and Functions

5 A Because the diagonals bisect each

2
other, the midpoints coincide. So
X_axh => x=a+b,andl =t 5 y =C.
2 2 2 2

Therefore, the quadrilateral is a parallelogram.

Copyright © 2015 Pearson Education Inc.
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151

62. a. The midpoint of the diagonal connecting

63. Let P(0, 0), Q(a, 0), R(a+ b, c), and S(b, c) be
the vertices of the parallelogram. PQ = RS =

64.

(1,2) and (5, 8) is | =2, 28

2 2

The midpoint of the diagonal connecting

(—2, 6) and (8\) 4) is
=2 +8,M = (3,5). Because the

2 2
midpoints are the same, the figure is a

parallelogram.

(3,2)and (x,y) is (m : 2_+y\ The

2 2

midpoint of the diagonal connecting (6, 3)

3+

and (6, 5) is (6, 4). So —2X=6=> X =9

and 2—?:4: y=6.

J@-02+(0-02=a QR=PS=

J@+b)-a)’ +(c-0)? = b2 +c%,

The sum of the squares of the lengths of the

sides = 2(a% +b? +¢?).

d(P,R) = \/(a +b)? +c2.

4(Q.5) = y(a-b)* +(0-c)?.

The sum of the squares of the lengths of the

diagonals is

[(a+b)2 +c2]+[(a—b)2 +c2)=
a?+2ab+b? +c?+a®-2ab+b? +c? =
2a2 +2p% +2¢% = Z(a2 +b? +c2).

Let P(0, 0), Q(a, 0), and R(0,b) be the vertices
of the right triangle. ‘ﬁhe midpoint M of the

hypotenuse is a , b .

2 2

= (3,5).

The midpoint of the diagonal connecting

65.

66.

d(R,M)= |0- +)b-

d(P,M) =

1]
|
N
T+
—
1]
N

Let B¢, 0), Q(a, 0), and R(0, a) be the

R(0, a)
verticgs\Qf the triangle.

¢

P Qa, 0) ¥

Using the Pythagorean theorem, we have

02:a2+a2=>c2=2a2:c: 2a=>

1 2

a= Cc= c

N

Since ABC is an equilateral triangle and O is
the midpoint of AB, then the coordinates of A

are (—a, 0).

B(a, 0)

¥
C
A/

\9 *
D

AB = AC = AB = 2a. Using triangle BOC and

the Pythagorean theorem, we have

BC? =0B? +0C? = (2a)? = a? +oc2f

NN
a % pyright © 2015 Pearson Education Inc.
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/'! 4a2=a%+0C?>3a%=0C?=>0C= 3a
2
Thus, the coordinates of C are (0, Sa) and
_aZ_+_Z
- the coordinates of D are (0, - \@a).
2

Copyright © 2015 Pearson Education Inc.
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| e 2] M\\z /x -X \2 /y_—L\Z

67. a. d(A,C)=\/\x1— ! 2) +\yl— 1 2) =
3 3

d(C,B)_\/[/bq*)(z_x \ 2+{/2y1_ﬂ;_y\\ 2 ./QXl_ﬁ \ 2+/2_\L, iﬁiz\ 2

3 2 3 2 3 3
I \2 ¢ 12 (n PO VAR N a2
\/lx =X ] F(Y -V ] \/kzx =2X ] F(2Y =2V ]
d(A.C)+d(C,B) = 12 5 12 1 2 1 2
2 2 2 2
X =Xp)= #(ya=y 5 23[x1=x 2= +ly oy )=
=\LL‘— i +4JL— = =\/(x x)+[y—y)
3 3 12 1 2
d(A,B): (X—A)21—(y —y)z
\/ 1 12
So A, B, and F are cqlline}ar \
2 2 2= 2
{x x| {v y | yx =X J5+y -y |
d(AC) = \/\ 2) +\ 2} V1 72 Ly
3 3 3 3
[
| xe2x 12| vy +2y |? [ s2x 12 [y 42y |2
b. d(AD)= \xl— ! 2/ +\y1— 1 2) - \ 1 2/ +\ 1 2)
3 3 3 3
/ R Lol ]
2 2 X, =X 2 \,—=\/ 2
d(D B) \/{X ig_x \ +!Y1_ﬁ¥2 y \ LA =y +IJ__ Z 1
3 2 3 2 3 3
sz +4XJ +l4y +4yJ \/kx—x‘ +ky—yJ2
2 2
d(A,D)+d(D,B) =
(A.D)+d(D.B)= 5 ;
2 ( 12 12 V2
2 X=x] F(y =Y X=X F(y =Y
12 12 12 12
= +
3 3
2 2
= =x P ely -y )P =d(aB)
1 2 12
So A, B, andf:are coll\inear./ \
[P S P o B T VAT
d(AaD)z\/K 1 2} +\ 1 2) - 1 1 2 d(A,B)
3 3 3 3 \
_ y
c. 2)(1_3")(2=2 13+4=23 The points of trisection are 2,5 and
2y1 +Yo _(2)"'_1 Q(x3, ¥;)
3 3 |2 =]
X +2X5 _ —1+2(4{ Mx, y) Tlo. v
3 3 3 P(xp. ) po—a] o)
y1+2y, _ 2+2(1) _ 4 v =¥l
3 3 3 ¥ S(x, ¥1)
¥ =i
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68.

33
(Z, 4)_ To show that M is the midpoint of the line
33 segment PQ, we need to show that the
distance between M and Q is the same as the
distance between M and P and that this
distance is half the distance from P to Q.
(continued on next page)
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(continued)

Thus, we have MP = 1 PQ.
2

Similarly, we can show that MQ = % PQ.

Thus, M(s the midpoint Tf PQ, and

(xy)= X X2 Y1ty

2 2
2.1 Critical Thinking/Discussion/Writing

69. a. y-axis

b. x-axis

70. a. The union of the x- and y-axes

The plane without the x- and y-axes

71.a. Quadrants I and Il1

b. Quadrants Il and IV
72.a. The origin

b. The plane without the origin

73. a. Right half-plane

2.1 Maintaining Skills

75.a. x“+yc= T + sy _£_2L

76. a. (X—l)2 +(y+2)2 = [—1)—1]2 +(1+ 2)2

=(-2) +3 =4+9=13

2 2 2 2
b. (x-1) +(y+2) =(4-1) +(2+2)
2 2
=3 +4 =9+16=25

« 212 s
77. a. N+y=ﬂ+ _3=2+_3=1—1=0

x ly -4 3 -4 3
+ =
3

"Wy T 4 T3 Ir1=0
o b2 2
x y -1 -2 -1 -2
=-1+(-1)=-2
e < R
bt Tt g Tgt,yTlrl=2
\2
79 x2-6x+ O =x?-6x+3?
2
:x2—6x+3
2
80. x?2-8x+ B! =x?_gx+42

b. Upper half-plane

Copyright © 2015 Pearson Education Inc.
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74.

Let (X, y) be the point.
The point lies in if
Quadrant | x>0andy>0
Quadrant I1 x<0andy>0
Quadrant 11 x<0andy<0
Quadrant IV x>0andy<0
¥
(=4 (+.+4)

(=) (+.-)

81.

82.

83.

84.

y2+3y=y?+3y+ 3/ —y2+3y+ 2

x2+xy+

Copyright © 2015 Pearson Education Inc.

=x% -8x + 16

2

21 o y2 5y 25
2
|
R T
2 4
2 2
= x2+xy+ Yy
2 4
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Section 2.2 Graphs of Equations

2.2 Practice Problems

1. y=-x2+1
X y=-x*+1 (x,y)
-2 y=—(-2)*+1 (-2,-3)
-1 y=—(-1)?+1 (-1, 0)
0 y=—(0)2%+1 , 1)
y=—(1)72+1 (1,0)
y=—(2)?2%+1 2,-3)
.‘;_
‘\L L1
2 4 x

hé Kk-int cept, let y = 0, and solve the
equation for x: 0= 2x? +3x -2 =

0=(2x-1)(x+2)= x= 1 orx=-2.To
2

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

y=2(0)"+3(0)-2> y=-2.

. 1 .
The x-intercepts are 5 and —2; the y-intercept
is —2.

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

(—x)2 -y?=1= x? -y =1, which is the
same as the original equation. So the graph is
symmetric about the y-axis.

4. xaxis: x2 = (-y)® = x? = -y®, which is not

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

y-axis: [—x)2 =y3 = x? = y3, which is the
same as the original equation, so the equation
is symmetric with respect to the y-axis.
origin: (—x)2 = (—y)3 = x2 =-y3, which is
not the same as the original equation, so the

5.

y=-t*+77t2 + 324
a. First, find the intercepts. If t = 0, then
y = 324, so the y-intercept is (0, 324).
If y =0, then we have
0=-t*+77t2 + 324
t4 - 77t2 -324=0
(t*-81)(t* +4)=0

(t+9)(t-9)(t* +4)=0=t=-9,9, 2
So, the t-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 t-axis.

y-axis: y = - [—t)4 +77 (—t)2 +324 =

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

the original equation. So the graph is
symmetric with respect to the y-axis.
4 2
origin: -y =-(-t) +77(-t) +324=
4 2
-y=-t +77t +324, which is not the

equation is not symmetric with
respect to the origin.
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same as the original equation. So the graph is not
symmetric with respect to the origin. Now, make a
table of values. Since the graph is symmetric with
respect to the

y-axis, if (t, y) is on the graph, then so is

(-t, y). However, the graph pertaining to

the physical aspects of the problem consists only of
those values for t > 0.

t ly=—t*+77¢+324 | (ty)

0 324 (0, 324)
1 400 (L, 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)
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(continued) 2.2 Basic Concepts and Skills

7 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.
' éif‘,lili o 'L'_!L'é';{ I: 2. If (-2, 4) is a point on a graph that is
B symmetric with respect to the y-axis, then the

— 1000 = point (2, 4) is also on the graph.

3. If(0,-5) is a point of a graph, then —5 is a
y- intercept of the graph.

—2000 —

[
|

—4

b. v
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 [~
1200~ 5. False. The equation of a circle has both an
000~ . .
'gm L x2-termand a y? -term. The given equation
pred does not have a y?-term.
200
I I L1 1 |
Of 123456789107 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.
ears.
6. The standard form of the equation of a circle ]
is (x-h)? +(y-k)?=r?
(h,k)=(3,-6)and r =10 -
The equation of the circle is —
(x- 3)2 +(y+ 6)2 =100. In exercises 7—14, to determine if a point lies on the
graph of the equation, substitute the point’s
7. (x - 2)2 + (y +1)2 =36 (h, k) = (2, _1], r=6 coordinates into the equation to see if the resulting
This is the equation of a circle with center statement Is true.
(2, -1) and radius 6. 7. on the graph: (=3, —4), (1, 0), (4, 3); not on the
y graph: (2, 3)
8 e
= / 5 1
/er;\ 8. onthe graph: (-1,1),(1,4), -—,0 ;noton
IIIIIIIZ:HHHIH 3
—8—6— 72_53: \4 6 10 x
- the graph: (0, 2)

9. onthe graph: (3, 2), (0, 1), (8, 3); not on the
graph: (8, -3) / \)

1
10. onthe graph: (1, 1), 2,~ ; noton the graph:
8. x2+y2+4x-6y-12=0= grap \( )25 grep
1

-8

x2+4x+y2—6y =12 ©,0), -3~

3 A
Now complete the square:

2 2 -
X“+4Xx+4+y° -6y+9=12+4+9=> 11. on the graph: (1, 0), [2, 3],(2,— 3];noton

2 2
(x+2)"+(y-3)"=25 the graph: (0, 1)
This is a circle with center (-2, 3) and 12

radius 5. Each point is on the graph.
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Section 2.2 Graphs of Equations 155

13. a. x-intercepts: =3, 3; no y-intercepts

Copyright © 2015 Pearson Education Inc.
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b. Symmetric about the x-axis, y-axis, and y
origin. ’

14. a. No x-intercepts; y-intercepts: -2, 2

Symmetric about the x-axis, y-axis, and
origin.

15. a. x-intercepts: —3, 3; y-intercepts: -2, 2

b. Symmetric about the x-axis, y-axis, and

- 26.
origin.
v\‘
16. a. x-intercepts: —3, 3; y-intercepts: -3, 3 N (3,6)
b. Symmetric about the x-axis, y-axis, and Cpes
origin. 0.0 2 [F02
17. a. x-intercept: 0; y-intercept: 0 o —— _‘ e
1. -2 —
b. Symmetric about the x-axis. ( /g
(-2, -4 o —a-
18. a. x-intercepts: -m, 0, m; y-intercept: 0 -3 -6 d _¢l
217.
b. Symmetric about the origin. 28
. ¥y
19. a. x-intercepts: —3, 3; y-interceps: 2 3
b. Symmetric about the y-axis. 2 3,15
L@
. 3 3 (0,0 1,0.5
20. a. x-mtercepts:——“,—E,E,—; L1 I x( 1)
2 2 2 2 -3 -2 - 1 2 3%
(1. -05)
. ) (-2.-1)
y-intercept: 2 b
. . (—3,-1.5)
b. Symmetric about the y-axis. e
21. a. No x-intercept; y-intercept: 1
b. No symmetries o
22.a. x-intercept: 1; no y-intercepts (=3.9) °C @.5)
b. No symmetries Z):
23. a. x-intercepts: 0, 3; y-intercept: 0 5
. . (—2,4) 4= 2.4
b. Symmetric about the x-axis. =
2_
24. a. x-intercept: 0; y-intercept: 0 (-Lnhel-#a.1n
L1 1 1 1 | 1|
b. Symmetric about the x-axis, y-axis, and -5 3 -l 001 iS5«
origin. 29. ©.0
25. y 30. L 19O
-5 -3 -1 | 3 5 x
=1L -nfFIRa, -n
_2_
_3_
(-2.-De -4~ Q2 -4
_5_
_67
_"'7
_87
(=3,-9) -9~ (3,-9)
ok
v
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s
31 v 37.
38.
32.
33.
(-L0) ¥
PN ()
(| I \)\l\/lgdlwo’\ L1 39.
-5 -3 0 R
-1
3
34 (—3,-2) —4
Q’lm |
5 x 40.
(3. -5)
35.
36.
41,
42.

(3, —1.44)
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43.

46.

47.

48.

=
|5 0w v e

|
W =

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 fory: 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: X, 0 =1= x=>5. To find the
5 3

49,

50.

51.

52.

53.

54.

55.

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

equation for x: 0 = X2 -6x+8= x=4or
X = 2. To find the y-intercept, let x = 0, and

solve the equation fory: 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% -5(0) + 6= X = 6.

To find the y-intercept, let x = 0, and solve the
equation fory: 0=y2 -5y+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: x2 +0% =4 = x = +2.
To find the y-intercept, let x = 0, and solve the

equation fory: 02 + y2 =4 = y =2,

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

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

equation for x: 0=+/9 - x? = x = +3.

To find the y-intercept, let x = 0, and solve the
equation fory: 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=+/x% -1= x = #1.

To find the y-intercept, let x = 0, and solve the
equation for y: y = /0% -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
2

equationforx: 0=x +x+1=

2

12 —a)) -1+ 8

2(1) 2

X = , which
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y-intercept, let x = 0, and solve the equation are not real solutions. Therefore, there are no
0y a x-intercepts. To find the y-intercept, let x =0,

fory: g+3=1=y=3 and solve the equation for y:

The x-intercept is 5; the y-intercept is 3. y = 02+0+1=1

There are no x-intercepts; the y-intercept is 1.
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56.

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

x®+3x(0)+0%=1= x®=1= x=1. Tofind

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

0}+3y(0)+y*=1> y* =1 y=1.

The x-intercept is 1; the y-intercept is 1.

In exercises 57-66, to test for symmetry with respect
to the x-axis, replace y with —y to determine if (x, -y)
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, —y) satisfies the equation.

57.

58.

59.

-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=x%+1, sothe equation is

symmetric with respect to the y-axis.

—y=(-x)?+1= -y=x?+1,isnotthe
same as the original equation, so the equation
is not symmetric with respect to the origin.

x=(-y)?+1= x=y? +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)? +1= -x=y? +1 is not the same
as the original equation, so the equation is not

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)3—x: y=—x3—x=>

y= —(x3 + X) is not the same as the original
equation, so the equation is not symmetric

with respect to the y-axis.

—y=(—x)3—x=>—y=—x3—x=>

~y=-(x3+x)= y=x3+x, s0the equation
is symmetric with respect to the origin.

60.

61.

62.

63.

-y = 2x3 - X is not the same as the original
equation, so the equation is not symmetric
with respect to the x-axis.

y=2(-x)°%-(-x)= y=-23+x>
y = —2(x3 - X) is not the same as the original

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

Sy =2(-x)3 - (-2 -y =-2x3+x =
—y=-2(x3-x)= y=2x3-x, sothe
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)* +2(-x)2 = y=5x*+2x?, s0

the equation is symmetric with respect to the
y-axis.

-y= 5(—x)4 +2(-X)=> -y = 5x4 +2x2 is

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

-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(-x)°%+2(-x)* + (-x)? =

y = =3x8 + 2x* + x2, so the equation is
symmetric with respect to the y-axis.
—y=-3(-x)% +2(-x)* + (-x)2 =

-y = =3x% + 2x* + x? is not the same as the
original equation, so the equation is not
symmetric with respect to the origin.

5 3
-y =-3x +2x isnotthe same as the

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

y = —3(—x)5 + 2(—x)3 = y= 3% -2x3 is

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

—y=-3-x)°+2(-x)° = ~y=3x°-2x° =
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-y= —(—3x5 + 2x3) > y= -3x% + 2x3, so the
equation is symmetric with respect to the origin.
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64. -y= 2x% - x is not the same as the original 71, X2+ (y —1)2 =4

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

y=2(-x)%-|]-x|= y=2x%-|x|, so the

equation is symmetric with respect to the
y-axis.

-y = 2(-x)? -l-x|= -y= 2x°2 - |x| is not

the same as the original equation, so the b
equation is not symmetric with respect to the
origin.
2 2 2,2 : 2. ’
65. X°(-y)  +2x(-y)=1=> x“y“ -2xy=1is 15

not the same as the original equation, so the
equation is not symmetric with respect to the

X-axis. 05 Lo
(‘X)Zyz +2(-x)y=1= X2y2 -2xy=1is 0 0!5 ? ‘ 1?5 2!5
not the same as the original equation, so the —0.5
equation is not symmetric with respect to the b
y-axis. 2,2

(x-D°+y° =1
092+ 2-0(-y) =1=

¥
x2y2 +2xy =1, so the equation is symmetric 3. ;

with respect to the origin.

66. X°+(-y)?=16= x? +y? =16, s0 the
equation is symmetric with respect to the

X-axis. s
(—X)2+y2:16$ x2+y2:16,sothe | |“ :
equation is symmetric with respect to the (x+1)2+(y-2)2=2 2151050 x
y—axis. 74.

(X+2)2+(y+3)2=7

(-x)2+(-y)? =16 = x* + y? =16, so the
equation is symmetric with respect to the
origin.

For exercises 67-80, use the standard form of the
equation of a circle, (x-h)? +(y-k)% =r?.

67. Center (2, 3); radius =6
68. Center (-1, 3); radius = 4 75. Find the radius by using the distance formula:

69. Center (—2, -3); radius = 11 d= \/(_1_3)2 +(6-(-4)" = Vot

\ The equation of the circle is
2 2 _ y
70. Center l,— : - radius = 3 (x=3)"+(y+4)" =97.

2 2 2
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76. Find the radius by using the distance formula:

d=(-1-2)%+(1-5)2 =25 =5.The

equation of the circle is

(x +1) +(y- 1)

¥

77. The circle touches the x-axis, so the radius
is 2. The equation of the circle is

(x-1)%+(y-2)%=

1| 1|
-2-100 1 2 3 4 x
1+

78. The circle touches the y-axis, so the radius
is 1. The equation of the circle is
x-D*+(y-2?=1. ]

25

2

1.5
1+
05

ol 05 1 15 2

79. Find the diameter by using the distance

formula:

d=(-3-7)% +(6- 4)?

So the radius is +/26 . Use the midpoint

formula to find the center:

7+(-3) 4+6

= /104 = 24/26 .

= (2,5). The equation

80.

81. a.

Find the center by finding the midpoint of the

2+8 -3+5

,—/: (5,1)

2 2

diameter: C =

Find the length of the radius by finding the
length of the diameter and dividing that by 2.

d =/(2-8)% +(-3-5)? =100 =10

Thus, the length of the radius is 5, and the
equation of the circle is
(x-5)2 +(y-1)2 = 25.

¥y

—(2,-3)

x2+y2-2x-2y-4=0=
x2-2x+y2-2y=4

Now complete the square:

X2 - 2x+1+y2-2y+1l=4+1+1=
(x-1)%+(y-1)2%=6. Thisis a circle with
center (1, 1) and radius /6 .

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

(x-2+(0-1)2=6= (x-1)"+1=6=

(x—1]2=5=> Xx-1=+J/5= x=1++5

Thus, the x-intercepts are [1 ++/5 , O] and

e

[t- 5.0).

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

fory: v v

g
(0-1)2f-(y-1)2:6=>1+(y-1]2 =6=

(y-1)°=5=>y-1=* 5= y=1% 5

Thus, the y-intercepts are (O, 1+ 5] and
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2 2
of the circle is (x—2)2 + (y -5)® = 26. (0, 1- 5).

— 13 Lo b L N ) OO

1111
-4 -2 0
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82.a x2+ yz —4x-2y-15=0= b. ;I;)? find the x-intercepts, let y = 0 and solve
X:
2 2 _
X7 -ax+ym -2y =15 (X+1)2+02=1: X4lz31lg x=0,-2
N(2)w complete tr21e square: Thus, the x-intercepts are (0, 0) and (-2, 0).
X =4Xx+4+y°-2y+1=15+4+1=> To find the y-intercepts, let x = 0 and solve
(x-2)% +(y -1)% = 20. This s a circle fory: 0+)?+y?=1= y?=0=y=0
with center (2, 1) and radius 2,/5 . Thus, the y-intercept is (0, 0).
b. To find the x-intercepts, lety = 0 and solve 85. a. X + y2 -x=0= x*-x+ y2 =0.
for x: (x - 2)2 +(0- 1)2 -20= Now complete the square:
1 1
2 2 2 L x . 2 _ .t
(x-2)"+1=20= (x-2)*=19= XTox+ +yn =0+ =
X-2=% 49> x=2¢ 20 < 1)2 .
2 .. . .
Thus, the x-intercepts are (2 ++/19, 0) and X=5) +y"=,. Thisisacircle with
|
(2 - V19, 0]' center l,O and radius !
To find the y-intercepts, let x = 0 and solve \2 /
2
fory: (0-2)2+(y-1)%=20= b. To fin? the x-intercepts, let y = 0 and solve
2
2 \
4+(y-1%=20= (y-1)°=16= forx: x-2! 402=tox-tosls
y-l=#4=y=-35 2 4 2 2
Thus, the y-intercepts are (0, —3) and (0, 5). x =0, 1. Thus, the x-intercepts are (0, 0)
83.a 2x2+2y2+4y=0> and solve for y:
202 +y2+2y)=0= x2+y2+2y=0. 1\2 » 1 ., 11
0- +ty = 22y + = =
Now complete the square: 2 4 4 4
x2+y2+2y+1=0+1=> x2+(y+1)2=1. y2=0=> y =0.
This is a circle with center (0, -1) and Thus, the y-intercept is (0, 0).
radius 1.
2 2 2 2
b. To find the x-intercepts, let y = 0 and solve 86.a. x +y +1=0=x +y =-1.The
2 2 5 radius cannot be negative, so there is no
forx: x“+(0+1)°=1=>x"=0=>x=0 graph.
Thus, the x-intercept is (0, 0). b. Th .
To find the y-intercepts, let x = 0 and solve ' ere are no Intercepts.
fory:
2.2 Applying the Concepts
02+(y+1)2=1=> y+l=11l=y=0,-2 pplying P
Thus, the y-intercepts are (0, 0) and (0, —2). 87. The distance from P(x, y) to the x-axis is [x]
84.a. 3x2+3y2+6x=0= while the distance from P to the y-axis is |y|.

3(x2+y2+2x):0=> x2+2x+y2=0.

So the equation of the graphis x = |y|
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Now complete the square:

88. The distance from P(x, y) to (1, 2) is
X2 4+2x+1+y? =0+1> (x+1)2+y?=1.

2 2
. . . ‘/(x -1) +(y-2) while the distance from
This is a circle with center (-1, 0) and

radius 1. Pto(3,—4)is (x-3)%+(y+4)%.

So the equation of the graph is
Jox-02+(y-2)2 = J(x-32 + (y+ 4> =

(X—1)2+(y—2)2 =(X—3)2+(y+4)2 =

(continued on next page)
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(continued)
X2 -2x+1+y? -4y +4=

X2 —6X+9+ y2+8y+16:
-2X-4y+5=-6x+8y+25=>

5.
89. The distance from P(x, y) to (2, 0) is

J(x-2)2 +y? while the distance from P to

the y-axis is |X|. So the equation of the graph
is

Jx=2%2+y2 = x> (x-2)2+y?=x?>.

X2 -Ax+4+y2=x?> = y? =4x-4>

4x-20=12y = yzix—

2 2
y +4=y_+1=)(

4 4

90. 2004 is the midpoint of the initial range, so

136 +234
M 2004 = 2 = 185

2002 is the midpoint of the range

[2000, 2004], 50 M 50, = w ~160.5.

2006 is the midpoint of the range
185+ 234

[2004, 2008], 50 Moo =, =2095.

So, in 2002, $160.5 billion was spent, in 2004,
$185 billion was spent and in 2006, $209.50
was spent.

91. a. Since July 2012 is represented by t = 0,
March 2012 is represented by t = —4. So the
monthly profit for March is determined by

P = -0.5(-4)2 - 3(-4) + 8 = $12 million.
b. Since July 2012 is represented by t = 0,

October 2012 is represented by t = 3. So the
monthly profit for October is determined by

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

Copyright © 2015 Pearson Education li

d. To find the t-intercept, set P = 0 and solve
2
fort: 0=-05t -3t+8=

E: J(-3)% - 4(-05)@8) _3+25
h 2(-0.5) ]
=2o0r-8

The t-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. t = 2 represents

Sept 2012.

e. To find the P-intercept, set t = 0 and solve
to P: P =-0.5(0)2-3(0)+8= P =8.

The P-intercept represents the profit in July
2012.

P
20.0
19.5
19.0
18.5
18.0

17.5
17.0 = P=—0.0022 + 0511+ 17.5

92. a.

=

o v 2 3 4 5 61

b. To find the P-intercept, set t = 0 and solve
to P: P =-0.002(0)2 +0.51(0) +17.5 =

P =17.5. The P-intercept represents the
number of female college students in 2005.

93.a. | t | Height= -16t® +128t+320
320 feet
432 feet
512 feet
560 feet
576 feet
560 feet
512 feet

ol W|IN|FL]|O

= _16¢2
sok Y= 161+ 1281 + 320
400

200

of 2 4 6 8 |\x
—200
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P
./_\]5
5

I I I
-6 -4 -2 0
-10

-20

—-30
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d. To find the t-intercept, set y = 0 and solve
for t:

0=-16t2 +128t +320 =
0=-16(t2 -8t - 20) =
0=(t-10)(t+2)=> t=10o0rt=-2.

The graph does not apply if t <0, so the
t-intercept is 10. This represents the time

when the object hits the ground. To find the 97.

y-intercept, set t = 0 and solve for y:

y = -16(0)2 +128(0) + 320 = y = 320. 98.
This represents the height of the building.

dp g-40,_2p

3'79
94. a. 200
100
| I I I |1
0] 10 20 30 40 50 6§ 70 80 ¢t
=100
ao0l 99.
b. 0<t<60

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

2.2 Beyond the Basics

95.
96.

Lil N

N
x2+y? —4x+2y-20=0=
x2—4x+y2+2y=20:

X2 —AX + 4+ y2+2y+1=20+4+1:
(x-2)2 +(y+1)? =25

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

25m. x2+y2—4x+2y—31:0:

X2 —4x+y? +2y=31=

X2 —4x+4+ y2 +2y+1=31+4+1=>
(X—2)2 +(y+1)2 =36

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

the area of the region bounded by the two
circles equals 36t - 251 = 11m.

¥4yt —dx+2y-31=0

=

224y —dy+2y-20=0
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100. Using the hint, we know that the center of the

circle will have coordinates (0, k).
y

C(0, k) o

5
—4“ __/1 x
v

_4/_\4
0
5

C(0. k) o

Use the Pythagorean theorem to find k.
k?+4%=5%°=>k?+16=25> k?=9=>
k=423
The equations of the circles are
X2 + (y t3)2 =52,

2.2 Critical Thinking/Discussion/Writing

101. The graph of y2 = 2x is the union of the

graphs of y =+/2x and y = —\/2x.

¥

to the origin. The graph of y = x3 is an

example of a graph that is symmetric with
respect to the origin but is not symmetric with
respect to the x- and y-axes.

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

d(AB)=4/(6-0)°+(8-1) =85 =
/85

r==_-.
2

Yhe center O\Y th7/ circ\e is
6+0 1+81_1,9

2 2 T2
So the equ?tion 0\ the circle is

2
(-y2ely-2 =

2 4
To find the x-intercepts, sety = 0, and solve

for x:
/ 9\2 85
=
2

x-3)2+ 0- =

(x-3) 4
(x—3)2+%=%: X2 -6x+9=1=
x2 -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.

- 2
The center of the circle is

a+0 b+l |a b+l

2 2 2 2
o0 the quat{on of the\circle is

al? b+1]? aZ+(b-1)>2
+ y——) = .

x-2

2 2 4
To find the x-intercepts, set y = 0 and solve

for x: \
2 2 2 2
X_g) . O_b+1/. _a’+(b-1)

2 2
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102. Let (x, y) be a point on the graph. Since the

graph is symmetric with regard to the x-axis,
then the point (x, —y) 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, —y) is on the
graph, and the graph is symmetric with respect

2 2 4
2 2
2 e i, D) 2’ +(b-1)
4 4 4
2 2 2 2 2

4x -4ax+a +b +2b+1l=a +b -2b+1

4x% - d4ax+4b =0
x> -ax+b=0
The x-intercepts are the roots of this
equation.
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c. a=3andb=1. Approximate the roots of 1-2 -1 1
the equation by drawing a circle whose 106. 554712
diameter has endpoints A(0, 1) and B(3, 1).
2-(-3
The center of the circle is §,1J and the 107. 2:-3) :i - _l
2 3-13 -10 2
radius is g The roots are approximately 108 —=1 _2_1
(0.4, 0) and (2.6, 0). -2-(-6) 4 2
Y 1 1 1
. 2.4, 4 18 2
" 109, ‘Zfivﬁf-—:—
: 3 1 11 5 45 5
0,1)¢
@09 8 4 8
1 1 3 1
: SR
1 0. 4 - 41 Ll 3
L 2 -3x+1=0 11 1 4 4
2 6 3
A
111. A=P+Prt=P(l+rt)=>P=
104. a. The coordinates of the center of each circle 1+rt
are (r, r) and (3r, r). 112. 2x+3y=6= 3y =6-2x=
y _6-2x_, 2
YT o3 T3
r r r . X _y X _y
- - = - - = - X - 1 =
, 113.253:235:2x 5=y
X

114 y—Z—E(x+1)=O=>
b. To find the area of the shaded region, first : 3

find the area of the rectangle shown in the .2 L, 2, 2 2 8
figure below, and then subtract the sum of y=2+ §[X +1)=2+ 3%t373%"3
the areas of the two sectors, A and B.
’ 115, ax+by+c=0=by=-ax-c=
-_a,_¢
Y= n

116. 0.1x+0.2y-1=0= x+2y-10=0=>
2y=-x+10= y=-05x+5

1 1
Areqt = r(2r) = 2r? 117. -= 118. =
1, 2 3
AsectorR = Asectors = , TIF 3 3
Z‘ 119. — 120. -—
2 11 o 1 o 2 4
Ashaded region — 2r mre+ o mr
4 4
L
=2r2—1nr2= p-T g 4 4 U 11
2 2 121.
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l_1 1

2.2 Maintaining Skills

105. 5-3_2_1
6-2 4 2
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2.3 Lines

2.3 Practice Problems

|’f’|=5__‘[__31 =—§
-7-6 13

A slope of - 13& means that the value of y

decreases 8 units for every 13 units increase
inx.

2
P(-2,-3), m=-7

2
y-(-3)=-5[x-(-2)]
y+3=—§(x+2)
+3——2x—4: ——Zx—E
yre=TgXTg T ¥ T3%
o 46 _-10
-3-(-1) -2

Use either point to determine the equation of
the line. Using (=3, —4), we have

y-(-4)=5[x-(-3)] = y+a=5(x+3=

y+4=5x+15= y=5x+11

Using (-1, 6), we have
y—6=5[x—[—1)]=> y-6=5(x+1=
y-6=5x+5= y=5x+11

y-y=m(x-x)=y-(-3)=2(x-0)
point-slope form

y-(-3)=2(x-0)=
y+3=2x=> y=2x-3

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

| 111
“8-6-4-20-2 4 b\EI\Ox

6. Xx=-3. The slope is undefined, and there is no
y-intercept. The x-intercept is —3.
y = 7. The slope is 0, and the y-intercept is 7.

¥
10

I I I I
-8 6420 2 4 6 8%

x=-3

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

y=—§x+6.ThesIopeis —§,andthe

4 4
y-intercept is 6. Find the x-intercept by setting
y = 0 and solving the equation for x:

3 3
0:—;X+6: 6:;)(: 8:XThUS,the

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

8. Use the equation H = 2.6x +65.
H, =2.6(43)+65=176.8
H, =2.6(44)+65=179.4
The person is between 176.8 cm and 179.4 cm
tall, or 1.768 mand 1.794 m.

9. a. Parallel lines have the same slope, so the
3-7_-4_4

slope of the line is m = = =,
2-5 -3 3

Using the point-slope form, we have

y—5=§[x—(—2)]=>3y—15=4[x+2):
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3y-15=4x+8= 4x-3y+23=0
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b. 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=

S5y=-4x-1=y

5 5

a line perpendicular to this lines is 3 .

Using the point-slope form, we have

y—(—4)=f(x—3)=> 4(y+4)=5(x-3)=

4y +16=5x-15= 5x-4y-31=0
10. Since 2014 is 8 years after 2006, set x = 8.

Theny =0.44(8) + 6.70 = 10.22
There were 10.22 million registered

motorcycles in the U.S. in 2014.
2.3 Basic Concepts and Skills

1. The number that measure the “steepness” of a

line is called the slope.

Yo Y1 the

2. Inthe slope formula, m =
Xp =X

number y, -y, is called the rise.

3. If two line have the same slope, then they are

parallel.
4. The y-intercept of the line with equation

y =3x-5is—5.

. . . . 1
5. Aline perpendicular to a line with slope —g

has slope 5.
6. True
7. False. The slope of the line through (1, 2) and

4x 1 . The slope of

_-(=4 _1u : -
12. m= 3-(3) " 0 = slope is undefined; the

graph is vertical.

=352 55 _ .
13. m= 305 - 25 =-2.2; the graph is
falling. -
14, m===(2_ _—1=1;the graph is rising.
2-3 -1
5-1 4 .
15, m=—"—"=="=4;thegraphis
G
(1+ 2)— 2 1
rising.
\8.3-0 38 3
16. m= :jz_;thegraph
oo
[+ 3)-[1- 3] 23 2
is rising.
17.a. A; b A, c Ay d. A

18. A4 passes through the points (2, 3) and

0-3
(-1, 0). my, = _1—_2 =1

A, is ahorizontal line, so it has slope 0

A5 passes through the points (2, 3) and

© -1). m, =—1=-__*%
“ 0-(-6) 3
2-1
A
( 4)_|§ 8. False. The slope of
2 T the line through (1, 3)
=2. and
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- 19. a. =0 b. x=0
(2,y)is BZIT:} y - 3. If y > 3, then the slope y
is positive. 20.a y=-4 Db x=5
y
21. y=_x+4 or
87
6
7-3_ 4, o /: ©,4)
9. m=4_1=3,thegraphlsrlsmg. Ll AT ST
L/sf(r:tfzﬁﬂ: 2 4 6 8 10%x
_0-4_-4_ e =
10. M=, _7=75 = 2; the graph is falling. =
_87
1 m=_2—_(_—2)=£=o; the graph is -loF
-2-6 -8
horizontal.
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y=—§x+4

5

O N

(]

(—1,0)

—5-4—_3-2710

-2
-3
-4
-5

25. y+4=0(x-5)=>y+4=0>y=-4

Y

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

y
pn
3
L
1_
I L1 1 1
-3 —2—]_?_1 2 3 4 X
_2_
_3_
-4 5.-He
0-1
27. m= ; = -1. The y-intercept is (0, 1), so

the equationis y = -x +1.

28, m=>"f22 The y-intercept is (0, 1), so the

-

=
o

equationis y = 2x +1.

__3-3
T 3-(-1)

29. m = 0 Because the slope =0, the

line is horizontal. Its equation is y = 3.

7-1 6

30. m . Now write the equation in

T2-(-5) 7

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

6 6 30
-1="(x+5)=> y-1="xX =
y 7(+) y 7 +7

6 4 37
=%t
1-(-1) 2 . L
31, m= 1- (_2)= 5 Now write the equation in

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

y+1= §(x+2)=> y+1= 2x+4:

373
2 1
=X+ =
Y7373
32. = ;9—__((__—13)1 =- §7 . Now write the equation

in point-slope form, and then solve for y to
write the equation in slope-intercept form.
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y+3=—§(x+1)=> y+3=—§x—§=>
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1 7 50. A, passes through the points (2, 3) and
33 m= 4 _ 4 _ _ 7 _Now write the (-1, 0) and has slope 1. Its equation is
O_l 12 y-0=x-(-1)= y=x+1
. 2 .2 A, hasslope 0 and passes through ((—5, —4)
equation in point-slope form, and then solve 2, o o
for y to write the equation in slope-intercept S0 its equationisy = —4. -
A passes through the points (2, 3) and
7 7 8
form. y-2=-2x=y=-,Xx+2 (0, —1) and has slope 2. Its equation is
y=2x-1.
34 - 3—;(‘—? - % = the slope is undefined. A, passes through the points (-6, 7) and
- 4
So the graph is a vertical line. The equation is (0, —1) and has slope - 3 Its equation is
X =4,
_JA
35. x=5 3. y=15 y=mgX-4
37. y=0 38. x=0 1
51. x+2y—4=0=>2y=—x+4=>y=—2x+2_
39, y=14 40, y=2x+5 /
The slopeis -1 2, and the y-intercept is (0, 2).
41, y=-<x-4 42, y=-6x-3 To find the x-intercept, set y = 0 and solve for
X: x+2(0)-4=0=>x=4.
y
4-0 4 4 S
43. m = Yy=ox+4 4
0-(-3)" 3 3 \_
2-0_ 2 _.2 I
a4, m= T 05T Y=g X2 S 1 28 TS
_2 —
73 —
4. y=7 46. x=4 e
47. y=-5 48. x=-3
49. Two lines are parallel if their slopes are equal.

The lines are perpendicular if the slope of one
is the negative reciprocal of the slope of the
other.

a m =22 5o g
b 3.1 9 2 1
b. m = 4-3 = A . The slope of A2 is

5.7 2
neither equal to the slope of A, nor the
negative reciprocal of the slope of A;.

Therefore, the lines are neither parallel nor
perpendicular.
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52.

X=3y-9= x+9=3y=> y=%x+3
The slope is 1/3, and the y-intercept is (0, 3).

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

x: x=3(0) 9= x=-9.

6

T

17
I I |
-4 =3 -2 —1

0
717
-2
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4-3 1
C. mA2=4T2=_2=>A2J_A1
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53. 3x—2y+6=0=>3x+6=2y:§x+3=y. 56. 2y+5=0=> y=—%
The slope is 3/2, and the y-intercept is (0, 3). The slope is 0, and the y-intercept is -5/2.
To find the x-intercept, set y = 0 and solve for This is a horizontal line, so there is no
X: 3x-2(0)+6=0=>3x=-6=> x=-2. x-intercept.
¥ / .
sk
3 NE
I 3r
= r
L1 1 I
1 2 3 4 x L1 11 L L1
— 7473727[_?71 2 3 4 x
L N
L —
» i
57. x=0
54. 2x=-4y+15= 2x-15=-4y = The slope is undefined, and the y-intercepts
1 15 are the y-axis. This is a vertical line whose
Xt =Y x-intercept is 0.
The slope is -1/2, and the y-intercept is Jﬁ i
15/4 . To find the x-intercept, set y = 0 and +
solve for x: 2x = -4(0)+15= x =15/2. T
) L
10 I I I [
-5 =3 -10 1 3 5 x

’

| %{I& 58 y = 0
The slope is 0, and the x-intercepts are the
x-axis. This is a horizontal line whose
y-intercept is 0.

[}
—
(=3}
-
=

-6

55. x-5=0= x=5

¥
The slope is undefined, and there is no st
y-intercept. The x-intercept is 5. X -
y T
4= .
i L1 1 1 | I I |
. =5 -3 -0 3 sy
1 -
[ L1 1 1 -3
-3-2-10 1 2 3 4 X -
,; — —5
3k 59. The slope of the line through (a, 0) and (0, b)
-r is b-0 = —Q_ The equation of the line can
0-a a

be written as

y—b=—gx= ay-ab=-bx=

=1

ay+bx=ab= &y m="’1—b=>-sf+

. X
ab ab ab a
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X vV 67. The line with x-intercept —4 and passing
60. +.=1 1
4 3 through [5, 9] has slope
61. 2x+3y=6= 2x +§y = §=> X3 =1 m =‘5—9_0 2. 2. Thenthe line
6 6 6 3 2 1_(-4) 92
x-intercept = 3; y-intercept = 2 1
i is li - .. Since
62. 3x-4y+12=0 3x-4y =12 = perpendicular to this line has sélope )
x4y -2 o x vy the line also passes through (l, 9], its
-12 -1z -12 4 3 equation is
x-intercept = —4; y-intercept = 3 oo 1 (x ) l) o 1 .. 37
63. Let the intercepts be (a, 0) and (0, a). Then the y=9=7 2 y=7» 4
equation of the line is L . 1. Now 4
a a 68. The line through the origin has slope 5= 2.
substitute x = 3 and y = -5 into the equation to Then the line parallel to this line also has
solve for a: 3.5, 1= 3-5=a= -2=a. slope 2. The line passes through (=2, 0), so its
a a .
. equationis y-0=2(x-(-2))= y=2x+4
So the equation of the line is -~ - ¥ 1=
2 2 69. Both lines are vertical lines. The lines are
-X-y=2=>y=-X-2. parallel.
64. Let the intercepts be (a, 0) and (0, —a). Then 70.  x =0 is the equation of the y-axis. y =0 is
. Xy the equation of the x-axis. The lines are
the equation of the line is A a 1. Now perpendicular.
/
substitute x = -5 and y = -8 into the equation 71. Theslope of 2x +3y =7 is -2 3, while
0 ;olvg fora: y = 2 is a horizontal line. The lines are
- ; + ; =1=> -5+8=a= 3=a. Sothe neither parallel nor/ perpendicular.
72. Theslope of y=3x+1 is3. The slope of
equation of the line is X Yo P y P
3 3 6y +2x=0 is -1 3. The lines are
X-y=3=y=x-3. perpendicular.
. 9-4 5 . . 73. The slope of x =4y +8 is 1/4. The slope of
65. m= 7_9" 5-1. The equation of the line y=-4x+1 is -4, s0 the lines are
through (2, 4) and (7,9)is y-4=1(x-2) = perpendicular.
66. y = X + 2. Check to see if (—1, 1) satisfies the

equation by substitutingx =—-1 andy = 1:
1=-1+2=1=1. So (-1, 1) also lies on the
line. The points are collinear.
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74. Theslope of 4x+3y=1is -4 3,
while the slope of 3+y =2x is 2.
The lines are neither parallel nor
perpendicular.

75. Theslope of 3x+8y =7 is -3 8, while
the

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. The points
are not collinear.

/

slope of 5x -7y =0 is 5 7. The lines are
neither parallel nor perpendicular.

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

of y+1=-5x isalso -5, so the lines are
parallel.
77.a. Use the point-slope form.
y-(-3)=3(x-2)=> y+3=3x-6=
y=3x-9
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78. a.

79.

80.

81.

b. The slope of the line we are seeking is 2.

Using the point-slope form, we have
y-2=2(x-(-1))=> y-2=2(x+1) =
y-2=2X+2> y=2x+4

The slope of the line we are seeking is
=2-2 _-4_ 1
1-(-3) 4

Using the point-slope form, we have

y-(-8)=-(x-(-2)) > y+5=-(x+2)=

y+5=-x-2=>y=-x-7

b. The slope of the given line is

2-1-1 3

=~ =3, so the slope of the line we

-3-(-4) 1

T | . .
are seeking is - g Using the point-slope
form, we have

y—(—2)=—l(x—1): y+2=—lx+l:>
3 3 3

Y=73%73

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

“-lisy-1l=-(x-)= y-1=-x+1=

y=-X+2.

The slope of y =6x+5 is 6. The lines are

parallel, so they have the same slope. The
equation of the line with slope 6 and y-

intercept -2 is y=6x-2.

The slope of 3x-9y =18 is 1/3. The lines

are perpendicular, so the slope of the new line
is -3. The equation of the line through (-2, 4)

with slope -3 is y-4=-3(x-(-2))=>

83.

84.

85.

86.

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

lines are perpendicular, so the slope of the
new line is -1 6. The equation of the line

with slope —1/6 and y-intercept 4 is

y=—%x+4.

/

The slope of -2x+3y-7=01is 2 3. The
lines are parallel, so they have the same slope.
The equation of the line through (1, 0) with

: 2 _2, 2
slope 2/3 is y—0-3(x = y=gx-g.

3-5 _ 2
2_(_1]— 3 so the

The slope of AB is

slope of its perpendicular bisector is % The
idpoint of AB Rs / \
1

2+(—1| 345

2 2 2

Using the point-slope form, the equation of
the perpen(ﬁicular\bisector is

y—4—§ X=-= ' =>y- —§X—§=
2 2 4

3 13

= _X
V=X y

b-a
= - 5o the slope of
11

The slope of AB is a-b
its perperrdicular biseé\tor is 1. The midpoint
a+bh b+a

of AB is )

2 2

Using the point-slope form, the equation of
the perpendicular bisector is
b+a a+b

=X- =>y=X

2 2

y_
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y-4=-3x-6=y=-3x-2. 2.3 Applying the Concepts

82. Theslope of -2x+ y =14 is 2. The lines are rise 4 1
= = =

perpendicular, so the slope of the new line is 87. slope run 40 10

-1/2. The equation of the line through (0, 0)

rise
88. 4 miles = 21,120 feet. slope= = =
Withslope —1/2 is y—O:-l(X—O): p run
2 2000 é
y= _% . 21,120 ~ 264

89. a. x =the number of weeks; y = the amount of
money in the account after x weeks;
y =7x+130

Copyright © 2015 Pearson Education Inc.



174 Chapter 2 Graphs and Functions
b. The slope is the amount of money d. Using the points (0, 9) and (10, 1), the
deposited each week; the y-intercept is the 9-1 _
initial deposit. slope is 0-10 0.8
90. a. x = the number of sessions of golf; y = the y-9=-08(x-0)= y=-08x+9
early payment to the club; y = . .
yearly pay ub: y = 35x +1000 e. The slope gives the machine’s yearly
b. The slope is the cost per golf session; the depreciation, —0.8(1000) = —800.
y-intercept is the yearly membership fee. 96.a. v=-1400(2) + 14,000 = $11, 200
91. a. x = the number of hours worked per week;
y = the amount earned per week; b. v =-1400(6) + 14,000 = $5600
y= {llx X < 40 To find when the tractor will have no value,
16.5x - 220 X > 40 set v = 0 and solve the equation for t:
To compute the salary when x > 40, use the 0 =-1400t +14,000 = t =10
following steps: For 40 hours, Judy earns 97. y=5x+40,000
40(11) = $440. The number of overtime
hours is x — 40. For those hours, she earns 98.a. C=0.25x+30
(1.5)(11)(x — 40) = 16.5x — 660. So her total b c
wage is 440 + 16.50x — 660 = 16.5x — 220. ' 150
b. The slope is the hourly wage; the _ ;3;
y-intercept is the wage for 0 hours of work. 8 s
92. a. x = the number of months owed to pay off ;‘:
the refrigerator; y = the amount owed; B N
y= —~15x + 600 0 100 200 300 400 x
Miles
b. The s!ope is thg amount paid each month; c. y=0.25(60)+30 = $45
the y-intercept is the down payment.
d. 47.75=0.25x+30= x =71 miles
93. a. x =the number of rupees; y = the number of ¥
dollars equal to x rupees. 99. a. The year 2005 is represented by t = 0, and
the year 2011 is represented by t = 6. The
Y ="5q g7 X ~-0186x. points are (0, 2425) and (6, 4026). So the
4026 -2425 _
b. The slope is the number of dollars per slope is 6 266.8
rupee. Whenx =0,y =0. The equationis y - 2425 = 266.8(t - 0) =
94.a x= the number of years after 2010;y = the y = 266.8t + 2425
life expectancy of a female born in the year ¥y
= 8000
2010+ x; y=0.17x+80.8 b. 2 ¥ =266.81 +2425
g 6000
) ) o 2 4000 W of the machine decreased
b. The slope is the rate of increase in life E from
expectancy; the y-intercept is the current #2900 3000 to $1000 over 10 years. This is
life expectancy of a female born in the U.S. TR EmTT—
in 2010 Ye_ars after 2(](;() -
_ o dotransa of 2000-1000 _ 8000 _
95. a. The y-intercept represents the initial value
of the machine, $9000. $800 10 10
b. The point (10, 1) gives the value of the

machine after 10 years as $1000.
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c. The year 2008 is represented by t = 3.
So y =266.8(3)+2425= y=3225.4.

Note that there cannot be a fraction of a
person, so. there were 3225 women
prisoners in 2008.

per year.
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100. a.

The year 2017 is represented by t = 12.

So y =266.8(12) + 2425= y =5626.6.

There will be 5627 women prisoners in

2017.

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

So the slope is 212-32 = 180 = 2.
100-0 100 5

The equation is

F—32=§(C—O)=> F =§C+32

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

Cc F= EC +32
40°C 104°F
25°C 77°F
-5°C 23°F
-10°C 14°F

100°F = gC +32=> C=37.78~38°C

90°F = gC +32= C=3222%32°C
75°F = gC +32=> C=23.89%24°C

-10°F = gC +32= C=-23.33%-23°C

-20°F = gC +32= C=-28.89%-29°C
9
97.6°F = 5 C+32= C=36.44°C;

99.6°F = 9C +32= C =37.56°C
5

Normal body temperature ranges from
36.44°C to 37.56°C.

Letx =°F =°C. Then x:%x+32=

—§X:32: X =-40. At—40°, °F = °C.

101. a. The two points are (4, 210.20) and

(10, 348.80). So the slope is
348.80-210.20 138.6
10-4 6

=23.1.

¥
400
350
300
250
200
150
100

50

I I
0] 123456789101112%

(10, 348.80)

(4,210.20)

T T T TTTT

b. The slope represents the cost of producing

one modem. The y-intercept represents the
fixed cost.

C. y=231(12)+117.8= y = $395

102. a. The two points are (5, 5.73) and (8, 6.27).

103.

104.

105. a.

6.27-5.73  0.54
8-5 3
The equationis y -5.73=0.18(x-5) =

The slope is =0.18.

y = 0.18x + 4.83.

b. The slope represents the monthly change in

the number of viewers. The y-intercept
represents the number of viewers when the
show first started.

c. y=0.18(11)+4.83= y =6.81 million

The independent variable t represents the
number of years after 2005, witht =0
representing 2005. The two points are
(0,12.7) and (3, 11.68). So the slope is
12.7-11.68
-3
p-12.7=-0.34(t-0)=> p=-0.34t +12.7.
The year 2013 is represented by t = 8.
p=-0.34(8)+12.7= p =9.98%.

= -0.34. The equation is

The year 2004 is represented by t = 0, so the
year 2009 is represented by t = 5. The two
points are (0, 82.7) and (5, 84.2). So the slope
is 84.2-82.7 _15 _ 03

5 5

The equationis y = 0.3t +82.7.

Linkea
J=ax+th
a=-2
b=12.4

y=-2x+12.4
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The equation is y —348.8 = 23.1(x - 10) =

y=23.1x+117.8
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[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)+12.4=-16

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.

Cinkeg
106. a. | aemeth

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 x 1000 = 73,300

computers will be sold.

2.3 Beyond the Basics

107.a. LetA=(0,1),B=(1,3),C=(-1,-1).

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

0-0.5 . 0.75-0

mAB = 2_1 = _O.S,mBC = 05-2 =-0.5
0.75-0.5

mAC = 05-1 =-05

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

2
b. d(A,B)=\/(1—2)2+/1_0\ =\F:J_§

4 2

|

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

109. Since the points are collinear, the slope is the

110.

same no matter which two points are used to
determine the slope. So we have

c-1 -2-1 :C—‘l-ﬁ:
4-(-5) 6 9

9(c-1)=-18=9c-9=-18=

9=-9=c=-1

Since the points are collinear, the slope is the

same no matter which two points are used to
determine the slope. So we have

=
=
=

1

=l: 2(c-2)=2=

2(0—2) 2
2c-4=2=>2c=6=>cCc=3
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Myc  =1-1

T .1-0

segments are the same, so the points are

collinear.

= 2. The slopes of the three 111. a.

4-1 3 8-4

The product of the slopes = -1, so
AB 1 BC, and the triangle is a right

b. d(AB)=y(1-02+3B-1)%=5 triangle.

d(B,C)= (-1-1)%+(-1-3)? =2

s
5

d(AC)=(-1-0)2 +(-1-1)% =5
Because d(B, C) = d(A, B) + d(A, C), the

three points are collinear.

Copyright © 2015 Pearson Education Inc.
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113.

114.

b. d(AB)=y(-1-1)2+(4-1)? = i3

y

d(B,C) = [(5=(=

2_(
=4)% = 52
d(AC)= (5-1)%+(8-1)%= 65

(d(A,B))® +(d(B,C))* = (d(A,C)), so

the triangle is a right triangle.

m =203, 12 1
M o1-(4 5 B¢ 3.1 2
o_=2el 3 =2=(D 1
D" 2.3 5 AT 2-(-4" 2

So, AB&CD and BC & AD, and ABCD isa

parallelogram.

The equation of A; is y = myx+b; and the
equation of A, is y=m,x+b,. Let (x, ;)
and (xz,y,) beon A;. If A;&A,, then the
distance between them is b, - b,. In other
words, (x,,y; - (by ~b,)) and

(x5, Y, - (by —b,)) are on 4,. So,

yl_[bl_b2)=m2X1+b2=> y1 = by = myx =

y1 = MyXy +by. However, (xq,y;) lieson Aj.

SO y; =myX; +b =myx; +by = m, =m,.

d(A0) = x2+(mx)%= x%+m2x2.

1 \V 1

2 2 2 2 2
d(B,O):\/x +[m2x) =\/x +My X .

1

d(A B)= \/(x -x)2+ (mzx - mlx)

2
=/(myx - mlx)Z.

Apply the Pythagorean theorem to obtain

115. Let (x, y) be the coordinates of point B. Then
2 2

d(AB)=125= (x-2) +(y-2) =

(x - 2)? +(y - 2)? =156.25 and
4 y-2
MaB = 32 X—2 = 4(X—2)=3(y—2)=>
4 2 . . .
y = 3 X - 3 Substitute this into the first

equation and solve for x:

2 //4 z\ \2

X-2 +k X- -2 =156.25
(x-2) 3% 3
e 8
(x-2)%+ 2x-8! _15625
3 3
16 , 64 64

2 2 54 o4
XS —4x+4+_ X° - X+ =156.25
9 9

9

9x2 - 36X + 36 +16x° — 64x + 64 = 1406.25
2

25x -100x-1306.25=0

Solve this equation using the quadratic formula:

L 100+ 1002 - 4(25)(-1306.25)
- 2(25)

106+="10,006+136.625——
50

—

100+ 140,625 100375

= =950r -55
50 50

Now find y by substituting the x-values into

the slope formula: f = y_—2 =>y=12 or

3 95-2
4 y-2
37 550 Y7 -8. So the coordinates of
B are (9.5, 12) or (-5.5, -8).

116. Let (x, y) be a point on the circle with (x;, y;)

and (X5, Y,) as the endpoints of a diameter.
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Then the (ine that passes theough (x, y) and
J(max - myx)? | o[ x2+ mlzxz]
2
+(1'X2 + mzzxz]

2
(max = myx)® = x? + m2x? + x% + my?x?
2 2 2 22

m2 X - 2m1m2X + ml X =
x2 +m?x% + x2 + m,2x?
2 2 2 2 2 2
X (Mmy-m) =x (M +D)+x (M, +1)
2 2 2 2

m, -2mm,+m =m; +m, +2

-2mim, = 2= mm, = -1

(x4, yy) is perpendicular to the line that passes
through (x, y) and (x,,y,), and their slopes

are negative reciprocals. So

(Y=y(Y - Y2) = —(X=x)(x - X2) =

(X=%)(X=%X) + (Y- yp(y-Y,) =0.

117. Write the equations of each circle in standard
form to find the centers.

(xz+6x+9]+(y2—14y+49)=1+9+49=>
(x+3)* +(y-7)* =59

(continued on next page)
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(continued)

[x2—4x+4]+[y2+10y+25}=2+4+25

(X—2)2 +(y+5)2 =31
The centers are (=3, 7) and (2, —5).
Using the result from exercise 116, we have

(x- () (x-2)+ -7y - (-5)) 0=

(x+3)(x-2)+(y-7)(y+5)=0=
x2+x—6+y2—2y—35=0=>
x2+y2+x-2y-41=0

118. ¢
P(=5, 12) ”//?
0(0, 0)
12-0 _ _E

m [ J——]
OP = _5-0 5
Since the tangent line ¢ is perpendicular to
opP , the slope of ¢ is the negative reciprocal of

12 5 . .
-5 or 7 Using the point-slope form, we
have
5 5
-12=7_|x~-(-5 -12="_(x+5
y 12[x ( )]:y 12(x+ )=
—12;§x+25: --‘§x+gﬁ
Y=Rem X YT

119. The tangent line at a point is perpendicular to
the radius drawn to that point. The center of

x? +y2 =25 is (0, 0), s0 the slope of the

radius is - % and the slope of the tangent is

é. Using the point-slope form, the equation

of the tangent is

y—(—3)=§(x—4)=> y+3=§x—?=>
_4. .2
V73X 5

x2 +y? +4x-6y-12=0=
(XZ+4X+4]+[y2—6y+9]=12+4+9=¢

(x+2)2 +(y—3)2 =25
The center of the circle is (=2, 3). The slope of

the radius is 1 = 4 and the slope of the
1-(-2) 3

tangent is - % Using the point-slope form,
the equation of the tangent is

3 3.3
y_7__Z(X_1): y—7——ZX+Z=>

121.

Flokl Flotz Flotz

=M E2E+E

wMeE2E+E

wMaE2E+d

SHMyB2E—-2
~HMeBZ2E-40
“MNE=

M=

The family of lines has slope 2. The lines have
different y-intercepts.

122.

Flokl Flotz Flotz
=M EEE+E
wMeE2E+E
wMaEdE+E
wMyB-ZE+2
wNMeB -dE+2

D <
i 7N

The family of lines has y-intercept 2. The lines
have different slopes.

123.
Flotl Flokz Flokz

~AEEC -1 00

MBI R—-10

~NEESCE—10

~NyB-FR-10

~NeB-S0kR-12

~NE=

~Ne=

1 angent line at a point is perpendicular
2 to the radius drawn to that point. First,
0 find the center of X% + y? + 4x - 6y
: -12=0.
T
h
e
t
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e /
124.
Flobl Flokz Flobs
W

S ERCEEL -2

N3] -F
WEESCHE] 1T Jﬂ\
V- e vt

|
i
n
¢ | 4= Bhe fiadgase throligh (—1, —2). The lines
-\ 7 Bave different slopes.

SKQCc o o w v oo

WDS == T O P

o< O

~ S5 ® = ®—h—h—o

s
I

0
p
e
s
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2.3 Critical Thinking/Discussion/Writing

125. a. y

T AN
-5 -3 0
1

y=—-2x— 3\
-3
y=—2v— |
_5_

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

b. ¥y
\ 2r / =3 —4
L1 S

1
| ] |
-5 -3 10 3 5x

6= \y=-"2x—4

This is a family of lines that passes through

the point (0, —4).

y=mx+b
11 _
126. Y = myx + by = mxX+by =myx+b, =
miX - myX =by —by = x(Mp —my) =b, -y =
by =by
m; —m;

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

by by __ by -b,

X =

m; —m; m; —my

b. If m{>m, >0 and b; <b,, then

by ~by

X = )
my —my

c. Ifmy<my,<0 and by >bh,, then

by by _ by by

my —myg

X =
my —m;

d. Ifm <m, <0 and b; <b,, then

w=L2b __byby

2.3 Maintaining Skills

127.

128.

129.

130.

131.

132.

. Copyright © 2015 Pearson Educeit_igori I_ng)

x> -x-2=0= (x-2)(x+1)=0=
x=2,-1

Solution set: {1, 2}

x> +2x-3=0= (x+3)(x-1)=0=
x=-3,1

Solution set: {—3, 1}

2
X“HX46 2 L5ii6=0=

(x+2)(x+3)=0=>x=-2,-3
Solution set: {—3, —2}

2 __ _
6X° —x-1 =0:13X+1H2X 1] 0>

X% -x-12 (x-4)(x+3)

(Bx+1)(2x-1)=0= x =-

Solution set: {—l, l}
3 2

x?-5x+620= (x-3)(x-2)20
Now solve the associated equation:

(x-3)(x-2)=0=>x=3o0rx=2.

So, the intervals are

(-0, 2], [2, 3],and [3, ).

Interval Test Value of Result
point x2 -5X+6

(-, 3] 0 6 +

[2.3] ; “i -

[3, ) 5 6 +

The solution set is (-c0, 2] U [3, o).

X—1+120=> X=1+x+2 50>
X+2 X+2

2X+1>o

X+2

Nowsolve 2x+1=0= x=-1 and

2
X+2=0=> x=-2.

So the intervals are
(—2, —l], and [_l, oo]_ The
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m; —m;

m; -m;

23 I

original fraction is not defined if x = -2, so —2
is not included in the intervals.

(continued on next page)
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(contjnued)
Interval Test Value of Result
point —2X +5
X-2
(0, -2) | -3 5 +
1
(-2 —E] -1 -1 +
1
[‘ bo@) |0 2 +

The solution set is (-, - 2) U [ 1 oo).

133, ila 2l ol xenl
h x+h x hlx(x+h) X(X+h)J|
:lll[_—[)ﬂﬂl
h[ x(x+h) |
_1_-h oy 1
_h[x(x+h)} x(x +h)

13q, SPeh) ax =[x s2xh+h Jax

2 2 2 2 2
h h
—2xh —h?
=~ = 2x-h
h X
J5-8 B+ _ 5-2
135. . = \/’
T

3 B5+2 3[5+ 2]

3 1

3(y5++2) \/5+JJ_§
o'
36, m—{ X+2+ X _ (x+2)-x

1

2 Jx+2 +X 2(m+ x)
2

Z(M+\/§)

b. The domain of S is {2, 3} and its range is
{5, —2}. The relation S is not a function
because the ordered paired (3, —2) and (3, 5)
have the same first component.

2 5
=2

3
2. Solve each equation fory.

a. 2x2—y2 =1= 2x%-1= y2 =
2

+ 2x -1=y; notafunction

v 1
b. x-2y=5=x-5=2y= (x—5]=y;
2
a function

2

3.a. g(0)=-2(0)" +5(0)=0

2

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

c. g(x+h]=—2(x+h] +5[x+h]

2

= —2(x2 +2xh + h2]415x+5h

= —2x2 - 4hx + 5% - 2h? +5h

4. Apvs = (length)(height) = (|3-1)(22]
= (2)(22) = 44 sq. units

5a. f(x)= is not defined when

1-x
1-x=0= x=1orwhenl-x<0=>1<x..
Thus, the domain of fis (-o,1).

x+2
b. f(x)= is not defined when the
X-3

X+2
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X+2+ X

2.4 Functions

2.4 Practice Problems

l.a. The domain of Ris {2, —2, 3} and its range is
{1, 2}. The relation R is a function because
no two ordered pairs in R have the same first
component.

denominator equals 0 or when w-3° 0.
x+2
-3
the domain of f. The denominator

X -3<0= x<3, soall numbers less than
or equal to 3 are not in the domain of f. Thus,

the domain of f is (-co, - 2] U (3, ).

< 0 for (-2, 3), so this interval is not in

>

6. f(x)=x? domainX=[-3,3]

a. f(x)=10= x?=10= x = +./10 » +3.16

Since +/10 >3 and -+/10 < -3, neither

solution is in the interval X = [-3, 3].
Therefore, 10 is not in the range of f.
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b. f(x)=4>x?=4=x=12 9. "
Since —3 < -2 <2 <3, 4isin the range of f. or
c. The range of f is the interval [0, 9] because s Ty
for each number y in this interval, the number Lok v =h(x)
X =4/y isinthe interval [-3, 3]. |..||ﬁ\..|||||
-6 —4 f2 0[y2 4 6 %
7. y —2p (=D
(=3.-2) L
_4_
LN ]
e Domain: (-3, »); range: (-2, 2] u {3}
[ ]
* 10. The range of C(t) is [6, 12).
e 0 * x 1 1
T C(11)=1C(10)+6 = 1(11.988)+ 6 =11.994.

11. From Example 11, we have AP = /5002 + x?

The graph is not a function because a vertical
line can be drawn through three points, as
shown.

and PD =1200 - x feet. If ¢ = the cost on land,
the total cost C is given by

C =1.3c(PD) +c(AP)
8. y=1f(x)=x"+4x-5 =1.3cV5002 + x +¢ (1200 - x)

a. Check whether the ordered pair (2, 7)

satisfies the equation: 12.a. C(x]=1200x+100,000
7222 +4(2)-5 b. R(X)=2500x
7=7"

P(x)=R(x)-C(x)
= 2500x - (1200x + 100, 000)
b. Lety=-38, then solve for x: =1300x -100,000

8=x2+4x-5=0=x%2 +4x+3=>

The point (2, 7) is on the graph. c.

0=(x+3)(x+1) = x=-3orx=-1 d. The break-even point occurs when

The points (=3, —8) and (-1, —8) lie on the
graph.

Let x = 0, then solve for y:
y=0%+4(0)-5=-5
The y-intercept is —5.

Lety =0, then solve for x:
0=x%+4x-5= 0=(x+5)(x-1)=

Xx=-50rx=1

The x-intercepts are —5 and 1.

C(x)=R(x).
1200x +100,000 = 2500x

100,000 =1300x = x ~ 77
Metro needs 77 shows to break even.

2.4 Basic Concepts and Skills

1. Inthe functional notation y = f (x), x is the
independent variable.

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

function f, and 7 is in the range of f.

3. Ifthe point (9, —14) is on the graph of a
functionf, then f(9) = -14.

4. If (3, 7) and (3, 0) ar both points on a graph,

Copyright © 2015 Pearson Education Inc.



Section 2.4 Functions 181

then the graph cannot be the graph of a function.

5. To find the x-intercepts of the graph of an
equation in x and y, we solve the equation y = 0.

Copyright © 2015 Pearson Education Inc.



182

Chapter 2 Graphs and Functions

[op}

~

oo

©

11.
12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

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

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

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 square root
undefined.

. Domain: {a, b, c}; range: {d, e}; function
10.

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

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

Domain: {1, 2, 3}; range: {a, b, c, d}; not a
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;afunction

y= L ; a function

X

1 .
Xy = -1= y=-";afunction

X
y2=x?= y=#x? = y=+x;nota
function

X=|y|=> y = x ory = -x; not a function

: a function

{

y =———; afunction
-1

N

2-y=3x= y=2-3x;afunction

28.

x+y>=8= y=38-x;afunction

. 2
In exercises 29-32, f(x) = x% -3x+1, g(X) =——,
Jx

—

and h(x) = "2-x.

29.

30.

31.

32.

33.a.

f(0)=02-3(0)+1=1

2 . .
g(0) = 7 = g(0) is undefined
J
h(0)= 2-0= 2

f(a)=a%-3a+1

f(=x)=(-x)2 = 3(-x)+1=x? +3x+1

f(1)=12-3@1) +1= —1;g(1)=%= 2
h(1)=J2—1=1;J(a)=%;
002 = =2

x> X

|
f(-1) = (-1)%-3(-1) +1=5;

g(-1) = Ll = g(-1) is undefined;

=
NN J oo
h(-)= 2-(-1) = 3:h(c)= 2-c;

h(-x) = /2-(-%) =+/2+ X

f(4) =42 -3(4) +1=5,g(4) == =1

J4
h(4) = \/2:4 = -2 = h(4) is undefined,
0@+ =

f(a+k)=(a+k)2—3(a+k)+1

=a’+2ak+k®-3a-3k+1

f(0)=—2@—2=o
4-0
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2(L 2 23 J
b. f(l) = ( ) = = —2 —— T
3 _ 4-12 3
24. 3x-5y=15= y="x-3;afunction
2(2) 4 . .
c. f(@= =—= f(2) is undefined
25. x+y% =8> y==+8-x;notafunction Ja-2¢2 0
26. x=y2=>y=\/§ory=—«/§;notafunction d. f(_2)=—2(_—2)—=_—4:> f(-2) is
4-(-22 O
27. x?+y3=5=y= 5 - x2 ; a function undefined

Copyright © 2015 Pearson Education Inc.



Section 2.4 Functions 183

34.a.

35.

36.

37.
38.
39.

40.

41.

42,

43.

F(=x) = 2(=Xx) _ -2X

\/4—(—x)2 \/4—x2
g(0) = 2(0) + 4/0? - 4 = g(0) is undefined

g(1) = 2(1) + V12 - 4 = g(1) is undefined

g(2)=2(2) +V2° -4 =4

9(-3)=2(-3)+(-3)? -4 =6+ 5

9(-%) =2(-X) + {(-X)* - 4
= -2x+x% -4

The width of each rectangle is 1. The height of
the left rectangle is f (1) =12 +2=3. The

height of the right rectangle is
f(2)=2%+2=6.

A=) (1 @)+ (1 )

=1(3)+(1)(6) = 9 sq. units
The width of each rectangle is 1. The height of

the left rectangle is f (0) =07 +2=2. The

height of the right rectangle is
f)=12+2=3,

A=@)(1 (0)+ (1 ()

=1(2) +(1)(3) = 5 sq. units
(—O0,00)
(—O0,00)

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

The denominator is not defined for x =-9. The
domain is (-o0,-9) U (-9, ©)

The denominator is not defined for x =—1 or
x=1. The domainis (-c,-1)U(-1,1) U (1, ).

The denominator is not defined for x = -2 or

X =2. The domainis (-0, -2) U (-2,2) U (2, »).

The numerator is not defined for x < 3, and the
denominator is not defined for x = —2. The
domain is [3, «)

45,

46.

47.

48.

49,

50.

The denominator equals 0 if x = -1 or x = -2.

The domain is (-o,-2) U (-2,-1) U (-1, ).

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

The denominator is not defined for x = 0. The
domain is (-o0,0) U (0, )

The denominator is defined for all values of x.
The domain is (-, ) .

I a function
-
1 (3,2
(-LDel -1
I I I I |
| x
1
(-2.-2)8 ! e(2,-2)
y ' not a
B @ function
- ed)
(—Lhel—e( 1) !
| 1 | \() ; | | ! ]
44. The denominatgr is not définéH for x> 4. The
ddmain 1 {-oo,4) .
- ¢
» 4, ~4
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183

51.
52.

\x

a function

not a ¥y
function
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53. y ' not a 14
/ function Xx=-1% g
/ i The x-intercepts are —1—3@, 0| and
0 L
i _1+£4 , 0/‘.
2
54. ¥ ; a function 2
} 62.a. 10=-3(-2)" -12(-2) = 10 =12, whichiis
3 false. Therefore, (—2, 10) does not lie on the
\ ! graph of f.
0 i x .
\/ b. f(x) =12, so solve the equation
| -3x%-12x=12.
| -3x2 -12x=12 > x2 +4x = -4 =
55. f(-4)=-2,f(-)=Lf@3)=5f(5)=7 W2 4Ax+4=0= (x+2)2 0>
56. 9(-2) =5,9(1) = -4,9(3) = 0;9(4) = 5 x+2=0=x=-2
2
57. h(-2) = -5;h(~1) = 4;h(0) = 3;h(1) = 4 c. y=-3(0)"-12(0)= y=0
The y-intercept is (0, 0).
58. f(-1)=4,f(0)=0,f1)=-4
d. 0=-3x*-12x= 0=-3x(x+4) =
59. h(x) =7, so solve the equation 7 = X2 - x+1. x=0o0rx=-4
W2 —x—6=05 (X-3)(x+2)=0= x=-2 o The x-intercepts are (0, 0) and (-4, 0).
X =3. 63. Domain: [-3, 2]; range: [-3, 3]
64. Domain: [-1, 3]; range: [-2, 4
60. H(x) =7, so solve the equation 7 = x? + x +8.. [*1. 3]; range: [-2, 4]
, 1+ {2AM@ 65. Domain: [-4, «) ; range: [-2, 3]
X“+x+1=0= x= =
2(1) 66. Domain: (-co, 4]; range: [-1, 3]
—1+.L3 . .
Xx=""0T = there is no real solution. 67. Domain: [-3, ) ; range: [-1, 4]u {-3}
6la. 1=-2(1+1)*+7= 1=-1, whichis false. 68. Domain: (-0, ~1)U[L 4)
Therefore, (1, 1) does not lie on the graph Range: (-2, 4]
of f. )
69. Domain: (-co, 4| U[-2, 2]U[4, w)
b. 1=-2(x+1D?+7= 2(x+1)*=6= Range: [-2, 2] u {3}
(x+1)2 =3 x+1=+/3> X:—li\/;
70. D in: (-0, —2)U[-1],
The points (—1—\/5, 1) and (-1+J§, 1) lie omain ( * ) [ oo)
Range: (-, «)
on the graph of f.
c. y=-2(0+1)°+7=y=5 L [-9. ) [CER
The y-intercept is (0, 5). 73. -3,4,7,9 74. 6
75. f(-7)=4, f(1)=5, f(5)=2

d. 0= —2(x+1)2 +7= 7= —2(x+1)2 =
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7 14
Z:(x+1)2=>¢\/*=i—=x+l:* 76. f(-4)=4, f(-1)=7, f(3)=3
2 2 2

77. {-3.75,-2.25, 3} U[12, =)
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78. @

79. [-9, ) 80. {-4}u[-2 6]
8l. g(-4)=-19g(1)=39g(3)=4

82. |g(-5)-g(5)|=|-2-6|=8

83. [-9, -5) 84. |5 )

2.4 Applying the Concepts
85. A function because there is only one high
temperature per day.

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

87. 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.

88. Not a function because people with a different
name may have the same birthday.

89. A(X) = x?; A(4) = 16; A(4) represents the area
of a tile with side 4.

90. V(x) = x3V(3) = 27 in.3; V(3) represents the

volume of a cube with edge 3.

91. Itisa function. S(x) = 6x%;S(3) = 54

S

92. f(x)= 39.37"

f(59) 1.5 meters

93.a. The domain is [0, 8].

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

c. 0=128t-16t%> = 0=16t(8-t) =

t=0ort=38. It will take 8 seconds for the
stone to hit the ground.

300 =128 — 1602
250

200
150
100~

50

I I I T |
00 123 456 78 7

94. 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
50
45
40
35
30
25
20
15
10

5

0 4 8 12 16 20 ;¢
95, Xx+y=28= y=28-x
P =x(28-x)=28x-x?

96. P=60=2(x+y)=>30=x+y=y=30-X
A= x(30 - x) = 30x - x
97. Note that the length of the base = the width of

the base = x.

V =lwh=x’h=64= h=6—§'

S = 2Iw+2lh/42v5\h / \
64 64

=2x2+2x = '+ 2x

X2 x?

), 128 128 _, , 256
X X X

x

=2X

¥+y?=r y20

98.

(x,¥)

2 2 2 2 2 2
a X +y =r =2y =r -x =

[2 2
y=r -X
The length of the rectangle is 2x and its

height is y = vr? - x2.

P=2l+2w=2(2x)+2 r2 - x2
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=4x+ 2y —X
b. A=|W=2X\/I’2 - x?
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99.

100.

101.

The piece with length x is formed into a circle,
so C=x=2nr=r =2L. Thus, the area of
T

e

the circleis A=mnré=m' = =

21 4m
The piece with length 20 — x is formed into a
1
square, so P=20-x=4s= s = Z(Zo—x).

Thus, the area of the square is

1 (20- x)]2 =L (20-x)2.

4 16

s? =

2
The sum of the areas is A=~—+-1 (20 - x)?

4t 16

The volume of the tank is V = 64 = tr?h, so

h= 6—42 The top is open, so the surface area is

Tr
given by ( \
1Tr2+21rrh:1rr2+21rr)\ﬂ
mr?

> 128

=mre + 00,

r

The volume of the pool is

288

V=288=x’h=h=",

The total ?ree\to be tiled is

4xh = 4x o = 1152

¢l
The cost of the tile is 6 sz = 69)(—12

2

The area of the bottom of the pool is x=, so the

cost of the cement is 2x2. Therefore, the total

costis C = 2x2 + 212

102.
2100-30t o
2100
d
{1 1500-30r |2 x
Usingiha&ﬁh,ag@#ean theorem, we have
500
d? = (1500 - 30t)* + (2100 - 30t)° =
d= {(1500 - 30t) + (2100 - 30t)2}]/2
103. g
fy=x—3x+6[ 2,1
0 x
Using the distance formula we have
2 2
d=V(x=2) +(y-1)
=\/(x—2)2 +[ X3 —3x+6]-1]2
\/ 2
= (X—Z]2 +(x3—3x+5)
12
= I[(x—Z)Z +(X3 —3X+5)2F
| |

104. B xmi P 8-xmi C
T ad L 2
|
|
|
|
|
|
|
|

The distance from A to P is
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X Jx2 +52 =/x2 +25 mi. At4 mifhr, it will
\/XZ +25

take Julio 4 hr to row that distance.

The distance from P to C is (8 — x) mi, so it will

take Julio % hr to walk that distance. The

total time it will take him to travel is

x2+25 8-x
=

T 4 5
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105.a. p(5) =1275 - 25(5) =1150. If 5000 TVs can
be sold, the price per TV is $1150.
p(15) = 1275 - 25(15) = 900. If 15,000 TVs
can be sold, the price per TV is $900.
p(30) = 1275 - 25(30) = 525. 1f 30,000 TVs

can be sold, the price per TV is $525.

(30, 525)

| | |
0 5 10 15 20 25 30 x

C. 650=1275-25x= -625=-25x=> x=25
25,000 TVs can be sold at $650 per TV.

106.a. R(X) = (1275 - 25x)x = 1275x - 25x>
domain [1, 30]

b. R(l) =1275(1) - 25(1%) = 1250
R(5) =1275(5) - 25(5%) = 5750
R(10) = 1275(10) - 25(10) = 10, 250

R(15) = 1275(15) - 25(15%) = 13,500

R(20) = 1275(20) - 25(20?) = 15,500
R(25) = 1275(25) - 25(252) = 16, 250
R(30) = 1275(30) - 25(30%) =15, 750
This is the amount of revenue (in thousands
of dollars) for the given number of TVs sold

(in thousands).

C. R
18,000
16,000
14,000
12,000

(25, 16,250)
/

(20, 15,500) (30, 15,750)

Revenue (thousands)

51015202530 x
Number of TVs sold
(thousands)

d. 4700 =1275x - 25x°% =
x? -51x +188=0 =

51+ /51 - 4(1)(188) _

2(1)

107.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

d. The break-even point is when the profit is
zero: 3.5x-75,000=0= x =21,429

e. P(46,000) = 3.5(46,000) - 75,000
= $86,000
The company’s profit is $86,000 when
46,000 copies are sold.

108.a. C(x) =0.5x+500,000; R(x) =5x. The
break-even point is when the profit is zero
(when the revenue equals the cost):
5x = 0.5x + 500,000 = 4.5x =500,000 =
x=111,111.11. Because a fraction of a CD
cannot be sold, 111,111 CD’s must be sold.

b. P(x) = R(x) - C(x)
750,000 =5x - (0.5x + 500, 000)
1,250,000 = 4.5x = x =277,778
The company must sell 277,778 CDs in order
to make a profit of $750,000.

2.4 Beyond the Basics

109. x—y24=>xy Ax=2=xy=2+4x=>
4x+2 X+2
y= P2 100 = 205

9
Domain: (-o,0) U (0,). f (4) :;

110. xy-3=2y=> 2y-xy=-3=

_3 3
y2-x=-3=y=-"=f0)=7"7
Domain: (-»,2) U (2, ). f (4) = g

111. (x2+1)y+x=2:> yz%:
X +1
2
f(x)= ;D - f(4)=-=
(x) = 2t omain: (-, »); f (4) .
112. yxz—\/;=—2y: yx2 +2y =/x =
(X +2) \/7: \/7 ;/;
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Xx=4o0rx=47 X +2 X +2
47 is not in the domain, so 4000 TVs must be . . 1
sold in order to generate revenue of 4.7 Domain: [0, c0); f (4) = 9

million dollars.
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113. f(x) .;t g(x) because they have different 125. f(x) = X+3 N
domains. 4x -5
3+5X +3 (3+5x) +3(4x -1)
114. f(x) # g(x) because they have different Ax -1 ax -1
domains. 0= |assx|_ ™ 12+200-(5ax-1)
115. f(x) # g(x) because they have different 4x-1 4x 1
domains. g(x) is not defined for x = -1, while = (153:255())(;(1(22)8;3)5) —11)7( =X
f (x) is defined for all real numbers.
116. f(x) # g(x) because they have different 2.4 Critical Thinking/Discussion/Writing
domains. g(x) is not defined for x = 3, while 126. Answers may vary. Sample answers are given
f (x) is not defined for x =3 or x =-2. 1
2 b
a. y = X = . y =
117. f(x) = g(x) because f (3)=10=g(3) and Vx-2
f(5)=26=g(5). 1
(5) 9(5) ¢ YT dys
118. f(x) # g(x) because f (2)=16 while
g(2)=13. 127.a. ax® +bx+c=0
2 b. y=c
119. f(2)=15=a(2%)+2a-3=15=6a-3=
a=3. c. The equation will have no x-intercepts if
? ? ? b? - 4ac<0.
120. g(6)=28=6“+6b+b“=>b“+6b+8=0=
(b+2)(b+4)=0=>b=-20rb=-4. d. Itis not possible for the equation to have no
y-intercepts because y = f (x).
3(6) +2a
121. h(6)=0= 26)-b = 0=18+2a=a=-9 128a. f(x)=|x b. f(x)=0
h(3) is undefined = 881+2(=9) | ¢ azero in c. f(x)=x
2(3)-b
the denominator. So 6-b=0= b = 6. d. f(x)= -x* (Note: the point is the origin.)
122. f(x)=2x-3= f(x?]=2x2-3 e. f(x)=1
(f (x))2 - (2x-3)% = 4x% —12x+9 f. A vertical line is not a function.
( \ 1208 {(a 1), (b, 1)} {(a 2), (b, 1)}
123. g(x) = x2 1 >4 111 1 1 x2 {(a, 1), (b, 2)} {(a, 2), (b, 2)}
x? X x2 iz x? {(a, 1), (b, 3)} {(a 2), (b, 3)}
/ X {(a 3), (b, 1)}
1\ /2 \ /1 2\ {(a, 3), (b, 2)}
X)+g T = X°=-", + ,-Xx° =0 VA
9(x)+g 2 2 {(@ 3), (b, 3)}

There are nine functions from X to Y.
124.
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b {(L )} {(2, )} {3 a)}
-1 {@L 3} {2 a}{@ b}

f(%
%-h
- x+1

x+1  x+l i—lll {(t. )}, {2, b}, {3, )}

s {@ b} {2 a)} {3 a)}

(=D =(x+1) . {@ b} {2 )} {3 a)}

__ox+l 21 {@ b} {2 b} {@. a)}

(x=1) +(x+1) 2X X {1, 9}, {(2,a)}, {(3, b)}

Y1 {@ b} {@ b} {@. b)}

There are eight functions from Y to X.
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130. If a set X has m elements and a set of Y has n

elements, there are n™ functions that can be
defined from X to Y. This is true since a a. f(-x)= 2(—x)3 - 5(—x]2 +(-x)
function assigns each element of X to an = 2x3_5x2 _x
element of Y. There are m possibilities for each
element of X, so there are

138. f (x)=2x>-5x% +x

b. —f(x)=—[2x3—5x2+x)=—2x3+5x2—x

n.n.n."".n=n" possible functions.
m

2.5 Properties of Functions
2.4 Maintaining Skills

2.5 Practice Problems

-2-0

131. m= —2 0
y-0=-1(

-1 1. fisincreasing on (2,), decreasing on

(-e0,-3), and constant on (-3,2).

i me 28 5 2. \
)

x-0)= y=-x

4-(-1) 5
y- =_[X_(_1))=>y_3=_x_l=> Haximum
y=-X+ 2 n=l.000000g 1Y=1
133, m _4-2 2_1 Relative minimum: (0, 0)
1-(-3) 4 2 Relative maximum: (1, 1)
y—2z%(x—(—3))=> y-2=7(x+3)= : v=(11—r)r2
_2_lx+§:> _lX+Z
ymempXtam Y=Y,
oo =3=(8) 2
134. 8-3 5 Haxirum
Z § W=/ 33232ER -¥=197.18519 4
y=(-5)= (x-8)= y+5=_x-_= [0, 13, 1] by [0, 250, 25]
y = 2 X — 31 Mrs. Osborn’s windpipe should be contracted to
5 5 a radius of 7.33 mm for maximizing the airflow
velocity.
—9y2 _
135. f(x)=2x"-3x ()= -x2

137.

f(-x) = 2(-x)* -3(-x) = 2x? +3x
-f(x)= —(Zx2 —3x] = -2x% +3x
f [x)=3x4 -7x%+5

f(-x)=3(-x)*-7(-x)* +5
=3x* -7x% +5

—f(x)=—(3x4—7x2+5]=—3x4+7x2—5

f(x)=x3-2x
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f(-
X) =
(_

Replace x with —x:
f(-x)= —(—x)2 =-x?=f (x)
Thus, the function is even.

I I I S O
-5 -3 =10 3 5 x

—3
—4
—5F
—6F
—7F
78_
_9_
—10+
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5.

6.a.

7.

9.

f(x)= -x3

Replace x with —x:

f(-x)= —(—x)3 =x3=-f (x)
Thus, the function is odd.

10—

—6
-8+
10—

g(-x) = 3(-x)* - 5(-x)?

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

f(-x) = 4(=x)° + 2(-x)® = -4x° - 2x3
= —(4x5 +2x3)= -f(x) =
f(x) is odd.

h(—x)=2(—x)+1= -2x+1
# h(x)

# h(-x) = h is neither even nor odd.

f(x)=1-x% a=2,b=4
f(2)=1-22=-3; f(4)=1-42=-15

f(b)-f(a) -15-(-3) -12 _ 6
b-a ~ 4-2 2
The average rate of change is —6.

ft)=1-t;, a=2,b=x, x#2

The average rate of change is —1.

f(x)=-x>+x-3

f (x+h)=-(x+h)* +(x+h)-3
=-x*-2xh-h? +x+h-3

f (x +h)-f (x)
h
[:KZ _2xh -h? +x +h -3);[;;2 L—a]

h
-2xh ~h%+h

= h =-2x-h+1

2.5 Basic Concepts and Skills

1.

10.

11.

12.

13.

14.

A function f is decreasing if x; < x, implies

that £ (x,)>f (x,)

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
(x4, %2).

A function f is even if f(—x) = f(x) for all x in the

domain of f.
The average rate of change of f as x changes
f(b)-f(a

fromx=atox=Dbis ,azh.
b-a

True

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

Increasing on (-, )

Decreasing on (-0, »)

. Increasing on (-0, 2], decreasing on (2, «)

Decreasing on (-, 3), increasing on (3, «)

Increasing on (-, - 2), constanton (-2, 2),

increasing on (2, =)
Decreasing on (-0, —1), constant on (-1, 4),
decreasing on (4, «)

Increasing on (-, - 3) and (—7, 2),

decreasing on [—3, —%) and (2, »)

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



190 Chapter 2 Graphs and Functions

15. No relative extrema

16. No relative extrema
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17.

18.

19.

20.

21.

22.

(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 23—32, 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.

23.

24,

25.

26.

217.

28.

29.

30.

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.

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

For exercises 33—46, f(-x) = f(x) = f(x) iseven

and f(-x)=-f(x)= f(x)isodd.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

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

g(-x) = 3(—x)4 -5=3x*-5= g(x) >
g(x) is even.

f (-x) = 5(-x)% - 3(-x) = -5x° + 3x
=-6x*-3x)=-f(x) =
f (x) is odd.

3
9(=x) = 2(=x) +4(-x)

=-2x% - 4x=-g(x) =
g(x) is odd.

f(-x)=2(-x)+4=-2x+4
#-f(x) 2 f(x)=

f (x) is neither even nor odd.

g(=x)=3(-x)+7=-3x+7

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

1 1
%)= (-x)% +4 ) x> +4 ==
f(x) is even.
2
o(-x)= EE 22 g5
(-x)*+1 x*+1
g (x) is even.
3 3
f(—x):_(__x)' :—_X _—f(X)ﬁ
(—X)2 +1 X% +1
f(x) is odd.
(-x)*+3 _x%43
(0= 2(—x)3 -3(-x) ) -2x% +3x
x*+3
oy — 3y f(x) f(x)isodd.
= - = - =
f(=x) = =X =X
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5 3 5 3
y-axis. The function is even. (-x)"=3(-x)"  —x*+3x

31. The graph is symmetric with respect to the = —Li]ii]— —X  _ [x]
origin. The function is odd. (—1)(—x5 + 3x3) x° - 3x3

32. The graph is symmetric with respect to the Thus, f(x) is even.

origin. The function is odd.

Copyright © 2015 Pearson Education Inc.
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(-x)%+2(-x) -x3-2x

M 8N = 05 - 3(ex)  —2x5 + 3x

Lﬂ-l[: &iﬁl

~(-1)(-2x° + 3] T a0 -3k
Thus, f(x) is even.

X3*+ X

f(x)

(-x)%-2(-x) XZ+2X

45, f(-x)= =
(=) 5(—X)4 +4(—x)2 +7 5x*+4x%+7
z-f(x)z f(X)
Thus, f(x) is neither even nor odd.

3(-x)%+7 _ 3x%+7 .

46. g(-x) = ~g(x)# g(x)

(-x)-3 -X-3

Thus, g(X) is neither even nor odd.
47.a. domain: (-0, ®); range: (-0, 3]

b. x-intercepts: (-3, 0), (3, 0)
y-intercept: (0, 3)

c. increasing on (-, 0), decreasing on (0, »)
d. relative maximum at (0, 3)
e. even

48.a. domain: (-0, ©); range: (-, )

b. x-intercepts: (-4, 0), (0, 0), (4, 0)
y-intercept: (0, 0)

c. decreasing on (-, -2) and (2, ®),
increasing on (-2, 2)

d. relative maximum at (2,3); relative minimum
at(-2,-3)

e. odd

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

c. constanton (=3, —1) and (3, 4)
increasing on (-1, 3)

d. Since 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.

e. neither even not odd
50.a. domain: (=3, 3); range: {-2, 0, 2}

51.a.

Since 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)

b. x-intercept: (0, 0); y-intercept: (0, 0)
c. constanton (=3, 0) and (0, 3)
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e.

52.a.

neither even nor odd
domain: (-co, )
range: (-co, o)

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

decreasing on (-o0, 0)U (0, 3)U (3, «)

no relative minimum
relative maximum: (0, 3)

neither even nor odd

domain: (-, ©); range: (0, «)

no x-intercept; y-intercept: (0, 1)
increasing on (-, ©)

no relative minimum or relative maximum
neither even nor odd

domain: (-e0, 0)U (0, =)

range: (-co, o)

x-intercepts: (—1.5, 0), (1.5, 0)
no y-intercept

decreasing on (-0, 0)
increasing on (0, «)
no relative minimum or relative maximum

even
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55. f(x)=-2x+7;a=-1,b=3
f3=-2)+7=1 f(-)=-2(-)+7=9

f(3)-f(=1)

average rate of change = 3- (-1

_1-9
4

56. f(X)=4x-9;a=-2,b=2

-2

f(2)=4(2)-9=-1 f(-2)=4(-2)-9=-17

f(2) -f(=2)
2-(-2)
-1-(-17) _,

average rate of change =

4
57. f(x)=3x+c;a=1b=5

f(5)=3-5+c=15+c; f(1)=3-1+c=3+¢
fE)-fQ)

5-1

_ 15+c-(3+c)

average rate of change =

58. f(X)=mx+c;a=-L,b=A—
f(7)=7m+c; f(-1)=-m+c
f(7)- (-1
7-(-1)

B m +c—|—m +c|

average rate of change =

50 h(x)=x>-La=-2,b=0
h(0) =02 -1=-1 h(-2) = (-2)2 -1=3
h(0) -h(-2)
0-(-2)

_-1-3
===

average rate of change =

-2

60. h(x)=2-x%;a=3bh=4
h(4)=2-4%=-14;h(3)=2-3*=-7

h(4) =
Copyright © 2015 Pearson Education Inc.

61. f()=(3-%*a=1b=3
f(4)=(3-3)%=0; f1)=(3-1)%=4

f(3) -f (1)
3-1
0-4

=2 77

average rate of change =

62. f(X)=(x-2?%a=-1b=5

f(5)=(-2)2=9 f(-1)=(-1-2)?=9

f(5) - (1)
5-(-D)
9-9

= =O

average rate of change =

63. g(x)=x>;a=-1,b=3
3 3

g(8) =3 =27, 9(-)=(-1) =-1

average rate of change =

64. g(x)=-x>;a=-1b=3

3 3
9 =-3 =-27;9(-)=-(-1 =1

average rate of change =

65. h(x) =

66. h(x)=m;a=—2,b=4
—4 :4;h(—2)=‘4 =4
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- 4+3 7 -2+3
average rate of change = h{4 _h 3 h(4) - h(-2)
4-3 average rate of change =
_ 4= _ . 4-(-2)
1 4 _ 4 4
-7 __~
6 7

67. f(x)=2x,a=3= f(a)=2-3=6

f (x)-f (a 2x-6 glx—S] =9

X-a x-3  x-3
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68. f(x)=3x+2,a=2> f(a)=3-2+2=8 75. f(x+h)=x+h
f(x)-f(a) 3x+2-8 3x-6 f(x+h)-f(X)=x+h-x=h
X-a X-2 X-2 f(x+h)-f(x) h
= :1
=3X—2 -3 h h
X=2 76. f(x+h)=3(x+h)+2=3x+3h+2
69. f(x)=-x* a=1= f(a)=-1 f(x+h)- f(x)=3x+3h+2-(3x+2) =3h
f(x)-f(a) =x*=(-1) -xZ+1 f (x+h) =f (x) _@ 3
x-a  x-1 = x-1 h h
f%%:—x—l 77. f(x+h)=-2(x+h)+3=-2x-2h+3

f(x+h)-f(x)=-2x-2h+3-(-2x+3)
=-2h

f(x)=2x* a=-1= f(a)=2 =-
70. f(x)=2x% a = f(a) iiﬂlim_ib__z

2
f(x)-fla) 2x2-p 2[¥*-1 h h

78. f(x+h)=-5(x+h)-6=-5x-5h-6

21X -1)(x +1) —ox-2

X+1

f (x+h)- f(x)=-5x-5h-6-(-5x-6)

71. f(x)=3+x,a=2= f(x+h)-f(x) _ -5h

f(a)=3(2)2 +2=14 " n"

f (x)-f (a 3 +x-14 _ [3x+7)(x-2) 79. f(x+h)=m(x+h)+b=mx+mh+b
X-a x-2 X-2 f (x+h)- f(x)=mx+mh+b-(mx+b)
:3X+7 :mh
f(x+h)-f(x) mh
72. () —2X +X,a= 3> h = h=m
tla)=- () +3=-15 80. f(x+h)=-2a(x+h)+c=-2ax-2ah+c
f(x)-f(a) _ =2x%4+x+15 f(x+h)- f(x)=-2ax-2ah+c-(-2ax+c)
X-a x-3 = -2ah
~(2x*=x-15) fQce)=f() _ -2ah _
- Xx-3 h h
::L%l%@ - 2x-5 8L. f(x+h)=(x+h)?=x2+2xh+h?
f(x+h) - f(x)=x%+2xh+h? - x?
_4 . _ 2
73 f(x)-x,a-1=> f(a)=4 =2xh+h
f (x +h) -f 2xh +h?
1, 44X Ger) =t :X . =2x+h
f(x)-f(a)] _x _m4x-1 h h
x-a  x-1  x-1 " x(x-1 )
4 82. f(x+h)=(x+h)"-(x+h)
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=" =x2+2xh+h%-x-h
=x%+2xh-x+h%-h
74, f(x)z—%,a=1:f(a)=—4 f(x+h) - f(x)
=x2+2xh—x+h2—h—(x2—x)

_z_1+4 4x -4
f (x)-f (a) _ X X =4|x—1| 4 =2xh+h? -h
X-a x-1 x-1 x{x-1] x - 2 _
(x-1) f(x+hg f(x):2xh+hh h o ohoy
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83. f(x+h)=2(x+h)?+3(x+h)
= 2x2% + 4xh + 2h? + 3x + 3h
= 2x% + 4xh + 3x + 2h% + 3h

f(x+h)- f(x)
=2x2+4xh+3x+2h2+3h—(2x2+3x)

= 4xh +2h? + 3h

f(x+h) = f(x) _4xh+2h*+3h
h h
=4x+2h+3

84. f(x+h)=3(x+h)2-2(x+h)+5
=3x2 +6xh+3h% -2x-2h +5
=3x2 +6xh - 2x+3h% - 2h +5
f(x+h) - f(x)=3x% +6xh - 2x + 3h?
-2h +5-(3x% - 2x +5)

= 6xh +3h% - 2h
f(x+h)-f(x) _6xh+3h*=2h
h h
=6x+3h-2

g5, f(x+h)=4
f(x+h)-f(x)=4-4=0
f(x+h) -f(x) Q_O

h h
86. f(X+h):—3
f(x+h)- f(x)=-3-(-3)=0
fgx+h)—fgx)_g_0
h T oh
1
a7 f(x+h)-X+h
211
f(x+h)—f(x)=X+h—X
D S X +h
x(x+h) x(x+h)
___h
~ o x(x+h)
___h
f(x+h)-f(x) __x(xth) = _ 1
h - h ~ x(x+h)

88.

f(x+h)=—xih / \
1

f(x+h)—f(x)=—L— -
x+h X

X X +h
= - +

Xx(x+h) x(x+h)
h

~X(x+h)
h

f(x+h)-f(x) x(x+h) _ 1
h - h ~ x(x+h)

2.5 Applying the Concepts

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

domain: [0, «)
The particle’s motion is tracked indefinitely
from time t = 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 t-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 t-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 t = 15
and t = 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.
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99. 210x +10,500
N e e d. — =315
:_’( X:
5 "3 210x +10,500 = 315x
T 10,500 =105x = x =100
12in. 12 - 2x The average cost per notebook will be $315
l when 100 notebooks are produced.
X X
e ! 102. f(x)=-2x? +3x+4
12 n. f1)=-2(1)° +3(1)+4=5
a. V=Ilwhs= (12 - ZX)(lZ - ZX)X f (3) - _2(3)2 +3(3) +4=-5
= [144 - 48x + 4X2) X The secant passes through the points (1, 5) and
= 4x3 - 48x7 + 144x 3, -9).
. -5-5_-10
b. The length of the squares in the corners must m= 3.1 = 2 =-5
be greater than 0 and less than 6, so the
domain of V is (0, 6). The equation of the secant is
o y-5=-5(x-1)= y-5=-5x+5=
' y =-5x+10
103a. f(0)=0%+3(0)+4=4
. The particle is 4 ft to the right from the
Haxirum ..
nee ool Y=1zB origin.
[0, 6, 1] by [-25, 150, 25] 5
range: [0, 128] b. f(4)=4 +3(4)+4=32
L ) _ The particle started 4 ft from the origin, so it
d. Visatits maximum when x = 2. traveled 32 — 4 = 28 ft in four seconds.
100.a. Let x = one of the numbers. Then % = the c. (3= 3%+ 3(3)+4=22
other number. The sum of the numbers is The particle started 4 ft from the origin, so it
32 traveled 22 — 4 = 18 ft in three seconds. The
S=x+ X average velocity is 18/3 = 6 ft/sec
d. f(2)=22+3(2)+4=14
f(5)=52+3(5)+4=44
The particle traveled 44 — 14 = 30 ft between
N, the second and fifth seconds. The average
b. W=E.BEEEE2Z Y=11.Z1%708 Velocity is 30/(5 _ 2) =10 f[/SEC
[0, 50, 10] by [-10, 70, 10]
The minimum value of approximately 11.31 104a. P(0)= 0_01(0)2 +0.2(0) +50 = 50
occurs at x = 5.66. 2
P(4)=0.01(4)" +0.2(4)+50 = 50.96
101.a. C(x) =210x +10,500 The population of Sardonia was 50 million in
b. C(50) = 210(50) +10,500 = $21,000 2000 and 50.96 million in 2004.
It costs $21,000 to produce 50 notebooks per b. P(10)= 0,01(10)2 +0.2(10) + 50 = 53
day. The average rate of growth from 2000 to
C. average cost = %% =$420 2010 was 531_050 =.3 million per year.
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2.5 Beyond the Basics

105. f )=X—;1l
f(2x)-2x_1

Xx+1 X+1
3x-3+x+1
_ x+1 _ 4x=2
x-1+3(x+1 4x +2
x+1

=2‘2X_1 :ZX—l :f(zx)
2(2x+1)  2x+1
106. f(x)=0

107. In order to find the relative maximum, first

observe that the relative maximum of
~(x+1)* <0. Then - (x+1)° <0 =

(x+1)2 >0 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.

(x+10 ifx<-5
108. f(x)=15 if -5<x<5
-X if x>5

The point (0, 5) is a relative maximum, but not a
turning point.

110. f(x)= x-1

f (x+h)-f (x

h
_afx+h-1- -1 x+h-1+ x-1

h

x+h-1+ x-1

x+h-1-[x-1)

h

—

Xx+h-1+ x—l)

NN

—

h

—

111, f(x)=

X+h-1+ x—l]

1

Jx

—

x+h-1+ x-1

X[x+h

(x +hrl*zx v

X+h+ X

H

h

X(

x +h)

X+h+ X

x(x+h]( X + x+h]

112. f(x)=

[Ey

v Copyright © 2015 Pearson Education Inc.
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h(\/m+\/§]
h

) h(M+\/§)
1

f (x+h]-f (x _(x+h] X

h h
X2 - x+h]Z
_ _xz—(x+h)2—
h
_ XZ*:|X+h|2
hx? (x +h)?
-

x% —[x? +2xh +h2]
= *

hx? (x + h)?
_ =2xh-h* __ 2x+h
hx?(x+h)" )2 (x+h)’

Copyright © 2015 Pearson Education Inc.
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2.5 Critical Thinking/Discussion/Writing

113. f has a relative maximum at x = a if there is an
interval [a, X} with a < x; <b such that

f(a)z f(x), or f(x)< f(a), foreveryxin

the interval (x;, b].

114. f has a relative minimum at x = b if there is x;

in [a, b] suchthat f (x)= f (b) foreveryxin
the interval (x;, b].

115. Answers will vary. Sample answers are given.
a. f(x)=x ontheinterval [-1, 1]

b f(x)zx if 0<x<l1
0 ifx=1
if 0 <1
; f(x)zfx if 0<x<
1 ifx=0
(O ifx=0orx=1
d. f(x)=[1 if0<x<landx is rational

-1 ifO<x<1landx isirrational

2.5 Maintaining Skills

116, m="2= - =2_

4-(-1) 5
y=3==(x=(-1) > y-3=-(x+1) >
y-3=-Xx-1=>y=-x+2

-1-2 -3

117 m—7_6— 1° 3
y-2=-3(x-6)=> y-2=-3x+18=
y=-3x+20
o =3-(5) 2

118. "7 -3 "3

2 2
y-(-5)=>(x-3)=> y+5="x-2=
3 3
y:?%x—?
f(x)=x3/2

119.

(i) f(-4)=(-4" = —4]3=(ﬁ)3='8i

120. f(x)=x*? v
/
N f(2)=223-413_3
i) f(2)=2 4 Jﬁ

(ii) f (8) -g23 (%]2 =22 -4

e
(iif) fp@=823=F—ﬂ =(-2)*=4

2.6 A Library of Functions

2.6 Practice Problems

1. Since g(-2) = 2 and g(1) = 8, the line passes

through the points (=2, 2) and (1, 8).
8-2 6

Use 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

|
—16 —12 -8 —4 T) T

Domain: (-, O]; range: [O, )

4, Y
4
*\‘EE

| — I T |
—8 -6 -4 - 2. 4 6 87X
4?4-;

Domain: [—oo, oo); range: (—oo, oo)

| R
[S1=3

Copyright © 2015 Pearson Education Inc
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[ X2 ifx<-
(i) f(2)=23/2=(\/§)3:\/§=2\/§ 5. f(XJ:lx ifx < -1
2x ifx>-1

A 2
(ii) f(4)=432=( 4)3=23=8

Copyright © 2015 Pearson Education Inc
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_[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.
c. The fine for driving 90 mph is
200 +5(90 - 75) = $275.

-3x ifxs-1
k f(x)={2x ifx > -1

(—1,3)

Graph f (x)=-3x on the interval (—oo,—l],

and graph f (x) = 2x on the interval (-1 ).

¥

y =f0)

(=2,-2)

The graph of f is made up of three parts.
For x <—2, the graph is made up of the half-line
passing through the points (=4, 0) and (-2, —2).
-2-0 =2
m= = = —1
-2-(-4) 2
y-0=-1(x-(-4))=> y=-x-4
For —2 < x < 3, the graph is a line segment
passing through the points (=2, —2) and (3, 2).

m = 2-(=2) _4

3-(-2) 5
4 _ 4 12
y—2-5(x 3=y 2-5x g =

For x > 3, the graph is a half-line passing

through (3, 2) and (4, 0).
0-=2
m = =-2
4-3
y-0=-2(x-4)= y=-2x+8

Combining the three parts, we have
-x-4 ifx<-2

f(x)= 4X—2 if —-2<x<3
5 5

-2X+8 ifx=3

2.6 Basic Concepts and Skills

1. The graph of the linear function f(x)=b isa

horizontal line.

2. The absolute value function can be expressed as

a piecewise function by writing

F(x) = X={:xif7X<0.

| | x if x=0
3. The graph of the function
f(x)=? x2+2 if x<1

lax if x>1

will haVe a lwéak at x

1 unlessa=3.

| T |
-5 5 x

4. False. The function is constant on [0, 1),
[1,2), and [2, 3).

Copyright © 2015 Pearson Education Inc.
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200 Chapter 2 Graphs and Functions

In exercises 5—14, first find the slope of the line using
the two points given. Then substitute the coordinates
of one of the points into the point-slope form of the
equation to solve for b.

5. The two points are (0, 1) and (-1, 0).

0-1 3 _
m= _1_0-1. 1=10)+b=b=1.
f(x)=x+1

6. The two pointsare (1, 0) and (2, 1).

m=§%=1. 0=1+b=b=-1.

f(x)=x-1

[

II\I\I\II\I
o=
W
Py
-
=

7-1
= =2.1=2(-1 =h.
2- (D) [ ]+b=>3 b
F(X)=2x+3 "
ol
sk
4

8. The two points are (-1, -5) and (2, 4).

4=(=5) 0 4 _
2-(p "% 4=3+b=b=-2

m=

f(x)=3x-2.

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

=2-1_ ., .__ B
m=>", =-31=-3)+b=>b=4
f(x) = -3x + 4.

10. The two points are (1, -1) and (3, 5).

5-(-1
m:—3(_T):3. -1=31) +b=b=-4.
f(x)=3x-4.

11. The two points are (2, 2) and (2, 4).

A4-2 1 4=%(2)+b=> b=3.

M= (27 2

f(x):%x+3. ;

|\T‘.

=
p

Copyright © 2015 Pearson Education Inc
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12. The two points are (2, 2) and (4, 5). b. y
_5-2 3 ,_3 _ 8
m-4_ -2.2-2(2)+b=>b— 1.
f(x)= -1.
()= x

o
T

10 o

T 1T T 171

I

T T T
e
wle
=
e

= |
s
I
o
I
ol
I
N
wle
e
=
N
=~
“

13. The two points are (0, —1) and (3, -3).

_=3-(=1) _ 2 b. "
3-0 3 3
2 5L
-1=-7-(0)+b=>b=-1 1=
3 L1 L1
—5—4-3-2-19] 1 23 4 5%
y 2
f(x)=—2x—1. 4 3k
3 3
2 -4
\ 2r _5k
Ll I L1 61
5-4 }beg 1 2 3 4 5%
—2
or 1 ifx>0

17900 = {-1 ifx <0

a. f(-15)=-1 f(12)=1

14. The two points are (1, 1/4) and (4, -2).

_-2-14_-94__3 b. y
Co4-1 0 3 & -
3 -
—2:—_(4)+b$b=1.
4 ] Q————>
. e e
f(x)=-"x+1 3T D
4 4
3 T
2 -3}
I I I | \I L 1|
*5*4*3—2—I_?_] 34 5%x
-2 \ c. domain: (-c0, 0)U (0, )
_3._
b range: {—1, 1}
s
2x+4 ifx>1
X ifx>?2 18. g(x)—{ x+2 ifx<l
15. f(x) = -
2 ifx<2

a. g(-3)=-1Lg(1)=3 g(3)=10
a. f(1)=2f(2)=2 f(3)=3

Copyright © 2015 Pearson Education Inc.
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c. domain: (-0, w)
range: (-0, 3] U (6, )

Fx ifx <0

19. f(x) =

9 X2 ifx20
s
4_
2_

| | | |
-4 -2 2 4 X

2_
747

Domain; (-, »); range: (-, »)
x| ifx<1
X2 ifx=1

20. f(x)=

Domain: (-oo, ®); range: [0, )

21.

23.

ifx<0

X ifx=0
y

Domain: (-, ®); range: (-, ©)

3 ifx<
h(x)={ﬁ ifx<1
L Xy ifx>1
5

Domain: (-, »); range: (-, »)

axb  ifx<1

= Ix  ifx=1

Domain: (-co, );
range: {..., -3, -2, -1, 0} U [, )

Copyright © 2015 Pearson Education Inc
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3 . .
fx<0 x| if-2sx<1
24, @J(X)JX ' 27 f(x J
v W=
| x ifx=0 L ifxz1
3.—
y il
]_
| | | | | | |
-2 -1 0 1 2 3 4 5%
7].—
X 2
_3_
Domain: (-, w); range: (-e, ) Domain: [-2, «); range: [0, @)
. 3 .
|| ifx <1 28 g(x)=(‘/; if —-8<x<1
25. X) = . :
g(x) {X3 ity 51 LZX if x>1
.
¥ "
5,,
5
4 4
4 3_
LN 2
7‘ ' ' ' ! ; ! j ' . X 1
’ T ’ IItlItJI(TJI
T -8 —6 —4 -2 2 X
_5: I
Domain: (-o, ®); range: [0, ) Domain: [-8, «); range: [-2, 1)U [2, »)
axb  if x<1
[ 2. f(x)={ :
26. f(x)={x ifx<0 -2x  iflsx<4
v
LaXb ifx=0 L1 \L L1
—5-4-3-2-10 1 2 3 4x
y —0 [ @(.-2)
3 *—0 *—0 =
2 *—0 o B
o -
1 *—0

- 4, —8)

Domain: (-, ®); range:
(-, 0JU{L, 2,3, ..}

Domain: (-oo, 4];
range: {..., -3, -2, -1, 0}u[-8, - 2]
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204 Chapter 2 Graphs and Functions
|x| if x<0 For x > 2, the graph is a line segment passing
30. h(x) = i
(x) Jx  ifo<x<4 through_tshe points (2, 3) and (3, 0).
= y-0=-3(x-3)= y=-3x+9
2r- Combining the two parts, we have
1- P L 1 ifx<-2
Ll L1 (x) = -3x+9 ifx>2
-2 -1 0 1 2 3 4 x
- 34. The graph of f is made up of two parts.
2 For x < 2, the graph is made up of the half-line
-3k passing through the points (2, —1) and (0, 3).
3-(-1) 4
Domain: (-co, 4]; range: [0, o) m= 4y =_,=72
2x+3  ifx<-2 y=-2x+3
_ _ For x > 2, the graph is a line segment passing
3L f(x)= x+1 2sx<1 through the points (2, —1) and (4, 0).

32.

33.

u—x+3 ifx=1

m_—LO_;
- 2]4"2 .
-0=Z(|x-4)=>y="x-2

y-0=75(x-4)=y=7

Combining the two parts, we have
-2X+3 ifx<-2

f[x]: ;x—z ifx=2

35. The graph of f is made up of three parts.
For x <=2, the graph is the half-line passing
through the points (-2, 2) and (-3, 0).

Domain: (-, ); range: (-, 2]

-2x+1 ifx<-1
f[X)= 2x+1 -1<x<2 _0-2 =2
m= = = 2
X+2 ifx=2 ‘3‘(‘2) -1
YA (2,5 y—0:2(x—(—3))=>y:2(x+3]:
51 / y=2x+6
. ";: @4 For —2 < x < 2, the graph is a horizontal line
t 5 segment passing through the points (-2, 4) and
| (2, 4), so the equationisy = 4.
LA For x > 2, the graph is the half-line passing
-1.-n=lF ' through the points (2, 1) and (3, 0).
N0 0-1
-3 = =-1
_ M 3-2
Domain: (-, }; range: (-1, ») y-0=-(x-3)= y=-x+3
The graph of f is made up of two parts. Combining the three parts, we have
For x < 2, the graph is made up of the half-line 2x+6 ifx<-2
passing through the points (=1, 0) and (2, 3). f(x)=14 if —2<x<2
3-0 3 -Xx+3  ifx=z2
m= =" = 1
2-(-1) 3
y—O:X—(-1)2 y:X+1
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36. The graph of f is made up of four parts.

For x < -2, the graph is the half-line passing
through the points (-2, 0) and (—4, 3).
3-0 3

3 _.3
y—0_3—2(x—(—2)]: y= 2(x+2)z
y=—2—x—3

For —2 <x <0, the graph is a line segment

passing through the points (=2, 0) and (0, 3).

3-0 3
m= =

0-(-2) 2
y= §x+3

For 0 <x <2, the graph is a line segment
passing through the points (0, 3) and (2, 0).

0-3 3
m= = -

2-0 2

3
=-2x+3
y 2X+

For x > 2, the graph is the half-line passing
through the points (2, 0) and (4, 3).

m_ﬂ_@
T 4-2 2
y—0=§(x—2)=> y=§x—3

2 2
Combining the four parts, we have

y=—§x—3 ifx<-2
y="x+3 if —-2<x<0
_ 2
f(x)_ 3
|y:- x+3 if0O<x<2
2
3 .
=-x-3 ifx>2
y 2

2.6 Applying the Concepts

X
37.a. f(x)= ?81

Domain: [0, ); range: [0, »).

3
b. f(3) __33.81 ~0.0887
This means that 3 oz = 0.0887 liters.
12

c. f(@2)=—"""=~0.3549 liters.

38.a.

39.a.

40.a.

41.a.

B(0) = -1.8(0) + 212 = 212.

The y-intercept is 212. This means that water
boils at 212°F at sea level.
0=-1.8h+212= h=~117.8

The h-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 = -1.8h + 212 = h = 63. 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) = 3%(0) +1=1. The y-interceptis 1.
This means that the pressure at sea level
(d=0)is1atm.
0 =id +1=d=-33.

33

d can’t be negative, so there is no
d-intercept.

P(0) =1 atm: P(10) == (10) + 1~ 1.3 atm;
1 33
P(33) = ES (33) +1=2 atm;

P(100) = = (100) +1~ 4.03 atm.
33

1 _
5= 33d +1= d =132 feet

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

33.81
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The y-intercept is the fixed overhead cost.
c

6300
6250
6200
6150
6100
6050
6000
5950 1

c. 11,500 =50x + 6000 = 110

110 printers were manufactures on a day
when the total cost was $11,500.

Copyright © 2015 Pearson Education Inc.
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42.a. The rate of change (slope) is 100. Find the The equation of the line is
y-intercept by using the point (10, 750): 2
750 =100(10) + b = b = ~250. The equation y-30=>-(x-150) =
is f(p) =100p - 250. Vzé(x‘150)+30-
b. f(15)=100(15) - 250 = 1250
Whten the price is $15 per unit, there are 1250 b. y= % (350-150) +30=> y = % ~44.8
units.
There can’t be a fractional number of deaths,
c. 1750=100p-250= p =$20. so round up. There will be about 45 deaths
1750 units can be supplied at $20 per unit. when x = 350 milligrams per cubic meter.
43.a. R =900-30x 2
C. 70=ﬁ(x—150)+30:> X = 690
b. R(6)=900-30(6) = 720
. . If the number of deaths per month is 70, the
If'you move in 6 days after the first of the concentration of sulfur dioxide in the air is
month, the rent is $720. 3
690 mg/m”~.
c. 600=900-30x=> x=10
You moved in ten days after first of the o1 i i
month. 48.a. The rate of change is 3 The y-intercept is
44.a. Lett=0 represent the year 2009. The rate of 47 50 the equation is y = L(S) = lS . ﬂ.
. 995-976 12 37 12
change (slope) is 0-2 - -9.5. The
) 14
y-intercept is 995, so the equation is b. L#4)= 3 (4) + 19° 5.25
f(t) = -9.5t + 995.
A child’s size 4 shoe has insole length 5.25
b. f(4)=-9.5(4)+995 = 957 inches.
The average SAT score will be 957 in 2013. 61 1 47
C. —=—-X+—>Xx=6.55%6.5
Cc. -9.5t+995=900= -9.5t=-95= t =10 10 3 12 o
2009 + 10 = 20109. A child whose insole length is 6.1 inches
The average SAT score will be 900 in 2019. wears a size 6.5 shoe.
49.a. T
5000
45. The rate of change (slope) is 120 é) __gg =- 4000

46.a.

Use the point (20, 100) to find the equation of
the line: 100 = -20 +b = b =120. The equation
of the line is y = -x +120. Now solve

50 =-x+120= x =70.
Age 70 corresponds to 50% capacity.

2 _
y =" (5)(60) =24
The dosage for a five-year-old child is 24 mg.

2 _
60 = 25 (60)a= a=125

A child would have to be 12.5 years old to be
prescribed an adult dosage.

47.a. The rate of change (slope) is

3000
2000
1000 |-

|- [ |
20,000 40,000 60,000 x

b.(i) T(12,000) = 0.04(12,000) = $480

(i) T (20,000) =800 + 0.06 (20,000 - 20,000)
=$800

50-30 2
420-150" 27
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(iii) T (50,000) = 800 + 0.06 (50,000 - 20,000) (if) 1200 =0.04x = x = $30,000, which is
=$2600 outside of the domain. Try
c. (i) 600=0.04x= x=$15,000 1200 = 800 +0.06 (x - 20,000) =
X ~ $26,667

Copyright © 2015 Pearson Education Inc
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(iii) 2300 =800 +0.06 (x - 20,000) = x = $45,000

50.a.

If 0 < x <8350, f(x)=0.1x

If 8350 < x < 33,950, f (x) =835+ 0.15(x - 8350) = 0.15x - 417.50

If 33,950 < x < 82,250, f (x) = 4675+ 0.25(x — 33,950) = 0.25x - 3812.50

If 82,250 < x 171,550, f (x) =16,750 + 0.28(x - 82,250) = 0.28x - 6280

If 171,550 < x < 372,950, f (x) = 41,754 + 0.33(x - 171,550) = 0.33x - 14,857.50
If 372,950 < x, f (x) =108,216 + 0.35(x — 372,950) = 0.35x - 22,316.50

Write the equation as:

(0.1x

|0.15% - 417.50
(0 = |0.25% - 3812.50
|o.28x - 6280
10.33x - 14,857.50
0.35x - 22,316.50

b. (i)

f (35,000) = 0.25(35,000) - 3812.50

= $4937.50

if 0 < x <8350

if 8350 < x < 33,950

if 33,950 < x < 82,250
if 82,250 < x <171,550
if 171,550 < x < 372,950
if x > 372,950

(i) f(100,000) = 0.28(L00, 000) - 6280

=$21,720

(iiii) f (500,000)

= 0.35(500,000) - 22,316.50

=$152

,683.50

c. (i) 3500 =0.15x - 417.50 =
X = $26,116.67

(i) 12,700 = 0.25x - 3812.50 =

x = $66,050.00

(iii) 35,000 = 0.28x - 6280 =
X = $147,428.57

2.6 Beyond the Bas

5L.a. (i)

ics

f(-2)=3(-2)+5=-1

(i) f(-1)=2(-1)+1=-1

(i) f(3)=2-

3=-1

b. Trythe firstrule: 2=3x+5= x =-1, which
is not in the domain for that rule. Now try the

second rule: 2=2x+1= x= Zl which is in

the domain for

¥y
5
4
3
2
1

that rule.

1 2N3 4 5 «x

2

53.a.

54.a.

52.a.

N H AT

(i) g ='=3'"""-3=-
2

N

2

(ii)) g(0) =3(0)-3=-3
(iv) g(-1)=-6(-1)-3=3

(i) 0=-6x-3= x:—l or

2
0=3x-3=>x=1
2g(x)+3=0
2(-6x-3)+3=0

(i)

-12x-6+3=0= x=—i or
2(3x-3)+3=0
6x-6+3=0= x=%

Domain: (-, ) ; range: [0,1)

The function is increasing on (n, n + 1) for

every integer n.

f(-x)=-x-a-xbz-f(x)# f(x), sothe

function is neither even nor odd.

Domain: (-0, 0) U [L, o)
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1 .
range: {n :n=0,nan mteger}
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b. The function is constant on (n, n + 1) for b. C

every nonzero integer n. 190
180
170

Cost

c. f(-x) =L¢ -f(x) # f(x), sothe

a-xb 160
function is neither even nor odd. 1301
| | | | | |
|X| |—X| |X| |X| 50 100 150 200 250 300 x
JLANE [ S | I L R B | Miles driven

55. |f(x)- f(—x)|=

X -X X X
c. 190 =0.2ax - 99b+150
“1+1=20r —1+(—1)| =2

40=0.2ax-99b= 200 =ax - 99b =
Thus, |f(x) - f(-x)|=2

x = (299, 300] miles

56.a. (i) WCI(2) = 40 60.a. f(x)=axb+a-xb=

(0.0203(16) - 0.304+/16 - 0.474) () { 0 ifx isan integer
(i) WCI(16) = 91.4 + (91.4 - 40)- f x = -1 ifxisnotan integer
(iii) WCI(50) = 1.6(40) - 55 = 9 For example,  +4-, =1+(-2)=-lan
b. (i) -58=91.4+(914-T)- a3b+a-3h=3+(-3)=0.

(0.0203(36) - 0.304+/36 - 0.474

~58=91.4+ (914 - T)(-1.5672) b. g(x)=axb-a-xb=

-58=01.4-143.24 +1.5672T o (x)= 2axb+1 if x is not an integer
-58 = -51.84 +1.5672T = T =~ -4°F 2axb if x is an integer
(i) ~10=16T -55= T ~ 28°F P

For example, 4, g=g=, g =1~ (-2)=3,
2.6 Critical Thinking/Discussion/Writing

while 2 §§+1=2+1=3 and
57.a. C(x)=17(f(x)-1)+44 2h

= -17(a-xb+1) + 44 a3b-a-3b=3-(-3) =6 = 2a3h.
b. C c. h(x)=x-|x|=
1.26 o—e
1.09 o—e .
Q0.92* o—e h(X)= 2X ifx<0
= 075 o—e
£ 0.58 o—e 0 ifx>0
0.440—e
For example, -3-]-3|=-3-3=-6=2(-3)
A N R R B B and 3—|3|=3—3=O.
01 2 3 4 5 6x
Weight (oz) d. F(x)=x[x=

F(x)= -x? ifx<0
X2 ifx=20

58, range: {17n+44:n a nonnegative integer}

c. Domain: (0, o)
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For example, -4 -4 = -4(4) = -16 = —42

C(x)
- 22 and 4 4 = 4(4)=16 =42 | |
xb+4 G(x)=x-1+x-2= || |
[2x+3  ifx<1
£
1 L
5
0
i
f
X
<
1
0
0
59.a. C(X) )
-0.2ax -100b+150 ifx >100 G(X)= !1 ifl1<x<?
2X-3 ifx=2

For example, if x = 0, then
G(x) =—2(0) + 3=3.If x =5, then
G(x)=2(5)—-3=7.
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2.6 Maintaining Skills

61. If we add 3 to each y-coordinate of the graph of

62.

63.

64.

65.

66.

67.

68.

f, we will obtain the graph of y = f(x) + 3.

If we subtract 2 from each x-coordinate of the
graph of f, we will obtain the graph of

y =f(x+2).

If we replace each x-coordinate with its opposite
in the graph of f, we will obtain the graph of

y = f(=x).
If we replace each y-coordinate with its opposite

in the graph of f, we will obtain the graph of
y = —f(x).

vp o S

2.7 Transformations of Functions
2.7 Practice Problems

¥y

The graph of g is the graph of f shifted one unit
up. The graph of h 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 h is the graph of f
shifted two units to the left.

3. The graphof f (x)=+/x—2+3 is the graph of

g (x) =+/x shifted two units to the right and

three units up.

y
5: f=-2 +3
AL

3_

Sl
1%
I I N I
0 1 2 3 4 5 6 x

4. The graph of y =—(x —1)2 +2 can be obtained
from the graph of y = x2 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

Copyright © 2015 Pearson Education Inc.
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5. The graph of y = 2x — 4 is obtained from the
graph of y = 2x by shifting it down by four YA
units. We know that 51
: 3.4 37
|y| _Jy ify=0 at
-y ify<0. y=f(x) Z
. . (=5, 0) 1 T(=1,0)
This means that the portion of the graph on or S A
. . . —6-5-4-3-2-1 \% 45 -
aboye thef xr;axm (3'/1 E 0|) is Enchangec(i wh(l)l)e.the ol (3.-2)
portion of the graph below the x-axis (y < 0) is . L
reflected above the x-axis. Shift the graph one unit right to graph
R \ y= f (X - 1)
sl o
— (0, 4) y
ir 3 .
[ (2,0) B
L 11 1 1 B | 1 | A | B ] 11|
5 3 71_{’7I 3 5x -5 -3 |_EJ_ 1 3 5 x
—/fix)=2x—4 — (2,0
3 i
(o, —4;?7 s B
6. )(;_ Compress horizontally by a factor of 2.
s 200 Multiply each x-coordinate by % to graph
4 —
3 fix) = -
Nl y=f(2x-1).
1
T T O B
0 1 2 3 4 5 6 x

The graph of g is the graph of f stretched
vertically by multiplying each of its
y-coordinates by 2.

7.a. y

8.

-4-3-2-10"1 2 3 4 X
Start with the graph of y = v/x . Shift the graph

one unit to the left, then stretch the graph
vertically by a factor of three. Shift the resulting

graph down two units.
v

b =TT 19 e e
[

(=1.-2)

(2.-2)
Compress vertically by a factor of % .

Multiply each y-coordinate by % to graph

Shift the graph up three units to graph
y=21f(2x-1)+3.

(continued on next page)
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(continued)

2.7 Basic Concepts and Skills

1. The graph of y = f(x) -3 is found by

vertically shifting the graph of y = f(x) three
units down.

The graph of y = f(x+5) is found by

horizontally shifting the graph of y = f(x) five
units to the left.

The graph of y = f (bx) is a horizontal

compression of the graph of y = f(x) isbis
greater than 1.

The graph of y = f(-x) is found by reflecting
the graph of y = f(x) about the y-axis.

False. The graphs are the same if the function is
an even function.

False. The graph on the left shows y = x? first

shifted up two units and then reflected about the
x-axis, while the graph on the right shows

y = x? reflected about the x-axis and then

shifted up two units.

¥ ¥
VO 7 10
\

\ !
v/

-10

7.a. The graph of g is the graph of f shifted two

units up.

The graph of h is the graph of f shifted one
unit down.

b. The graph of h is the graph of f shifted two
units down.

9.a. The graph of g is the graph of f shifted one

unit to the left.

b. The graph of h is the graph of f shifted two
units to the right.

10.a. The graph of g is the graph of f shifted two

units to the left.

b. The graph of h is the graph of f shifted three
units to the right.

11.a. The graph of g is the graph of f shifted one

unit left and two units down.

b. The graph of h is the graph of f shifted one
unit right and three units up.

12.a. The graph of g is the graph of f reflected

about the x-axis.

b. The graph of h is the graph of f reflected
about the y-axis.

13.a. The graph of g is the graph of f reflected

about the x-axis.

b. The graph of h is the graph of f reflected
about the y-axis.

14.a. The graph of g is the graph of f stretched

vertically by a factor of 2.

b. The graph of h is the graph of f compressed
horizontally by a factor of 2.

8.a. The graph of g is the graph of f shifted one
unit up.

Copyright © 2015 Pearson Education Inc.
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15.a.

16.a.

17.a.

18.a.

The graph of g is the graph of f vertically
stretched by a factor of 2.

The graph of h is the graph of f horizontally
compressed by a factor of 2.

The graph of g is the graph of f shifted two
units to the right and one unit up.

The graph of h is the graph of f shifted one
unit to the left, reflected about the x-axis, and
then shifted two units up.

The graph of g is the graph of f reflected
about the x-axis and then shifted one unit up.

The graph of h is the graph of f reflected
about the y-axis and then shifted one unit up.

The graph of g is the graph of f shifted one
unit to the right and then shifted two units up.

The graph of h is the graph of f stretched
vertically by a factor of three and then shifted
one unit down.
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19.a. The graph of g is the graph of f shifted one
unit up.
b. The graph of h is the graph of f shifted one
unit to the left.
20.a. The graph of g is the graph of f shifted one
unit left, vertically stretched by a factor of 2, -
reflected about the y-axis, and then shifted 4
units up. 37.
b. The graph of h is the graph of f shifted one y
unit to the right, reflected about the x-axis, 8 hix) = 1x — 2
and then shifted three units up. 6~
21, 2. ¢ 238 g 24 h \i
25. 26. a 27. b 28 k I
29. 30. f 31 d 32 j I
_4_
¥ 38.
10~
8- y
6_
4
2_
SN
-6 —4 — X
’\}ﬂﬂ:f*z 42
_4_
33.
39.
40. ¥
of
87
34. Zf{x) =@x+27°
Y L1 L1
4/ —6 —4 2 g 2 4 6 x
2 =x+1 T
L1 F(x)l ‘Fl -4
—4-20 2 4 6 8x el
72_
—4F -8
35. —10k
36. y
47
2_
L1 I R T B
—4—20] 2 4 6
_2_
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-1
—zlxl

8(x)

2 4 6 x

47.

x—27+1

g(x)

41.

61

4=

—6-4-20

2 4 6 x

72_

_4_

y
10
8

—6-4-20

-2

74_

—6

5

2 _

(x +3)
y
8
[
4
2
4

g(x)

g(x) = 41x|

ﬁ:z:lex

-6-4-2 0

48.

lesx

hix)

42,

2 4 6 8 x

72_

—6-4-2 0

7

—4-2 0

_27

—4 - h(x)

43.

_4_
—6

—8 -
—10

49.

4

2

—(r+ 1)}

o

=5 4

h(x)

2=

-8§-6-4-2 0

_4_

y
—6-4-2 0
-2
—4

_6 .
y
—6—4-2 0
-2
—4
-6

-2

44,

gl
6

B

2+

-2
4
-6
-8

—10

45
46.
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51. y 57. y
6 6L
4 ) 41
5 fix) = 2(x+ 1) —1 fx)y=—lx +3[+1 N
[ [ \ PN L1
—-6—4-NI 2 4 6 x —-8—-64-2N0| 2 4 %
72 —
—4 4
76 _6_
Y ¥
6~ rm=2-x
47
2_f(x):_(x_”2 L L
L L _4_220 24—
—6—-4-2 0 4 6 x -
A —4
| 58.
6 y
4
52. gxy=—[—x+2
Y L1 L1
6 gx) =5—x2 286 —4 -2 gk 2 4 %x
—4
- 59.
| | | |
—6—4 0 4 6 x
-2 8_‘g(:{):_? 2—x
74_ 6_
_6_
53. _\
y L1 | [
6 —-6-4-200 2 4 6%
2(x) =2 — (x+3)? L
41 L
2 -
WA
—6 4 -2 i 2 4 6 X 60.
M hix) = 2[[x +1]]
A ¥y
54, 8 -0
v 6 o
8= h(x) =11—x 4
6 2
4
| | | | | *~-0—4
—6-4-20 2 4 6 x
—2 0 —6
_al -8
55, 4 61.
56.
y
O h(o) = —2/x—1
4
2,
L1 gl 1 1
—4-20\2 4 6 8 x
_2_
—4-
6l = X+3
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65. y=-|x

67. y=(x-3)%+2

69. y=-/x+3-2

71. y=3(—x+4)3+2
73. y=-2|x-4-3

75. Y

70.

(—3.4)
| I I | |
| X
76.
v
| 1 | 1 |
(—3.—1) X
(—1,-3) ~
77. i 4. =5)
78. (—4.5) ¥

79.
v
—/(2.5)
(57
(394 1
| I I | | | |1
>
80. " (8. 5)
=6, 1) -
I T A T I |
>
81.
[ I I I |
X
82. |
83. y

(—1,6)

(4, 10)

N
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¥ ¥
ey ore

(_1’%) /. 4

| L1 L1 ¥ = e
—4,1
x {I )\/ | ] |
6

-6 -4 -2 0
727

©,5) (—4.4)
/_ : WL
L (3,2)

(_2,3) — 2+
B | | | | | |
L1l [ |
85 > —6 —4 4%1\ 4 6 x
¥ N\
L1 L1
> _al
. (L, —4)
3
ol ) _
;/(2 ) y= g
1 gL
_(2’ 4} (5,—8)
L 90.a.
(=2, —06)
86.

(—4,4)
87. I
-6 —4 -2
727
_4_
_6_
88. 8
b.
89.a. ¥
61 5.5 9la. Y
4 °r
w3 L (10, 4)
y =g M- 2,2)
l ] Y | I
-6 —§7-2 0 2 4 6 x | | |/ | |
(-4 -1 2 GO -12 -8 of ays 12 %
2L 6.-1
(—8.-2)
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oL v =lew)
(10,4)

727
b.
¥
6_
-2.5,4
( ne
(—uin—3‘7h—
| | | | | |
—6 —4 ;VU 2 4 6
_2_
(—=1.5,-1) 2,-2)
92.a.
y
6y =g
(—2.5,4)
4_
(2,2)
(—0.5,2) o
(—1.5, 1) \/
| | | | |
-6 —4 -2 0 2 4 6
727
b.
¥
6_
(6.4)
47
(2,2)
2_
L1 A LN 1
-4 -2, 2 8
—2 “, -1
(=3,-2)
93.a.
b. ¥

y
67
(~3.4)
(1,2)
| | / | | | |
—4}V5 2 6 8 X
(-1Ln7 -2
(6, -2)
94.a.
¥y
6 ¥ = et
(=3, 4)
4_
(1,2) (6.2)
2_
(=11
| | 1 | 1
-4 —2 0 2 4 6 8 «x
_2_
b.
y
(=5,7) 8-
6 2,3
4
2_
| | | | | |
-6 —4 —2){ 2\4 6 X
(U Pl
4. -3)
95.a.
y
(=5.7) s v =g
2.5
4.3)
| | |
24 6
727
b.
96.a. y
67
4_
2_
1 I(S"D)l
2 6
0, —4)
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b. Cae 100. h(x) =1.05f (x)

101. p(x) =1.02( f (x)+500)

A (0, 4)
2 —
| (2 \03 102, g(x) = (1.1f (X] if f (X) < 30,000

T 4 2 0] 2 4t e 9997 (102f (x) if £ (x)=30,000

—4 103.a. Shift one unit right, stretch vertically by a
factor of 10, and shift 5000 units up.
c
5030

97.a. ¥y = 5015

5000

4995
4 | I | ] ]
I 2 3 4 5 x
Number of employees

nnual
h
=
=
ST T T T T 1T 171

b. C(400)=5000+10+/400-1 =$5199.75

104.a. For the center of the artery, R =3 mm and
r=0.

v =1000(3% - 07} = 9000 mm/minute

b. For the inner linings of the artery, R =3 mm
and r =3 mm

v =1000(3? - 32) =0 mm/minute

¢. Midway between the center and the inner
linings, R=3 mmand r =1.5mm
v =1000(3? -152) = 6750 mm/minute

b.
105.a. Shift one unit left, reflect across the x-axis,
(3 and shift up 109,561 units.
7 y
109.600 =
L1 A |/ £ 109,500
v Z 109,400
(e é 109,300
L1 4 Z 109,200
98.a. 23 109,100
B I I
b. ¥ 4 8 12 16 20p

Price (cents)

b. 69,160 =109,561- (p +1)2

40,401 = (p +1)
201=p+1=> p=200¢="%2.00

c. 0=109,561- (p +1)?
_ 109,561 = (p +1)2
2.7 Applying the Concepts 331= p+1= p=330¢=$3.30

99. g(x)= f(x)+800
Copyright © 2015 Pearson Education Inc
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106. Write R(p) in the form -3(p - h)% +k : 112. f(x)=x? -6x= (xz -6x+ 9] -9
R(p) = -3p? +600p = -3(p? - 200p) =(x-3)2-9
Complete the square Shift three units right and 9 units down.
= -3(p? - 200 p +10,000) + 30,000 y
= -3(p -100)2 + 30,000 i’:
To graph this, shift R(p) 100 units to the right, ‘
stretch by a factor of 3, reflect about the x-axis, ol
and shift by 30,000 units up. o[~
L1 N | L1
107. The first coordinate gives the month; the second 2 f’_ 12345/4 78
coordinate gives the hours of daylight. From -
March to September, there is daylight more than Sl
half of the day each day. From September to
March, more than half of the day is dark each 113, f(X) = -x2+2x= - (Xz _92x +1) +1
day. '
y =-(x-1)%+1
3: Shift one unit right, reflect about the x-axis,
k= (6.2) shift one unit up.
Lo ©,0) o
0| s
“Hd -1y (12, -2) L1 |]_| [
—4—3—2—L L I A3 45 6x
108. The graph shows the number of hours of N
darkness. L
.v 75_
15 (1,13.7) (12, 14) 77:
(3.12)
. @12 114, £(x) = -x7 = 2x = = (x? + 2x+1) +1
(6,10) =—(x+1)2+1
L T T Shift one unit left, y
oz e w0 reflect about the T
2.7 Beyond the Basics X-axis, shift one B
unit up. 7‘|”\|| 7:(}\|||£|l‘
109. The graph is shifted one unit right then reflected A
about the x-axis, and finally reflected about the b
y-axis. The equation is g (x)= -v1-x. L
110. The graph is shifted two units left and then _7 N
reflected about the y-axis.
The equation is g (x) = f (-2-x). 115. f(x)=2x%-4x= z(xz - 2x +1) -2
2
111. Shift two units left and 4 units down. =2(x-1) -2
y Shift one unit "
iC right, stretch ok
N vertically by a sk
factor of 2, shift 4
Lo N T two units down. B
-7 =5 -3 -1 1 3 x -
il [N S A I I
= —4-3-2—1 0\ 1 34 5 6 X
3 -1
L L
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116. f(x) = 2x% +6x+35
=2p2+3x+175+aﬂ-1

=2(x+15)% -1
Shift 1.5 units left,
stretch vertically by
a factor of 2, shift
one unit down.

y
8
7
6
5
4
3
| /

1L 11 1\
—6-5—-4-3 0
u‘l

2

117. f(x) = -2x? -8x +3=-2(x? + 4x-1.5)
=—2U2+4x—L5+5ﬂ+11
=-2(x+ 2)2 +11

Shift two units left, stretch vertically by a factor
of 2, reflect across the x-axis, shift eleven units

up.

118. f(x) = -2x? +2x-1= -2(x? - x + 0.5)
=—2U2—x+05—OQQ—05
=—2U2—x+ozﬂ—o5
=-2(x-0.5)%-05

Shift 0.5 unit right, stretch vertically by a factor

of 2, reflect across the x-axis, shift 0.5 unit
down.

¥y

I
P 23456

[
—4-3-2-1

119.

120.

121.

122.

123.
124.

-

I SR = e - = R

T T 1

-5 -3 -10
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2.7 Critical Thinking/Discussion/Writing

125.a.

126.a.

127.a.

The function is shifted three units to the right,
so the x-interceptis —2 + 3=1. The

y-intercept cannot be determined.

The function is stretched horizontally by a
factor of 5, so the x-intercept is not affected
and remains at —2, while the y-intercept is
5.-3=15.

The function is reflected about the x-axis, so
the x-intercept is not affected and remains at
-2, while the y-intercept is —3.

The function is reflected about the y-axis, so
the x-intercept is 2, while the y-intercept is
not changed and remains at 3.

The function is shifted two units to the left,
so the x-intercept is 4 — 2 = 2. The y-intercept
cannot be determined.

The function is stretched horizontally by a
factor of 2, so the x-intercept is not affected
and remains at 4, while the y-intercept is

2(-1)=-2.

The function is reflected about the x-axis, so
the x-intercept is not affected and remains at
4, while the y-intercept is 1.

The function is reflected in the y-axis, so the
x-intercept is —4, while the y-intercept is not
changed and remains at —1.

g(x)=h(x-3)+3
The graph of g is the graph of h shifted three

units to the right and three units up.

g(x)=h(x-1)-1.
The graph of g is the graph of h shifted one
unit to the feft a\nd one unit down.

g(x) =2h lx .

2
The graph of g is the graph of h stretched

horizontally(and virtically by a factor of 2.

g(x) =-3h —1x .

3
The graph of g is the graph of h stretched

128. y= f(x)= f (-%(-4@).

2.7 Maintaining Skills

132.

133.

134.

135.

136.

137.

Stretch the graph of y = f(-4x) horizontally

by a factor of 4 and reflect it about the y-axis.

=x3-8

4 3

2

X—2)[X2+2X+4]

=x3 +2x% +4x - 2x% - 4x -8

(xz +x+1](x2 —x+1]

3 2

2

=X —-X +X +X —-X +X+X -x+1

=x*+x%+1

f(x)=

2x -3

x> -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 (-o0, 2)U (2, 3)U (3, ).

x-2
f(x)=

_x2—4

The function is not defined when the

denominator is zero.

x2—4:0:(x+2)(x—2]:0=> X

=2, 2

The domain is (o0, - 2)U (-2, 2)U (2, ©).

—

f(x)= 2x-3

The function is defined only if 2x —3> 0.

2X-320=> 2x=23> ng

The domain is

Copyright © 2015 Pearson Education Inc.
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horizontally by a factor of 3, reflected about lz
the y-axis, stretched vertically by a factor of
3, and reflected about the x-axis.
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138. f(x)= =T

The function is defined only if 5 —2x > 0.

5-2x>0=> -2x>-5> x<§

5\

The domainis -0, = .
2

2.8 Combining Functions;
Composite Functions

2.8 Practice Problems

1. f(x)=3x-1, g(x)=x2+2

(F+a)(x)=f(x)+g(x]

=3x-1+x°+2=x
(f-9)(x)=f(x)-9(x)

:(3x—1)—(x2+2]:—xz+3X-3

2+3x+1

() ()= 7 (x)- 9 (x)
/ \ = (3x-1)(x* +2) =3x° - x® + 6x-2
t

(-l 3x=t

2. f(x)=x-1, g(x)=+/3-x
The domain of fis [1, ») and the domain of g

is (-c0, 3]. The intersection of D;and Dy,
D¢ NDy =[1, 3].
The domain of fg is [1, 3].
The domain of L is [1, 3).
g
The domain of ‘? is (1, 3].

3. f(x)=-5x g(x)=x*+1

5.

=8-8x+2x%2+1=2x%>-8x+9

b. (fDg)(x)=f(g(x)=f(2x*+
=2—(2x2 +1]=1—2x2

c. (9Dg)(x)=9(9(x))=9 [2x2 +1)
= 2(2x? +1]2 +1

= 2[4x4 +4x° +1]+1
4 2

=8x +8x +3

v 2
()= x+1 g(d= _,
Let A={x|g(x) is defined}.

g (x) is not defined if x = 3, so
A= (-, 3)U(3, ).
Let B= {x| f(g(x) is defined}.

f(g(xJ):‘/ 2 +1=J2+X-3: \/x—l

Xx-3 Xx-3 X-3

f (g (x)) is not defined ifx = 3 or if X~ <0,

X-3

x-1=0=> x=1
Interval Test Value of Result

point x—-1

X-3

S : .
1 3) 2 -1 -
(3 @) 4 3 +
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222 Chapter 2 Graphs and Functions

2 (f0g)(0)= (g (0) f (g (x)) is not defined for [1, 3), so
= 1(02+1)=f()=-5 B:(“”’Il]u(?’l’ @). o
b. (90 1)(0)=9(f (0)) U
=g(-5:0)=g(0)=1 -1 0o 1 2 3 4

The domainof fDg is
ANB =(-,1]U (3 ).
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6. f(x)=m, g(x)=\/4—x2

a (ﬂmug=f(gun=f(JZ?P)

=Wa-x2 -1

The function g (x)=+4-x? is defined for

4-x220= x’<4> -2<x<2. So,
A=[-22].

The function f (g (x)) is defined for

Va-x?-120=+4-%x% 21>

4-x221> -x*2-3> x*<3=>

-J3<x<43
So, B:[— 3,\6].
A J_. | | | é |
-2 -1 0 1 2 3
B \: | | | :\ |
—~3 - 0 1 V32 3
ANB | g1 | | o |
-3 -1 0 1 V32 3
The domainof fDg is
AnB=[—\/§,\/§].
| |
2
b. (gD f)(x)=g(f(x))=4-(Vx-1]
J N

= 4-(x-1)= 5-x
The function f[x): x -1 is defined for
x-120= xz1.So, A=[l, o).

The function g (f (x)) is defined for
5-x=20=5=x%, orx<5. So,

B = (-, 5].
A | Py L ] | |
0 1 2 3 4 5
B | | L ] I Py
0 1 2 3 4 5
ANB . . ' ' . .
0 1 2 3 4 5

8a. A=f(g(t))=f(g(3))=f(3)
=T (3t)2 = 9nt?

b. A=ont? =9m(6) =324n
The area covered by the oil slick is

3241 ~ 1018 square miles.

9.a. r(x)=x-4500

b. d(x)=x-0.06x = 0.94x

c. i. (rpd)(x)=r(0.94x) = 0.94x - 4500

ii. (dDr)(x)=d (x-4500) = 0.94(x - 4500)

=0.94x - 4230

d. (dDr)(x)-(rDd)(x)
= (0.94x - 4230) - (0.94x - 4500)
=270

2.8 Basic Concepts and Skills

1. (g-f)(2)=4-12=-8

2. g()=[f(x)+a(x)]- 10

=0-(2x-1)=1-2x

5. False. (fDg)(x)=f(g(x))=f =

6. False. For example, if f (x)=2x and

\

X :l-2x:x and
2

g(x)=%x,then

|

(Dg)(x)= 1

O L
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The domainof gD f is AnB =1, 5].

7. H(x)=
1
If f(x)= N , then

H(x)=(Fg)(x)= (V2 +1] -

1

2x2 +1

9

(x) = 2x% +1

Jax2 1

(gDf)(x]zg(f(x]]zg[Zx]z%~2x=x.

7a (f+g)(-)=f(-D+g(-D)

2-)+-(-)=-2+1=-1

b. (f-g)(0)= f(0)-g(0)=2(0)-(-0)=0

c. (f-9)(2)=1(9(=22)(-2)=-8

ﬁi\ 20
g Vg 17T
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8a. (f+g)(-1)=f(-D+g(-)) c. f-g=(x-3)x%=x3-3x%
=[1_(_1)2]+(_1+1)=0 domain: (-oo, o)
b. (f-g)(0)=f(0)-g(0) d t- XX;23; domain: (-0, 0) U (0, )
=(1-0%)-(0+1)=0
g x° .
c. (f-9)(2)="1(2-9(2) Y domain: (-0,3) U (3, )
=(1-2%)-(2+1)=-9
2
(f\ Q) 1-12 12.a. f+g=x +2x-1 domain: (-, )
d. 1) = = =
k9/“) g@) 1+1 b. f-g=2x-1-x%=-x%+2x-1
9a. (f+g)(-1)=f(-+g(-1) domain: (~eo, )
1 2 3_ 2
= +(2(-1)+1)=0 c. f-g=(2x-1)x°=2x"-x"5;
V-1+2 ( ) domain; (-0, )
b. (f-g](0)=f(0)-g(© -
(f-9)(0)=f(®-9(0) g L e (.0 U (0.00)
=#—(Z(O)+l)=£—l 9 X?
b RN
a X 1 1
c. (f-9)(2)= 129 g Ty AT, Uy
= 1 .(2(2)+1):§
N2+2 2 13.a. f+g=(x3—1]+(2x2+5]=x3+2x2+4;
1 domain: (-0, )
(i\ f@_Viea 1 _8 d 2 3_ 9,2
d. (1) = = = = b. f—g=(x —1)—(2x +5)=x - 2X° - 6;
g 90 2+l 339 domain: (-0, ®)
10.a. (f + g)(—l) = f (-1 'l_-lg(—l) e f = [X3 _1](2)(2 +5]
= 2 +(3-(-) 5 3 2
(-)" -6(-1)+8 =2X +5bx -2x -5
1 4_@ domain: (-0, o)
“T157% 15 5
d. T =271 domain: (~o0, o)
b. (f-9)(0)=f(0)-9(0) T g 23+5 o
0
=—— ——-(3-0)=-3 2,
0% -6(0) +8 e. % = 27)(3 _—15 ;domain: (-o0,1) U (1, )
c. (f-9)(2)=1(-9
_ 2 '(3_2)22'1: 14.a. f+g=(x2—4)+(x2—6x+8)
2°-6(2)+8 0 = 2x2 - 6x + 4;domain: (-0, @)
the product does not exist.
1 L b. f—g=(x2—4)—(x2—6x+8]=6x—12;
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t|  fa 12-6M+8 3 1 domain: (-0, o0)
1 = = = =
U gm™ a1 T27e 6 o= (xt-4)x2-6x+9)
4 3 2

11.a. f +g=x?+x-3; domain: (-, ) =X -6x +4x +24x-32
domain: (-0, )

2

b. f—g=x—3—x2=—x +Xx-3;

domain: (-0, ©)
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d.

15.a.

16.a.

£ x*-4 [(x+2)(x-2) x+2

g x2-6x+8 (x-4)(x-2] x-4

g(x)=0 ifx=2orx =4, so the domain is
(-0,2)U(2,4) U (4,).

9 ._ &2 -6Xx +8 =lx—4|(x—2| _x—4
f

x2-4  (x+2)(x-2)

X+2

f (x) =0 if x =2 or x = 2, s0 the domain is
(-0, -2)U(-2,2) U (2, ).

f +g =2x++/x -1 domain: [0,0)

f - g =2x-+/x -1 domain: [0,c0)

fg=@x-DVx = 2x/x - Jx;

domain: [0,»)

r_x =L, Jomain: (0, )

g  Jx
a__Jx

; the numerator is defined only

f 2x-1
for x = 0, while the denominatw)r TO thn

X = l,sothedomain is [O, 7 U}\l,oo/‘.
2 l 2 2
f+g= 1—l +==1
U
Neither f nor g is defined for x = 0, so the
domain is (-o,0) U (0, ).

f-g= 1—l _1:1_2;
XX X

domain: (-, 0) U (0, »).

( l\(l\ 1 1 x-1

f'g:|\l

_X/||\X/| X_Xzz X2 ;

domain: (-o0,0) U (0, ).

17.a.

a.

X X
Neither f nor g is defined for x = 0, and g/f is
not defined for x = 1, so the domain is
(-00,0) U (0,2) U (1, ).

X 2 +X
+ =

f+g=
x+1 x+1 x+1

Neither f nor g is defined for x = —1, so the

domain is (-0, -1) U (-1, ).

_2-x
X+1

domain:, (-co, —Z\) U (51, ).

ol

f-g: =

x+1 x+1 [x+1)2

domain: (-0, -1) U (-1, »).

2
l: x+1=2
g X X
X+1

Neither f nor g is defined for x =—1,and f /g

is not defined for x = 0, so the domain is
(-o0,-1) U (-1, 0) U (0, ).

+ | X
(RN

f_x

g

N
N IX

x+1
Neither f nor g is defined for x =—1, so the

domain is (o0, -1) U (-1, ).

_ 4x+10

X+1

5x-1 4x+10 9x+9

f+g=X+ + =

Copyright © 2015 Pearson Education Inc.
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1_ - = = 9
L _x x 9 x+1
X+1
g -1 1 =x-1 Neither f nor g is defined for x = —1, so the
X X domain is (-0, -1) U (-1, o).
Neither f nor g is defined for x = 0, so the
’ 5x-1 4x+10 _x-11
domain is (-c0,0) U (0, ). b. f-g= -

X+1 Xx+1 x+1

Neither f nor g is defined for x = -1, so the
domain is (-, -1) U (-1, o).
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5x-1 4x+10 20x%+46x -10

¢ Tg= x+1' x+1 ~ X2 +2x+1

Neither f nor g is defined for x = —1, so the
domain is (-0, -1) U (-1, o).

5x-1
d. i: x+1 :M

g 4x+10 4x+10
X+1

Neither f nor g is defined for x = —1 and
f/g is not defined for x = -5/2, so the

domain is —oo,—5 U —'5,—1 U (-1 o).

2 2
4x +10

o 9 __x+1 _ 4x+10
" f 5x-1 5x-1

X+1

Neither f nor g is defined for x = —1 and
g/f isnotdefined for x =1/5, so the

Ia

domain is (-c0,-1) U | -1, Light o,

5 5
_x2— 2X
19 f(x)—x+1,g():xz_l
2 2
2X 2X
frg= X
A ] x2-1_x (x-1)  x*-1
x% -1
B G
x% -1

f is 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

(-0, -1)U (-1, 1)U (L ).

b f-g= x2 _2x _ x*(x=1) _2x

x+1 x2-1 x2-1 x%2-1

2 2x 2x3

C. f = . =
9741 x2-1 x3+x%-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

(-0, -1)U (-1 YU (L, ).

f is not definedf for x = —1, g is not defined for

x=%1,and f g isnotdefined for either —1
or 1, so the domain is
-0,-1U -1,1U1 o .

Neither f nor g is defined for x = —1 and

g/f is not defined for x =0 or x = 1, so the
domain is (-, -1) U (-1,0)Ju (0, U (L, ).

X -3 X -3
20. f(x)= ) ;g(x)= )

X -25 X +9x+20
x-3 . x-3

QD
—_
+
(=]
|

x> =25 x%+9x+20
- X -3 + X -3
(x-5)(x+5) (x+4)(x+5)
_ [x=8)[x +4)+(x -3)(x -5)
N (x-5)(x+5)(x +4)
LZ—+X -12 +x%-8x +15
x° +4x% - 25x =100

= 2% -7x+3
3 2

X +4x -25x-100

x2 -1
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x(x-2)(x +1} f is not defined for x = =5 and x = 5, g is not
= (x—l)(x+l) = x2-1 defined for x = —4 and x = -5, and f + g is not
w2 _ox defined for —5, 5 or —4, so the domain is
o1 (~00,-5) U (-5, - 4) U (-4, 5) U (5, ).

f is not defined for x = —1, g is not defined for
x = %1, and f — g is not defined for 1, so the

domain is (-0, -1) U (-1, 1JU (L, o).
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b.

fog= Xx-3 _ Xx-3

x> =25 x%+9x+20
X-3 _ X -3
(X—5)(x+5) (x+4)[x+5)
_[x=3)(x+4)-(x-3)(x -5)
~ (x-5)(x+5)(x+4)
x% +x -12 -(x? -8x +151

= <

x2 + 4x% - 25x - 100

9x -27
x2 + 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, ).
X=-3 x -3

f-g=
x% - 25 X2 +9x + 20

x—32

[x2 - 25) (xz +OX + 20)

_ xZ-6x +9
x* +9x% - 5x2 - 225x - 500
f is not defined for x = =5 and x = 5, g is not
defined for x = —4 and x = =5, and fg is not
defined for —5, 5, or —4, so the domain is

(-c0,-5) U (-5, - 4)u (-4, 5) U (5, ).

x-3
f__ x*-25
g X -3
X2 +9x + 20
_ X -3 ‘(x+51x+4 _Xx+4
(x-5)(x+5) x-3 X-5

f is 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 x =5 or x = 3, so the domain is

(~00,-5) U (-5, - 4) U (-4, 3) U (3, 5) U (5, ).

x -3
9 _ x? +9x+20
f X-3

21. f(x)=i; g(x]=2)(7_7

x% -16 X2 - 7x+12

feg= 2X . 2X -7

x> -16 x2-7x+12
2X 2X =7

" (x-4)(x+4) " (x-4)(x-3)

B 2x(x—3|¢(2x—7]|x+4|
T (x-4)(x+4)(x-3)
_x;—Gx +2x%+x -28

a.

x3 -3x% _16x + 48

__ 4x*-5x-28
x3 -3x2 -16x + 48
fis not defined for x = —4 and x = 4, g is not
defined for x =3 and x = 4, and f + g is not
defined for —4, 4, or 3, so the domain is

(~o0,-4) U (-4, 3)U (3, 4) U (4, ).

22x  _2ox-1

-7x +28
T (x-4)(x+4)(x-3)

-7(x-4
(x-4)(x+4)(x-3)
7

(x+4)(x-3)

f is not defined for x = —4 and x = 4, g is not
defined for x =3 and x = 4, and f + g is not
defined for —4, 4, or 3, so the domain is

(-c0,-4) U (-4, 3)U(3, 4)U (4, ).

2X _ 2x -7

c. f-g=

x2-16 x%-7x+12
2
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=4 3 2
-3 ‘ X -5 ‘X +5 -5 ) X .—7X -4x° +112x-192 )
— = =X= fis not defined for x = —4 and x = 4, g is not

(x+5)(x+4) X -3 X+4 defined for x = 3 and x = 4, and fg is not
defined for —4, 4 or 3, so the domain is

f is not defined for x = =5 and x = 5, g is not
defined for x =—4 and x =5, and g/f isnot

defined for x = —4 or x = 3, so the domain is
(-o0,-5)U (-5, - 4)u (-4, 3)u(3,5)U (5, ).

(-o0,-4)u (-4, 3)U(3, 4JU(4, ).

Copyright © 2015 Pearson Education Inc.



228 Chapter 2 Graphs and Functions

g 2x =7
X2 - 7x+12
2% |x—4]|x—3]
T (x-4)(x+4)  2x-7
_2x%-6x
T ox2+x-28

f is not defined for x = —4 and x = 4, g is not

defined for x =3 and x =4, and f /g is not

defined for x=—4 and x =7/2, so the

il

(-0,-4)u(-4,3)u'3, ~ U ~,4

2 2
u(4, ).
2x -7
e 9. x% -7x +12
f _2x
x? -16
_ 2x -7 |x—4|(x+4|

(x-4)(x-3)[2 2x
_ x=7)(x+4) _ 2x% +x-28

2x(x-3) 2x?% - 6x

f is not defined for x = —4 and x = 4, g is not
defined forx =3 and x=4,and g/ f isnot

defined for x = 0 and x = 3 so the domain is

(-o0,-4)u (-4, 0)u (0, 3)u (3, 4)
U (4, oo).

22a. f+g-= +

3
X" +4x X2 4x-2

(x+2)(x +1) A[l;ﬂl

x[x2 +4] ' (x-1)(x+2)

C x5 +17x* +4x3 +35x% - 4x - 4

b.

f_g=x2+3x+2_ 2x3 +8x
X3 + 4x X2 +x-2
2

x+2)(x+1 _ﬁ[_ﬁl

(x-1)(x+2)

x(x2 +4)

-2x5 —15x* +4x°® -29x% -4x -4
x(x2 +4)[x—1][x+2)

2x® 15x* ax® 29x% 4x 4
+ - + + o+
5 4 3 2

X +X +2X +4x -8x

f is not defined for x = 0 and g is not defined
for x=-2and x = 1, so the domain is

(-e0, —2)u (-2, 0Ju (0, U (L, ).

x2—+3x +2\\ / )3-+8x \\

e

X+2)[x+1 ﬁ[_&z_ﬂ]
B x(x2+4) )\[x—l)[x+2])

f is not defined for x = 0, g is not defined for
x=-2and x = 1, and fg is not defined for
X =1 so the domain is

(-e0, —2)u (-2, 0Ju (0, U (L, ).

x2 +3x +2 [_]'[_lx +2)lx+1
f 3 _X[_&;ﬂl
X +4x

g 2x%+8x ZA[_xz +41
XFHx=2 (¢ 1)(x+2)

(x+2|2*|x—1 |x+1|

2x2 (XZ + 4]2

_ x*+ax3 +3x% - 4x- 4
- 6 4 2

2X +16x +32X
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x(xz + 4) (x _1) (x + 2) f is not defined for x = 0, g is not defined for
6 4 3 ) x=—2andx=1,and f/g is not defined for
2X—+17X+4x=+35x5-4x -4 _ -
= X =0, so the domain is

5, .4 3 2
x5+ x% + 2x3 + 4x2 - 8x (-0, -2)u (-2, 0)u (0, U (L, ).

f is not defined for x = 0 and g is not defined
for x=-2 and x = 1, so the domain is

(-o0, -2)U(-2,0)uU (0, 1)U (1 ).
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2x3 +8x 2x[_x2 +4l
o Qz_XZ*+X—Z _ x-1)(x+2
f o xZ43x+2 [_X_+2l[)<_+11
x3 + 4x x(x2 + 4]
2 2 2

2 [_x +4)

C(x+2)? (x-1)(x+1)

_ 2x8+16x%+32x%—
x* +4x3 +3x% -4x-4

26.

f is not defined for x = 0, g is not defined for
x=-2andx=1,and g/f is notdefined for

Xx=-2,x=-1,and x = 1, so the domain is
(-0, —2)u (-2, -1)u(-1,0)u (0,1
U(lL o).

f(x)=vx-1, g(x)=+5-x
f (x) is defined if x-1=0= x>1. Thus,
D; =[1, w).

g (x) is defined if 5-x > 0=

-x=-5= x<5. Thus, D, = (-, 5].
a. The domain of fg is D; N D, =1, 5].

b. f/g isnotdefined for v5-x=0= x =5,

50, the domain of f /g is [1, 5).

f(x)=vx-2, g(x)=+vx+2
f (x) is defined if x-2>0= x> 2. Thus,

D =[2, »). g(x) is defined if x+220=

x > -2. Thus, D, = [—2, ).
a. The domain of fg is D; N D, =2, ).
b. f/g isnotdefined for

VX+2=0= x=-2. Since -2¢ D; N D,,

217.

28.

29.

30.

31.

32.

33.

f(x)=vx%-4, g(x)=+v25-x2
f (x) is defined if X2 -4>0> x’ 24>
(—00,—2]U[2, oo).

Thus, D; = (-, 2] U[2, ). g(x) is defined

if 25-x>>0= 25>%x%>= -5<x<b5.
Thus, D, =[-5, 5].

a. The domain of fg is

p,nD, =[5, -2ulz 5.

f /g is not defined for

25-x% =0 = x = +5. Thus, the domain of
f/g is (-5, -2]u[2 5).

(9D 1)(x)=

[X —1]+3 2x°2 +1;

(90 1)(2)=

2(22 -1]+3=9;

(90 1)(-3)=

2((-3)2 -1) +3=19

(9D £)(x) =3+ -1=3[x* + 2x+1] -1
2

=3X +6X+2
(gD f)(2)=3 |2 1|2—1 26
(gD f)(-3)=3|(-3)+1f* -1=11
(fDg)(2)=2(2(2%)-3)+1=11
(ng)(2)=2(2(2)+1)2-3=47
(fD0)(-3)=2(2-3)* -3 +1=31
(gD f)(-5)=2(2(-5)+1)* -3=159
(90 1)(a)-2(2a 1) -3
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the domain of f /g is D; N D, =2, »). =2(4a2+4a+1]—3

=8a’ +8a-1
25. f(x)=x+2, g(x)=+9-x2

2

f (x) is defined if x+220= x> -2. Thus, 34 (gpf)(-a)=2(2-a)+1) -3

=2(4a% - 4a+1]-3
D, =[-2, ®). g(x) is defined if 9-x* 20= (za ar )
=8a”-8a-1
92x*= -3<x<3. Thus, D, =[-3, 3].
a. Thedomainof fg is D; N D, =[-2, 3].
, 2
b. f/g is not defined for 36. (QDGJ(‘1)=2(2(-1) -3) -3=-1

9-x%=0=> x =413,
Thus, the domain of f /g is [-2, 3).

35. (fDf)(1)=2(2)+1)+1=7
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37. (1Dg)(x)= 2 =2 ==
l+1 Xx+1  x+1
X X

The domain of g is (-0, 0) U (0, «). Since
-1 is not in the domain of f, we must exclude
those values of x that make g(x) = 1.

l=—1=> x=-1
X

Thus, the domainof fDg is

(-e0, ~1)U (-1 0)u (0, ).

38. (fDg)(x)=——=—"1
2 _ 2-(x+3)
X+3 X+3
X+3 X+3

The domain of g is (-, -3) U (0,-3). Since 1 is

not in the domain of f, we must exclude those
values of x that make g(x) = 1.
2

X+3

=1=>2=x+3=>x=-1

Thus, the domain of fDg is
(-o0, =3JU (-3, -1 U (-1, ).

39. (fDg)(x)= /(2-3x)-3=+-1-3x

The domain of g is (-c0, ®). Since f is not

defined for (-0, 3), we must exclude those
values of x that make g(x) > 3:

2-3x<3= -3x<1l=> x>-

——w I

Thus, the domain of fDg is }\—w,—l .
3

__2+4b5x  2+5X
"~ (2+5x)-1  1+5x

40. (fDg)(x)

The domain of g is (-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=—%

43. f(x)=2x-3, g(x)=x+4
Domain of f = (-0, o)

Domain of g = (-, ©)

a. (fDg)(x)=2(x+4)-3=2x+5
Domain: (-0, )

b. (9D f)(x)=(2x-3)+4=2x+1
Domain; (-, )

c. (fDf)(x)=2(2x-3)-3=4x-9;
Domain: (-0, »)

d. (ng][X]=(x+4)+4: X+8;
Domain; (oo, ©)

44. f(x)_x_3, g(x)_3x 5

Domain of f = (-, )

Domain of g = (-, ©)
a. (fDg)(x)=(Bx-5)-3=3x-8;
Domain; (oo, ©)

b. (gD f)(x)=3(x-3)-5=3x-14;
Domain: (oo, )
c. (fDf)(x)=(x-3)-3=x-6;
Domain: (-0, )
d. (gDg)(x)=3(3x-5)-5=9x - 20;
Domain: (-0, o)
45. f(x)=1-2x, g(x)=1+x>
Domain of f = (-0, o)
Domain of g = (-, »)
a. (fDg)(x)=1-2(+x?) =-2x* -1

Domain: (-oo, )

b. (gD f)(x)=1+(1-2x)? = 4x* - 4x+2;
Domain: (-oo, )
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230
c. (fDf)(x)=1-2(1-2x)=4x-1
Domain: (-o0, ®) .
Thus, the domain of f Dg is
( \ \ 22 4 2
1 1 d. (gDg)(x)=1+@+x ) =x +2x +2;
-0,-~ U -",0 ,
5 5 Domain: (-0, )

41 (fpg)(x)= }xz —1‘; domain: (-, o)

42. (fDg)(x)=3k-1]-2; domain: (-co,)
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46. f(x)=2x-3, g(x)=2x2

Domain of f = (-, )

Domain of g = (-, ®)

a. (fDg)(x)=2(2x?)-3=4x"-3;
Domain; (oo, »)

b. (gD f)(x)=2(2x-3)? =8x? - 24x +18;
Domain: (-0, o)

c. (fDf)(x)=2(2x-3)-3=4x-9;
Domain: (-co, ©)

d. (gbg)(x)= 2(2x2]2 =8x4;
Domain: (-0, )

a7 1(=x%, 9(=x
Domain of f = (-, ©)

Domain of g = [0, «)

7a. (fDg)(x)= (x/;)z = x; domain: [0, «)
b. (gD f)(x)= \/x_2= x|; domain: (o0, )
2
(xz] = x*; domain: (-0, c0)

c. (FDpf)(x)=

s
d. (gDg)(x)= \/ﬁ =% x; domain: [0, ©)

48. f(x):x2+2x, g(x)=vx+2

Domain of f = (-, )

1 g
2x -1’ X

49. f(x)=

N 1
a. (fpg)(x)= /1\ = ;
2! =1 2
X2 )(2
x2 x2
2o X2

The domain of g is (-, 0) U (0, ). Since 3
is not in the domain of f, we must find those
1

values of x that make g (x) = ;.

1

“loeoos X =2

x> 2

Thus, the domai?off Dg if/f NG

(o= 2Ju(- 2,0)u(o, 2)u[ 2,=).

b. [ng)=le\§:[2x—l]2
"

The domain of fis , U _,00/
2 2

is not in the domain of g, we must find those
values of x that make f (x)=0. However,

. Since 0

there are no such\val%es, so\the domain of
1 1

gDf is |-00, U ,ooj.
2

Domainofg=[—2, ) L1y 1
, e (fof)(x)= L 1 ) = 2-2x+1
a. (ng)(x)=(\/x+2) + 20X +2 2 ox -1 -1
= X+ 2+ 24X +2; domain: [-2, ») _ 2x—1=_2x—1
3-2 2% -
b. (gD f)(x)= Vx? +2x+2; domain: (-0, ) The domain of fis |-co 1 u i
"2 2
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(fDf)(x)=(x2+2x)2+2(x2+2x) oy -1 3\ /§ \

ot a3 s A + 202 + Ax T oy_3 is defined for —00,2 U 2,00 ,

= x*+ 4% +6x% +4x; sp the domain of \f D/f is
Domain: (-o, )

(9Dg)(x)= \/7\/X+2+2; domain: [-2, ») 2 22 2
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d. (ng)(x)z‘(—i\sz“.

X2

The domain of g is (-c0,0) U (0, ), while

4

gD g =x" is defined for all real numbers.

Thus, the domain of gD g is (-e0,0) U (0, ).

50. f(x)=x-1, g(x)=L

X+1

Domain of f = (-, ).

Domain of g = (-, -1)U (-1, =).

=x—(x+1)= 1

X
a. (fDg)lx)= -1
( )() X+1 X+1 X+1

The domain of g is (-0, 1) U (-1, ©). Since

f is defined for all real numbers, there are no
values that must be excluded. Thus, the

domainof fDg is (-, -1)U (L, ).

b. (gnf)(x)=—1—= %2
(x-)+1 x
The domain of f is all real numbers. Since g is
not defined for x = -1, we must exclude those
values of x that make f(x) = —1.

Xx-1=-1=>x=0

Thus, the domain of gD f is (-o0,0) U (0, ).

c. (fDf)(x)=(x-)-1=x-2
domain: (-0, ©)

X X
X
d. [ng)(x): x+1 _ _ x+1 _
X X+x+1  2x+1
+1
X+1 X+1

The domain of g is (-, -1) U \—1,/00), wh\'Ie

is defined for —oo,—l U —l,
2x+1 2 2
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c. (fpf)(x)= ﬁ;l; domain: [2, o)

d. (gDg)(x)= J4-Ja=-x; domain: [-12, 4]

52. f(x)=x?-4, g(x)=v4-x

Domain of f = (-, ).

Domain of g =[-2, 2].

o

(D) (x)=[ 4-x7) -4=-x2

Domain: [-2, 2]

c. (fpf)(x)=(x*-4) -4

=(x4 - 8x2 +16)—4
=x*-8x%+14

Domain: (-co, )

d. (9Dg)(x)= [F= T—x= ‘

Domain: [-2, 2]

—

53. f(x)= x*-1,g(x)= 4-x
Domain of f = (o, —1]U [1, ).

Domain of g = [—2, 2

a (109)()-
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The domain of gDg is

1

(-o0, ~1)U —1,—l U -=,0 .

2 2
51. f(x)=x-1, g(x)=+4-x

Domain of f = [1, w].

Domain of g = (-, 4].

a. (fDg)(x)= Vv4-x-1; domain: (-0, 3]

b. (gD f)(x)=4-+x-1; domain: [1 17]

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

omain; [— ]
D lﬁ, 3J

b. (gD f)(x)= 4—( x2—1]2

"
= 4-X +1=\/‘5—x
Domain: [—\/5, —1]U[1, 5]
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c. (fpf)(x)= [x2-1]2_1=\/x2-z
20V
Domain: f=(-oo, el 2, oo),

Domain: [—2, 2]

54. f(x)=vx%-9, g(x)=v9-x
Domain of f = (-, -3]U 3, «).
Domain of g =[-3, 3]

a. (fpg)(x)= ( 9-x } —\7

= 9- X2 -9 = —X2
Domain: {0}

b

<

= 9-x*+9= 18-x?

Domain: [—3\/7, —3] U[S, 3«/5]

d. (gDg)(x)= 9—( 9—x2]2

N

= 9-9+x%= x° =|x|

Domain: [—3, 3]

1+x

=0=>1+x=0=>x=-1
1-x

Thus, the domainof fDg is
(-o0,-1) U (-11) U (L ).

= =-2x-1
The domain of fis (-, 0) U (0, ). Since 1 is

not in the domain of g, we must find those

values of x that make f(x) = 1.
1+ 1 =1= 1 =0

X X
There are no values of x that make this true, so
there are no additional values to be excluded
from the domain of gD f. Thus, the domain

of gD f is (-,0) U (0, ).

1 1

c. (fof)(x)=1+ TRE Tt S
1+X X

_ 2x+1
T ox+1

The domain of f is (-,0) U (0, ).

axxl () )

is defined for -o0,-1 U -1,00 ,
X+1

so the domainof fD f is
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55. f(x)=1+ ,g(x)=1+x
X 1-x
Domain of f = (-, 0)u (0, =)

a. (fDg)(x)=1+ =1+
1+x 1+X
1-x
=1+x+l—x _2
1+X 1+x

The domain of g is (-,1) U (1, »). Since 0 is
not in the domain of f, we must find those
values of x that make g(x) = 0.

The domain of g is (-,1) U (1, »),
while - 2 is defined for (=c0,0) U (0, ).

X
The domainofgDg is
(-0,0) U (0,2) U (1, ).

56. f(x)=%x+1, g(x)=x>+1

Domain of f = (-, ).

Domain of g = {fo, ). J

a. (f Dg][x): 3(x3+1)+1: 3x3+2;
domain; (oo, o)

b. (gD f](x):(3x+1)3+1=x+2;
domain; (oo, )
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c. (fDf)(x)=Y¥x+1+1; domain: (~co,00)
d. (9Dg)(x)= (x3 +1)% +1; domain; (o0, )

In exercises 57—66, sample answers are given. Other
answers are possible.

57. H(X) =/x+2= f(X) =X, g(X) = x+2
58. H(x)=3x+2/= f(x)=Ix,g(x)=3x+2

59, H(X)=(x" —3)10 = F(0) =10, g(x) = x* -3

60. H(x):@w: f(X) = /X +5,g(x) = 3%

61. H(x)=L=> f(x)= l,g(x)=3x—5

3x-5 X

62. H(x)=L=> f(x)= §,g(x)=2x+3
2x+3 X

63. H)=Vx2-7= f(x)=¥x,g(x)=x*-7
64. H(x)=Ux2+x+1> f(x)=4¥x,

g(x) = x% +x+1

65 H()=——— = f(x) =~ g(x) = 3 -1

[,

|
x° -1 X
66. H(X)=31+/x = f(x)=¥x,g(x) =1+/x

2.8 Applying the Concepts

67.a. f(x) isthe cost function.

b. g(x) isthe revenue function.

c. h(x) isthe selling price of x shirts including
sales tax.

d. P(x) isthe profit function.

68.a. C(p)=C(5000-5p)
= 4(5000 - 5p) +12,000

= 20,000 -20p +12,000
=32,000-20p

69.a.

o

70.a.

71.a.

72.a.

73.a.

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+5x= x=C—=x(C).

¢ 2]
(RDX)(C) = 25 C=801_5¢ _1750.
5

This function represents the revenue in terms
of the cost C.

g(x) = 0.04x
h(x) is the after tax selling price of

merchandise worth x dollars.

f(x) =0.02h(x)+3

T(x) represents the total price of

merchandise worth x dollars, including the
shipping and handling fee.

f(x)=0.7x

g(x)=x-5

(gD f)(x)=0.7x-5
(fDg)(x)=0.7(x-5)
(fDg)- (gD f)=0.7(x-5)-(0.7x - 5)

=0.7x-35-0.7x+5
=$1.50

f(x) =0.8x b. g(x) =0.9x

(gD f)(x)=0.9(0.8x) = 0.72x
(f Dg)(x)=0.8(0.9x) = 0.72x

They are the same.

f(x)=1.1x9(x) =x+8

b. R(p)= px = p(5000-5p) =5000p - 5p>
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b. (fDg)(x)=11(x+8)=1.1x+838

¢ P(p)=R(p)-C( p)2 . This represents a final test score computed
=5000p - 5p“ - (32,000 - 20 p) by first adding 8 points to the original score
= -5p2 +5020p - 32,000 and then increasing the total by 10%.

c. (gDf)(x)=1.1x+8

This represents a final test score computed by
first increasing the original score by 10% and
then adding 8 points.
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74.a.

76.a.

(fDg)(70) =1.1(70+8) = 858;
£)(70) =1.1(70) + 8 = 85.0;

(Fpg)(x)# (gD f)(x)

(i) (fDg)(x)=1.1x+8.8290= x >73.82

(ii) (gD f)(x)=1.1x+8=90= x > 74.55

f(x) is a function that models 3% of an

amount Xx.

g(x) represents the amount of money that
qualifies for a 3% bonus.

Her bonus is represented by (f D g)(x).

200+ 0.03(17,500 - 8000) = $485

521 = 200 + 0.03(x - 8000) = x = $18,700
f(x) =mx?
g(x)=m(x+ 30)2

g(x) - f(x) represents the area between the
fountain and the fence.

The circumference of the fence is 2m (x + 30) .

10.5(2m (x +30)) = 4200 =
m(x+30)=200=
mX+30m =200= mx=200-30m.

g(x) - F(X) =m(x +30)% -mwx?
:1r(x2 +60X+900)—T[X2

(i) First find the radius of the inner track:

900 = 2mx + 360 = % = X . Use this value

to compute f (x) - g(x).

o [
/‘1 T[/ZYO\ /270 \ \

f

=1440+360 — +

(m”_iﬂ

T s
= 3600 + 161 = 3650.27 square meters

-360

(i) The out perimetx\er
=360 + 21 200 +4 = 925.13 meters
T

77.a. (fDg)(t)=m(2t+1)?

b. A®t)= f(2t+1) =m(2t +1)?
c. They are the same.

7Ba (fog)t)= Gr(2) = Zntd

b. V(t)= in[Zt]s - 33—2nt3

= 601 x + 900m. Now substitute

200 - 30m for mx to compute the estimate:
1.75[60(200 - 30m ) + 900w |

=1.75(12,000 - 900m) ~ $16,052.

f (x) =180(2x + 8) + 1 (X + 4)2

= 1440 + 360X + 1 (X + 4)2

g(x) = 2x(180) + T x? = 360X + T x>
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f(x)-
g(x)
repres
ents
the
area of
the
track.

2.8
7

C.

X
.a.

They are the same.

x+4 m

|
\hen you are looking:for.thg
domain of the sum of {

i ' v, I

looking for the intersection of their
domains. Since the x-values that f
and g have in common are -2, 1,
and 3, the domain of

f+gis {-2, 1, 3}. Now add the y-
values.

(f +g)(-2)=3+0=3
(f+g)1)=2+(-2)=0
(f+g)(3)=0+2=2

Thus, f+ g = {(-2, 3), (1, 0), (3, 2)}.
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b. 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. Since the x-values that f and g
have in common are —2, 1, and 3, the domain

of f+gis {-2, 1, 3}.Now multiply the
y-values.

(fg)(-2)=3-0=0

(R =2-(-2)=-4
(f))(3)=0-2=0

Thus, fg = {(~2, 0), (1, ~4), (3, 0)}.

c. 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

{1, 3}. Now divide the y-values.

V_\m
= <«
_)g__/

f.
Thus, ] ={@

-1, (3.0}

d. When you are looking for the domain of the
composition of two functions that are given
as sets, you are looking for values that come
from the domain of the inside function and

when you plug those values of x into the
inside function, the output is in the domain of

the outside function.
f (g(-2)) = f (0), which is undefined

fo()=
f (o)
fo(3)

Thus, fDg={(0,1), (1 3), (3 1)}.

f(2)=1
f(-2)=
f(2)=1

Thus,
[3x+1  if —2<x<1
(f+g)(x)=|2x+2 ifl<x<2
|3x if2<x<3.

8l.a. f(-x)=h(=x)+h(-(-x)) = h(-x) + h(x)
= f(x) > f(X) is an even function.

b.  g(-x) = h(-x) = h(=(-x)) = h(-x) - h(x)
=-g(x) = g(x) isan odd function.

. {f(x) = h(x) + h(-X)
©9(x) =h(x) =h(-x) =
f(x)+g(x)=2h(x) =
h(x) = f (x) ;q(X) _ f(>2<) . q(;() =
h(x) is the sum of an even function and an
odd function.

82.a. h(x)=x%?-2x+3= f(x)=x2 (even),
2
g(x) = -2x+3 (odd) or f (x) = x + 3 (even),

g(x) = -2x (odd)

b. h(x)=axb+x= f(x)=

g(x) = x+ 322 b—ziib (0dd)

1-|x
83. f[x)z\/z—x
1-[x]

f (x) is defined if|2_|x| >0 and 2-|x|#0.
|

2-Xx=0>2=x>x=4%2

Thus, the values —2 and 2 are not in the domain
of f.

|| ||_0|f1 |x|=0 and 2-|x|>0, orif
1-]x|<0 and 2-x|<0.

Caﬁell: 1-'Xx z?land 2—|x|>0.
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80.

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],
f+g=2x+(x+1)=3x+1.

For the interval (1, 2)
f+g=(X+1)+(x+1)=2x+2.

For the interval [2, 3],
f+g=(x+1)+(2x-1) = 3x.

1-x20=>1=x=-1<x<1
2-|x|>0=2>[x=> -2<x<2
Thus, 1-|x|20 and 2-|x|>0= -1<x<1.

(continued on next page)
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(continued)
Case 2: 1-|x|<0 and 2 -|x|<O.

1-|X<0=1<|x|= (-0, ~1]U[1, )
2-|x|<0=3<|x|= (-, -2)u (2, »)

Thus, 1-|x|<0 and 2-|x <0 =
(-0, —2)U (2, ).

The domain of fis (-co, -2) U [-1, 1] U (2, o).

84. x-1 if0<x<2

f(|x|]=|x|—1,—2sx52
[1 if —-2<x<0
[f(x)=Ix-1=1-x ifo<x<1

f(x]={_l if —-2<x<0

x-1 ifl<x<?2

g ()= 1 () +|f (x)

If -2<x<0, then g(x)=|x-1+1=x|=-x.
If 0<x<1, then g(x)=(1—x)+(x—1]:0.

If 1< x<2, then
g(x)=(x-1)+(x-1)=2(x-1).

Writing g as a piecewise function, we have

f|x|=—x if —-2<x<0
g(x)=,0 if0<x<1
2(x-1) iflsx<2

2.8 Critical Thinking/Discussion/Writing

85.a. The domain of f(x) is (-o0,0) U[L, ).

b. The domain of g(x) is [0, 2].

c. Thedomainof f(x)+ g(x) is[1, 2].

1)

d. The domain of
g(x)

is [1, 2).

86.a. The domain of fis (-o0,0). The domain of

fDf

b. The domain of fis (-o0,1). The domain of

fDf is (-,0) because

fDf = % and the denominator
1_

1-X

must be greater than 0. If x = 0, then the
denominator = 0.

The sum of two even functions is an even
function. f(x) = f(-x) and g(x) = g(-x) =
(fF+9)(x) = f(x)+g(x)=f(-x)+9(-x)

= (f +9)(-x).

The sum of two odd functions is an odd
function.

f(=x) =-f(x) and g(-x) = -g(x) =

(f+9)(=x)= (=) +9(-x)=-F(x) - 9(x)
=-(f +9)(x).

The sum of an even function and an odd
function is neither even nor odd.
f(x) even = f(x)= f(-x) and g(x) odd =

9(=x)=-9(x) = f(-x)+9(-x) =
f(x)+ (—g(x)] , Which is neither even nor

odd.

The product of two even functions is an even

function. f(x) = f(-x) and g(x) = g(-x) =

(f-9)(x) = F(x)-9(x) = f(-x)(9(-x))
=(f-9)(=x).

The product of two odd functions is an even
function.

f(-x)=-f(x)and g(-x) = -g(x) =
(f-9)(=x) = f(=x)-9(-x) = = F (x)(-9(x))

=(f-9)().
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 =

is @ because
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[N

fDf= g(-x)=-
and g(x)=
o1 f(=%-9(-%) / —
s o=t v
(Fa()=-(
f-g)(x)
the denominator is the square root of a 88.a. f(-x)=-f(x)andg(-x)=-g(x)=

negative number.

(fDg)(-x)=f(g(-x))=f(-9(x)=
-f(g(x))= (fDg)(x) is odd.
b. f(x)=f(-x)andg(x)=g(-x)=

(Fog)(-x)=f(g(-x))= f (g ()=

(fDg)(x) iseven.

Copyright © 2015 Pearson Education Inc.
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c. f(x)odd= f(-x)=-f(x)and
g(x) even = g(x) = g(-x) = (f Dg)(-x)
f(g(x))=f(a(-x))= (fDg)(x) iseven.
d. f(x)even=> f(x)=f(-x)and g(x) odd =
9(-x)=-9(x) = (fDg)(-x) = f (-g (x))
=f(g(x))=(FDg(-x)= (FDg(x]) is

even.

2.8 Maintaining Skills

89.a. Yes, R defines a function.

_x+1
b. s={2-3), -1, (31 2)} 3. f(x)=3x-1 g(J="7
No, S does not define a function since the (fDg)(x) = f /XL\ _ 3/&\ 1=y
first value 1 maps to two different second 3 3
values, —1 and 2. -
(9D 1)(x)=g(3x-1)= X2 = x
90. The slope of PP’ = 25 -1, while the slope
5_9 Since (g (x))=g(f (x))=x thetwo
of y = x is 1. Since the slopes are the negative functions are inverses.
reciprocals, the lines are perpendicular. The 4
o | 245 542 7 7 4. The graph of f s the reflection of the graph
midpointof PP" is =, ¥ = —, 7,
2 2 2 9 of f about thé; i
y=/" 3
which lies on the line y = x. Thus, y = x is the 2.1 ) ?
perpendicular bisector of PP’ [ |ﬁ|/0
e
9]1. X=2y+3= X 3-2y=>ﬂ—y :;
. A= o= 2 ° (—4,-2) «
(2,4
92. x=y2+1, y20=x-1= yZ:\/x—l= y
93. x2+y2 =4, x<0= x2 =4—y2=>
X = —\4-y? 5. f(x)=-2x+3 is a one-to-one function, so the
function has an inverse. Interchange the
94. 2X - 1 =3= - 1 =3-2x=> 1 =_-3+2x = variables and solve for y:
y y y f(X)=y=-2x+3= x=-2y+3=
y=—t x-3 1,00 37X
2x -3 S Ey=Ry=="

2 9 Inverse Functions 6. Interchange the variables and solve for y:

X

f(x)]=y=—"_,x#3
() y X+3

5 x=—\L=>xy+3x=y=>3x=y—xy=~

1. f(x)=(x-1)° isnot one-to-one because the y+3

2.9 Practice Problems
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horizontal line y = 1 intersects the graph at two _ ¥ > _3x_ NN
different points. 3 y(l XJ 1-x y
f1(x) S 1
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7.

X

f(x)]=—"—
( ) X+3

The function is not defined if the denominator is

zero, so the domain is (-c0,-3) U (-3,). The

range of the function is the same as the domain
of the inverse (see practice problem 6), thus the

range is (-o0,1) U (1,].

G is one-to-one since the domain is restricted,
SO an inverse exists.

G(x) =y =x%-1x = 0. Interchange the
variables and solve for y :

x=y?-1y<0= y=G1(x)=-Vx+L

From the text, we have d = %Q -33.
= 711'2650 - 33 =3597

The bell was 3597 feet below the surface when
the gauge failed.

2.9 Basic Concepts and Skills

1.

If no horizontal line intersects the graph of a
function f in more than one point, the f is a one-

to-one function.

A function f is one-to-one if different x-values
correspond to different y-values.

=

If f(x)=3x,then f*(x)="x.

|(.;0

The graphs of a function f and its inverse f 1

are symmetric about the liney = x.

True

True. For example, the inverse of f (x) =X is

f1(x)=x.
One-to-one 8. Not one-to-one

Not one-to-one 10. One-to-one

19.

20.

21.

22.

23.

24.

25.a.

26.a.

27.a.

28.a.

f@Q=b= f b)=a

flc)=d= f(d)=c

(337)=f 7*(f (337)) =337
(25n) ( 7 (25n)) = 25m

(-1580) = f (f ™ (-1580)) = ~1580

f71D f|(9728) = f 7 (f

J( (f (9728)) = 9728
f(3)=2(3)-3=3
Using the result from part (a), f ~*(3) = 3.

(FDf(9)=f(f*(19))=19
(Foft)E)=1(f"(5)=5

f(2)=2%=8
Using the result from part (a), f ~1(8)=2.

(f0t)@s)=f(f*@s))=15
(FpfH(27)=t(f*(27))=27

f@)=13+1=2

Using the result from part (a), f 1(2) =1.

(fo‘ﬁ{Zégav—f(f‘l(ZGQ)):ZGQ
Y

g(1)=32(13]—1=31=1

Using the result from part (a), g (1) =1.

(970 g)(135) = g™ (g (135)) =135
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11

13

15.

16.

17.

18.

. Not one-to-one 12. Not one-to-one

. One-to-one 14. Not one-to-one

f(2=7= fH7)=2

fl4)=-7= f(-7)=4

f(-)=2= f12)=-1

f1(-3)=5= f(5)=-3

el

29. f(g(x))=3 " +l=x-1+1=x
3

fgx =2-3 7 =2-2+x=X
(1) - 203
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3L

32.

33.

35.

£l

142X

1

E+2

+2

o

_x—l
X+2
X+2+2X-2

X

x+2-(x-1)

X+2 _

X -

+2

A

1
3

1+42x+2(1-x)
1-x
1+ 2X -2
+

3Xx+6+2x-6

x-3

X+2 =X +3

x-3
3x+2

+2

3

3X+2+2x-2

3x+2-3x+3 5

e
-

/-
S o
/

x-1

x-1

.

I
7

s

/

X

36.

37.

39.

40.
4 / Copyright © 2015 Pearson Educ
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41.a.

42.a.

One-to-one

f (x) = y =15 -3x. Interchange the variables

and solve fory: x=15-3y =

P PN < L QU
y=f"(x)= 3 =5 3x.
¥
f(I)\
2 -
15
10F
m
-10 -5 S\ 10 15 0~
_5_
7107

Domain of f: (-0, o]; x-intercept of f: 5;
y-intercept of f: 15

domain of f~!: (~o0, w); x-intercept of
f~1: 15; y-intercept of f1: 5
One-to-one

g(x) = y = 2x + 5. Interchange the variables
and solve fory:x=2y+5=

4 x-5_1 5
y_g (X)_ 2 _2X 2'

ﬁ T T I\'

g ')

Domain of g: (-0, =)

x-intercept of g: - g

y-intercept of g: 5

domain of g~*: (-o0, ®); x-intercept of

b.

46.a.

47 .a.

b.

f(x)=y= x+3 Interchange the variables

andsolvefo/}:x=\/i+3=>

x-3=y=y=1f"1(x=(x-3)>

y

Domain of f: [O, oo) ; X-intercept of f: none;
y-intercept of f: 3
domain of f~': [3, w); x-intercept of

f~1:3; y-intercept of f~1: none
One-to-one

f(x) = y = 4 - /. Interchange the variables
andsolvefﬁky:x:4— y =

4+x=- y=y=fx) = (x-4)?

Domain of f: [0, oo) ; X-intercept of f: 16;
y-intercept of f: 4
domain of f*: (-oo, 4]; x-intercept of

f1: 4 y-intercept of f1:16
One-to-one

y—
g(x)=y= x+L1 In&ércﬁange the variables
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and solve fory:x=3y+1=
g~t: 5 y-intercept of g7t —g X=y+l= y=gtx) =x3-1

43.a. Not one-to-one

44.a. Not one-to-one

45.a. One-to-one
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48.a.

49.a.

-5

Domain ot g: (o0, ); x-intercept of g: —1;
y-intercept of g: 1
domain of g~1: (-, ®); x-intercept of

g'l: 1; y-intercept of g'l: -1

One-to-one

h(x) = y = 31— x. Interchange the variables
and solve fory:x=31-y =

x3:1—y=> y=g‘1(x)=1—x3.

Domain of h: (-, oY; x-intercept of h: 1;
y-intercept of h: 1

domain of h™: (-, «); x-intercept of
h™t:1; y-intercept of ht:1

One-to-one

f(x)=y= i Interchange the variables

and soIvefory:x=%=> x(y-)=1=
y_

_1ex

1 PRSP |
X-y l=>y=f (x)_x+1 x

50.a.

51.a.

5

Domain of f: | U (L, )
x-intercept of f: none; y-intercept of f: —1
-1
domain of f : (-, 0)u (0, )
x-intercept of fl:-1

y-intercept of f~1: none

One-to-one

gx)=y=1- i Interchange the variables

andsolvefory:x=1—l=>x=%=>
=y-l=xy-y=-1=y(x-)=-1=
R D S

y=9 (0)=-7"77_,

=5
Domain of g: (

x-intercept of g: 1; y-intercept of g: none
domain of g™*: (-0, 1)U (1, o)
x-intercept of g'l: none

y-intercept of g'l: 1

One-to-one

f(x) = y = 2++/x+1. Interchange the

variables and solve fory : x = 2 +,/y +1 =
X-2=,y+1= (x—2]2 zy+l=

y = f'l(x)=(x—2)2—1=x2—4x+3
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C.
55.
d. Domain of f: [-1, «); x-intercept of f: none;
y-intercept of f: 3
Domain of f~':[2, »); 56.
x-intercept of f1: 3
y-intercept of f ~: none
52.a. One-to-one
b. f(x)=y=-1++/x+2. Interchange the
variables and solve fory : ,—
Xx=-1+,Jy+2= x+1l=
(x+1)?=y+2=
) 57.
y=f1)=(x+1)"-2=x%+2x-1
C.
58.
d. Domain of f: [—2, oo) ; X-intercept of f: —1;
y-intercept of f: -1+ V2
Domain of f~': [-1 o)
x-intercept of f 11 -1+4/2
y-intercept of f~1: —1
In exercises 53 and 54, use the fact that the range of f
59.

is the same as the domain of f 1.

53. Domain: (-0, -2) U (-2, »)
Range: (-,1) U (1, )

f(x)=y= —; Interchange the variables

andsolvefory:x=—\¢12:> Xy-2x=y+1l=

Xy-y=2x+1= y(x-1)=2x+1=
- 2x+1
y=fr00=""1"

Domain of f: (-o0,2) U (2, )
Range of f: (-0,1) U (1, ).

X+2

g(x)=y= . Interchange the variables
X+1

andsolvefory:x=3¢21=> XY+X=y+2=
+

XYy-y=-Xx+2=y(x-1)=-x+2=
=X+2 Xx-2

x-1  1-X

Domain of g: (-0, -1) U (-1, »)

y=g7"'(x)=

Range of g: (-,1) U (1, ).

f(x)=y= 1=2x . Interchange the variables

1+X

and solve fory : x :ﬁy =
l+y

X+Xy=1-2y= xy+2y=1-x=
1-x

-1
y(x+2)=1l-x=>y=f (x)-X >

Domain of f: (-c0,-1) U (-1, »)
Range of f: (-, -2) U (-2, »).

h(x)=y :;(—:13. Interchange the variables

andsolvefory:x=L_1:> xy-3x=y-1=
y-3
xy-y=3x-1= y(x-1) =3x-1=
_ 3x-1
y=h7()=""
x-1

Domain of h: (-00,3) U (3, )
Range of h: (-00,1) U (1, ).

f is one-to-one since the domain is restricted, so
an inverse exists.

54. Domain: (-,1) U (1, ) Range:
(_001 3) Y (31 00)
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f(x)=y=-x%x20.
Interchange the
variables and solve fory

x=-y?=>y= -x,x<0.

(continued
on next

page)
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(continued)

60. g is one-to-one since the domain is restricted, so
an inverse exists.

g(x)=y=-x% x<0. Interchange the
variables and solve fory :

x=-y? = y=-J-x, x<0.

8(x)

61. fis one-to-one since the domain is restricted, so
an inverse exists.
f (x) =y =|x| = x, x = 0. Interchange the
variables and solve fory: y = x, x = 0.

yp fi0) =

=X
y =5
X)

4
6
4 ): .
2+ =f{
0

Tl =x

-

|
6 x

e

11 1 |
—6-4-2, 2
2ol
/ —4

S =6

62. g is one-to-one since the domain is restricted, so
an inverse exists.
g(x) =y =|x| = -x, x < 0. Interchange the
variables and solve fory: y = -x, x 2 0.

63. fis one-to-one since the domain is restricted, so
an inverse exists.
f (x)=y=x?+1 x<0. Interchange the
variables and solve for y :
X= y2 +1=> y=-yx-1, x=1
fy=x+1
= =lx-1
¥ -
6

— 7’ =
y=fo\ * YT

64. g is one-to-one since the domain is restricted, so
an inverse exists.
g(x)=y =x?+5, x> 0. Interchange the
variables and solve fory :

x=y2+5:> y=+X-5, x=5.

1|
—-6-4-2.0 2 4 6 8 10X

e 4 gx)=x*+5
ST glw =l
//’ 76_
I gl

65. fis one-to-one since the domain is restricted, so
an inverse exists.
f (x)=y=-x?+2, x < 0. Interchange the
variables and solve fory :

X=_y2+2=> y:—«[2—X,XS2.

fy=—x"+2

Flao=-2—x
)é_ /1

4
y=fw e o
L |f/| s
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g—l(x) = —x y g(l) =|x] 4
6_ ///.7
4 /// y=x
y=glN\ 2L 7
7
[ A I |
—6-4-2,0\2 4 6x
s y=g"'w
// 74_
J’-/ _6—
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66. 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 fory :

X= —y2 -1=> y=+-x-1, x<-1.

glx) = —x2—1

g’](_x) = *m
Y A

2.9 Applying the Concepts

67.a. K(C)=C+273>
C(K) =K -273=K(C).
This represents the Celsius temperature

corresponding to a given Kelvin temperature.

b. C(300) =300 - 273 = 27°C
c. K(22)=22+273=295°K

68.a. The two points are (212, 373) and (32, 273).
373-273 100 5

The rate of change is = =".
212-32 180 9

273=2(32)+b=> b= 222
9 9
K(F)=2F + 2297
9 9

b K=5F+2297=> K—2297=5F=>
9 9 9 9

9K -2297 =5F = F(K) = gK—ZZSﬁ

This represents the Fahrenheit temperature

corresponding to a given Kelvin temperature.

¢ K(98.6) = >986)+ 222 _ 3100k

9 9

69.a.

5 2297
b. C(K(F))=gF +

9 =273

5 2297 -2457
= F +

9

59

=xf32+32Tx

519, 3! 160

9 5
1

LU 160
9 9
Therefore, F and C are inverses of each other.
71.a. E(x) = 0.75x where x represents the number

of dollars; D(x) =1.25x where X represents
the number of euros.

b. E(D(x)) =0.75(1.25x) = 0.9375x # X.
Therefore, the two functions are not inverses.

c. She loses money either way.

72.a. w=4+0.05x=> w-4=0.05x =
x = 20w - 80.
This represents the food sales in terms of his
hourly wage.

b. x=20(12) - 80 = $160

73.a. 7=4+0.05x= x =$60. This means that if
food sales < $60, he will receive the
minimum hourly wage. If food sales > $60,
his wages will be based on food sales.

w

{4 +0.05x ifx>60
7 if x < 60

b. The function does not have an inverse
because it is constant on (0, 60), and it is not
one-to-one.

c. If the domain is restricted to [60, «), the
function has an inverse.

-
o

74a T =111/1 =>\I = . This shows the
T
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F(K length as the function of the
(C)) =" nperiod.
(C+
273) -
229
5
5
=QC+9§273!_2297 / 2 \2
5 5 5 b. I="—" =x32ft
-9c, 80 9¢c, 5 i
5 5 5

c. T=111J70 ~9.3sec
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The range of
75.a. V=8\/§:y= x=>iV2=x=V‘1(x) g
8 v 64 _ 32-1024 -2y 0<v<512 i
This represents the height of the water in X= 2 DEYE0la 18
terms of the velocity. [0, 16], so this is the inverse.
¥ _ 64 +14096 - 8y
. 1 (2 2T 4
b. () x=7¢, (307 ] =14.0625 i i
1 24 r
i) x=""-[20%|=6.25ft 201
(i) x 64( ) :
12f
76.a. Y =64x-2x% has no inverse because it is '

not one-to-one across its domain, [0, 32]. (It
fails the horizontal line test.)

y
500
400 I
300 I
200 I
100 I

4 8 1216202428 32 %

However, if the domain is restricted to
[0, 16], the function is one-to-one, and it has

an inverse.
y
500}

a00f
300 I
200 I
100 [

P R S B R B

48 1216202428 32 4

y=64x—2x2=>2x2—64x+y=o=>

64 + 64=-8y
X= 4 =
_ 64+ 4096-8y _ 64+2 1024-2y
4 4
_32+,/1024 -2y
==

1024-2y=0= 0<y<512

(Because y is a number of feet, it cannot be
negative.) This is the range of the original
function. The domain of the original function

77.a.

78.a.

N 64 — V4096 — 8y
4f A E—

100 200 300 400 500 x

Note that the bottom half of the graph is the
inverse.

64 - /4096 - 8(32)

M x= A
64 - /4096 - 8(256)
(i) x= A

64 —,/4096 -8(512)

(iif) x= .

~0.51ft

~ 4.69 ft

~16 ft

The function represents the amount she still
owes after x months.

y = 36,000 - 600x. Interchange the variables
and solve fory : x = 36,000 - 600y =
X

600y =36,000-x = y =60~ =

f1(x) =60 - 6—%)0 x. This represents the

number of months that have passed from the
first payment until the balance due is $x.

1

y=80- 600

(22,000) = 23.33 ~ 24 months
There are 24 months remaining.

To find the inverse, solve
X = 8p2 -32p +1200 for p:

8p? -32p+1200-x=0=

_324,(-32)% - 4(8)(1200 - x)
- 28)
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is [0, 16], which is the range of the inverse. _ 32+ 1024 -38,400 +32x
32+ 1024-2y 16
The range of x = ——————s 32+/32x-37376 324 2x-2336
[16, 32], so this is not the ?nverse. ) 16 - 16
=24 72X~ 23%

(continued on next page)

Copyright © 2015 Pearson Education Inc.



Section 2.9 Inverse Functions 247

(continued)

2.9

79.

80.

Because the domain of the original function
is (0, 2], its range is [1168, 1200).

1200
1190
1180
N0 F - === -
1160
1150

x=8p®—32p +1200

I
So the domain of the inverse is [1168, 1200),
and its range is (0, 2]. The range of

p=2+ 41\/2x - 2336 is (2, 4], so it is not
the inverse. The range of

1
p=2- Z\/Zx -2336,1168 < x <1200, is

(0, 2], so it is the inverse. This gives the price
of computer chips in terms of the demand x.

4_
3r p :2+%\f2x—2336
2;

- p=2- %\Qx—2336

inverse.

b. p=2- 411/2(1180.5) 2336 =$0.75

Beyond the Basics

f(9(d) = @) =3 f(g(5) = f(3) =5 and
f(g(2)) = f(4)=2= f(g(x)) = x for each x.

g(f@)=90Q)=19(f(3)=9()=3 and
g(f(4)) =g(2) =4= g(f(x)) = x for each x.

So, fand g are inverses.
f(9(-2)) = (1) =-2,1(9(0)) = f(2) =0,
f(g(-3))=f(3)=-3, and

f(9(-2)) = f@Q) =-2= f(g(x)) = x

for each x.
9(f@))=9(-2)=19(f(2)=9(0) =2,
9(f(3)=9(-3)=3 and g(f(4))=g(@) =4
= g(f(x)) = x for each x.

Sof and g are inverses.

81.a.

82.a.

83.a.

-3 -2 -1 0| 1 2 3 X

f is not one-to-one

Domain: [-2, 2]; range: [0, 2]

Domain: (-,2) U[3, ). Note that the
domain is not (-o,2) U (2, %) because
axb=2 for 2 < x<3.

The function is not one-to-one. The function
is constant on each interval [n, n + 1), n an
integer.

f satisfies the horizontal line test.
¥y

y=1- XL Interchange the variables

+1
andsolvefory:x=1—¢=>
y+1
L—1—x:1— +1-xy-x=>
y+1 = y

Xy-y=-x=yx-1)=-x=

Domain of f: (-c0,-1) U (-1, «0);
range of f: (-o,1) U (1, ).

84.a. g satisfies the horizontal line test.

¥

N

0 1 X
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b. y=+1-x2. Interchange the variables
and solve fory :x = \1- y2 =
x? =1—y2 = y2 =1-x% =

y =970 =v1-x>

c. Doma/'n of f= rawge of f: [0, 1]

85.a. M = L I1+3

= (5,5).

2 2
Since the coordinates of M satisfy the
equationy = x, it lies on the line.

b. The slope of y = x is 1, while the slope of

PQ is 3—:7 = -1. So, y = x is perpendicular

Since the coordinates of M satisfy the equationy
= X, it lies on the line. The slope of the line

.. b-a
segment between the two points is a——b: -1,

while the slope of y = x is 1. So the two lines are
perpendicular, and the points (a, b) and (b, a)
are symmetric about the line y = x.

87.a. The graph of g is the graph of f shifted one
unit to the right and two units up.

¥
7

g(x)

b. gX)=y =(x—1)3 +2
Interchange the variables and solve fory.

x=(y-D%+2= y=gt(x)=x-2+1

88.a. (i)

(i)

(iii)
(iv)
)

(vi)

(vii)

(i)

f (x) = y = 2x - 1. Interchange the
variables and solve fory: x =2y -1=

411

g(x) = y = 3x + 4. Interchange the

variables and solve fory: x =3y +4 =

- 1 4
y=97()="x-"
3 3

fDg)(x)=2(3x+4)-1=6x+7

(
(gD f)(x)=3(2x-1)+4=6x+1
(

f Dg)(x) = y = 6x+ 7. Interchange
the variables and solve fory:

x=6y+7= (f Dg]_l(x):%x—z

6

(gD f)(x) =y = 6x+1. Interchange

the variables and solve fory :

x=6y+1=>(fD?1[x]=éx—El3
[f—ng—l)(X):l lx_ﬂ +l
2 3 3 2
_1o2.1.1 1
"6 3 2 67,6 \
(i) g740 £7)( PRl TR
3 2 2 3
VN S N
6" 6 3 6 6
_ 1 7
(09" ()="4x-¢
= (g'lD f'l](x)
e RN S
(ng) (X)_GX 6
:(f'ng'l)(x)

89.a. (i)

(i)

f(x) = y = 2x + 3. Interchange the
variables and solve fory: x =2y +3 =

_e1a_ 13

Copyright © 2015 Pearson Education Inc.
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g(x)=y= x3-1. Interchange the variables and
solve fory: x = y3 -l=>y= g‘l(x) =3x+1

(i) (fDpg)(x)= 2{;1)+3=2x3+1

Copyright © 2015 Pearson Education Inc.
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(iv) (gD f)(x)=(2x+3)*-1
= 8x3 +36x% +54x + 26
(v) (fDg)(x)=y=2x*+1. Interchange
the variables and solve for y :

x=2y%+1= (f Dg)_l(x]z x2_—1

(vi) (gD f)(x)=y
=8x3 +36x% +54x + 26

Interchange the variables and
solve fory:

x=8y3+36y2+54y+26=>
x+1=8y3+36y2 +54y + 27 =

x+1=(2y+3)° = Yx+1=2y+3=>

y=(90 1) (x)= ¥+
. 14 -1 1 3
(vii) (f Dg ](x):z(\/x 1)—2
(viii)(g'lDf'l)()=3%x—§+1
J1o1 xa
X727V

Now we must take the square root of each side.
We choose the negative square root because X is
restricted to those values less than or equal to

3 2 3
X°=y = - x°=y=>
Zero. y y

y= f'l(x]zﬁ/z, x20

2.9 Critical Thinking/Discussion/Writing

91. No. For example, f(x)=x> - x is odd, but it

does not have an inverse, because f(0) = f (),
S0 it is not one-to-one.

92. Yes. The function f ={(0,1)} is even, and it
has an inverse: f ™ ={(1,0)}.

93. Yes, because increasing and decreasing
functions are one-to-one.

94.a. R={(-11),(0,0),(L,1)}
b. R ={(_1!1)1(010)!(11 2)}

2.9 Maintaining Skills

95. x2-7x+12=0= (x-3)(x-4)=0=
x=3 4
Solution set: {3, 4}

96. 6x%+x-2=0= (3x+2)(2x-1)=0=

21

732
Solution set: —2, l?
|22

97. 12-3(x-1)° =0= 3[4- (x-1?)=0=
2

4- x-1 =0=

leay fi h h th
Heagpipe o et

—_———

. S
Copyright © 2015 Pearson Education Inc.
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98.

Ol - +

Lol IE el P N N |
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satisfies the harizontal line test. Thus, the =2+ 3
function is one-to-one. To find the inverse, Solution set: {2 + \/5}
interchange the variables and solve for y.

f(x)=y=x2/3=> x=y = x3=y?

Copyright © 2015 Pearson Education Inc.
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99. Shift the graph of y = x2
three units down.

5

|
wn
w

|
-
=

100. Shift the graph of y = x2 one unit right, reflect

two units left and

it about the x-axis, then shift it two units up.

¥y
(1,2

Wi

]
-1 0] 1

-1

-2

Chapter 2 Review Exercises

Basic Concepts and Skills

1. False. The midpoint is
2

-3+3 1 +1l\

2

(0,6).

2. False. The equation is a circle with center

(-2,-3) and radius /5.

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

.35 1
¢ M=_1372
10.a. d(P,Q)=(3-(-3))2 +(-1-5)?% =62
b M - /3+3,_(_)\_(02)
2 2
c. m——(5)— -1
1l.a. d(P,Q)= (9-4)2 +(8 (-3)? =
M/—3+ 8 13 \
b M= 2'7 2
c. m:_%__;3 =1
12.a. d(P,Q)= 2 = J202
A /2_<_713_<_8>H5_
ST 2 2 T 22
. -8-3 11
Mt 7-27 9
/ _Vay
13.a. D(P,f)z G-2)%+(-2~(-7)2 = V34
245 -7_+(—_21\\ /Z Q\)
oM=L, T,
2-(-7) 5
¢ M= 5.2 73
148 d(P,Q)=+10-(-5))% +(-3-4)2 = /274
b _/—5+1O 4+(—31\_/§ l\)
' T2 2 T 22
34 7
¢ M=10_(-5) " 15
15 d(A,B):\/[—2—0)2+(—3—5)2 = \/68
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8. False. There is no graph because the radius

cannot be negative.

9.4 d(P,Q)=(-1-3)%+(3-5)2 =2
b. M=(31('—1),ﬁ\=(1,4)
2 2

5
e

d(B.C)= (3-(-2))*+(0-(-3))* = 34

Using the Pythagorean theorem, we have

2

(continued on next page)

Copyright © 2015 Pearson Education Inc.
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(continued)

16.

17.

18.

19.

20.

Alternatively, we can show that AC and CB are

perpendicular using their slopes.
m _0-5 =—§;m _0-(3) _3
3-(-2) 5

right triangle.

d(A B) =J(4-1)2+B-2)?% =3/5
d(C.D) =/(10-7)% +(5- (-1)? =35
d(AC)=(7T-12+(-1-2)% =35
d(B,D) =/(10-4)? +(5-8)% =35

The four sides are equal, so the quadrilateral is a
rhombus.

A=(-6,3),B = (4,5)

g
d(A0) =y(-6-0)2 +(3-0)% = 45
d(B,0) =/(4-0)% + (5-0)? =41

(4, 5) is closer to the origin.
A=(-6,4),B =(510),C =(2,3)

N

d(AC)=(2-(-6)2 +(3-4)2 = 65
d(B,C) = /(2-5)2 + (3-10)2 = /58

(5, 10) is closer to (2, 3).
A=(-5,3),B=(4,7),C =(x,0)

d(A.C) = (x- (-5))2 + (0 - 3)?

= J(x+5)2+9

d(B,C) = /(x - 4)% + (0-7)2
= J(x - 4)% + 49

d(A,C)=d(B,C) =

Jx+5)2 +9 = [(x- 4)2 + 49

(x+5)2 +9 = (x-4)2 +49
x2 +10x + 34 = x> - 8x + 65 \\

X = 3—l: The point is ﬂ,@ .
18 18
A=(-3,-2),B(2,-1),C(0,Y)

Copyright © 2015 Pearson Edu

21.

22.

23.

24.

25.

26.

d(AC)=d(B,C) >
(y+2)?+9= (y+D*+4

(y+?)2+Q=(v+1)2+4

Y

y2 +4y+13=y? +2y+5
y =-4= The pointis (0,-4).

Not symmetric with respect to the x-axis;
symmetric with respect to the y-axis;
not symmetric with respect to the origin.

Not symmetric with respect to the x-axis;
not symmetric with respect to the y-axis;
symmetric with respect to the origin.

Symmetric with respect to the x-axis;

not symmetric with respect to the y-axis;
not symmetric with respect to the origin.

Symmetric with respect to the x-axis; symmetric

with respect to the y-axis; symmetric with
respect to the origin.

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

10
x+2y=4

\

LN L1
—6-4-20 2 4B 101214 X
—6

o]

x-intercept: 4; y-intercept: —3; not symmetric

with respect to the x-axis; not symmetric with

respect tg the y-axis; not symmetric with respect
to the orjgin.

1_

L 1 1 L1 1 \/

-3 —10 1 57X
» 3x—4y=12

7
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d(AC) = JO-(=3)% + (y - (-2))2
_J(y+2)?+9
4(B,C) = (0 (2)2 + (y - (-1)?

Copyright © 2015 Pearson Education Inc.
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217.

28.

29.

30.

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.

4
5k
7()7
77_
s
ok
-10

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.

2
R Y
I

-2
-3
—4
-5

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.

=] Lh
T T
Il

T

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.

31.

32.

33.

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.

[P T I IRt

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.

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.

Copyright © 2015 Pearson Education Inc.
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34.

35.

36.

37.

38.

39.

x-intercepts: -2, 2; 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

T T 17T

5

(x—2)2+(;/+3)2 =25

The center of th(§ circle is the mi\jpoint of the
5 +(=5) . 2+4
2 2
length of the radius is the distance from the

diameter. M =

= (0,3). The

40. Circle with center (-1, 3) and radius 4.

y

| x+ DX+ (y-3)7=16

ER R ; .4[ x

41, x> +y?-2x+4y-4=0=
X2 -2x+1+y? +4y+4=4+1+4>
(X—1)2+(y+2)2=9.
Circle with center (1, —2) and radius 3.

Wy —2x+dy-4=0

center to one of the endpoints of the diameter =

\/(5 -0)? + (2-3)? =+/26. The equation of the
circle is x? +(y —3)2 = 26.

The radius is 2, so the equation of the circle is

(X+2)2 +(y

2x-5y=10=> Szx—2= y.
Line with slope 2/5 and y-intercept —2.

¥

+5)2 =4,

42. 3x? +3y? -6x-6=0= x* -2x+y?=2=
X2 -2x+1+y? =2+1= (x-1)%+y? =3,
Circle with center (1, 0) and radius /3.

YA 4y 4 4v+3=0

A 43,
,3_
r s m=30_ 5. 5, ¢
g——;‘=1:>5x—2y=10=>gx—5=y. Line 0-2 2 2
with slope 5/2 and y-intercept 5. 45. m= %f -2;3=-2)+b=>5=b=>
}; / y=-2Xx+5
1
B IRy EEENY 46. *=1
-2
- 47.a. y=3x-2=>m=3,y=3x+2=>m=3 The

N
o 1 h
T

slopes are equal, so the lines are parallel.
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48.a.

3x-5y+7= m=23/5;
5x-3y+2=0= m=5/3
The slopes are neither equal nor negative

reciprocals, so the lines are neither parallel
nor perpendicular.

ax+by+c=0=> m=-a/b;
bx-ay+d=0= m=b/a

The slopes are negative reciprocals, so the
lines are perpendicular.

y+2=%(x—3)=> m=%;

y-5=3(x-3)=>m=3

The slopes are neither equal nor negative
reciprocals, so the lines are neither parallel
nor perpendicular.

The equation with x-intercept 4 passes
through the points (0, 2) and (4, 0), so its
0-2 _ 1
4-0 2
line we are seeking is also - % The line
passes through (0, 1), so its equation is

slope is . Thus, the slope of the

N o -1
y-1= 2(x 0)=>y= 5 X+1L.
The slope of the line we are seeking is 2 and
the line passes through the origin, so its
equationisy —0=2(x—0), ory = 2x.

49. Domain: {-1, 0, 1, 2}; range: {-1, 0, 1, 2}. This

is a function.

¥
(=1,2)
] 2

50.

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

This is not a function.

(3.2)
[ ]

-
(0, 1)

-

0, -1)

(3,-2)
]

51.

52.

53.

54.

Domain: (-oo, »); range: (-, ).
This is a function.

Domain: [2, »); range: [0, ).
This is a function.
y

3
2 y=Vx-2

=

U 1 2 3 4 5 X

Domain; [-0.2,0.2]; range: [-0.2,0.2].
This is not a function.
y
04

041

Domain: (-c0,0]; range: [0, ).
This is a function.

-4 -3 -2 -1 0 X
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55. Domain: {1}; range: (-0, o).
This is not a function.
y
10

| I I
=
I

|
IS
T T T1

56. Domain: (-, o); range: {2}.
This is a function.

1+

57. Domain: (-, ); range: [0, »).

This is a function.

58. Domain: [1, «); range: (-, o).

This is not a function.

4= ,\'=y2+]

59. f(-2)=3(-2)+1=-5

60. g(-2)=(-2)2-2=2

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

f(x)=4=3x+1=4=> x=1

gix)=2= X2 -2=2= x=#2

(f+9)U)=f@®+9®

=B +1+(1?-2)=3

(f-9)(-)=f(-D-g(-1

=(3-0+1)-((-0*-2)=-1

(f-9)(-2)= f(-2)-9(-2)

= (3(-2)+1)-((-2* - 2)=-10

(9-f)(0)=g(0)- f(0)

=(0%-2)-(30) +1) = -2

(fDg)(3)=3(s°-2)+1=22

(90 F)(-

2)=(3(-2)+1)°-2=23

(fDg)(x)=3(x?-2]+1=3x*-5

(gD f)(x) = (3x+1)* -2 =9x% +6x -1

(fDf)(x)=3(3x+1)+1=9x+4

(ng](x]=(x2—2)2—2:x4—4x2+2

f(a+h)=3(@+h)+1=3a+3h+1

gla-h)=(a-h2-2=a?-2ah+h%-2

f (x +h) —f (x)

(3(x +h) +1)-(3x +1)

h

3

h h
_3x+3h+1-3x-1_3h _
- A ==
2 2
a(x+h) g(x) =[(x+h) —21—(x -2)
h h
_X2+2Xh+h2—2—X2+2
- h
h? + 2xh
= =h+2x
h
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> 83. The graph of g is the graph of f shifted one unit

77. Domain: (-, »); range: {-3}. il
Constant on (-oo, ). 7+
°r
1+~ 4k
1 | 5 1 1 3
-4 -2 24X 2 fx+1l ifx=0
-1 'f(")7{7_1'+] ifx<0
| I | I I B
-2 -5 -3 —10[ 1 3 5x
fixy=-3
? 82. Domain: (-oo, o); range: [0,00). Decreasing on
—4r (-0,0); increasing on (0, «).
_5— v
10
. ol
78. Domain: (-0, ); range: [-2,:). g—q“):{,\' ifx=0
Decreasing on (-o,0); increasing on (0, ). T SR
¥ st
6 4k
5 3
4 2
— I —
i (.),_272 I I - [ N I |
2 ff@)=x -5 -3 -10 1 3 5«
|
-5 -3 0
W

left.
5k y
79. Domain: ' =, « ; range: [0, ) 2
3 / \ i ‘ 1 2 3 4 5 %X
. 2
Increasing on 5 o . 84. The graph of g is the graph of f shifted one unit

right, stretched vertically by a factor of 2, and
then shifted three units up.

g =V3ix-2

80. Domain: [-6,6]; range: [0,6]. Increasing on
(-6,0) ; decreasing on (0, 6).

L1
-5-4-3-2-1

85. The graph of g is the graph of f shifted two units
right and then reflected in the x-axis.

| [ I
8-6-4-20 2 4 6 8Xx

81. Domain: (-, »); range: [1, »). Decreasing on
(-0,0); increasing on (0, «).
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86. The graph of g is the graph of f shifted one unit
left and two units down.

g(x)

87. f(-x)=(-x)?-(-x)*=x2-x*=f(x) =
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.

88. f(-x)=(-x)3+(-x)=-x>-x=-f(x)=>
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)=

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.

90. f(-x)=-3x+5=f(Xx)orf(-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.

91. f(-x)= "-xzf(X)orf(-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.

92. f(—x)=—§=—f(x)=> 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.

93. f(x)= x*-4= f(x)=(gDh)(x) where
g(x) = Jx and h(x) = x? - 4.

Copyright © 2015 Pearson Edu 5

95. h(x) = /2Xx_+35 = h(x) = (f D g)(x) where

() = VX and g(x) = 2=

5

96. H(x)=(2x-1)*+5= H(x)=(fDg)(x)
where f (x) = x® +5 and g(x) = 2x - 1.
97. f(x) is one-to-one. f(x)=y=x+2.

Interchange the variables and solve fory :
X=y+2=>y=x-2= f'l(x).

98. f(x) is one-to-one. f(x)=y=-2x+3.

Interchange the variables and solve fory :

99. f(x) is one-to-one. f(x) =y =¥x-2.

Interchange the variables and solve fory :

x=3y-2= y=x3+2=f"l(x).

J)
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o4, 9(x)=(x* -X+2)50 = g(x) = (f Dh)(x)

where f (x) = x*° and h(x) = x% - x + 2.
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100. f(x) is one-to-one. f(x) =y =8x° -1. So,
Interchange the variables and solve fory : $x+6 i -3sx<-2
1 f(x)= lx+1 if —2<x<0
x=8y3—1=>y=3xiz> 2 ]
\/ 8 x+1 if0sx<3

b. Domain: [-3,3]; range: [-3,4]

C. X-intercept: —2; y-intercept: 1
d. ¥
(-3,4 5[
: 3
J(=x) o
O-1 @0
I \.L/l [
-5 -3 -0l Y 5
L RN
x-1 3, -3
101. f(x)=y=X—+2,x¢2. _sb
Interchange the variables and solve for y. e h
x=';L12=> Xy +2x=y-1= %Y sk
+ .
Xy-y=-2x-1= y(x-1)= -2x-1= lf‘fl{")l OF L
-2x-1 _ 2x +1 S a— =
y=" =2 y=fT="" IRED
Domain of f: (-0, -2) U (-2, ) Y
Range of f: (-0,1) U (1, ») oty
75_
2x+3
102, f)=y= X_l,x;tl. f. y 3,5)

Interchange the variables and solve for y. -
2y +3

X = y-1 =S Xy-X=2y+3=> (-z,nf/l'_(o,zy
Xy-2y=x+3= y(x-2)=x+3= N
- X+3 ; -
= fY(x) = -
y x)=""5 s
Domain of f: (-o0,1) U (1, «0) L
Range of f: (-, 2) U (2, ») _s|

103.a. A=(-3,-3),B=(-2,0),C=(0,1),D = (3,4). g s @,4)

Find the equation of each segment: /
—(=3) e
Q=3 =3.0=3(-2)+b=> b =6. foe+ 1)

Mag = —2-(-3) 1.1
( |3':))\/%_ L1111
i i -5 —10[ 1 3 5 X
The equation of AB isy = 3x + 6. / B

o 1-0 1
Mec = 0-(-2)7 2

b=1. (—4,-3) L

The equation of BC isy = % X+1.

4-1
== =1b=1
Mep = 54 1

The equation of CD isy = x +1.
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(3,8)

0. D[
(410_’4—:/)'/

| I I I |
-6 —10[_1 6 x

(=6, -3)

. -5
j.
k. fis one-to-one because it satisfies the

horizontal line test.

4,3)

105.a.

106.a.

107 .a.

The slope represents the amount of increase
in pressure (in pounds per square inch) as the
diver descends one foot deeper. The
y-intercept represents the pressure at the
surface of the sea.

P = 0.45(160) + 14.7 = 86.7 Ib/in.>

104.7 = 0.45d +14.7 = 200 feet

173,000 -54,000

223,000 - 87,000
=0.875

54,000 = 0.875(87,000) +b = b =-22,125.
The equationis C = 0.875w - 22,125.

rate of change (slope) =

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 =0.875(609,000) - 22,125 = $510, 750

1,000,000 = 0.875w - 22,125 =
w=1,168,142.86 pounds

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.

The odometer is based on the speedometer,
so if the speedometer is incorrect, so is the
odometer.

f (2) =100 + 55(2) - 3(2)% = $198.
She started with $100, so she won $98.

She was winning at a rate of $49/hour.

0 =100 + 55t - 3t = (-t +20)(3t +5) =
t =20, t = -5/3. Since t represents the
amount of time, we reject t = -5/3.

Chloe will lose all her money after playing
for 20 hours.

d. $100/20 = $5/hour.

108. If 100 < x <500, then the sales price per case is
$4 —0.2(4) = $3.20. The first 100 cases cost

Applying the Concepts

104.a. rate of change (slope) = 55192 45 $400.
25-10 [4x if 0 < x <100
19.2=0.45(10) +b = b =14.7. f(x) = is.zx +80  if100 < x <500
The equation is P = 0.45d +14.7. 3x +180 if x >500

Copyright © 2015 Pearson Education Inc.



260 Chapter 2 Graphs and Functions
_ 2 Therefore, the length of the radius is 2.
109.a. (LD X) (t) =05 }(I+ 0-002t j * The equation of the circle is
= 0.51/0.000004t* +0.004t2 + 5 (x+3)% +(y-4) =2
' =05 [[1+0.002(52 2 4 . To test if the graph is symmetric with respect to
b (L D X) (5) 0 5\/( * ( )) ¥ the y-axis, replace x with —x:
= 0.5{/(1.05)% + 4 = 0.5,/5.1025 3(-x) + 2(-x)y2 =1= -3x - 2xy? =1, which
~113 is not the same as the original equation, so the
110.a. Revenue = number of units x price per unit: graph is not symmetric with respect to the
. 2 y-axis. To test if the graph is symmetric with
xip = (5000 + 50t +10t“)(10 + 0.5t) respect to the x-axis, replace y with —y:
= 5t° +125t + 3000t + 50,000 2 2
3x+2x(-y) =1= 3x+2xy =1, whichisthe
b. p=10+05t=>t=2p-20. same as the original equation, so the graph is
x(t) = x(2p - 20) fﬁ/mmetLic_ with res;:e_ct to_tthhe x-axits.tTtohtest if
_ 2 e graph is symmetric with respect to the
= 5000 +50(2p - 20) +10(2p - 20) origin, replace x with —x and y with —y:
= 40p? - 700 p + 8000, which is the 2 2
3(-x)+2(-x)(-y) =1= -3x-2xy =1,
_number of2t0y5 mae at price p. The revenue which is not the same as the original equation,
is p (40 p°-700p+ 8000] = so the graph is not symmetric with respect to the
origin.
40p° - 700p? +8000p. 9
. 0= X2 - = = = -
1114, (x-3)(x+)=>x=00orx=30rx=-1
H=?K$E?368421
b= -ZE3. BEASERS y =02(0-3)(0+1) = y=0. The x-intercepts
rr:i=9§?%ﬁ?g?ga are 0, 3, and —1; the y-intercept is 0.
y
| ,r2+yz—2\'—2}'=2
b. .
—: V X
OB
[70, 90, 2] by [150, 300, 25] '“;efcems: 5
-2y=2=y=1++3
C. y=~T7.4474(76)-363.88 ~ 202 y y y

A player whose height is 76 inches weighs
about 202 pounds.

Chapter 2 Practice Test A

1. The endpoints of the diameter are (-2, 3) and
(-4, 5), so the center of the circle is

=2+(=4) 3+5\

C-= 22 (=3, 4).

X2 -2x=2= X=1t\/§

. 7=-12)+b=>9=b

The equationisy =—x+9.

. 8x-2y=7> y=4x—§=> the slope of the

lineis4. -1=4(2)+b = b =-9. So the

equationis y =4x-9.
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2 2
The length of the diameter is 7. (1)(2)=f(2)-9(2)

- CaP +6-97 - B =202 -(22+3(2 30 +2)

= (-3)(12) = -36

8. 9(f(2)=9(2(2)-3=90)=1-20)*=-1
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9.

(fDf)(x)=(x* - 2x)? - 2(x? - 2x)
= x% - 4x3 + 4x% - 2x% + 4x
=x* —4x3 +2x% + 4x

10.a. f(-1)=(-13%-2=-3

11.

12.

13.

14.

15

16.

17.

18.

19.

20.a.

b.

C.

f0)=0%-2=-2

f1)=1-2@10)%=-1

1-x>0= x<1;x mustalso be greater than or
equal to 0, so the domain is [0, 1).

f(4)-f@Q) _ (2(4) +7)-(2(0) +7)

4-1 3

f(-x) = 2(-x)* Y I f(x)=
(—x)2 X2

f(x) 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 vertically by a

factor of 2, and then shift the resulting graph
four units up.

25=25-(2t-5)= 0=-(2t-5)% =
0=2t-5=t=5/2=2.5 seconds

f(2)=7= f1(7)=2
2X .
f(x)=y= 1 Interchange the variables

and solve fory: x = 72_y_1 =

Xy -—X=2y= Xy-2y=X=
o _ _ el X
y(x-2)=x=>y="f (x)-X_2

A(x) =100x +1000

C(230) = 0.25(230) + 30 = $87.50

Chapter 2 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, whichis 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, whichis 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

oriqin, erIfce X wim X, |ar||d y with —y:
|-x +2 -y =2= x +2y =2, whichis the
same as the original equation, so the graph is

symmetric with respect to the origin. The
answer is D.

0=x’-9= x=%3y=02-9= y=-9. The
x-intercepts are +3; the y-intercept is —9. The
answer is B.

. D 4. D 5 C
Suppose the coordinates of the second point are
(a, b). Then - 1 = b_—2. Substitute each of the
2 a-3

points given into this equation to see which
makes it true. The answer is C.

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.

(Fpg)(x)=3[2-%*)-5=1-3".
The answer is B.
2

(fDf)(x)= 2(2x2 —x] —(sz —x)

=8x% -8x% +x
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The answer is A.

b. 57.50=0.25m+30= m =110 miles
10. g(a_l)zl_‘(a_‘llz ﬂ.
1+(a-1 a

The answer is C.

11. 1-x=0= x<1; x must also be greater than or
equal to 0, so the domain is [0, 1].
The answer is A.
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12. x?+3x-4=6= x> +3x-10=0=
(x+5)(x-2)=0=x=-5,2
The answer is D.

13. A 14. A 15. B
16. D 17. C

18. f(x)=y - Interchange the variables

3x+2°
-y
Ive fory: x =
and solve for y: x 3y+2:>

Xy +2X=y=>3Xy-y=-2Xx=>

- -1 _ 2X
y@Bx-1)=-2x=>y=f""(x) = 3x—1=>
Fl(x) = 22~

1-3x

The answer is C.
19. w=>5x-190;w = 5(70) -190 = 160.

The answer is B.

20. 50=0.2m+ 25= m =125. The answer is A.

Cumulative Review Exercises
(Chapters P-2)

alle] [l
« 17

111
=1y=l -
X7y Xy _Xy 1
b. = = =
X—1+y—l l+ Y+X  X+Yy
X

1
y Xy

2.a. 2x%+x-15=(2x - 5)(x + 3)
b. x3-2x%+4x-8=x2(x-2)+4(x - 2)
= (x% + 4)(x - 2)

3.a. /75 ++/108 - /192 = 5./3 + 6/3 - 8.3
=33

5.a.

6.a.

7.a.

8.a.

1 1 8 +2 5+2
v

J5-2 5-2'5+2  5-4

=vb+2

3X-7=5=3x=12= x=4

1 3

—— = There is no solution.
X - x-1

x?-3x=0= X(x-3)=0=
x=0o0r x=3

x?+3x-10=0= (x+5)(x-2)=0=
x=-5orx=2

2x2-x+3=0> x—lJ£ ~A2)3 =
- N 2(2)
1+V-23 1¢_|_‘/2_3
Xx= , =2x=

4x2 -12x+9=0= (2x-3)?=0> x=§
e
s v
x-6&+8=0:[ x—4]( x—2]=0=>

NE

X=4= x=160or x=2=x=4

2
(x—l) -10 x—l +21=0.

X X

Letu=x—l.
X
uZ-10u+21=0=

uU-NUu-3)=0>u=7Uu=3;

x—iz?: X2 -1=7x=
[2
x2-7x-1=0= x = 127 _24 =

+
x=7' ;x—l=3=>x2—1=3x=~

2 X
2_p(-
X2 -3x-1=0= x= 22f—ACED

2
3+.3

-2
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b x=1_ x=2 _(x=1)(x+2)=(x=2)(x+1) The solution set is
Xx+1 x+2 (x+D(x+2)
(12*+X—2)—(X2*—X—2) {7— 53,7+ 5313— 13,3+ 13}
(x+1)(x +2) 2 2 2 2"}
2X
T (x+1)(x+2)
1a —1 12-8_2-9_, -

243 243 2-3 4-3
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9.a.

10.a.

11.a.

12.a.

J3x-1=2x-1=3x-1=(2x-1)% >
3x-1=4x% - 4x+1=> 4x> -7x+2=0=

‘o 72y(-7)* - 44 _ 7:Jﬁ' i

2(4) 8

VI-x=2-2x+1
( 1—x)2 :(2—\/2x+1)2

1-x=4-4/2x+1+2x+1
—4-3x = -42x+1
(-4-3x)% = (-4«/T+1]2
16 + 24X + 9x% = 16(2x +1)
16 + 24x + 9x2 = 32x + 16
9x2 -8x=0= x(9x-8)=0

8
=0orx=_.
X X 9

Check to make sure that neither solution is
extraneous. The solution set is {0,8/9}.

2x-5<11= x<8= (-x,8)

-3X+4>-5= x<3= (-»,3)

-3<2x-3<5=>0<2x<8=>0<x<4
The solution set is (0, 4).

5<1-2x<7> 4<-2Xx<6=> -2>x=-3.

The solution set is [-3, —2].

[2x-1<7= 2x-1<7= x<4
or2x-1=-7= x=-3.
The solution set is [-3, 4].

|2x—3|25=> 2x-325= x=4or
2X-3<-5= x<-1.
The solution set is (-o0, -1] U [4, ©).

14.

15.

16.

17.

18.

19.

2x+3y=0

First, find the equation of the circle with center

(2, -1) and radius determined by (2, -1) and (-
3,-1): r =2 (-3))% + (-1~ (-1))? =5.

The equation is (x - 2)2 + (y +1)? = 5% Now
check to see if the other three points satisfy the
2 2 2 2 2

equation: (2-2) +(4+1) =5 =5 =5,

(5-2)2 +(3+1)?=5%= 3% +42 =5 (true
because 3, 4, 5 is a Pythagorean triple), and
(6-2)2+(2+1)2 =52 = 4% +32 =52,

Since all the points satisfy the equation, they lie
on the circle.

x2+y2—6x+4y+9=0$
2 2
X —-6x+y +4y=-9.
Now complete both squares:
X2 -6x+9+y2+4y+4=-9+9+4=>
(x=3)* +(y+2)* = 4.
The center is (3, —2) and the radius is 2.

y=-3x+5

The x-intercept is 4, so (4, 0) satisfies the
equation. To write the equation in slope-
intercept form, find the y-intercept:

0=2(4)+b=> -8=b

The equation is y = 2x - 8.

The slope of the perpendicular line is the
negative reciprocal of the slope of the original
line. The slope of the original line is 2, so the
slope of the perpendicular is —1/2. Now find the
y-intercept of the perpendicular:

-1=- %(2) +b = b =0. The equation of the
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1
perpendicular is Y = _EX'

13, d(AC)=/@-5) +(2-(-2)" =5
d(B,C) =[-8 +(2-5° =5

Since the lengths of the two sides are equal, the
triangle is isosceles.
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20. The slope of the parallel line is the same as the
slope of the original line, 2. Now find the y-
intercept of the parallel line: -1=2(2)+b =

b = -5. The equation of the parallel line is
y =2x-5.

21. The slope of the perpendicular line is the
negative reciprocal of the slope of the original
line. The slope of the original line is
7-(=1

5-3
is —1/4. The perpendicular bisector passes
through the midp()int of the ori\ginal segment.

ﬂ,ﬂ - (4.3). Use

=4, so the slope of the perpendicular

The midpoint is

2 2
this point and the slope to find the y-intercept:

3=_4_11(4)+b:> b = 4. The equation of the

. . . 1
perpendicular bisector is y = - Z X+ 4,

22. The slope is undefined because the line is
vertical. Because it passes through (5, 7), the
equation of the line isx = 5.

23. Use the slope formula to solve for x:
2= %: 2(x-5)=-6=2x-10=-6=
X=2

24. The line through (x, 3) and (3, 7) has slope —2
because it is perpendicular to a line with slope
1/2. Use the slope formula to solve for x:
3-7
-2="= -2(x-3)=-4 -3=2
x—3: (x-13) = X =
x=5

25. ¥
3 %2\' =4y-6

28.

29.

o'z

7,\'3—1\'+y2—4y—4=0

f)=Vx+2+3

=2 0 2 4 6 X
¥
s
SPf=—(x— 1) +4
41

=

|
]
T T

Let x = the number of books initially purchased,

and % = the cost of each book. Then x — 16 =

the number of books sold, and ié—leG = the
selling price of each book. The profit = the
selling price — the cost, so

1650 1650 _

x-16 x 10=

1650x - 1650(x - 16) = 10x(x - 16) =

1650x - 1650x + 26,400 = 10x% - 160x =
10x? - 160x - 26,400 = 0 =

x2 -16x - 2640 = 0 = (x - 60)(x + 44) = 0 =
X = 60, x = —44. Reject —44 because there

cannot be a negative number of books. So she
bought 60 books.
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30.

3l.a.

32.a.

Let x = the monthly note on the 1.5 year lease,

and 1.5(12)x = 18x = the total expense for the
1.5 year lease. Then x — 250 = the monthly note

on the 2 year lease, and

2(12)(x — 250) = 24x — 6000 the total expenses
for the 2 year lease. Then

18x + 24x - 6000 = 21,000 =

42x = 27,000 = x = 642.86. So the monthly
note for the 1.5 year lease is $642.86, and the

monthly note for the 2 year lease is
$642.86 — 250 = $392.86.

The domain of f is the set of all values of x
which make x+1> 0 (because the square

root of a negative number is not a real value.)
So x = -1or[-1 ) in interval notation is

the domain.

y=40+1-3=2 y=-2,0=+/x+1-3=>

3=+VX+1>9=x+1=>8=x. The
x-intercept is 8, and the y-intercept is 2.

f(-)=+/-1+1-3=-3
f(X)>0=x+1-3>0=>x+1>3=

X+1>9 = x> 8. Ininterval notation, this
is (8, ).

f(-2)=-(-2)=2,f(0)=0%=0;
f(2)=2%=4

f decreases on (-o,0) and increases on
(0, 0).

-

fo =7

T T T T T T T

fl)y==-x

Lo N 0

=5 5 x

33.a.

1

1
(0= = 7™ 5
X X

X

2%

Because 0 is not in the domain of g, it must
be excluded from the domain of (f D g).

Because 2 is not in the domain of f, any
values of x for which g(x) = 2 must also be
excluded from the domain of

(f Dg):gx=2:> x =1, so 1is excluded
also. The domain of (f Dg) is

(~00,0) U (0,1) U (L, o0).

[ng)[x]=—i=2(x—2)=2x—4.
x-2

Because 2 is not in the domain of f, it must be

excluded from the domain of (gD f).

Because 0 is not in the domain of g, any
values of x for which f(x) = 0 must also be
excluded from the domain of (gD f).

However, there is no value for x which makes

f(x) = 0. So the domain of (gD f) is
(_0012) U (2100)'
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