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Chapter 2 Graphs and Functions

2.1 The Coordinate Plane

2.1 Practice Problems
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(1) =(-5.2); (x3,3,)=(-41)
d =\/(x2 x4+ (- )
=4 Co) a2

=P +(-1 =V2»14

(x> 31)= (6, 2); (x2,52)=(-2,0)
(x3,73)=(15)
dy=(c- %) +(2- )
=\/(-2- 6) +(0- 2)°
= J(-8)* +(-2)* =+/68
d, =\/(X3 - x1)2 +(y3 - )’1)2
=\(1- 6) +(5- 2)°
=57 +@3) =34

2006 2008
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6.

d; =\/(X3 - xz)z +(y3 - y2)2
- (2)P+(- 0y

=Gy + () =34

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) = \/(60— 0)° +(0- 60)*

= J(60)* + (- 60)* =2(60)?
=602 » 84.85 fi

&+6 -2+(-1)6 2l 36
M= T R S
) 2 5 &2 27

2.1 Concepts and Vocabulary

1.

A point with a negative first coordinate and a
positive second coordinate lies in the second
quadrant.

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

The distance between the points P (x;, y;)
and Q (xz, yz) is given by the formula

2 2
d(P, Q)= (5= )’ +(2- )’
The coordinates of the midpoint M(x, y) of the
line segment joining P (x;,y,) and
Q(x,,y,) are given by

& +x, y+y,0
(x’y)zglz 2’ 12 26

True

False. The point (7, —4) is 4 units to the right
and 6 units below the point (3, 2).
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164 Chapter 2 Graphs and Functions

7. False. Every point in quadrant II has a
negative x-coordinate.

8. True.
2.1 Building Skills

9. y
(-7,4) C
b 4T70.3)
3
42 [ LG22
(=1,00 10,0
T T T N 2t T
—7—6-5-4-3-2 10[ 1 2 3 X
—1+ ®
- 3G.=1
_3—
_4_
(-2,-5)®8 -5

(2,2): QI1; (3,-1): Q4; (-1, 0): x-axis
(—2,-5): Q3; (0, 0): origin; (=7, 4): Q2
(0, 3): y-axis; (—4, 2): Q2

10. a. Answers will vary. Sample answer:
(' 2’ 0)’ (' 1’ O)’ (0’ O)’ (1’ O)’ (2’ 0)
The y-coordinate is 0.

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

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

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

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

at -3.
b. A horizontal line that intersects the y-axis
at 4.
13.a. y>0 b. y<0
c. x<0 d. x>0

formula, (x,y) =

14. a. Quadrant III b. Quadrant I
c. Quadrant IV d. Quadrant IT

In Exercises 15—24, use the distance formula,

d=\/(x2- x1)2+(y2- yl)2 and the midpoint
& +X) Y1+Yr0
2 7 2 @

15.8. d=2-2)2+(5-1)2 =42 =4

2+2 1+50_
b M =g . (2.3)

16.2. d=+(-2-3)2+(5- 52 =4(-57 =

ae3+( 2) 5+55
b. M=¢ 3=0055)

17.8. d=y@2- (- 1)2+(-3- (-5))>
=32+22 =413
& 1+2 -5+(-3)6

b M=g— = = 0=(05-4)

18. a. d:\/(_7_ (_4))2+(_9_ 1)2
=32 +(-10)% =109

e4+(-T7) 1+(- 9)0

b M=g— = —2=(-55-4)

19.8. d=yG- (-1)?+(-65- 1.5
=\4* +(-8)? =80 =45

e 1+3 1.5+(- 65)0

"5 T 2 5 ()

b. M

20.a. d=+(1- 057 +(-1- 0.5
=(0.5)% + (- 1.5)? :ﬁ:\gzg

20.5+1 0.5+ (- 1)0

b. M= , _075 0.25
£ 2 2 ( )

21. a. d=\/(\/5-\/§)2+(5-4)2=x/17=1
&2 +2 4+50 (\/—45)

b. M= —
§ 2
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Section 2.1 The Coordinate Plane 165

2.8, d=\((v+w)- v- w)2+(t- 1)
:\/(2w)2 :2|w|

b, M= ;(M,Hfg_(v 1)

23.a. d=+k- D> +(- k)?
=\/(k2 - 2tk+t2)+(t2 - 2kt+k2)
—N2? - 4tk +2k> =\/2(t2 -2k +47)

=20t~ k)2 =|r- K[N2

b. M:M’ﬂg
€2 29

24, a. d=\/(—n— m)2+(—m— n)2
=\/(n2+2mn+m2)+(m2+2mn+n2)
:\/2mz+4mn+2n2
=\/2(m2+2mn+n2)

:\12(171+n)2 :\/§|m+n|

an+(-n) n+(- m)o

b. M= , ~
& 2 2 B
_zf:m-nn-m(j
&2 29

25. P=(-1,-2),0=(0,0),R=(1,2)
d(P,0)=\(0- (- DY +(0- (-2))* =5
dQ.R) =A1- 0> +2- 0 =5
d(P,R)=\/(1- DY +(2- (-2)

=22 +4% =20=25
Because d(P, Q) + d(Q, R) = d(P, R), the
points are collinear.

26. P=(-3,-4),0=(0,0),R=(3,4)
d(PQ)—\/(O -3)) +(0- (-4))° =25=5
d(Q.R) =\(3- 02 +(4- 0)> =425 =5
d(P,R):\/(3- -3) +@- (-4)

=V6% +8% =100 =10

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

27. P=(4,-2),0=(1,3),R=(2,8)
d(P.0)=\(1- 4 + (- -2 =34
d(Q,R)=\/(-2- D2 +(8-3)2 =34

d(P.R)=(-2- 4) + (- (-2))?

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

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

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

29. P=(-1,4),0=3,0),R=(11,-8)
d(P.0) =3~ DY +(0- 4) =42
dQ.R) =11- 32 +(-8)- 0)? =82
d(P.R)=AJ(1- (- DY +(-8- 4)

=J12)2 +(-12)2 =288 = 1242
Because d(P, Q) + d(Q, R) =d(P, R), the
points are collinear.

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

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

32. P=(1,7),0=(3,7.5),R=(-7,8)
d(P,Q) = \/(3 1) +(7.5- 7)* =+/16.25
dQ.R) =7~ (-3)% +(8- 7.5

=./16.25
d(P.R) = (-7~ 1)} +(8- 7)°
=\(-8)2 +1% =65 = 21/16.25

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

33. First, find the midpoint M of PQ.

=4+0 0+8%
=g 5 524

Now find the midpoint R of PM.
4+(-2

& 4+(-2) 0+4S—( 3,2)

£ 2

Finally, find the midpoint S of MQ.

=2+0 4+8o
S—g 7 =(-1,6)

Thus, the three pomts are (=3, 2), (-2, 4), and
(-1, 6).

M

R=

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

166

Chapter 2 Graphs and Functions

34. First, find the midpoint M of PQ.

35.

36.

37.

38.

39.

40.

_®8+16 4+( 12)0
"¢ 2 =9

Now find the midpomt R of PM.
®&8+4 4+(- 4)o

R= , =(-2,0
) 2 =(2.0)
Finally, find the midpomt S of MQ.

-4+ (-12)6
S=£ﬁ4+16’ +( )S=(10,-8)
€ 2 2 3

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

d(P.Q)=\(-1- (-5 +(4- 5 =17
d(Q.R) :\/(-4- CDY +(1-4) =342
AP, R =A(-4- -5 +(1- 57 =17

The triangle is isosceles.

d(P,0)=(6- 37 +(6- 2)* =5
dQ.R)=\(-1- 6) +(5- 6 =52
d(P,R):\/(—l— 3 +(5- 2)* =5

The triangle is an isosceles triangle.
d(P.0)=\(0- (-4)* +(7- 8 =17
d(Q.R)=\(-3- 0 +(5- 7)* =13
d(P,R)=(-3- (- H) +(5- 8) =10
The triangle is scalene.

d(P.0)=\(-1- 6} +(-1- 6)° =742
dQ.R) =\(-5- - D) +(3- (- D)} =42
d(P,R)=A[(-5- 6)* +(3- 6)* =130
The triangle is scalene.

d(P.0)=\0- 0 +(-9- (- D) =145
d(Q.R)=(5- 9)* +(1- (-9))* =229
AR =(5- 0F +(1- - D) =29
The triangle is scalene.

d(P,0)=J(4- - H) +(5- 4 =65
d(Q.R)=(0- 4 +(-2- 5 =65
d(P,R)=A(0- (-4) +(-2- 4) =213

The triangle is isosceles.

41.

42,

43.

d(P.0)=\(-1- 1) +(1- (- D) =242

d(Q,R)=\/(-J§- (D) +(-43-1)
=\/(3- 2\/§+1)+(3+2\/§+1)
=8 =22

d(P,R) =\/( J3- 1)2 +(- - (- 1))2
:J(3+2\/§+1)+(3- 243 +1)
=8 =22

The triangle is equilateral.

d(P.0)= (- 15- (-0.5) +(1- (- DY

=5
2 &f3 5
d(Q,R):\/ (V3-1)- 1.5)) te 16
TV3-1) +3 )+225
) §4 \/§+1
) 3 243 +1+343 - 3+2.25)
- +(1.75- \3)
=J§
(-1 o)
d(P,R) $2
+§?-( 1)5
)+0.25°

+§%+ 3+lg
(3- 23 +1+43 - 1+0.25)
+(1.75+ﬁ)

-

The triangle is equilateral.

First find the lengths of the sides:

d(P,0) :\/(- 1- 7 +(G- (-12)* =17
d(Q,R) =\/(14- D) +(11-3) =17
d(R,S) :\/(22- 14 +(-4- 11)° =17
d(S,P) =\/(22- 7)Y +(-4- (-12))* =17

(continued on next page)
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(continued)

44.

45.

46.

47.

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

d(P,R) =\/(14- 7V +(11- (- 12))* =172
d(0,S) :\/(22- DY +(-4-3) =1742

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

First find the lengths of the sides:
d(P,0) =0~ 8) +(- 11- (- 10))* =42
d(Q.R) =8~ 9) +(-12- -11)) =2

d(R.S)=AJ(7- 8Y +(-11- -12)} =2
d(S.P) =8~ 77 +(-10- 1))’ =42

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

d(P,R) =\/(8- 8)’ +(-12- (- 10))’ =2
d(Q,S)=\/(7- 9 +(-11- (- 11D)* =2

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

5=\/(x- 2 +(2- - D)
=Vx?- 4x+449P

S5=+x?-4x+13P 25=x%- 4x+13P
0=x%-4x-12P 0=(x- 6)(x+2)P
x=-2o0rx=6

1B3=yC- C10P +(r- -3)
=144+ % +6y+9
=y2+6y+153P

169 = y2 +6y +153
0=y2+6y-16b 0=(y+8)(y- 2)P
y=-8ory=2
P=(-5,2),0=(2,3),R=(x,0) (R is on the
x-axis, so the y-coordinate is 0).
d(P.R)=\(x- -5 +(0- 2)
d(Q,R) =(x- 2% +(0- 3)?

48.

JG- 5P +0- 2 =yx- 92+0- 3)?
(x+52+0-2)2=(x-2)2+(0- 3)*
x2+10x+25+4=x%- 4x+4+9
10x+29 =-4x+13

14x=-16

8

x=-—=

7
The coordinates of R are z §,O§.
€ 775

P=(7,-4),0=(8,3),R=(0,y) (Ris on the
y-axis, so the x-coordinate is 0).
d(P.R)=AJ(0- TV +(y- (-4))

dQ.R) =0 8)% +(y- 3)’

\/(0— 7V +(y- - H)
=J0- 82 +(y- 3)

49+(y- (-4)' =64+(y- 3
49+ y2 +8y+16=64+y? - 6y+9
8y+65=-6y+73
14y =8
4
7

y:

B
9 O

The coordinates of R are g(),

2.1 Applying the Concepts

49.

50.

y
3251~

275

250

225

Total population (millions)

Tttt
Y"1980 1990 2000 2010 2020 x

Year

_ x2010+2016 308+3246
e 2 ’ 2 9
= (2013, 316)
The population is 2013 was about 316 million.

M
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51. 2’6 L 57. Percentage of Android sales in June 2013:
18 51.5%
E i 3: \/«\‘\ 58. Percentage of iPhone sales in December 2012:
[22]
121 49.7%
10"—‘ I I I I I 59. Android sales were at a maximum in June
1970 1990 2010 x 2014.
Year
y 60. iPhone sales were at a maximum in December
52. ok 2012.
61. Denote the diagonal connecting the endpoints
A U of the edges a and b by d. Then a, b, and d
g form a right triangle. By the Pythagorean
5 theorem, a® +b* = d? . The edge c and the
diagonals d and £ also form a right triangle, so
7 —
Lol 111 1 ¢? +d? = h*. Substituting d* from the first
1970 1990 2010 x ) 9 9 5 o
Year equation, we obtain a” +b~ +c” =h".
53 b :
10— i h c
I
é 8 :",,d’ (!
a
e 62.a. v
16}~
6‘7‘ Lo L T Middale
1970 1990 000 x 2r *
Year gl
54. %'; — 4 :. Dullsville Pleasamvile
I A
5t o 4 8 12 16 20%x
2 2 :
Z m\ d(D,M) = \/(800 - 200)” + (1200 - 400)
3l =1000
2F d(M. P)=1J(2000 - 800)? + (300 - 1200)>
4’# | | | | | | =1500
1970 1990 2010 x =
Year The distance traveled by the pilot
55. 2014 is the midpoint of the initial range, so = 1000 + 1500 = 2500 miles.
- RL eIme d(D, P) =/(2000 - 200)? +(300- 400)>
_ (014 s ) 20 = /3,250,000 = /32540000
A 2 - =100+/325 = 1006+/13 = 5004/13
Americans spent about $376 billion on » 1802.78 miles
prescription drugs in 2014.
56. 2014 is the midpoint of the initial range, so

_&2012+2016 2497 +3696 5
& 2 ’ 2 g
= (2014, 3096.5)

M

There were about 3097 million Internet users

in 2014.
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63. First, find the initial length of the rope using
the Pythagorean theorem:
24% +10°% =26.
After t seconds, the length of the rope is
26 — 3¢. Now find the distance from the boat
to the dock, x, using the Pythagorean theorem
again and solving for x:

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

V576 - 1561 + 912 =

2.1 Beyond the Basics

64. The midpoint of the diagonal connecting (0, 0)

and (a+ b, ¢) is gﬂ b ;f_; The midpoint of

the diagonal connecting (a,0)and (b, ¢) is
o+ b o

also
)

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

~. Because the midpoints of

(b, ¢) (a+b,c)

0 @0

65. a. If AB is one of the diagonals, then DC is the
other diagonal, and both diagonals have the
same midpoint. The midpoint of AB is

g’%,ﬂo_ (3.5,3.5) . The midpoint of
C= (35.35)=%+3 y+86
€2 27

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

y+8
35=—DP y=-1.
2 y

The coordinates of D are (4, —1).

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

&2 +3 ﬂg_ (2.5,5.5). The midpoint of

& 2
DB= (25,55 =15 y+4o
€2 209

So we have 2.5=x—;5D x=0 and

s.s—yT”p y=17.

The coordinates of D are (0, 7).

c. If BCis one of the diagonals, then DA is the
other diagonal, and both diagonals have the
same midpoint. The midpoint of BC is
5+3 4+ 8 0
€2 29

is (4.6) = g,x-;Z’y+3o

= (4 6) . The midpoint of DA

So we have

x+2 +3

4= P x=6 and 6:—y2 P y=9.

The coordinates of D are (6, 9).
66. The mjdpoint of the diagonal connecting (0, 0)

and (x, y) is $2 ~. The midpoint of the

diagonal Connectlng (a, 0) and (b, ¢) is

@i th , ¢ 8 Because the diagonals bisect each
€ 2 29

other, the midpoints coincide. So

X a+b

= P x=a+b,and 2-%p y=c.
2 2 2 2

Therefore, the quadrilateral is a parallelogram.

67. a. The midpoint of the diagonal connecting

(1,2) and (5, 8) is ?%5,%80—( .5).

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

? 22+ 8 , 6 ; 42— (3,5). Because the

midpoints are the same, the figure is a
parallelogram.

b. The midpoint of the diagonal connecting

(3,2) and (x, ) is g;x’z”;

midpoint of the diagonal connecting (6, 3)

The

and (6. 5) s (6. 4). So XX = 6p x=9

and =22 =4p y=6.
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68. Let P(0, 0), O(a, 0), R(a + b, ¢), and S(b, c) be

69.

70.

the vertices of the parallelogram.

PQ=RS =(a- 0)>+(0- 0) =d|

OR =PS = [((a+b)- a)’ +(c- 0)?
=b? +c2.

The sum of the squares of the lengths of the

sides = 2(a” +b° +¢?).

d(P,R)=+(a+b)* +c>.

2
d(Q,S)=\/(a- b)" +(0- ¢)%.
The sum of the squares of the lengths of the
diagonals is

((a+b)2 +62)+((a- b)2 +c2)=

a’+2ab+b*+c* +a’- 2ab+b> +c* =
2a% +2b% +2¢%? =2(a® +b% + ).

Let P(0, 0), O(a, 0), and R(0, b) be the
vertices of the right triangle. The midpoint M

of the hypotenuse is g’%,ﬁ;

d(R,M)

€26 ° 2

& 27
Let P(0, 0), O(a, 0), and R(0, a) be the
vertices of the triangle.

h/

R0, a)

P Ola,0) ¥

71.

72.

Using the Pythagorean theorem, we have
?=a*>+a*p *=2a*P c=+2aP
a= Lc = ﬂc

2 2

Since ABC is an equilateral triangle and O is
the midpoint of AB, then the coordinates of A
are (—a, 0).
3
C

A B{a, 0)

D

AB = AC = AB = 2a. Using triangle BOC and
the Pythagorean theorem, we have

BC?=0B>+0C*P (2a)* =d> +0C* P
4a®> =a> +0C?* P 3d*>=0C*P 0OC=+3a
Thus, the coordinates of C are (O, \/ga) and

the coordinates of D are (O, - \/ga).
-

Q(xs, y2)

[y2 =1
M(x, y)
Plx;. ) 2 —
[y =l
b S(x, vy)

x| T(x,, ¥)

¥ = x|

(0] X

To show that M is the midpoint of the line
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.

PQ=\/(X2 - x1)2+()’2 - Y1)2

(continued on next page)
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(continued) 2.1 Getting Ready for the Next Section
&X + X 5 & +y 5 167 wls” 1 1 2 1
Mpo [EtR O @ity 8 2,y o®e el 1,12 1
§ - x1¢ £ > )’1¢ 79.a. x"+y §35 +§25 4+4 172
.2 .2
&N - X0 &Yy~ N0 2 2
= - + - . .
Js 2 578 2 5 b, x4y D20 @28 2 2
2 2 €25 €23 4
=\/(x2- xl) +()’2' )’1)
P 4 80.a. (x- 1) +(y+2) =¢(-1)- Iy +(1+2)
2 2
=5\/(Xz-xl) +(y2- n) =(-2) +3%=4+9=13
1
Thus, we have MP =5PQ. b. (x- 1) +(v+2)° =(4- 1) +(2+2)
1 =32+47=9+16=25
Similarly, we can show that MQ = EPQ .
Thus, M is the midpoint of PQ, and 81. a. i‘*M:z"‘ﬁ:g*‘i:l'l:O
B T e 2 My [ 3 2 -3
& tX Mi+y»o
(x,y)=20F%2 N+3a0
£ 2 >0 b T P-4 Bl_-43
2.1 Critical Thinking/Discussion/Writing My 43 403
73' a. y-aXiS 82. a. H+M=H+H=i+i
b. x-axis *x oy -1 -20-1 -2
) =-1+(-1)=-2
74. a. The union of the x- and y-axes
b. The plane without the x- and y-axes b. M + M = |_§| +% = 3 + 2 =1+1=2
X
75. a. Quadrants I and III Y
.2
b. Quadrants IT and TV 83, 2. 6x4 ?76% =2 643l
76. a. The origin
=x"-6x+9
b. The plane without the origin -
. .2
77. a. Right half-plane 84, 12 Sx4 ?—88 2 8+ (- 4)
b. Upper half-plane 29
=x?- 8x +16

78. Let (x, y) be the point.

The point lies in if 28362 9
8s. y2+3y:y2+3y+ — = :y2+3y+ =
Quadrant I x>0andy>0 §25 4
Quadrant II x<0andy>0 55 25
2 0 _ 2 )
Quadrant 1T x<0andy<0 86. y"+35y+ §25 +5y+
Quadrant IV x>0andy<0 P 5
2 & do 2
P 87. «x -ax+§76 =x"-ax+ —
(= +) (+,+) ) )
88. xZ4ay+ 20 =xliay+ o
0 X Y SZQ) » i
(=) (+,-)
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2.2 Graphs of Equations

2.2 Practice Problems

1.

y=-x2+1

x y=-x*+1 (x,y)

y=-(2¢+1 |(2,-3)

y=—C1+1 | (L0

y=-(1y+1 1,0

2
1
0 y=—(0)2+1 ©, 1)
1
2

y=-2y+1 2,-3)

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

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

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

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

(- x)2 - y2=1P x?- y? =1, which is the
same as the original equation. So the graph is

symmetric about the y-axis.

2

xaxis: x> =(-y) P x> =-y>, which is not

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

. 2 Do
y-axis: (-x)” =y b x? =3, which is the
same as the original equation, so the equation
is symmetric with respect to the y-axis.

origin: (- x)’ =(-y)’ P x? =- 3, which is
not the same as the original equation, so the

equation is not symmetric with respect to the
origin.

y=-1*+77t2 +324
a. First, find the intercepts. If = 0, then
y =324, so the y-intercept is (0, 324).
If y = 0, then we have
0=-1*+771* +324
- 771 - 324=0
(- 81)(¢* +4)=0
(t+9)(- 9)(r> +4)=0P 1=-9,9, £2i
So, the f-intercepts are (—9, 0) and (9, 0).
Next, check for symmetry.
t-axis: - y=- t* +771% +324 is not the
same as the original equation, so the

equation is not symmetric with respect to
the f-axis.

yaxis: y=- (-1)* +77(-1)" +324 P

y=- 4771 + 324, which is the same as

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

origin: - y=- (-1)* +77(- 1)’ +324 P

-y =-1*+771> + 324, which is not the

same as the original equation. So the graph
is not symmetric with respect to the origin.
Now, make a table of values. Since the
graph is symmetric with respect to the
y-axis, if (¢, 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 > 0.

t |y=—t'+177F+324 t,y)
0 324 (0, 324)
1 400 (1, 400)
2 616 (2, 616)
3 936 (3, 936)
4 1300 (4, 1300)
5 1624 (5, 1624)
6 1800 (6, 1800)
7 1696 (7, 1696)
8 1156 (8, 1156)
9 0 9, 0)

(continued on next page)
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(continued)

¥
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1600
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1000
800
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400
200
[N BRI L W
0123456789107

The population becomes extinct after 9
years.

6. The standard form of the equation of a circle

is (x- 2+ (y- k)r=r2
(h,k)=@3,—6)and r=10
The equation of the circle is

(x- 3)2+(y+6)% =100.

(x- 2> +(y+1)* =36P (hk)=(2.-1),r=6
This is the equation of a circle with center
(2, —1) and radius 6.

x2+yr+4x-6y-12=0P
xZ+dx+yi-6y=12

Now complete the square:
x2+4x+4+y7- 6y+9=12+4+9P
(x+2) +(y- 3)" =25

This is a circle with center (=2, 3) and
radius 5.

2.2 Concepts and Vocabulary

1.

8.

The graph of an equation in two variables,
such as x and y, is the set of all ordered pairs
(a, b) that satisfy the equation.

If (-2, 4) is a point on a graph that is
symmetric with respect to the y-axis, then the
point (2. 4) is also on the graph.

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

An equation in standard form of a circle with
center (1, 0) and radius 2 is (x- 1)* +y> =4.
False. The equation of a circle has both an
x%-term and a y2 -term. The given equation

does not have a y2 -term.

False. The graph below is an example of a
graph that is symmetric about the x-axis, but
does not have an x-intercept.

d_'_'_'_'_,_,_,—-

-\_\_\_\_\_‘_‘—\—\.

False. The center of the circle with equation
(x+3)" +(y+4)" =9 is (-3, - 4).

True

2.2 Building Skills

In exercises 9—14, to determine if a point lies on the
graph of the equation, substitute the point’s
coordinates into the equation to see if the resulting
statement is true.

9.

10.

11.

12.

on the graph: (=3, —4), (1, 0), (4, 3); not on the
graph: (2, 3)

on the graph: (-1, 1), (1, 4), g % 0 ; not on
the graph: (0, 2)

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

; not on the graph:

N | =
SR

on the graph: (1, 1), ;2’

0,0, & 3%%
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13. on the graph: (1, 0), (2,\/3),(2, - \/5), not on 20.

the graph: (0, -1)

14. Each point is on the graph.

15.
16.
17. ¥
6 (3,6)
o LX)
0.0 202
I I | I I |
6 —4 -2 4
-.-2d |
-2, -4 -4
-3.-64 _g
18. y
3_
2 (3,15
2, 1)
(0,0) (1,
L1 L
3 -2 - 2
-1, -03)
(-2, - 1)
727
(=3, —1.5)
737
19.

21.

22,

23.

24.

25.

(=3, -9)

-9 (3. -9

th'=
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— W s oo e

(3,5)

ey
N o—e

26.
(=3,5)
G2
B —
(=1, -3
27.
28.
29.
30.

31.

—_ N W ke

—4 =3 -2-1

1

(3. —Lad)\ (-2

(-2, -126)| _4
(=1, =D

-4
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36.

For exercises 3746, read the answers directly from

the given graphs.

37. x-intercepts:
y-intercepts:

symmetries:

38. x-intercepts:
y-intercepts:

symmetries:

39. x-intercepts:
y-intercepts:

symmetries:

40. x-intercepts:

y-intercepts:

symmetries:

41. x-intercepts:
y-intercepts:

symmetries:

42. x-intercepts:
y-intercepts:

symmetries:

43. x-intercepts:
y-intercepts:

symmetries:

44. x-intercepts:
y-intercepts:

symmetries:

45. x-intercepts:
y-intercepts:

symmetries:

46. x-intercepts:
y-intercepts:

symmetries:

-1,1
none
y-axis
none
-1,1
X-axis

-pP, O’ p
0
origin

X-axis, y-axis, origin
-2,2

-3,3

X-axis, y-axis, origin
-2,0,2

0

origin

-2,0,2

0

origin

-2,0,2

0,3

y-axis

0,3

-2,0,2

X-axis

47.

48.

49.

50.

51.

52.

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

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

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

x-intercept is 5/2 ; the y-intercept is 5/3 .
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53.

54.

55.

56.

57.

58.

To find the x-intercept, let y = 0, and solve the
equation for x: §+g =1P x=35. To find the
y-intercept, let x = 0, and solve the equation
for y: %+% =1P y=3. The x-intercept is 5;
the y-intercept is 3.

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

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

x+2

equation for x: 0 = 1 b x=-2.To find

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

equation for y: y = % =-2. The x-

intercept is —2; the y-intercept is —2.
To find the x-intercept, let y = 0, and solve the

equation for x: x = 0-2 b x=-2. Tofind
0+1

the y-intercept, let x = 0, and solve the
2

equation for y: 0= Y <p y =2. The x-
y+1

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

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

equation for x: 0 =x>-6x+8P x=4or

x =2. To find the y-intercept, let x = 0, and

solve the equation for y: y = 0%- 6(0)+8P

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%- 50)+6P x=6.To

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

equation for y: 0= y2 -5y+6P y=2or

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

are 2 and 3.

59.

60.

61.

62.

63.

64.

To find the x-intercept, let y = 0, and solve the
equation for x: x>+0%=4P x=%2. To
find the y-intercept, let x = 0, and solve the
equation for y: 0%+ y2 =4Pb y=42. 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:

(x-1)+0%=9P x- 1=43D
x=-2orx=4

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

0-1+y>=9P 1+y>=9P y>=8P
y=+/8 =422

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

To find the x-intercept, let y = 0, and solve the
equation for x: 0 =+9- x>P x=#3. To
find the y-intercept, let x = 0, and solve the
equation for y: y=+9- 0’ p 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 = Vx2- 1P x==I. To
find the y-intercept, let x = 0, and solve the
equation for y: y = 0%-1P 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) =1P no solution. To

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

is no x-intercept; there is no y-intercept.

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

equation for x: 0= x2+1Pp x?2=-1P there
is no real solution. To find the y-intercept, let
x =0, and solve the equation for y:

y= 0% +1Pp y =1. There is no x-intercept;
the y-intercept is 1.
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In exercises 65—74, to test for symmetry with respect 69.

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.

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

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

y=(-x)2+1b y=x2+1,sotheequationis

symmetric with respect to the y-axis. 70.

-y=(-x)2+1P -y=x%+1,is not the
same as the original equation, so the equation
is not symmetric with respect to the origin.

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

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

-x=(- y)2+113 —x=y2+1 is not the same

as the original equation, so the equation is not 7

symmetric with respect to the origin.

67. -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- xb y:-x3- xb
y=- ()c3 + x) is not the same as the original

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

-y=(-x)3-xb -y=-x3-xb

-y=-(x*+xP y=x>+x, so the equation

is symmetric with respect to the origin. 72.

68. -y= 2x% - x is not the same as the original

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

y=2(-x)>-(-x)P y=-2x>+xb

y=- 2(x3 - x) is not the same as the original

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

—y=2(—x)3— -x)b —y:—2x3+xb
—y:—2(x3— x) b y:2x3— X, so the

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=5-0*+2¢-0%P y=5x*+2x2,s0
the equation is symmetric with respect to the
y-axis.

_ 4 _c 4 2.
-y=5G-x)"+2(-x)P -y=5x"+2x" 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=-3-0°+2-0*+(- 0P

2

y=- 3x% +2x% + x2, so the equation is

symmetric with respect to the y-axis.
-y=-3G0°+2¢- 0+ (-0 P

2

-y=- 3x% +2x* + x2 is not the same as the

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

-y=- 3x° +2x° is not the same as the

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

y=-3-10+2(-x>P y=3x"-2xis
not the same as the original equation, so the
equation is not symmetric with respect to the
y-axis.

-y:-?a(-)c)5+2(-x)3 P -y:3x5- 2P
-y:-(-3x5+2x3)P y:-3x5+2x3,so
the equation is symmetric with respect to the
origin.

-y= 2x2 - |x| is not the same as the original

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

y:2(-x)2- |-x|D y:2x2- |x|,sothe
equation is symmetric with respect to the
y-axis.

_ 2 _ 2 .
-y=2(-x)° - |-x|ID -y=2x"- |x| is not
the same as the original equation, so the

equation is not symmetric with respect to the
origin.
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73.

74.

X2 )2 +2x(- y)=1P x2y?-2xy=11is
not the same as the original equation, so the
equation is not symmetric with respect to the
X-axis.
(- )c)zy2 +2(-x)y=1P xzy2 - 2xy=1is
not the same as the original equation, so the
equation is not symmetric with respect to the
y-axis.

2 2
07" +20¢-y)=1P
x? y2 +2xy =1, so the equation is symmetric

with respect to the origin.

x2+(- y)2 =16b x2 +y2 =16, so the
equation is symmetric with respect to the
X-axis.

(-02+y2=16P x?>+y*=16,sothe
equation is symmetric with respect to the
y-axis.

-02+(¢-y2=16DP x*+y?=16, so the
equation is symmetric with respect to the
origin.

For exercises 75-78, use the standard form of the

equation of a circle, (x - h)? + (y- 02 =r2.
75.
76.

77.

78.

79.

2
Center (2, 3); radius = 6
Center (-1, 3); radius = 4
Center (-2, —3); radius = \/H

Center &l,- gg; radius = —3
£27 29 2

2+(y-1D2=4

¥

80.

81.

82.

83.

(x-Dr+y?=1
Yy
1.5
1_
0.5
L gm !
0 0.5 1 1.5 25 x
—0.5
Sk

(x+D2+(y-2)?%=2

-2-15-1-050] ¥

x+2)2+(y+3)?2=7

Find the radius by using the distance formula:
d=A(-1- 3 +(5- (-4)2 =97 .

The equation of the circle is
(x-3)2+(y+4)?%=97.
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84. Find the radius by using the distance formula:

d=+(-1- 2% +(1- 5% =25 =5. The
equation of the circle is
(x+D%+(y- )2 =25.

(2,3)

LD
[
T 1

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

(x-Dr+(y-2)%=4.

¥y
5
4
’%
2
1

86. The circle touches the y-axis, so the radius
is 1. The equation of the circle is

(x-D>+(y-2?%=1

S T Y
0l 051152 X

87. Find the diameter by using the distance
formula:

d=\(3- D2 +(6- 4?7 =104 =226 .

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

M= ae7+( 3) 4+60
£§ 2 2

of the circle is (x - 2) +(y- 5)

=(2,5). The equation

88.

-4 =2 012345678 x

Find the center by finding the midpoint of the
diameter: C = ?2;8, - 3+50 =(51)
Find the length of the radlus by finding the

length of the diameter and dividing that by 2.

d =\/(2- 8)2 +(-3- 5)2 =100 =10
Thus, the length of the radius is 5, and the
equation of the circle is

(x- 5% +(y- D% =25.

v,

89. a.

—(2,-3)

x2+yr-2x-2y-4=0P

x%- 2x+y2- 2y =4

Now complete the square:

X% 2x+14y%- 2y+1=4+1+1P

(x- D?+(y- 1)? =6. This is a circle with
center (1, 1) and radius \/6 .

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

(x-D2+0-1)>=6P (x- 1V +1=6P
(x-1)°=5P x-1=%/5b x=1%5
Thus, the x-intercepts are (1 + \/g s O) and
(1- 5. 0).

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

©0-12+(y-D2=6b 1+(y-1)"=6P
(y-1¥=5Pb y-1=%/5b y=12+5

Thus, the y-intercepts are (O, 1++/5 ) and

(0.1-5).
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90. a.

91. a.

92. a.

x2+yr-4x-2y-15=0P

x2- 4x+y2- 2y =15

Now complete the square:
x2-4x+4+y7-2y+1=15+4+1P
(x- 2)%>+(y- 1)? =20. Thisis a circle
with center (2, 1) and radius 2\/3 .

To find the x-intercepts, let y = 0 and solve
forx: (x- 2)2+(0- D> =20P

(x- 2)*+1=20P (x-2)°=19P
x-2=+J19p x=2+19

Thus, the x-intercepts are (2 + \/E s 0) and
(2- V19, 0).

To find the y-intercepts, let x = 0 and solve
fory: (0- 2)>+(y- )2 =20P
4+(y-1D*=20P (y-1)>=16P
y-1=+4b y=-3,5

Thus, the y-intercepts are (0, —3) and (0, 5).
2x2+2y2+4y=0P

2()c2 +y2+2y)=0p )c2+y2 +2y=0.
Now complete the square:

x2+y2+2y+1=0+1b x2+(y+1)2=1.

This is a circle with center (0, —1) and
radius 1.

To find the x-intercepts, let y = 0 and solve
forx: x2+(0+1)2=1P x*>=0P x=0
Thus, the x-intercept is (0, 0).

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

02+(y+1)?=1P y+1=#1P y=0,-2
Thus, the y-intercepts are (0, 0) and (0, —2).
3x2+3y2+6x=0P

3()62+y2 +2x)=0P xz+2)c+y2 =0.
Now complete the square:

x2+2x+1+y2 =0+1P (x+1)2+y2 =1.

This is a circle with center (-1, 0) and
radius 1.

93. a.

94. a.

b.

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

(x+1D?+02=1P x+1=+1bP x=0,-2
Thus, the x-intercepts are (0, 0) and (-2, 0).
To find the y-intercepts, let x = 0 and solve
for y: (O+1)2+y2 =1b y2 =0Pb y=0
Thus, the y-intercept is (0, 0).

2

x2+y2- x=0P x°- x+y2:0.

Now complete the square:

1 1
x*- x+—+y2=0+—b
4 4
15 1
- =2 +y2 =—. This is a circle with
29 4

center &1,09 and radius l
§€2°% 2

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

fore & 10 g2 Ly 1Ll
& 20 4 2 2

x =0, 1. Thus, the x-intercepts are (0, 0)

and (1, 0). To find the y-intercepts, let x =0

and solve for y:

1¢ 1 1 1
B-=2 +y?=—p y2+—=-b
€ 25 7Y T4 Y T4y
y2:0P y=0.

Thus, the y-intercept is (0, 0).

x2+y2+1:0p x2+y2:-1.The

radius cannot be negative, so there is no
graph.

There are no intercepts.

2.2 Applying the Concepts

95. The distance from P(x, y) to the x-axis is |x|

96.

while the distance from P to the y-axis is | y|.

So the equation of the graph is |x| = | y|.

The distance from P(x, y) to (1, 2) is

\/ (x- 1)2 +(y- 2)2 while the distance from

Pto(3,—4)is (x- 32 +(y+4)? .

So the equation of the graph is

Ja-D24(r- 22 =y(x- D2 +(y+4)2 b
x-D2+(y-22=(x-3)2+(y+4)>Pp

(continued on next page)
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182 Chapter 2 Graphs and Functions
(continued) C. P,
151
2 2 ./'\_
-2x+14+y°-4y+4=
x * Y Y ||||||5>N||||
x2-6x+9+y>+8y+16P =6 —4 -2 0L 2\ 4 671
S2x-4y+5=-6x+8y+25D 1o
15 o
4x-20=12yPb y=gx- 3 30l
97. 1If you save $100 each month, it will take 24 Because 7 = 0 represents July 2018, r = -6
months (or two years) to save $2400. So, the represents January 2018, and r = 5
graph starts at (0, 0) and increases to represents December 2018.
(2, 2400). It will take another 30 months (or . . B
2.5) years to withdraw $80 per month until the d. To find the t-intercept, set P = 0 and solve
$2400 is gone. Thus, the graph passes through fors: 0=-0.5t>- 3r+8P
4.5,0).
*>.0 t_3i\/(-3)2-4(-0.5)(8)_31\/3
2400 - - 2(- 0.5) -
2000 |- =2o0r-8 )
g The r-intercepts represent the months with
g 1500 - no profit and no loss. In this case, t =—8
2 makes no sense in terms of the problem, so
% 1000 = we disregard this solution. 7 = 2 represents
z 500 - Sept 2018.
L1 1N e. To find the P-intercept, set ¢t = 0 and solve
or 1 e 47 ! for P: P=-0.5(0)2- 3(0)+8P P=8.
) ) The P-intercept represents the profit in July
98. If you jog at 6 mph for 10 minutes, then you 2018.
1) _ .
have traveled 6(3) =1 mile. So the graph 100. a. p
starts at (0, 0) and increases to (10, 1). Resting 200
for 10 minutes takes the graph to (20, 1). It :z'g
will take 20 minutes to walk one mile at 3 185
mph back to the starting point. Thus, the graph 18.0
passes through (40, 0). 17.5
y 17.0 |- P=-0.002¢ + 051+ 17.5
1= T o
o 1 2 3 4 5 671
5 b. To find the P-intercept, set ¢ = 0 and solve
= for P: P =-0.002(0)2 +0.51(0) +17.5 P
P =17.5. The P-intercept represents the
‘ | | number of female college students (in
0 100 20 30 40 x millions) in 2005.
Minutes
. 2
99. a. July 2018 is represented by 7 = 0, so March 101.a. | 7 | Height = - 161" +128¢ +320
2018 is represented by ¢ = —4. The monthly 0 320 feet
profit for Mar;:h is deterrmne;i by ) 432 feet
P=-0.5(-4)"- 3(-4)+8 =$12 million.
(47369 men 2 512 feet
b. July 2018 is represented by ¢ = 0, so 3 560 feet
October 2018 is represented by ¢ = 3. So the
monthly profit for October is determined by 4 576 feet
P=-0.5(3)%- 3(3)+8=-$5.5 million. 5 560 feet
This is a loss. 6 512 feet
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102. a. d

C— 2
ol ¥==1607+128+320

400

200

of 2 4 6 8 1\:
200

c. 0£r£10

d. To find the r-intercept, set y = 0 and solve
for #:

0=-16t+128t +320 P

0=-16(>- 8- 20) P
0=@x-10)t+2)P r=100rt=-2.
The graph does not apply if # < 0, so the
t-intercept is 10. This represents the time

when the object hits the ground. To find the
y-intercept, set = 0 and solve for y:

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

_40, 22
d——BI —9{
2001

100~

0] 10 20 30 40 50 6§ 70 80 ¢
=100~

—200—

b. 0£7£60

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

2.2 Beyond the Basics

103. x?+y2-4x+2y-20=0P

x2-4x+y*+2y=20P

x2-dx+4+ y2 +2y+1=20+4+1P

(x- 22 +(y+D)*=25

So this is the graph of a circle with center

(2, —1) and radius 5. The area of this circle is

25p. x*+y?-4x+2y-31=0P
x2- 4x+y2+2y:3113

x2-4x+4+y? +2y+1=31+4+1P
(x- 22 +(y+1)? =36

104.

So, this is the graph of a circle with center
(2, —1) and radius 6. The area of this circle is
36p . Both circles have the same center, so
the area of the region bounded by the two
circles equals 36p - 25p =11p.

y
5

Nyl oAy +2y-31=0

X2 +y?—dx+2y-20=0

Using the hint, we know that the center of the
circle will have coordinates (0, k).

¥

C0, k) ¢

4&_/4 X

v

,4/—\4
0

C(0, k) 9

Use the Pythagorean theorem to find k.
k*+4%=5"P k*+16=25P k*=9P
k=23

The equations of the circles are

x? +(yi3)2 =52
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2.2 Critical Thinking/Discussion/Writing b. First find the radius of the circle:
105. The graph of y2 = 2x is the union of th A5 =@ 0 +b- 17
. € graph ol y= = Zx 1S the union o (]
=\Ja>+®B- 1% P

graphs of y=«/ﬂ and y=-\/ﬂ.

y _a+(b-1)?

ik 2

) — The center of the circle is
s ea+0 b+16_aa b+1o
[ €2 27 & 27

A ’ So the equation of the circle is
N y= =& ® gtserae b+162_012+(b-1)2
Lk 725 T8 T2 5 P
To find the x-intercepts, set y = 0 and solve
106. Let (x, y) be a point on the graph. The graph is for x:
symmetric with regard to the x-axis, so the e a 62 b+ 1('52 a4+ (b - 1)2
point (x, —y) is also on the graph. Because the X - 25 +50- 7 5 = 4
graph is symmetric with regard to the y-axis, 0 5 ¢2 ) )
the point (x, y) is also on the graph. 2o oD _am+ (-1
Therefore the point (—x, —y) is on the graph, 4 4 4
and the graph is symmetric with respect to the 452 - dax+al +b2 +2h+1=a’ +b%- 2b+1
origin. The graph of y = x* isan example of 4x2 - dax+4b=0
a graph that is symmetric with respect to the x2 - ax+b=0
origin but is not symmetric with respect to the The x-intercepts are the roots of this
x- and y-axes. equation.
107. a. First find the radius of the circle: ¢. a=3and b= 1. Approximate the roots of

d(A,B) = ,(6 ] 0)2 +(8- 1)2 =85p the equation by drawing a circle whose

diameter has endpoints A(0, 1) and B(3, 1).
85

r=——. The center of the circle is @,19 and the
2 €2°'p

The center of the circle is 3
¥+0 1+85 96 radius is > The roots are approximately

2725 §2p (0.4, 0) and (2.6, 0).
So the equation of the circle is

95" _85 !
20 4

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

(x-3)+gy-

2
96 85
-3)24+%0- 22 =2p
(x-3) & Y]

4
(x- 3)%%:%1: x?- 6x+9=1P

L o2 -3x+1=0

x*- 6x+8=0
The x-intercepts are the roots of this
equation.
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108. a. The coordinates of the center of each circle
are (r, r) and (3r, r).

y

\

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

Aot = r(2r) =22

_ _ 2
AsectorR = AsectorS = Zp r

2 &l o 1 99
Aghaded region — 2r= - gzp r +Zp r 6
L > PO 2
=2r"- —pr-=c2-—=xr
2PN T 05

109, 223_2_
4

110. ——="—=

2. (-
111. (-3) S

112. ngzl
-2-(-6) 4 2
1

n3, -2 4 _4_18 2
3 &ls 5 45 5
8 49 8
3 1

114 Z__l_l_m_l(j@)__g

ST T YT
2 6 3

1s. -1 6. L
2 3
nn. 2 s, -2
2 4
3011
2+ —
1o, -—4__ 4 M, 1
1771 2
1_7 _
2 2
S w3519
6 £45_ 1 1
120. - T 5T
3 4 12

121. 2x+3y=6b 3y=-2x+6b y:%“z

CYosp 2o Xiap y=24 s
5 5 2 2

122.

| =

123. y-2- %(x+1)=0b y- 2=§(x+1)b

2 2 2 8
y==Xx+—+2==x+-
33 3 3

124. 0.1x+02y=0P 02y=-0.1xP y=-0.5x
2.3 Lines
2.3 Practice Problems

-3-5 8
1. m=———=-—
6-(-7) 13
A slope of - % means that the value of y
decreases 8 units for every 13 units increase

in x.

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

w |

2, \
v (3)=-Ze- (2
y+3=-§@+z)

2 4 213
$3=-2x-Zp g 2 1
Y 37730 YT
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_ -4-6  -10
T 2T
Use either point to determine the equation of
the line. Using (—3, —4), we have
y- (-4):5éx- (-3)[}13 y+4=5(x+3)P
y+4=5x+15P y=5x+11
Using (—1, 6), we have
y-6=5¢x- (-1gp y- 6=5(x+1)P
y-6=5x+5P y=5x+11

4. y-yi=m(x-x)P y-(-3)=2(x- 0)
point-slope form
y-(-3)=2(x- 0)P
y+3=2xb y=2x-3

5

5. 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).

[~

EEEEEEEEEEE
—8-6-4-2 0
-2

-4
-6
-3

—10

6. x=-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.

R B o O
I

X=—

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

y=- %x+6.The slope is - %,andthe

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

O=—%x+6p 6=%xp 8 = x . Thus, the

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

(0.6)

-8—6-4-20
=2
—4
-6
-8
-10
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 m and 1.794 m.

9. a. Parallel lines have the same slope, so the
3-7_-4_4
2-5 -3 3’
Using the point-slope form, we have

y- 5:%@)6— (-2)pP 3y-15=4(x+2)P
3y-15=4x4+8P 4x-3y+23=0

slope of the line is m =

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=0P
Sy=-4x-1Pb y=- %x- %.Theslopeof

a line perpendicular to this lines is %

Using the point-slope form, we have

y- (_4)=§(x_ 3)b 4(y+4)=5(x- 3)b
4y +16="5x-15P 5x- 4y-31=0
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10.

Because 2016 is 10 years after 2006, set
x=10. Theny =0.44(10) + 6.70 = 11.1
There were 11.1 million registered
motorcycles in the U.S. in 2016.

2.3 Concepts and Vocabulary

1.

7.
8.

The slope of a horizontal line is 0 ; the slope
of a vertical line is undefined.

The slope of the line passing through the
points P =(x;, y;) and Q = (x,, y,) is given
Yo- N

by the formula m = .
X2 - X

Every line parallel to the line y =3x- 2 has
slope, m, equal to 3 .

Every line perpendicular to the line

y =3x- 2 has slope, m, equal to - %

False. The slope of the line y = - %x +51is

1
equal to - .

False. The y-intercept of the line y =2x- 3 is
equal to -3.

True

True

2.3 Building Skills

10.

11.

12.

13.

14.

7-3 %; the graph is rising.

-4 -4
0 5 =" 2; the graph is falling.

3
I
I

2-(-2) 0 .
=222 = =0; the graph
m 6 5 e graph is

horizontal.

m= M = E b slope is undefined; the
-3-(-3 0

graph is vertical.

m=_3'5_2:£:—2.2;thegraphis
3-05 2.5
falling.
-3-(-2) -1 L
=———= =—=1; the graph is rising.
"SRy T =P £

=4 ; the graph is

15 m=—1 2

) (1+\/E)-\/E 1
rising.

6 me_ XB-0 33 3

(1+\/§)-(1-\/§) 23 2

is rising.

17. 14 18. 1,

19. 1, 20. 1,

3 ; the graph

21. 1, passes through the points (2, 3) and
-4-3 -7

(_5, 4) mll =

—=—=1.
-5-2 -7

22. 1, isahorizontal line, so it has slope 0.

23. 15 passes through the points (2, 3) and

-1-3
0, —1). =—F=2.
0, =1). my 0.2
24. 1, passes through the points (=3, 3) and
-1-3 4
0, —1). =—=-—.
( ) ml4 0_(_3) 3
25. (0,5);m=3
y=3x+5
y
i0
8IP(1,8)
6
(0,5)
LLELEL LA Attt
2 46 810

TTTTTTTTTTOTT

26. (0,9); m=-2

y=-2x+49

0,9)

Mbc\mb

—8—6-4-2 0
~2
—4
-6
-8

—10
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27.

28.

29.

30.

1
y=—x+4
2
“8-6-4-20-2 4 6 8 10%
af
_10E
1 T
y=-—x+4 oE
2 8-
67
(—2.5) 1 (0.4
2\
AN NN =N I |
—8—6-4-2 9:2 4 6 8Myg
3 3
y-1=-—(x-2)P y-1=-—x+3P
2 2
3
y=-—=x+4
2
y
'\
4 0,4)
3
TE\en
N Y R O Y
-6 -4 2 P 2\4 6%
_2_
73_
74_
75_
_6_

y
5
4_
3 (4,2)
'2._
(=1,0) 1~
Ll ANt L1
5437710 1234 5%
72_
73._
74_
_5%

31.

y+4=0x-5Pb y+4=0P y=-4

— M W e e
T

32. Because the slope is undefined, the graph is

33.

34.

35.

36.

vertical. The equation is x = 5.

¥

Al

3k

2_

]_
L1 | I I
“3-2-10 1 2 3 4 X

7]_

_2_

737

—4 5.4

0-1

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

the equationis y=-x+1.

m= % = 2. The y-intercept is (0, 1), so the
equationis y=2x+1.
3-3
m =——7-—=0 Because the slope = 0, the
3-(-1)

line is horizontal. Its equation is y = 3.

7-1 6 . L

m= =—. Now write the equation in
2-(-5 17

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

the equation in slope-intercept form.

6 6 30
-1==(x+5P y-l=—x+—Db
y 7(x )by 7%+

6 37
y=—x+—

7 7
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37.

38.

39.

40.

41.
43.
45.

47.

49.

50.

51.
53.

1-(-1) 2 . .. 55.
m= D =—. Now write the equation in

1-(-2) 3
point-slope form, and then solve for y to write
the equation in slope-intercept form.

2 2 4
+l=—x+2)P y+l=—x+—-P
y 3(x )by 353
EEJ
YT3T3

m= 2-C3 =- E . Now write the equation
6- (-1 7

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

write the equation in slope-intercept form.

6 6 6
+3=-=(x+1)P y+3=-—-x-=P
Y 7Py 777 56.
_ 6.
Y=gty
LU
m=—4=i=-—.Nowwritethe
1 1 2
0_7 R
2 2

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

7 7
form. y-2=-—xb y=-—x+2
y 2T YT,

3-(-7) 10
m= =—Db
4-4 0
So the graph is a vertical line. The equation is
x=4.

the slope is undefined.

57.
x=5 42, y=15
y=0 4. x=0
y=14 46. y=2x+5

2
y=-§x-4 48. y=-6x-3
4-0 4
m= =—; y=—x+4
0-(-3 3
-2-0 2 2
m= =-— y:——x—2
0- (-5 5 5
y=7 52. x=4
y=-5 54. x=-3

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

0=3x-2P 3x=2P x=§

The x-intercept is (%, 0).

v

wilto

[

/

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

0=-2x+3P 2x=3P x=%

The x-intercept is (%, O).

-\"

o

1
x+2y-4=0P 2y=-x+4P y=-5x+2.

The slope is - 1/2, and the y-intercept is (0, 2).
To find the x-intercept, set y = 0 and solve for
x: x+2(0)-4=0P x=4.
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61. x-5=0P x=5.The slope is undefined,

1
58. x=3y-9P x+9=3yPb y= 3* +3 and there is no y-intercept. The x-intercept is
The slope is 1/3, and the y-intercept is (0, 3). 5.

To find the x-intercept, set y = 0 and solve for
x: x=30)-9P x=-9.

_\A.no-\f’
I

|

oW

T

L1
—4-3-2-10 1 2 3 4x 5
- 62. 2y+5=0P y=-E.TheslopeisO,andthe

y-intercept is - 5/2 . This is a horizontal line,
3 so there is no x-intercept.

59. 3x-2y+6=0P 3x+6=2yP Ex+3:y. y

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

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

x:3x-20)+6=0P 3x=-6P x=-2.

y NI T Y T
/ “432-10 1 2 3 4 x
4 ik

3

2

I

_2ﬁ
- 3
- a4l
1l 1 | |

1 1
—4 =3 -10 1 2 3 4%X

4
3 —
2
1

- 63. x=0. The slope is undefined, and the
2 y-intercepts are the y-axis. This is a vertical
e line whose x-intercept is 0.

_4 —

60. 2x=-4y+15P 2x-15=-4yP B

—lx+1—5:y.Theslopeis - 1/2, and the B
2 4 NI INETA
y-intercept is 15/4 . To find the x-intercept, -5 -3 101 3 sk
set B
y =0 and solve for x: 2x =-4(0)+15P -r
x=15/2. sl
b}
10

/.
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64. y=0.The slope is 0, and the x-intercepts are

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

=

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

. LX
equation of a line is —+ RA

a
65. S+2=1 66. -Z+2=1
473 32
67. 2x+3y=6b X4 _0p X Y
6 6 6 3 2

x-intercept = 3; y-intercept = 2
68. 3x-4y+12=0P 3x-4y=-12P
x 4y -2, x vy,
-12 -12 4 3

12
x-intercept = —4; y-intercept = 3
69. 2x-3y=12p 2.3V _jp X2
12 12 6 4

The x-intercept is 6 and the y-intercept is —4.

y

o
/5 X
/4
3x ﬂ:]p Xy

70. 3x-4y=12b —- Z_2
12 12 4 3
The x-intercept is 4 and the y-intercept is —3.
y

=
7

g

. -Sx+2y=10b - X422 _gp XYy
10" 10 25

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

i

J
p

72, dx+5y=20p - X, gp (X Y
20 20 5 4
The x-intercept is —5 and the y-intercept is 4.

¥

1

/ x

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

m= -3-2 = ) =1. The equation of the line
2-7 -5

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

y-2=1(x-7)P y=x-5. Check to see if

(5, 1) satisfies the equation by substituting x =

Sandy=1:

1=5-5P 1! 0.

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

74.

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

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

__ 3
y—-zx.
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76. From exercise 75, the slope of the given line is 87. Both lines are vertical lines. The lines are
- %. Any line perpendicular to this line will parallel.
have slope %. The line that passes through the 88. The slope of 2x+3y =7 is - 2/3, while
. . . . . y =2 is a horizontal line. The lines are
origin and is perpendicular to the given line
h . 4 neither parallel nor perpendicular.
as equation y =3x.
89. The equation of the line through (2, -3) with
77. The red line passes through the points (-2, 0) slope 3 is
and (0, 3), so its slope is % The blue line y+3=3(x-2)P y+3=3x-6P
passes through (4, 2) and has the same slope, y=3x-09.
S0 its equation is 9. Th ) ¢ the line th b (1. 3) with
y-2:%(x-4)b dy-4=3x- 12D . 1eequa.tlonotemetroug (-1, 3) wit
; slope -2 is
2y=3x-8P y=5x-4 y-3=-2(x- (-1))P y-3=-2(x+1)P
78. The red line passes through the points (-2, 0) y-3=-2x-2P y=-2x+L
. . 3 .
and (0, 3), so its slope is 5. The green line 91. A line perpendicular to a line with slope - %
passes through (4, 2) and has slope - 2, so its has slope 2. The equation of the line through
equation is (-1,2) with slope 21is y- 2=2(x- (- 1))P
2
y-2=-5(x-4)P 3y- 6=-2x+8P y-2=2(x+1)P y- 2=2x+2P
3y=-2x+14P y=-Zx+14 y=2x+4.
79. The slope of y =3x- 1 is 3. The slope of 92. A line perpendicular to a line with slope %
y =3x+2 is also 3. The lines are parallel. has slope —3. The equation of the line through
2, —1) with slope -3 i
80. The slope of y =2x+2 is 2. The slope of (2, -1) with slope =3 is
. . . y-(-1)=-3(x- 2)P
y =-2x+2 is 2. The lines are neither
parallel nor perpendicular. yH+1=-3(x-2)P y+1=-3x+6P
y=-3x+5.
81. The slope of y=2x- 4 is 2. The slope of
y=- %x 4 s - % The lines are 93. The slzope og)the line joining (1, —=2) and (-3,
perpendicular. 2)is 1 = - 1. The equation of the line
82. The slope of y =3x+1 is 3. The slope of through (-2, —5) with slope —1 is
y= %x— 1is % The lines are neither parallel y-(-5)=- (x— (- 2))13 y+5=-(x+2)P
. y+5=-x-2b y=-x-"7.
nor perpendicular.
83. The slope of 3x+8y =7 is - 3/8, while the 94. The Zlol)le of tile line joining (-2, 1) and (3, 5)
slope of 5x- 7y =0 is 5/7. The lines are is ng
neither parallel nor perpendicular. v ’ . .
The equation of the line through (1, 2) with
84. The slope of 10x+2y =3 is —5. The slope of slope % is
S5x+y=-1 isalso -5, so the lines are 4
parallel. y- 2=§(x- P 5(y-2)=4(x-1)P
85. The slope of x =4y +8 is 1/4. The slope of 5y-10=4x- 4P S5y=4x+6P
y=-4x+1 is -4, so the lines are y:iHS
perpendicular. 5 5
86. The slope of y =3x+1 is 3. The slope of

6y+2x=0 is - 1/3. The lines are
perpendicular.
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9s.

96.

97.

98.

99.

100.

101.

The slope of the line joining (-3, 2) and
(-4,-1)is
-1-2
——=3.
PN
A line perpendicular to this line has slope - %

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

slope - é is

y- ()= 3= DP 3(+2)=- (x- DD
3y+6=-x+1P 3y=-x-5P
5

X- —.

y=-3%-3

(SR

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

— =-1
4-2

A line perpendicular to this line has slope 1

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

slope 1 is
y-2=x-(-1)P y-2=x+1P y=x+3.

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

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

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

lines are parallel, so the slope of the new line

is also - % The equation of the line with

slope - % and y-intercept 21is y = - %x +2.

The slope of the line y =6x+5 is 6. The
lines are perpendicular, so the slope of the

new line is - %. The equation of the line with

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

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

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

The slope of x + y =1 is —1. The lines are
parallel, so they have the same slope. The
equation of the line through (1, 1) with slope
—-lis y-1=-(x-DP y-1=-x+1P

y=-x+2.

102.

103.

104.

The slope of -2x+3y =7 is 2/3. The lines

are parallel, so they have the same slope. The
equation of the line through (1, 0) with slope

2 2 2
2/3is y-0=—(x-DP y=—x-—.
/305 y- 0= DB y=2x- 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)) P
y-4=-3x-6b y=-3x-2.

The slope of - 2x + y =14 is 2. The lines are

perpendicular, so the slope of the new line is
- 1/2. The equation of the line through (0, 2)

with slope - 1/2 is y=- 2x+2.

2.3 Applying the Concepts

105.

106.

107.

a. The y-intercept represents the initial
expenses.

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

c. The teacher’s profit if there are 16 students
in the class is $640.

d. The slope of the line is
640 - (- 750) _ 1390 _ 695

16-0 16 8
The equation of the line is
P= 6%:511 - 750.

a. The y-intercept represents the initial
prepaid amount.

b. The x-intercept represents the total number
of minutes the cellphone can be used.

c. The slope of the line is
0-15 15 1

75-0 75 5

The equation of the line is P = - %t +15.

d. The cost per minute is $é =20¢.

slope = p i:i
run 40 10
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108. 4 miles = 21,120 feet. 117. There are 30 days in June. For the first 13
|slope| = mse —221010;0 = 22_654 days, you used data at a rate of 4335 » 33.5
run ,
109. Sin.i ks b the ol 4 MB/day. At the same rate, you will use
. 8in. in two weeks e plant grows 4 in. _
per week. John wants to trim the hedge when 33.5(17)=569.5 MB for the rest of the
it grows 6 in., so he should trim it every month.
6215 weeks » 10 davs 435 +569.5 = 1004.5
477 ys: So, you don’t need to buy extra data. You will
> min.  x min 2531 have about 20 MB left.
110. 5in.  3lin. - =12.4 min. 118. For the first three hours, you traveled at
The water will overflow in about 12 min. 195
—— =65 mph.
111. a. x = the number of weeks; y = the amount of 3
money in the account after x weeks; d=rtb 520-195=65P 325=65P
y=Tx+130 1=35
You will arrive at your destination five hours
b. The slope is the amount of money after 12 pm or 5 pm.
deposited each week; the y-intercept is the a
initial deposit. 119. y =5x+40,000
112. a. x = the number of sessions of golf; y = the 120. a. C=0.25x+30
yearly payment to the club; y =35x+1000 b. C
150
b. The slope is the cost per golf session; the 125
y-intercept is the yearly membership fee. z 100
SR E
113. a. x = the number of months owed to pay off 50
the refrigerator; y = the amount owed,; 25 Ll
y =-15x+600 o 100 200 300 400 x
Miles
b. The slope is the amount that the balance
due changes per month; the y-intercept is ¢ y=025(60)+30=$45
the initial amount owed. d. 47.75=025x+30P x=71 miles
114. a. x = the number of rupees; y = the number of 121. a. The two points are (100, 212) and (0, 32).
dollars equal to x rupees.
1 So the slope is M=@=2
y:mx:0.019802x 100-0 100 5°
) The equation is
b. The slope is the number of dollars per 9 9
rupee. The y-intercept is the number of F-32= g(C -OP F= gC +32
dollars for O rupees.
b. One degree Celsius change in the
115. a. x= the number of years after 20110; y = the temperature equals 9/5 degrees change in
life expectancy of a female born in the year .
2010+ x; y=0.17x+80.8 degrees Fahrenheit.
b. The slope is the rate of increase in life c. C F = gc +32
expectancy; the y-intercept is the current 5
life expectancy. 40°C 104°F
116. a. v =-1400(2)+14,000 = $11,200 25° C 77°F
b. v=-1400(6) + 14,000 = $5600 -5°C 23°F
To find when the tractor will have no value, -10°C 14°F

set v = 0 and solve the equation for #:
0 =-14007 +14,000 P ¢ =10 years
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122. a.

123. a.

100°F = §C+ 32p C=37.78°C

90°F = %C +32P C=3222°C

75°F = %C +32p C=23.89°C

- 10°F:%C+32P C=-23.33°C

- 20°F=%C+32D C =-28.89°C

97.6°F = %C +32P C=36.44°C;

99.6°F = %C +32p C=37.56°C

Let x = °F = °C. Then x:%x+3213
4
- §x=32b x=-40. At —40°, °F = °C.

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

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

y=23.1x+117.8

¥
400
350
300
250
200
150
100

50

I Y A A
Ol 123456789101112x

=23.1. The

(10, 348.80)

The slope represents the cost of producing
one modem. The y-intercept represents the
fixed cost.

y=23.112)+117.8b y=$395

The year 2005 is represented by ¢ = 0, and
the year 2011 is represented by t = 6. The
points are (0, 2425) and (6, 4026). So the

4026 - 2425

slope is » 266.8 The equation

is y- 2425=266.8(t - 0) P
y = 266.8¢ + 2425

124. a.

125.

126.

127. a.

C.

8000
¥ =260.8r + 2425

g

I T I
5 10 15 t

Years after 2000

Number of women
(=] £ (=23
[=] [=] [=]
(=1 [=1 (=]
=} = =

=]

The year 2008 is represented by ¢ = 3. So
y=266.8(3)+2425P y=3225.4 . Note

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

The year 2017 is represented by ¢ = 12. So
y=266.8(12)+2425P y=15626.6. There

will be 5627 women prisoners in 2017.

The two points are (5, 5.73) and (8, 6.27).
6.27- 573 0.54

8-5 3
The equationis V - 5.73=0.18(x- 5) b
V =0.18x+4.83.

The slope is =0.18.

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

V=0.1811)+4.83P V =6.81 million

The independent variable ¢ represents the
number of years after 2000, with =0
representing 2000. The two points are (0,
11.7) and (5, 12.7). So the slope is
12.7-11.7
5
p-11.7=02(- 0P p=0.2r+11.7. The
year 2010 is represented by ¢ = 10.
p=02(10)+11.7P p=13.7%.

=0.2. The equation is

The year 2004 is represented by ¢ = 0, so the
year 2000 is represented by # = 5. The two
points are (0, 82.7) and (5, 84.2). So the slope
. 84.2-82.7
is ——
5
y=0.3r+82.7.

= % =0.3. The equation is

Linkea
J=ax+th

a=-
b=1Z.4

y=-2x+124
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b. 131.a. LetA=(0,1),B=(1,3),C=(-1,-1).

-1-1

-1-0

[0, 6, 1] by [0, 12, 1] The slopes of the three segments are the
same, so the points are collinear.

Mac = 2

c. The price in the table is given as the

number of nickels. 35¢ = 7 nickels, so let b. d(A,B)= ’(1 ) 0)2 +(3- 1)2 _ \/g

x=7.y=-2(7)+124=-1.6 2 2
d(B,C)=4/(-1-1 -1-3)° =245
Thus, no newspapers will be sold if the ( ) \/( )"+ ( ) 5

price per copy is 35¢. Note that this is also d(A,C) = \/(_ 1-0)2+(-1- D% =45
clear from the. graph, Whl.Ch appears to Because d(B, C) = d(A, B) + d(A, C), the
cross the x-axis at approximately x = 6. three points are collinear.
128. a. [LinRes 132.a. LetA=(1,05), B=(2,0), C=(0.5,0.75).
a=. 0942857143 ; -
b=ld. 33335333 map =0 05mpe =20 s
2-1 05-2
0.75- 0.5
My = =-0.5
ACT 0541
y» 0.09x+10.3 The slopes of the three segments are the
b same, so the points are collinear.
2
1 5[5 5
b. d(A.B)=,[(-2)%+5- 02 =, [> =2
(4.B) \/ (-2 +g5- 03 4 2
.2 .2
d(B.C)= |- 28 4B o0
[0, 700, 100] by [0, 80, 10] &2 7 &4 B
c. The advertising expenses in the table are - 45 - 35
given as thousands of dollars, so let 16 4
x =700. y.» 0.99 (700)+10.3=73.3 YA wl 1t§2 . 3 162
Sales are given in th?usands, SO ’ §2° 5 "82 2%
approximately 73.3 “ 1000 = 73,300 5 5
computers will be sold. =, |—=-"
16 4
2.3 Beyond the Basics Because d(B, C) = d(A, B) + d(A, C), the
three points are collinear.
c-3
129. 3= P 9=c-3P c¢=12 4-1 3 8-4 2
1- (-2 133. a. =—=-— =—=—.
(-2) MaB == 5 MsC 5-C1 3
130. The y-intercept is —4, so its coordinates are The product of the slopes = —1, so
(0, —4). Substitute x = 0, y = —4 into the AB " BC.
equation and solve for c.
3x-cy-2=0Db 3(0)- c(-4)- 2=0P b. d(A,B) :\/(- 1-D2+@- 1> =13
4c-2=0D 4c=2D c:% d(B.C)=\5- (- 1)*+ @3- 47 =52

d(A,C)=+/(5- D* +(8- D% =65

(d(A,B)) +(d(B,C)) = (d(A.C))*, so

the triangle is a right triangle.
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134.

2D 3. 1
ABT_(c4) 5BCT 31T 2

;21 3, 2 6h_ 1
2-3 5747 2 (g 2
So, ABPCD and BCPAD ,and ABCD is a
parallelogram.

Mmcp =

For exercises 135 and 136, refer to the figures
accompanying the exercises in your text.

135.

136.

137.

AD and BC are parallel because they lie on
parallel lines /; and /,. AB and CD are
parallel because they are parallel to the x-axis.
Therefore, ABCD is a parallelogram.

AB @CD and AD @CB because opposite
sides of a parallelogram are congruent.
VABD @/CDB by SSS. Then

rise BD rise BD
my=——=——and my =— . Since
run CD " run AB
BD BD
AB=CD, m = =m,.
CD  AB
VOKA : VBLO because OL = AK =d and
BL=0K =c. Then, m; =55¢ =% 4nd
run ¢
rise c c
m2 = =—=- —,
run  -d d
m, Xm iae £O - 1.
1M = T

Let the quadrilateral ABCD be such that
AB @CD and ABPCD. Locate the points as
shown in the figure.

y
Die,d) Clb+c,d)

A0,0) Bib, 0) x

Because ABPCD , the y-coordinates of C and

D are equal. Because AB @CD , the
x-coordinates of the points are as shown in the

figure. The slope of AD is d/c. The slope of
d-0 d

BCis ———=—. So ADPBC.
b+c-b

d(A,D)=+d? +c?

d(B,C)=\/d2+((b+c)- by =vd?+c?.
So AD @BC.

138. Let A(x;,y1),B(xy,¥5),C(x3,y3) and

D(x4,y,) be the vertices of the quadrilateral.
Y B(x5, y2)

Alxy,

Then the midpoint M| of AB is

+ +
a2 ,uo the midpoint M, of BC
€ 2 7 2
is 8—’—

2

+ +
?Tx“,u; and the midpoint

e s
My of AD s HIERE NI

5 ; the midpoint M5 of

CDis

2 9

The slope of MM, is
itYr Yot

2 2 _N-Js
x1+x2_ Xy + X3 _xl-_x3

2 2
The slope of M,M 5 is
YotYs Y3t V4

2 2 _ Y2~ V4
Xty X3ty _xz‘ x4

2 2
The slope of MM, is
Y3t Ya VitV
2 2 _ Y3 N _ N Vs
BEXy X tXg x3-x X- X
2 2
The slope of MM, is

Nty NtV

2 2 _ Y27 Vs
xl+.X2_ xl+.X4 Xy - Xy
2 2

So M\M,PM;M, and M,M;PM M, , and
MM ,M3M , is a parallelogram.
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139. Let (x, y) be the coordinates of point B. Then

140.

d(A,B)=12.5 =\/(x- 2% +(y-2)%P
(x- 2)%+(y- 2)?> =156.25 and

4 y-2
Mg =§=%p 4x-2)=3(y- 2)P

y= %x - % Substitute this into the first

equation and solve for x:

2
x4 20 .0

S22+ 20007 215625
(=D e 35 %
.2

(x-22+ 2, 805605
€37 37

X2 4x+4+§x2 - ﬁ“%:lsezs

9x2 - 36x+36+16x% - 64x +64 =1406.25

25x - 100x - 1306.25=0
Solve this equation using the quadratic
formula:

RUE J100 - 4(25)(- 1306.25)

2(25)
_ 100+ /10,000 +130,625
50

_100£4/140,625 100 +375

- 50 50

=95o0r - 5.5
Now find y by substituting the x-values into
the slope formula: 4 =2 2 b y=12 or

3 95-2

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

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

Let (x, y) be a point on the circle with (x;, y;)
and (x,,y,) as the endpoints of a diameter.
Then the line that passes through (x, y) and
(x1,y,) is perpendicular to the line that passes
through (x, y) and (x,,y,), and their slopes
are negative reciprocals. So

Y- N _.
X - x1

I N

Y-

(Y- YDy - y)=-(x- x)(x- x) P
(x- x(x- x)+(y- y)(y- y2)=0.

141.

142.

’
P(=5,12) 7
0(0,0)

_12-0_ 12

"0
Since the tangent line ¢ is perpendicular to

OP , the slope of £ is the negative reciprocal
12 5 . .

of - 5 or o Using the point-slope form,

we have

5 5
-12=—¢x- (-5)gP y-12=— 5)b
y12= g (P - 122 (+9)

y- 12:ix+ép y:ix+@
12 12 12 12
4
Pxy, yp) /
a
0(0,0)
00 n
orp X1 - 0 X1

Since the tangent line ¢ is perpendicular to

OP , the slope of ¢ is the negative reciprocal

of 2L or - ﬁ.
| N
Using the point-slope form, we have

y-y=- ﬁ(x- xl)b
N

2 2 2 2
Wi = txT Py =27+
Since the equation of the circle is

x> +y? =a”, we substitute a® for x> + y,’

to obtain xx; + yy; = a’.
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143.

Flokl Flotz Flokz

=M E2E+E

wMeE2E+E

wMaE2E+d

wMyB2E-2
~HMeBZ2E-40
“MNE=

M=

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

144.

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

D <
i /1N

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

145.

Flokl Flotz Flokz
~HMiEECE-100
WHMeEICE-10
MBSO E-10
SMyB-FckH-10
SHMeB-SoH-10
“MNE=
M=

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

146.

Flotl Flotz Flots !
SR EFL -2

SNeBICE+L -2

~NEESCEEL -2

SO - R W
SNeE-SOH+L -2

“ME= ,-'ﬁ
M=

The lines pass through (=1, —2). The lines
have different slopes.

2.3 Critical Thinking/Discussion/Writing

147. a.

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

b. ¥y
T_ y=23x—4
L1 1 | |7
-5 -3 \LOL 35X
=
y=—4 -
=+
6 \y="2x—4

This is a family of lines that passes through
the point (0, —4). Their y-intercept is —4.

y=mx+b i -
148. V= myx+by P mx+b =myx+b, P
mx- myx=by- by b x(m - my)=b,- b P
bZ_bl

my - my

X =

a. If m; >m, >0 and b, > b,, then
by-b _ b-b

my - my my - myp

X =

b. If m; >m, >0 and b; <b,, then
x=22b

my -y

c. If m <m, <0 and b; > b,, then
Y= by-b _ b-b

m - my  mp-m

d. If my <m2 <0 and bl <b2, then
_b-b _ b-b

my - myp myp - m

2.3 Getting Ready for the Next Section

149. x*-4=0P (x+2)(x-2)=0P
x+2=0P x=-2or
x-2=0P x=2
Solution: {-2, 2}

150. 1- x*=0P (1+x)(1- x)=0P
1+x=0P x=-1or
1-x=0b x=1

Solution: {-1, 1}

151, x*-x-2=0
(x+1)(x-2)=0
x+1=0P x=-lorx-2=0P x=2
Solution: {-1, 2}
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152. 2 +2x-3=0 Interval Test Value of Result
(x+3)(x- 1)=O pOint _x2- 2x-3
x+3=0P x=-3
-¥,-1 -
x-1=0P x=1 ( ] 2 > -
Solution: {-3, 1} [- 1, 3] 0 -3 —
153. (3(a+h)+1)- Ba+1)=Ba+3h+1)- Ba+1) [3.¥) 5 12 N
=3h
The solution setis (-¥, - 1JU[3,¥).
154, (2(a+h) +1)- (207 +1)
5 ) ) 2.4 Functions
= (2(a® +2an+1?)+1)- (24 +1)
_ (2a2 +dah+ 202 + 1)_ (2a2 + 1) 2.4 Practice Problems
= dah + 2h2 1. a. The domain of R is {2, =2, 3} and its range
is {1, 2}. The relation R is a function
- (a+ h)2 +a? - (a2 +2ah + h2)+ a? because no two ordered pairs in R have the
155. P = P same first component.
_-2ah- h* _h(-2a- h) 2 1
- h - h -2 2
=-2a-h ‘—_/‘
3
156, el lo_lea-(avh)o h b. Thed £Sis (2,3} and
. 7 T == = . The domain of S is {2, 3} and its range is
htat+h a® hE a(a+h) p h(a(a+h)) {5, =2}. The relation S is not a function
= _r because the ordered paired (3, —2) and (3,
a(a+h) 5) have the same first component.
157. (x- 1)(x- 3)<0 : :
Solve the associated equation: -2
(x-1)(x-3)=0P x=lorx=3. 3
So, the intervals are )
(-¥,1), (1, 3),and (L¥). 2. Solve each equation for y.
a. 2x°-y2=1P 2x*-1=y%Pp
Interval Test Value of Result
point (x - 1)(x- 3) ++/ 2x% - 1= y; not a function
(-¥.1) 0 3 + b. x-2y=5b x-5=2yb %(x-5)=y;
1, 3) 2 -2 - a function
(3.¥) 4 3 + 3. g(x)=- 2x2 +5x
The solution set is (1, 3). a. 2(0)=-2(02+5(0)=0
158. x%-2x-330

x*-2x-330P (x-3)(x+1)30
Now solve the associated equation:

(x-3)(x+1)=0P x=3o0rx=-1.
So, the intervals are

(-¥.-1]. [ 1. 3].and [3.¥).

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

e. glx+h)=-2(x+h) +5(x+h)
=-2(x2+2xh+h2)+5x+5h
=-2x% - dhx+5x- 2h> +5h

4. Apys = (length)(height) = (3- 1])(22)
=(2)(22) = 44 sq. units
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is not defined when

1
5.a. f(x)—m
1-x=0P x=1 or
whenl- x <OP 1< x..Thus, the domain
of fis (-¥,1).

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

x> +2x- 3<0.
Use the test point method to see that

x? +2x- 3<0 on the interval (-3, 1.
Thus, the domain of g is

(-¥.-3]U[L ¥).
| |
I |
I I
FHFFO——————— — —— 0 ++++++
— 4y
—4 -3 -2 -1 0 1 2

FX+2x—-3=(x+3)@x—1)=0o0r(—x, — 3] U[l,=)
6. f(x)=x?, domain X =[-3, 3]
a. f(x)=10p x2=10P x==/10 » #3.16
Since \/ﬁ >3 and - \/E < -3, neither

solution is in the interval X = [-3, 3].
Therefore, 10 is not in the range of f.

b. f(x)=4P x*=4P x=+2
Since —3 <—2 <2 <3, 4 is in the range of f.

c. The range of fis the interval [0, 9] because
for each number y in this interval, the

number x = \/5 is in the interval [-3, 3].

7. y

o 0 To X

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

Domain: (-3, ¥ ); range: (-2, 2]U{3}

9. y=f(x)=x>+4x-5

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

satisfies the equation:

7222 +4(2)- 5

7=7V

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

b. Lety=—8, then solve for x:
-8=x>+4x- 5P 0=x>+4x+3P
0=(x+3)(x+1)P x=-3o0rx=-1
The points (—3, —8) and (-1, —8) lie on the
graph.

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

d. Lety=0, then solve for x:
0=x*+4x-5P 0=(x+5)(x-1)P

x=-Sorx=1
The x-intercepts are —5 and 1.

10. The range of C(¢) is [6, 12).
C(11)=3C(10)+6=2(11.989)+6» 11.995.
11. From Example 11, we have

AP =+500% + x> and PD =1200- x feet. If
¢ = the cost on land, the total cost C is given

by C=1.3c(PD)+c(AP)

=1.3¢7500% + x* +¢(1200 - x)
— 621.3\/5002 +x% +1200- xg

12.a. C(x)=1200x+100,000

b. R(x)=2500x
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P(x)=R(x)- C(x)
=2500x - (1200x +100,000)
=1300x - 100,000

The break-even point occurs when
C(x)=R(x).
1200x +100,000 = 2500x

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

2.4 Basic Concepts and Skills

1.

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

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

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

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

False.

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

and b = —1 are both in the domain of 1.
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 fis all real x for x > —2.

Values of x < -2 make the fraction undefined.

2.4 Building Skills

9.
10.
11.
12.

13.

14.

15.
16.

17.

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

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

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

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

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

x=y-1P y=x+1;afunction

1 .
y =—; a function
X

18.

19.

20.

21.

22,
23.
24.

25.
26.
27.

28.

In exercises 29-32, f(x)= x2- 3x+1, g(x)= 2

1
xy=-1Pp y=-;;afunction

y2 =x’p y:i\/x2 P y=z%x;nota
function

x=|)’|p y=Xxory=-x;nota function

1 .
y= ; a function
N2x-5
y= ! ; a function
x“-1

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

3 .
3x-5y=15P y:;x-3;afunct10n
x+y2=8b y =++/8- x ; not a function

x=y213 y=\/;0ry=-\/;;n0tafunction

x2+y3 =5Pp y=\3/5- x? ; a function

x+y3=8b y=\3/8- x ; a function

ﬁ’

and h(x)=+/2- x.

29.

30.

31.

F0)=0%-30)+1=1
g(0)= i P g(0) is undefined

NG
h(0)=+2-0=+2
fla)=a”- 3a+1
FEx)=G-02-3Cx0)+1=x2 +3x+1

FM=12- 3 +1=-Lg() =2 =2;

J1
h(1) =2- 1=1;g<a):%;
a

2

2
g =——==17
NERE
FED=GD?-3-1+1=5;

b g(-1) is undefined;

2
g(-1 :ﬁ
h-1)=2- 1) =v3hc)=2- ¢
h(- x) =2- (0 =2+x
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32. f(4)=42%- 3(4)+1:5;g(4):i

J4
h(4)=+2- 4 =J-2P h(4) is undefined;

=1

2

2+k)= ;

sCH0= 5

fla+k)=(a+k)?*-3a+k) +1
=a’ +2ak +k* - 3a- 3k +1

2(0)
33.a. f(0)= =0
V4- 02
2(1) 2 23
b 1: ==
f0=rs ==
c. f(2)= 22) =ib f(2) is undefined
4-2% 0
d. f(—2):ﬂ:jb F(-2)is
4-(-2> 0
undefined
e fl-x)= 2(- x) -2x

\/4- (- )c)2 \/4- x?
34.a. g(0)=2(0)+~0>- 4P g(0) is undefined
b. g)=2(1)+ VI2- 4P g(1) is undefined

c. g(2)=2)+2%-4=4
d. g(—3)=2(—3)+\/(_3)72_4=_6+\/§

e g(-0)=2(-x)+(-02-4
=-2x+Vx?- 4

35. The width of each rectangle is 1. The height of
the left rectangle is f (1)=1% +2 =3. The
height of the right rectangle is
f(@2)=2*+2=6.

A=) W)+ O(f @)
=1(3)+(1)(6) =9 sq. units

36.

37.
38.
39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

The width of each rectangle is 1. The height of
the left rectangle is f (0)= 0% +2=2. The
height of the right rectangle is
f)=1*+2=3.

A=) ©0)+O)(f ©)
=1(2)+(1)(3)=5 sq. units

(-¥.¥)
(-¥.¥)

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

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

The denominator is not defined for x =—1 or
x = 1. The domain is
(-¥,-DUG-LDE (L¥).

The denominator is not defined for x = -2 or
x = 2. The domain is
-¥,-2)U(-2,2)U2,¥).

The numerator is not defined for x < 3, and the
denominator is not defined for x = -2. The

domain is [3,¥)

The denominator is not defined for x > 4. The
domain is (-¥,4)

The denominator equals 0 if x =—1 or x = -2.
The domainis (-¥,-2)U(-2,-1)U(- L¥).

The denominator equals O if x = -2 or x =-3.
The domainis (-¥,-3)U(-3,-2)U(-2,¥).

The denominator is not defined for x = 0. The
domainis (-¥,0)U(0,¥)

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

y a function

®(3,2)

(—L,Hhel-e(l1)
I | |

(—=2,-2)e® ! e(2, —2)

e ——— -
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50. Y . not a 59. h(x) =17, so solve the equation
i D function )
L : T=x"-x+1.
- ed. x*-x-6=0P (x-3)(x+2)=0b x=-2
|(_\]’\])TL_.\“|’]|) Ll or x=3.
1 i 2
B ' 60. H(x)=7, so solve the equation
(—2,-2)e® = !
- i 7=x>+x+8.
- '
4 -1+ 41- 4D
L 4, +4) 2 ar+1=0P x= \/ ()()p
2(1)
51. y : a function S 1+4/-
\ ! X = 1_7\/73 P there is no real solution.
N 6l.a. 1=-201 +1)2 +7P 1=-1, which is false.
0 \x Therefore, (1, 1) does not lie on the graph
i of f.
|
: b. 1=-2x+1D)%+7b 2(x+1)2=6P
52. " not a (x+1)2 =3P x+1=2/3DP x=-1£43
. function
! The points (— 1- \/5, 1) and (— 1+\/§, 1)
i lie on the graph of f.
Q/:/ x e. y=-2(00+12+7p y=5
i The y-intercept is (0, 5).
53. y ; not a d. 0=-2(x+1Y+7p -7=-2(x+1)"P
| function
/:(? T (x+1"P i\/z=i£=x+lb
/ | 2 2 7 2
Q i X =-1 E
! +
\L\
1 X 0
! The x-intercepts are .- 1- E, 0. and
3 2 %
54. ¥ ‘ a function
| e JiF o
| -1+——,0..
! & 2 %
0 } x 62.a. 10=-3(- 2)2- 12(-2)P 10=12, which is
: false. Therefore, (—2, 10) does not lie on
| the graph of f.
55. f(-d)=-2fC-D=Lf3)=5Ff05) =7 b. f(x)=12, so solve the equation
-3x% - 12x=12.
56. g(-2)=5g)=-4g(3)=0:g(4)=5 ) 5
-3x°-12x=12P x“+4x=-4P
57. h(-2)=-5h(-1)=4h0)=3;h(1)=4 P 4+d4x+4=0P (x+2)2 —0p
x+2=0P x=-2
58. f(-D=4f(0)=0,f(1)=-4

y=-3(0) - 12(0)P y=0
The y-intercept is (0, 0).
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63.
64.

65.

66.

67.

68.

69.

70.

71.

73.
75.

76.

77.

78.
79.

81.

82.

83.

d. 0=-3x*-12xP 0=-3x(x+4)P
x=0orx=-4

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

Domain: [-3, 2]; range: [-3, 3]
Domain: [—1, 3]; range: [-2, 4]
Domain: [-4, ¥ ); range: [-2, 3]
Domain: (-¥, 4]; range: [-1, 3]
Domain: [-3, ¥ ); range: [- 1, 4]U{-3}

Domain: (-¥, - 1)U[L, 4)

Range: (-2, 4]

Domain: (-¥, 4]U[-2, 2]U[4, ¥)
Range: [- 2, 2]U {3}

Domain: (-¥, - 2)U[- 1, ¥)

Range: (-¥,¥)
[-9.¥) 72.  [-1,7]
-3,4,7,9 74. 6

fET)=4, F(1)=5 f(5)=2
f(4)=4f(1D=7 f(3)=3

{-3.75,- 2.25,3}U[12, ¥)

E

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

lg(-5)- g(5)=]-2- 6]=8

[-9,-5) 84. [5.¥)

2.4 Applying the Concepts

85. A function because there is only one high

86.

87.

temperature per day.

A function because there is only one cost of a

first-class stamp on January 1 each year.

Not a function because there are several states

that begin with N (i.e., New York, New

Jersey, New Mexico, Nevada, North Carolina,
North Dakota); there are also several states

that begin with T and S.

88.

89.

90.

91.

92.

93

9.

95.

name may have the same birthday.

of a tile with side 4.

volume of a cube with edge 3.
It is a function. S(x) = 6x2; S(3)=54

x .
39.37°
. a. The domain is [0, 8].

f(x)= £(59) » 1.5 meters

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

c. 0=128/-16:>P 0=161(8- 1) b

t =0 ort=8. It will take 8 seconds for the

stone to hit the ground.

d. #
300 p(r) =128~ 1612
250
200
150 —
100~
50
N
Ol 12 3 45 6 787}

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.

¥

wn
|

x+y=28P y=28-x
P=x(28- x)=28x- x*
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96. P=60=2(x+y)P 30=x+yP y=30-x 100. The volume of the tank is V =64 =p r°h, so
A=x(30- x)=30x- x* 64 :
h =—=. The top is open, so the surface area
97. Note that the length of the base = the width of pr
the base = x. is given by 64
2 _ 2 & 0
V=lwh=2h=64b h="2 Pro+aprh=pri e t3s
x
S = 20w+ 20h + 2wh 3
. . r
=2x2 +2x ae6_42¥0;+ 2x 336_42¥8
€25 &2 101. The volume of the pool is
S 2 1B 52 B0 V=288=x2nb h=08,
X ox x 2
98. y

a. x2+y2=r2D y2=r2-x2D

y= /rz_xz

The length of the rectangle is 2x and its

heightis y=+/r” - x2.
P=20+2w=2(2x)+2Nr" - x*

=4x+2r? - x?

b. A:lw:2xxjr2— x2

99. The piece with length x is formed into a circle,

so C=x=2prb P Thus, the area of
2p

xX 62 X

the circleis A=pr’=p o9 ="—.

p p §2p [} 4p

The piece with length 20 — x is formed into a

2

square, so P=20- x=4sP s:i(ZO— x).

Thus, the area of the square is
2

) él U 1 2
=:—(20- x). =—(20- .
=0 ot = Leo-

2
The sum of the areas is A =—— + L(20 - x)2
4p 16

102.

The total area to be tiled is

dxh = 4522580 1152
sz [} X
The cost of the tile is 62611529= @
& x 9 X

The area of the bottom of the pool is xz, SO

the cost of the cement is 2x>. Therefore, the

. 6912
total costis C = 2x> + .
X
y
2100 - 307 ¢
21007
d
‘ M A
! 1500 — 30¢ *
1
— |
! 1500

Using the Pythagorean theorem, we have

d? =(1500- 30¢)* + (2100 - 30r)* b
. /2
d = §(1500- 30)" +(2100- 30r)*1
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103. y
1200 (5, 1150)

1000 — (15, 900)

800 [~
600 —
(x) = x° — 2,1
fo=x—-3x+6| 2.1 00 (30, 525)
0 x
200 —

Using the distance formula we have

2 2
d=4/(x-2)+(y-1
\/( ) ( ) 5 c. 650=1275- 25xP -625=-25xP x=25
= \/(x- 2)2 + é(x3 - 3x+6)- 1u 25,000 TVs can be sold at $650 per TV.
& il

] | ] | |
0 5 10 15 20 25 30 «x

) _ _ _ _ 2
_ \/(x_ 2 4 (x* - 3x+5) 106. a. R(x)=(1275- 25x)x=1275x- 25x

12 domain [1, 30]

b. R(1)=1275(1) - 25(1%) =1250
104 5 ami P 5—om C R(5)=1275(5) - 25(5%)=5750

) } et ¢ R(10) =1275(10) - 25(10%) = 10,250
ﬁmii Y R(15) =1275(15) - 25(15%) = 13,500
- |

|

|

|

:g(x- 2)° +(x3 - 3x+5)zg

, R(20) =1275(20) - 25(20) = 15,500
, R(25) = 1275(25) - 25(25%) = 16,250
g R(30) = 1275(30) - 25(30%) = 15,750

This is the amount of revenue (in thousands
of dollars) for the given number of TVs

The distance from A to P is

Vx? +5% =y/x? +25 mi. At4 mi/hr, it will sold (in thousands).
2 R
. x“+25 . (W (25, 16,250)
take Julio ——— hr to row that distance. - 18000 Ko, 155000
4 B 16000 (30, 15.750)

The distance from P to C is (8 — x) mi, so it é igzggg I 15, 13.500)

. . 8-x . S 100001 0 0250
will take Julio hr to walk that distance. g soof fU0- 10290

S 6000 g5, 5750)
The total time it will take him to travel is & 4000k
2000 (1, 1250)

T = x2+25 8- x 0] 51015202530 x

- 4 + 5 ° Number of TVs sold

(thousands)

105.a. p(5)=1275- 25(5) =1150. If 5000 TVs

can be sold, the price per TV is $1150.
p5)=1275- 25(15) =900. If 15,000

d. 4700=1275x- 25x*> b
x2-51x+188=0P

[=12
TVs can be sold, the price per TV is $900. S1+y517- 4(D)88) -
p(30)=1275- 25(30) =525. If 30,000 2(D
TVs can be sold, the price per TV is $525. x=4orx=47

47 is not in the domain, so 4000 TVs must
be sold in order to generate revenue of 4.7
million dollars.

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
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108. a. C(x)=

b. P(x) =

d. The break-even point is when the profit is

zero: 3.5x- 75,000=0P 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.

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 P 4.5x =500,000 P
x=111,111.11. Because a fraction of a CD
cannot be sold, 111,111 CD’s must be sold.

R(x)- C(x)

750,000 = 5x - (0.5x +500,000)
1,250,000 =4.5x P 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.

110.

111.

112.

113.

114.

x:ip xy-4x=2P xy=2+4xP
y-4

4x+2 4x+2

—P f»=
Domain: (-¥,0)U(0,¥). f(4)=%.

xy-3=2yb 2y-xy=-3P

3
y2-x)=-3P Y=o b flx)=
- X

x-2
Domain: (-¥,2)U(2,¥).f(4) =%
2-x
(x2+1)y+x=2b y=S P
f)= ; Domain: (-¥,¥); f(4) =
K2+l 17

yx2— \/;=—2yb yx2+2y=x/;P

y(r?+2)=vxp y= [21: flx)= ;/;

x“+2

Domain: [0,¥); f(4)=—

f(x)' g(x) because they have different
domains.

f(x)! g(x) because they have different
domains.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

F!

domains. g(x) is not defined for x = —1, while

g(x) because they have different

f(x) is defined for all real numbers.

f(x)! g(x) because they have different
domains. g(x) is not defined for x = 3, while

£(x) is not defined for x = 3 or x = 2.
f(x)=g(x) because f(3)=10=g(3) and
f(5)=26=2(5).

F(0)1 g(x) because f(2)=16 while
¢(2)=13.

f(2)=15=a(2*>)+2a- 3P 15=6a- 3P
a=3.

g(6)=28=62+6b+b>P b>+6b+8=0P
b+2)b+4)=0P b=-2o0rb=-4.

n6)=0=0*%24 1 _1842ab a=-9
2(6)- b
h(3) is undefined P M has a zero
2(3)- b

in the denominator. So 6- b=0P b =6.
f@=2x-3p f(x?)=2x7-3
(F(0)) =2x- 3)> =4x? - 12x+9

1 1 1 1 1
2 33 0 2
x)=x"-—DPp =—-—=—-X
g(x) x2 gx(b x2 1 x2

2

®lo &, 10 al 20
— = - T — - ;:O
g(x)+ggx¢ gx x2¢+§x2 X 5

x-1
X- ax-16_ x4l
fxo)= b f

8x+1¢ X'1+1

x+1

(x-D- (x+1

x+1 _iz_l
(X D+(x+1) 2x X

x+1

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

Section 2.4 Functions 209

x+3
125. =—"Pp
F™=375
3+5)c+3 B+5x)+34x-1)
f(t): 4X-1 - 4x—1
4;e3+5x6_ 5 (12 +20x)- (5(4x- 1))
€4x- 19 dx-1

_ Gasn+2-3) _17x_
(12+20x)- (20x- 5) 17

2.4 Critical Thinking/Discussion/Writing

126. Answers may vary. Sample answers are given

a.

127. a.

128.a. f(x) =|x]

C.

d.

129.a.

y=+x-2 b, y= !
x-2

y=42-x d y= !
2-x

ax* +bx+c=0

y=c

The equation will have no x-intercepts if
b® - 4ac<0.

It is not possible for the equation to have no
y-intercepts because y = f(x).

b. f(x)=0
fo=x
f(x)=n- x2 (Note: the point is the

origin.)
fx)=1

A vertical line is not a function.

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

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

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

There are nine functions from X to Y.

{(L o)}, {2, )}, {G, 0}
{(L &)}, {2, )}, {3, b)}
{(L @)}, {2, b}, {3, )}
{(L D)} {2, 0}, {B, &)}
{(L D)}, {2, )}, {B, a)}
{(L, D)}, {2, b}, {3, )}
{(1,0)}, {2, 0)}, {3, b)}
{(1,0)}, {(2, b)}, {3, b)}

There are eight functions from Y to X.

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
function assigns each element of X to an
element of Y. There are m possibilities for
each element of X, so there are

g Aaqmg = n"" possible functions.
m

2.4 Getting Ready for the Next Section

131.

132.

133.

2x-4<12P 2x<16P x<8
The solution set is (-¥, 8).

5x+9£7(x+1)P 5x+9£7x+7P
2£2xP 1£xorx31
The solution set is [1, ¥ ).
x>0
Solve the associated equation:
x2=0P x=0.
So, the intervals are (-¥, 0) and (0,¥ ).
Interval Test Value of Result
point $2
(-¥,0) -1 1 +
0,¥) 1 1 +
The solution setis (-¥, 0)U(0, ¥)
134. (3- x)(x+5)2 0
Solve the associated equation:
(3- x)(x+5)=0P x=3o0rx=-5.
So, the intervals are
(-¥.-5].[-5. 3].and [3.¥).
Interval Test Value of Result
point (3- x)(x+5)
(-¥,-5] | -10 -65 -
[-5, 3] 0 15 +
[3.¥) 5 =20 -

The solution set is [- 35, 3].
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210 Chapter 2 Graphs and Functions

For exercises 135-140, f(x)=3- 2x2,

¢ (x)=vx+3, and h(x)= —=

x2+1

135. £(0)=3-2(0)* =3
g(0)=v0+3=13

2
h(0)= =2
() 0% +1

136. f(1)=3-2(1) =1
g)=\1+3=+4=2

o p—

=1
12 +1

137. £(-2)=3-2(-2)"=3-8=-5
g(-2)=+-2+3=41=1
2 2
h(-2)=—2 =2
(-2 +1 5
138, f(x+1)=3-2(x+1)" =3- 2(x? +2x+1)
=3-2x% - 4x- 2=-2x%- 4x+1

g(e+l)=J(x+1)+3=x+4
2 2

h(x+1):

(x+1)° +1 - (x2+2x+1)+1
_ 2
X2 +2x+2

139. f(-x)=3-2(-x)" =3- x°

g(-x)=+-x+3
B x)= 2 _ 2

Cx)+1 x7+1

140. - f(x)=-(3- 247)=24"- 3

-g(0)=-Vx+3
()= —
x“+1

2.5 Properties of Functions
2.5 Practice Problems

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

2. Relative maxima of 3640 at x = 12 and 4070
at x = 15; relative minima of 40 at x = 3 and
3490 at x = 13.

NERE

Haxirmurm
n=L.oogons 1¥=1

Relative minimum of 0 at x =0
Relative maximumof 1 atx =1

4. v=_(11- r)r2

Haxirmurm
H=7.333FIE6 -Y=197. 10518 «
[0, 13, 1] by [0, 250, 25]

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

S. f(x):—x2

Replace x with —x:

FER)=-Cx) =" = (%)

Thus, the function is even.

1 Y

L1
-5 -3 -1 3

]
5 x

T T T T T T 1T 177
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fo)=-"

Replace x with —x:

FEx)=-(x) =2 =-f(x)

Thus, the function is odd.

7.a. g(-x)=3-0*- 5 x)?

10.

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

b. f(-x)=4(-x)° +2(- x)° =-4x° - 2x°

=- (42" +20%)=- f(x) P
f(x) is odd.

¢ h(-x)=2(-x)+1=-2x+1

U h(x)

U h(- x)P his neither even nor odd.

f(x)=1- x> a=2,b=4

f@)=1-22=-3 f(4)=1- 47 =-15

fb)- f(@)_-15-(3)_-12_
b-a 4-2 2

The average rate of change is —6.

f(t):l-t; a=2,b=x,x!' 2

fl@)=r@2)=1-2=-1

fb)=f(x)=1-x

fO)- Fl@)_(1-9)- (1) _2- x

b-a x-2 x-2

_-l(x- 2)_ |
=— 5 "

The average rate of change is —1.

£ (x)=100x2 - 800x + 2000
£(0)=100(0) - 800(0)+ 2000 = 2000
£(3)=100(3)* - 800(3)+ 2000 = 500

f(3)- £(0) _500- 2000 _-1500 _ -
3-0 3 o

11.

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

f(x)=-x2+x- 3
fx+h)=- (x+h) +(x+h)- 3
=-x2-2xh- h>+x+h-3

fl+h)- f(x)

h
(- x2- 2xh- W +x+h- 3)- ( x4 x- 3)
- h
_ -2xh-hh2+h:_2x_ bl

2.5 Concepts and Vocabulary

1.

A function fis decreasing if x; < x, implies

that f (x)> f (x;).

f (a) is a relative maximum of fif there is an
interval (x;, x,) containing a such that
f(a)?® f(x) for every x in the interval

(1. x3)-

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®-f@
b-a

fromx=atox=>bis

True

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

True

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

2.5 Building Skills

9.

10.

11.

12.

Increasingon (-¥, ¥)
Decreasing on (-¥, ¥)
Increasing on (- ¥, 2), decreasing on (2, ¥)

Decreasing on (-¥, 3), increasing on (3, ¥)
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212 Chapter 2 Graphs and Functions
13. Increasing on (-¥, - 2), constant on 29. The graph is symmetric with respect to the
] ) origin. The function is odd.
(-2, 2), increasing on (2, ¥)
30. The graph is symmetric with respect to the
14. Decreasing on (-¥, - 1), constant on origin. The function is odd.
(-1, 4), decreasing on (4, ¥) 31. The graph is symmetric with respect to the
y-axis. The function is even.
: 1
15. Increasingon (-¥, - 3) and (‘ 2 2)’ 32. The graph is symmetric with respect to the
decreasing on (_ 3, % ) and (2, ¥) y-axis. The function is even.
33. The graph is symmetric with respect to the
16. Increasingon (-3, - 1), (0, 1), and (2, ¥). origin. The function is odd.
Decreasing on (-¥, - 3), (-1, 0), and (1, 2). 34. The graph is symmetric with respect to the
origin. The function is odd.
17. No relative extrema
18, No relat For exercises 35-48, f(-x)=f(x)P f(x)iseven
. t t
o relative extrema and f(-x)=- f()b f(x)is odd.
19. (2, 10) is a relative maximum point and a
turning point. 35. f(-x)=2-0"+4=2x"+4=f(x)P
20. (3, 2)is arelative minimum point and a J(x) is even.
turning point. 4 4
36. g(-x)=3(-x)"-5=3x"-5=g(x)P
21. Any point on (x, 2) is a relative maximum and g(x) is even.
a relative minimum point on the interval (-2,
2). Relative maximum at (-2, 2); relative 37. f(-x)=5C 03 - 3(-x) =-5x° +3x
minimum at (2, 2). None of these points are (553 3 = b
turning points. T Gx™- 30 =- f(x)
f(x) is odd.
22. Any point on (x, 3) is a relative maximum and
a relative minimum point on the interval (-1, 38. g(-x)=2(- x)3 +4(- x)
4): Relatlve maximum at (4, 3); relatl\{e =23 dy=- g0 b
minimum at (—1, 3). None of these points are .
. . g(x) is odd.
turning points.
23. (-3,4) and (2, 5) are relative maxima points 39. f0=2(-0)+4=-2x+4
1 _ 1
and turning points. (- i, - 2) is a relative . f )t f (x)p
2 f(x) is neither even nor odd.
minimum and a turning point.
24. (=3,-2), (0, 0), and (2, -3) are relative 40. 2(- ) - 3 x) * 7=- 31’; +7
minimum points and turning points. (-1, 1) 7 .g (0" g(x)
and (1, 2) are relative maximum points and g(x) is neither even nor odd.
turning points. 1 1
For exercises 25—34, recall that the graph of an even L. f(-x)= -x)2+4 = 214 =f(0P
function is sym.met.ric about the y-axis, and thq graph f(x) is even.
of an odd function is symmetric about the origin.
. . . 2
25. The graph is symmetric with respect to the (-x)"+2 L)
origii ]Phe fur}llction is odd ’ 2. g(-x)= A x4 =g(x)P
: : -x)"+1  x"+1
26. The graph is symmetric with respect to the g ( x) is even.
origin. The function is odd.
3 3
i i - X X
27. The graph has no symmetries, so the function 43. f(-x)= ( 2) - = fP
is neither odd nor even. (- x)°+1 % +1
28. The graph has no symmetries, so the function J(x) is odd.

is neither odd nor even.

Copyright © 2019 Pearson Education Inc

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

Section 2.5 Properties of Functions 213

44.

45.

46.

47.

48.

49.

50.

51.

- x)= (-x)4+3 _ 43
8 2-%)°-3¢-x) -2x>+3x
S T3 b 70 is 0dd
2x3 - 3x ‘
fx)=—— —

(0 3y a3

iy

Thus, f(x) is even.

_ (-x)3+2(-x) _ Sxd o ox
2-%)°-3(-x) -2x° +3x

(- 1)(— X - 2x)

g(-x)

x> +2x

(- D)(-24° +3x) s W
Thus, f(x) is even.
Flex)= (- x)z- 2(- x) x4+ 2x

TS0 A0 4T St +AxC+7
L-f! f(

Thus, f(x) is neither even nor odd.

) _3(-x)2+7_3x2+71_ X
sen=" =Ty e e

Thus, g(x) is neither even nor odd.

a. domain: (-¥,¥); range: (-¥, 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

a. domain: (-¥,¥); range: (-¥,¥)

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

c¢. decreasingon (-¥,-2) and (2,¥),
increasing on (-2, 2)

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

e. odd

a. domain: (=3, 4); range: [2, 2]

b. x-intercept: (1, 0); y-intercept: (0, —1)

52.

53.

54.

55.

1

g

&

b

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

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.

neither even not odd

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

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)

neither even nor odd
domain: (-¥, ¥)
range: (-¥,¥)

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

decreasing on (-¥, 0)U(0,3)U(3, ¥)

no relative minimum
relative maximum: (0, 3)

neither even nor odd

domain: (-¥,¥); range: (0, ¥)

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

no relative minimum or relative maximum

neither even nor odd
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56. a. domain: (-¥,0)U(0, ¥) 62. h(x)=2-x*;a=3,b=4
range: (-¥,¥) h(4)=2- 4% =-14; h(3)=2- 3*=-7
b. x-intercepts: (—1.5, 0), (1.5, 0) average rate of change = w
no y-intercept - 14- (-7) -
¢. decreasingon (-¥, 0) - 1 -
increasing on (0, ¥ ) 63. f(x)=(3- x)z; a=1,b=3
d. no relative minimum or relative maximum f@H=3-37=0f0=3-D>=4
€. ¢ven average rate of change = w
57. f(x)=-2x+T,a=-1,b=3 0-4
FG)=-23)+7 =1 f(-1)=-2(-)+7=9 == =2
- f(-1
ECIEN f®)=(5-27 =9 f(-D=(-1-27=9
4 average rate of change = w
58. f(x)=4x-9%a=-2,b=2 9 9_ D
f2)=42)-9=-1 f(-2)=4(-2)-9=-17 :'Tzo
average rate of change = f@- 12 3
2-(-2) 65. g(x)=x";a=-1,b=3
I G V) N g(3)=3"=27: (- =(-1*=-1
4 - o(-
average rate of change = 80)- sCh
59. f(x)=3x+c;a=1,b=5 3- (-1
fO)=3+c=15+¢c; f(H)=3xd+c=3+c :27-(-1):7
- 4
average rate of change = %
- S —
15+C-(3+C) 66. g(x)— X3,Cl— 1,b—3 ,
= §(3)=-3=-2T:g(- N =-(-1)’ =1
= 12 =3 average rate of change = £80)-8CD
4 3-(-D
-27-1
60. f(x)=mx+c,a=-1,b=17 = 2 =-7
f(H=Tm+c;, f- D=-m+c
- f(- 1
average rate of change = % 67. h(x)= ;; a=2,b=6
_7m+c—(—m+c) h(2)=l;h(6)=l
% 2 e
= 8m =m average rate of change = hO)- kD)
8 6-2
1_1 1
=2 1 g= - =6 2__
61. hix)=x"-1a=-2,b=0 4 12

h0)=02-1=-1;h(-2)=(-2)>-1=3

h(0) - h(-2)
average rate of change = ——————
0-(-2)
-3,
2
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68.

69.

70.

71.

72.

73.

74.

75.

h(x) = 4 ca=-2,b=4
x+3

-2+3
h(4) - h(-2)
4-(-2)

4 4
h(4)—m—7, h(-2)

average rate of change =

f(x+h)=x+h

fx+h)- f(x)=x+h-x=h

fGth)- f0) _h
h h

fx+h)=3(x+h)+2=3x+3h+2

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

fx+h)- fx) _3h
h )

=1

=3

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

=-2h
fath- f6)_-2h_
h h

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

=-5h
fa+h)- f() _-Sh_
h h

fx+h)=m(x+h)+b=mx+mh+b
f(x+h)- f(x)=mx+mh+b- (mx+b)

=mh
fath)- f) _mh_
h h

fx+h)=-2a(x+h)+c=-2ax- 2ah+c

f(x+h)- f(x)=-2ax- 2ah+c- (-2ax+c)

=-2ah
fx+h)- f(x) _ -2ah — g
h h

fx+h)=(x+h)?*=x>+2xh+h>
Fx+h) - f(x)=x>+2xh+h? - x*
=2xh+h>

SOt - f@)_2xh+h?

h

76.

77.

78.

79.

80.

fOc+h)- f(x) 0

Fx+h)=(x+h)?- (x+h)
=x2+2xh+h>- x- h
=x2+2xh- x+h*- h

fx+h)- f(x)

=x2+2xh- x+h>- h- (xz- X)
=2xh+h’>- h
fGx+h)- f(x) 2xh+h*- h
h h

=2x+h-1

F(x+h) =2(x+h)?+3(x+h)
=2x2 +4xh +2h> +3x +3h
=2x% +4xh+3x+2h% +3h
Sfx+h)- f(x)
=2x% +4xh+3x+2h> +3h- (2x% +3x)
= 4xh +2h* +3h
fx+h)- f(x)  A4xh+2h* +3h

h h
=4x+2h+3

F(x+h) =3(x+h)?- 2(x+h)+5
=3x% +6xh+3h% - 2x- 2h+5
=3x2 +6xh- 2x+3h% - 2h+5
Fx+h)- f(x)=3x%+6xh- 2x+3h>
- 2h+5- (3x%- 2x+5)

= 6xh +3h> - 2h
fx+h)- f(x)  6xh+3h%- 2h
h h
=6x+3h- 2

fx+h)y=4

f(x+h)- f(x)=4-4=0

fle+h)- f(x) _0
h h

f(x+hy=-3

FOth)- f()=-3-(-3)=0

=0

=0
h h
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1 88. The graph is below the t-axis on the interval
81 h)=——-
- )= Y +h (11, 19). This means that the particle is
1 1 moving backward between 11 and 19 seconds.
fl+h) - fx0)= Y+h x 89. The function is increasing on (0, 3), (5, 6),
X x+h (16, 19), and (21, 23). However, the speed |v|
- x(x+h) ) x(x+h) of the particle is increasing on (0, 3), (5, 6),
h (11, 15), and (21, 23). Note that the particle is
=- x(x+h) moving forward on (0, 3), (5, 6), and (21, 23),
N and moving backward on (11, 15).
) - 90. The function is decreasing on (6, 9), (11, 15),
ACIOLIIC) = x(x+h) =- ! and (23, 24). However, the speed |v| of the
h h x(x+h) particle is decreasing on (6, 9), (16, 19), and
(23, 24). Note that the particle is moving
82. f(x+h)=- forward on (6, 9) and (23, 24), and moving
x+h backward on (16, 19).
1 1 ..
fx+h)- f(x)=- Tth g— —% 91. The maximum speed is between times 7 = 15
x+x xx+h and t = 16.
- x(x+h) ¥ x(x+h) 92. The minimum speed is 0 on the intervals
h (9, 11), (19,21), and (24, x).
- x(x+h) 93. The particle is moving forward with
h increasing velocity.
fOx+h)- f(x)  x(x+h) 1 94. The particle is moving backward with
h T h x(x+h) decreasing speed.

2.5 Applying the Concepts

83. a. Increasing: (2006, 2009), (2011, 2012),

84. a.

8s.

86.

87.

(2013, 2014)
Decreasing: (2009, 2011), (2012, 2013)

Relative maxima: 251.1 at x = 2009, 293.2
atx=2012

Relative minima: 21.5 at x = 2011, 187.0 at
x=2013

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

Relative maxima: 185 in June, 185 in Sept.
Relative minima: 132 in July

domain: [0, ¥)

The particle’s motion is tracked indefinitely
from time ¢ = 0.

range: [- 7, 5]

The particle takes on all velocities between —7
an 5. Note that a negative velocity indicates
that the particle is moving backward.

The graph is above the #-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.

9s.

e—12 - 22—
ix X
b — 4 o
12 in. 12— 2x
3 f_i
‘I); x!
Y 1
12 in.

V=Iwh=(12- 2x)(12- 2x)x
= (144 - 48x+4x2)x
=4x> - 48x% +144x

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

Haxirur
H=Z.000001E ¥=izE
[0, 6, 1] by [-25, 150, 25]
range: [0, 128]

V is at its maximum when x = 2.
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96. a. Let x = one of the numbers. Then 2 = the
X

other number. The sum of the numbers is

S =x+2.
x

b.

Rt abeBEzs ¥=11515708
[0, 50, 10] by [-10, 70, 10]
The minimum value of approximately
11.31 occurs at x = 5.66.

97.a. C(x)=210x+10,500

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

per day.
c. average cost = $21,000 =$420
d 210x+10,500 _115

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

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

98. f(x)=-2x*+3x+4
FM)=-20)+3(1)+4=5
F(B3)=-2(3) +3(3)+4=-5
The secant passes through the points (1, 5)
and (3, -5).
m=—'5' 5=ﬁ=-5

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

£(2014) - £(2000)

2014 - 2000
_ 20.2-15.3 ~035
14
The average rate of increase was 0.35 million,
or 350,000, students per year.

99. average rate of increase =

100. f(t)=$-5
16)=L 527 r1)=- 5255
S&)-fd

average rate of decrease = =1

125
4

The average rate of decrease is 12 gallons per
minute.

101.a. f(0)=02+3(0)+4=4
The particle is 4 ft to the right from the
origin.
b. f(4)=4>+3(4)+4=32

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

c. f(3)=37+3(3)+4=22
The particle started 4 ft from the origin, so
it traveled 22 — 4 = 18 ft in three seconds.
The average velocity is 18/3 = 6 ft/sec

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

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

102. a. P(0)=0.01 (0)2 +0.2(0)+50=50
P(4)=0.01(4)" +0.2(4)+50 = 50.96
The population of Sardonia was 50 million
in 2000 and 50.96 million in 2004.
b. P(10)= 0.01(10)2 +0.2(10)+50 =53
The average rate of growth from 2000 to

2010 was >3-

= 0.3 million per year.
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218 Chapter 2 Graphs and Functions

2.5 Beyond the Basics 108. f(x)=+x-1
x-1 fx+h)- f(x)
103. === LA S
f(x) x+1 h
2%- 1 _\/x+h—1—x/x—1 Jx+h-1+x-1
f(zx)=2x+1 h \/x+h-1+\/x-1
3&,5_ 1(?+1 3x- 3 | _ x+h-1-(x-1)
3f(x)+1_ Ex+10 x4+l + h(Vx+h— 1++/x- 1)
f@)+3 0 x-1 o x- 143(x+1) _ h
x+1 x+1 h(Nx+h-1++/x-1)
3x-3+x+1 1
_ x+1 _4x-2 =
T 143(x+1) dx+2 Vath- T+x-1
x+1 1
200 2t 109, f()=-
T 2(2x+1) 2x+1
fx+h)- f(x)
104. f(x)=0 is both even and odd. h
) 1 1 Jx+h-x
105. In order to find the relative maximum, first ~ " Jx+h +$ _ Sxdx+h
observe that the relative maximum of - h - h
- (x+1)° £0. Then - (x+1)> £0P x+h-~x
(x+1)*3 0P x3 -1. _NxGHn)  Varh-x
Thus, the x-coordinate of the relative h h\/ x(x+h)
maximumis —1. f(-1)=- (-1+1)2+5=5 _Nx+h- Vx x+h+x
The relative maximum is (-1, 5). h\/x(x+h) Vx+h+x
There is no relative minimum. _ (x+h)- x
jx+10  ifx<-5 hx (x+ ) (Vx+ ki +x)
106. f(x)='}’.5 if -5£x£S _ 1
b-x if x>5 \/x(x+h)(\/;+\/x+h)
The point (0, 5) is a relative maximum, but
not a turning point. 110. f(x)= 1
. 2
X
107.  f(x)=+/x | |
f(x+h)- f(x):\/x+h-\/; Jx+h++/x FOth)- f(x)  (x+h) X
h h Vx+h++/x h B h
_& x2- ()c+h)2
h(¢x+h+\/;) xz(x+h)2
h ==
=& h
h(\/x+h+\/;) _x2- (x+h)2
:; hxz()c+h)2
b +x x2- (x2+2xh+h2)
- hxz(x+h)2
-2xh- h? 2x+h

B hx? (x+h)2 B x* ()c+h)2
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Section 2.6 A Library of Functions 219

2.5 Critical Thinking/Discussion/Writing 117.

111. fhas a relative maximum at x = ¢ if there is an
interval [a, x;) with a < x; <b such that

f(a)® f(x), or f(x)£ f(a), foreveryx

in the interval (x;, b].

112. fhas arelative minimum at x = b if there is x;
in [a, b] such that f(x)3 f(b) forevery x
in the interval (xl, b]. 118.

113. Answers will vary. Sample answers are given.
a. f(x)=x onthe interval [~1, 1]

x if 0£x<1
0 if x=1

119. If x=-3, then |x+1= 2.
ix if O<x£1 -
N ifx=0 120. [2x- 8|=0P 2x-8=0P 2x=8P x=4

)
10 ifx=0Oorx=1 121, fx)=x
1

if 0 < x <1 and x is rational () f(2)=23/2=(\/§) =\/§=2\/§

i1 if0<x<1and x is irrational

2.5 Getting Ready for the Next Section (i) f(4)=4Y2= (\/1)3 =23=38
_-2-3 _-5_ 3/2 3 N3 .
114. m—4_—(_1)—?——1 (i) f(-4)=(-4) =(ﬁ) =(2i) =-8i
y-3=-(x- (D) y-3=-(x+1)P 122. f(x)=x%"

y-3=-x-1P y=-x+2
(i) f()=2"=4P=3a

115. m:ﬂ:ﬁ:_3 2
7-6 1 i) f(@8)=8"=(B) =27=4
y-2=-3(x-6)P y-2=-3x+18P
=- 2 2
v =20 i) f(-8)=(-8)" = (-8) =(-2)" =4
-3-(-5
116. m=#=z . .
6-3 3 2.6 A Library of Functions
2 2
y- ('5)=§(x- 3)P y+3=3x-2P 2.6 Practice Problems
2
y= gx -7 1. Because g(—2) =2 and g(1) = 8, the line
passes through the points (=2, 2) and (1, 8).
8-2 6
m:—:—:2
1-(-2) 3

Use the point-slope form:
y-8=2(x-1)P y-8=2x-2P
y=2x+6P g(x)=2x+6
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220 Chapter 2 Graphs and Functions
2. Using the formula For the first line segment:
Shark length = (0.96)(tooth height) — 0.22, 2-5 3
gives: 31772
Shark length = (0.96)(16.4) —0.22 =15.524 m 3
3 y-5=-5(x-1)b 2y-10=-3(x-1)P
. y
2y-10=-3x+3P 2y=-3x+13P
T 3B
g YT
For the second line segment:
o 4-2
=—=1
- 5-3
I I ! ! y-4=x-5P y=x-1
-6 -12 -8 —4 0 The piecewise function is
i 3 13 .
Domain: (-¥, 0]; range: [0, ¥) g(x):%'§x+7 if 1£x£3
fx-1 if 3<x£5
4. ‘—‘_\;E
-3x ifx£-1
2 -
L1 L1 f(x)_[Zx ifx>-1
8§ -6-4-20Me2_4 6 8§ %
-2 v
4E\‘—» i
Domain: (-¥, ¥ ); range: (-¥,¥) Ly
i x2ifx e IS AN
L x“ifx£-1
5. =1 -5 -3 _ :
f(x) %Zx x> -1 5 -3 @1 3 5k
-1L.-2%
2 _a
F(2)=(-2)" =4 f(3)=2(3)=6 L
6. a. f(x):}50+4(x_ 55)  S6£x<75 Graph f(x)=-3x onthe interval (-¥,-1],
$200+5(x- 75) x3 75 )
and graph f (x)=2x on the interval (- ¥ ).
b. The fine for driving 60 mph is B
50 +4(60 - 55)= $70. f)=%&
f(-34)=-4; f(47)=4
¢. The fine for driving 90 mph is
200+5(90- 75)=$275. 2.6 Concepts and Vocabulary
7. The graph of fis made up of two parts: a line 1. The graph of the linear function f(x)=»5 isa

segment passing through (1, 5) and (3, 2) on
the interval [1, 3], and a line segment passing

¥

—_ P L DN~

12345678 Xx

through (3, 2) and (5, 4) on the interval [3, 5].

horizontal line.

The absolute value function can be expressed
as a piecewise function by writing

-x if x<0
f@) == i;ffc:O'
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Section 2.6 A Library of Functions 221

3. The graph of the function 10. The two points are (1, 0) and (2, 1).
s 2 . 1-0
L x“+2if x£1
=7 m=——=1. 0=1+bP b=-1.
=10 Tirxs1 2-1
will have a break at x = 1 unless a = 3. f)y=x-1 1
y N
101 -
B i
- /1234 5%
S A
D F2ifx<] o
</ ={3x ifx> 1
; L1 11 L 111 5' > 11. The two points are (-1, 1) and (2, 7).
h 7-1
4. The line that is the graph of f (x)=-2x+3 mE ey 1= 2(:1)+bP 3=b.
has slope —2. f(x)=2x+3 7t
5. True. The equation of the graph of a vertical 2’:
line has the format x = a. 4
6. False. The absolute value function, / L
-X if x < 0 . 1
f)=lx= Cif x3 0 S an example of a 1 I‘,l”_: RN
piecewise function with domain (-¥, ¥ ). r
7. True .
12. The two points are (-1, =5) and (2, 4).
8. False. The function is constant on [0, 1), 4-(-5)
[1,2), and [2, 3). :—2-(-1):3' 4=32)+bP b=-2.
2.6 Building Skills f(x)=3x-2.

In exercises 9—18, first find the slope of the line using
the two points given. Then substitute the coordinates
of one of the points into the slope-intercept form of
the equation to solve for b.

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

m=""1 1 1o10)+bD b=1.
-1-0
S =x+1 13. The two points are (1, 1) and (2, —2).
m="2"1_ 3 1230 +bD boa
2-1
f(x)=-3x+4.
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222 Chapter 2 Graphs and Functions

14. The two points are (1, —1) and (3, 5). 2 y
5- (1) f=-ga-1 i
m=T=3' -1=31)+bP b=-4. \ N
f(x)=3x- 4. o NI
T 543
L
[ I B ¥ A
sS4 P23 e sy
_2_
-3

-ir 18. The two points are (1, 1/4) and (4,
or -2-1/4 -9/4 3
T m=s—=————=- —

4-1 3 4

2).

15. The two points are (-2, 2) and (2, 4).
m=22 _1 4=l(2)+bp b=3.
2-(-2) 2 2

—2=—%(4)+bb b=1.

f(x)=- %x+1.
f(x)=%x+3.

0
: -5
72_
-3
x ifx3 2
19. = .
16. The two points are (2, 2) and (4, 5). f 2 ifx<2
5-2 3 3
== "= .2=22)+bP b=-1. a. f()=2;f(2)=2; f(3)=3
m=2—=52=72 (1) @) (3)
fw=2x-1 > ot
X —2x— . or
7_
o
L1 i
—5—4-3-2-1 i:
—
L 1 1 II L 11111
4321012345 61
17. The two points are (0, —1) and (3, -3). 2% ifx<0
mo3CD_ 2 20 80 =7 iy
3-0 3
5 a. g(-1)=-2g(0)=0: g(1)=1
-1=-=0)+bP b=-1.
3 b. ¥y
47
3_
2_
‘I_
[ I o O O
—5—432-1§ 123 4 5%
2
73_
747
_57
_6_
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Section 2.6 A Library of Functions 223

21, gn=| 1 ifx>0 1. ) il ifx<l
. = : . fO=1
-1 ifx <0 tx2 ifx3
a. f(-15)=-1 £(12)=1 y
5__
b. y i
3t 1
L 1
1———— s L1 s
L1 L1 1
-3 =2 -1 0 1 2 3 x 4
—k 1
_2_ 75_-
-3 Domain: (-¥, ¥ ); range: [0, ¥)
c. domain: (-¥,0)U(0, ¥) 11 <0
range: {—1, 1} 25. g()=ix
PVx ifx3 0
2x+4 ifx>1
22. 8= 142 ifxed N
a. g(-3)=-1g()=3g(3)=10 I
b. y I
10F bttt
8- 1 5 %
6
Ny
)
i
7{3_ 2 4x Domain: (-¥, ¥ ); range: (-¥, ¥)
74— 53 .
2%. hv=iV* ifx<l
c. domain: (-¥,¥) iVr o ifxel
range: (-¥,3]U(6, ¥) 5‘:
3. pyol2, ifx<0 il
IR s o 1
y e
-5 11 5 %
4 1
2 I
L1 L =T
-4 2 2 4
AN N Domain: (-¥, ¥ ); range: (-¥,¥)
_4_

Domain: (-¥, ¥ ); range: (-¥, ¥)
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224 Chapter 2 Graphs and Functions

& ifx<1 i1 .
27. ={ 1— ifx<0
f() S ifas 30. f(X)=1 x
) }§c ifx3 0
y
3._
,L 3+ *—o
e / 20 *—oO
S I I NP S N N B I~ e—o
-3 -2 -1 0 1 2 3 X
— 0 2 3 4 X
—o-2- B
*—O =3 B

Domain: (-¥, ¥ ); Domain: (-¥, ¥ ); range:

range: {K,-3,-2,-1,0}U[L¥) (-¥,0]U{L, 2,3,K}
ix’  ifx<0 ilf  if-2£x<1
28. g(x)=1 . 31. —
X ifx3 0 At WY
¥ y
Sﬁ
2_
]_
! | | ! | ! |
x -2 -1 0 1 2 3 4 5Xx
_lﬁ
72._
,SR
Domain: (-¥, ¥ ); range: (-¥,¥) Domain: [-2, ¥ ); range: [0, ¥)
il ifx<1 1Y if-8£x<1
= 32. =1
29. g(x)—%xg s 8(x) fox  ifx31

v
6_
5
4_
3_
2
]_
Lot
-8 -6 -4 —2 2 x
_2_
Domain: (¥, ¥); range: [0, ¥) Domain: [-8, ¥ ); range: [-2, 1)U[2, ¥)
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Section 2.6 A Library of Functions 225

- YA (2.5
1& if x<1 A /
33 =i
FO=17 if1exea \4— 2.4
(—1,3) 93
.VI 2
[ D G S S Y,
54-3-2-10] I 2 3 4x 32100l 1 2 3 4 5%
04 -1-n<lr
—0  a(.-2) :;:
o — ’
o - Domain: (-¥, ¥ ); range: (-1, ¥)

- 37. The graph of fis made up of two parts.
- For x < 2, the graph is made up of the half-line
- (4. —8) passing through the points (=1, 0) and (2, 3).
- = 3-0 _3_

2-(-1) 3
y-0=x-(-1)P y=x+1
For x > 2, the graph is a half-line passing
through the points (2, 3) and (3, 0).

Domain: (-¥, 4];
range: {K,-3,-2,- 1, 0}U[-8, - 2]

i) if x<0
34. h(x)={ _0-3_
D= ifogxe4 m=3,7"3
y y-0=-3(x-3)P y=-3x+9
3+ Combining the two parts, we have
2 _fx+1 ifx<-2
L FO=3c40  ifys 2
72| 7‘1 0 ‘1 I2 ; Lll x 38. The graph of fis made up of two parts.
1= For x < 2, the graph is made up of the half-line
- passing through the points (2, —1) and (0, 3).
3k 3- (-
: Ca(n_4_
0-2 -2
Domain: (-¥, 4]; range: [0, ¥) y=-2x+3
For x > 2, the graph is a half-line passing
} 2x+3 ifx<-2 through the points (2, —1) and (4, 0).
35. f(x)=ix+1 -2£x<1 _-1-0 1
f-x+3  ifx31 Mm=5"473

36.

y- 0=%(x- 4)p y=%x- 2

Combining the two parts, we have
} -2x+3 ifx<-2
f @)= l/lx -2

X ifx3 2
12

39. The graph of fis made up of three parts.
For x < -2, the graph is the half-line passing

Domain: (-¥, ¥); range: (-¥, 2] through the points (=2, 2) and (-3, 0).
m=—0"2__2_,
1-2x+1 ifx£-1 -3-(-2) -1
f(x)=%2x+1 -1<x<2 y-0=2(x- (-3))P y=2(x+3)P
¥X+2 ifx3 2 y=2x+6

(continued on next page)
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226 Chapter 2 Graphs and Functions
(continued) 2.6 Applying the Concepts
For —2 <x < 2, the graph is a horizontal line N
segment passing through the points (=2, 4) 41.a. f(x)=——
and (2, 4), so the equation is y = 4. ) 33.81
For x > 2, the graph is the half-line passing Domain: [0,¥); range: [0,¥).
through the points (2, 1) and (3, 0).
0-1 b. 3) = 0.0887
m=3,=! TO=5381"
y-0=-(x-3)b y=-x+3 This means that 3 oz = 0.0887 liter.
Combining the three Rarts, we have e f2)= 12 » 0.3549 liter.
}2x+6 ifx<-2 33.81
f(x)=14 if -2£x<2 _ _
Fox+3 32 42.a. B(0)=-1.8(0)+212=212.
The y-intercept is 212. This means that
40. The graph of fis made up of four parts. water boils at 212°F at sea level.
For x < —2, the graph is the half-line passing 0=-1.82+212P h»117.8
through the points (=2, 0) and (-4, 3). The h-intercept is approximately 117.80.
_3-0 3 This means that water boils at 0°F at
=Ty (-2) Y approximately 117,800 feet above sea level.
y-0=- i(x (- 2)) P y=- i(x +2)Pb b. Domain: closed intc.arval from O to the end
2 2 of the atmosphere, in thousands of feet.
3
y=-5%-3 c. 98.6=-18h+212P h=63. Water boils
For —2 < x < 0, the graph is a line segment at 98.6°F at 603,(?00 feet. It is dangerous
. ) because 98.6°F is the temperature of human
passing through the points (-2, 0) and (0, 3).
blood.
_ 30 3
:?' (-2) 2 43.a. P0)= %(O) +1=1. The y-intercept is 1.
Y= Ex +3 This means that the pressure at sea level
For 0 < x <2, the graph is a line segment (d=0)is 1 atm.
passing through the points (0, 3) and (2, 0). 0= id +1P d=-33.
_0-3_ 3 33
"= 2.0 2 d can’t be negative, so there is no
3 d-intercept.
y=- Ex +3
1
For x > 2, the graph is the half-line passing b. P(0)=1 atm; P(10) = 5(10) +1» 1.3 atm;
through the points (2, 0) and (4, 3). 1
3-0 3 P(33)=—(33)+1=2 atm;
m=——=— 33
N P(100) = = (100) + 1 » 4.03
=— + .03 atm.
y-O:%(x-Z)P y:%x-3 (100) =500 +1>
Combining the four parts, we have 1
. c. 5=—d+1P d=132feet
by=o3a03 ifxg-2 33
1 2 The pressure is 5 atm at 132 feet.
iy =Ex+3 if -2<x£0 44. a. V(90) =1055+1.1(90) = 1154 ft/sec
f)=i 3 ) The speed of sound at 90°F is 1154 feet per
iy=-5x+3 ifO<x£2 second.
;y_%x_ 3 ifxs2 b. 1100=1055+1.1T b T » 40.91°F

The speed of sound is 1100 feet per second
at approximately 40.91°F.
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45. a.

46. a.

47. a.

48. a.

C(x) = 50x + 6000

The y-intercept is the fixed overhead cost.
C

6300
6250
6200
6150
6100
6050
6000
5950 -

T T T T

11,500 =50x +6000 P 110

110 printers were manufactures on a day
when the total cost was $11,500.

The rate of change (slope) is 100. Find the
y-intercept by using the point (10, 750):
750 =100(10)+b P b =-250. The
equationis f(p)=100p - 250.

f(15)=100(15) - 250 =1250
When the price is $15 per unit, there are
1250 units.

1750 =100p - 250 P p =$20.
1750 units can be supplied at $20 per unit.

R =900- 30x

R(6) =900 - 30(6) =720
If you move in 6 days after the first of the
month, the rent is $720.

600=900- 30xP x=10
You moved in ten days after first of the
month.

Let t = O represent the year 2009. The rate

995- 976

of change (slope) is =-9.5. The

y-intercept is 995, so the equation is
f(@)=-9.5t+995.

f(4)=-9.5(4)+995 =957

The average SAT score will be 957 in
2013.

-9.5t+995=900P -95tr=-95P r=10
2009 + 10 =2019.

The average SAT score will be 900 in
2019.

49. The rate of change (slope) is

100- 40 _
20- 80

Use the point (20, 100) to find the equation of
the line: 100=-20+bP b =120. The
equation of the line is y =- x+120. Now

solve 50=-x+120P x=70.

Age 70 corresponds to 50% capacity.

50. a.

51. a.

52. a.

2
=—(5)(60) =24
Y=s (5)(60)
The dosage for a five-year-old child is 24
mg.
2

60=—(60)a P a=12.5

25

A child would have to be 12.5 years old to
be prescribed an adult dosage.

The rate of change (slope) is
50-30 2

420- 150 27°

The equation of the line is

2
-30=—(x-150)P
y 27()6 )
2
=—(x- 150) +30.
y 27(% )

2 1210
=—(350- 150)+30P y=
y 27( ) Y=

» 44.8

There can’t be a fractional number of deaths,
so round up. There will be about 45 deaths
when x = 350 milligrams per cubic meter.

70:%(x— 150)+30P x =690

If the number of deaths per month is 70, the
concentration of sulfur dioxide in the air is
690 mg/m"> .

.1 . .
The rate of change is 3 The y-intercept is

47 .o
—, so the equation is
12

1., 47
=L(S)==S +—.
y=L(S) 3 12

1 47
L(4)=—(4)+—=5.25
4) 3() B

A child’s size 4 shoe has insole length 5.25
inches.
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228 Chapter 2 Graphs and Functions
g=lx+£b x=6.55»6.5
10 3 12
A child whose insole length is 6.1 inches wears a size 6.5 shoe.
53. a. 5011) b.(i) 7(12,000) = 0.04(12,000) = $480
000k (ii) 7°(20,000) =800 + 0.06(20,000 - 20,000)
2000k =$800
'2000 B (iii) 7'(50,000) =800 + 0.06(50,000 - 20,000)
=$2600
1000 |-
I I
20,000 40,000 60,000%
c. (i) 600=0.04xP x=2$15,000
(i) 1200=0.04xP x=3$30,000, which is outside of the domain. Try
1200 =800 +0.06 (x - 20,000)P x » $26,667
(iii) 2300 =800+ 0.06(x- 20,000)P x = $45,000
i0.1x if 0 < x £9225
1922.50 +0.15(x - 9225) if 9225 < x £ 37,450
,11,5156.25 +0.25(x - 37,450) if 37,450 < x £ 90,750,
54.a. f(x)=118,481.25+0.28(x - 90,750) if 90,750 < x £ 189,300

146,075.25 +0.33(x - 189,300)
1119,401.25+0.35(x - 411,500)
% 119,996.25 +0.396(x - 413,200)

if 189,300 < x £ 411,500
if 411,500 < x £ 413,200
if 413,200 < x

(i) £(35,000) =922.50 +0.15(35,000 - 9225) = $4788.75 » $4789
(i) f(100,000) =18,481.25 +0.28(100,000 - 90,750) = $21,071.25 » $21,071
(iii) £(500,000) =119,996.25 +0.396(500,000 - 413,200) = $154,369.05 » $154,369

(i) 3500=922.50+0.15(x- 9225)P 2577.5=0.15(x- 9225)P 17183.33=x- 9225P x » $26,408
(ii) 12,700 =5156.25+0.25(x - 37,450) b 7543.75 =0.25(x - 37,450) b 30,175 =x- 37,450 P

x =$67,625

(iii) 35,000=18,481.25+0.28(x- 90,750) P 16518.75 = 0.28(x - 90,750) b

58995.54 = x- 90,750 P x » $149,746

2.6 Beyond the Basics

55. 2(3)- 1=a-3(3)P 5=a- 9P a=14

56.

57. a.
b.

1-3=3a+3P -2=3a+3P -5=3aP
5

a=-—
3

Domain: (-¥,¥);range: [0,1)

The function is increasing on (n, n + 1) for
every integer n.

fE=-x-8§x - f()! f(x), sothe

function is neither even nor odd.

58. a.

59. a.

Domain: (-¥,0)U[L¥)
N 1 .e
range: }’— :n! 0,n an integeru

in b

The function is constant on (n, n + 1) for
every nonzero integer 7.

1
§x7

function is neither even nor odd.

(i) WCI(2)=40

fex)=

L_ f(x)! f(x), sothe
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60. a.

61.

62. a.

b.

C.

(ii)
WCI(16) =91.4+(91.4 - 40)

>(0.0203(16) - 0.3044/16 - 0.474)

» 21
(iii) WCI(50)=1.6(40)- 55=9

(i) -58=91.4+(91.4-T)
x(0.0203(36) - 0.304+/36 - 0.474
-58=91.4+(91.4- T)(- 1.5672)
-58=91.4- 143.24 +1.5672T
-58=-51.84+1.5672T b T » -4°F

(i) -10=1.6T-55b T » 28°F

C(x)=20(f(x)- 1)+45
=20(- § x"- 1)+45

C(23)=20(- §2.3- 1)+45
= 20[- (-3)- 1]+45
=20(2)+45=85
It will cost 85¢ to mail a first-class letter
weighing 2.3 oz.

Cost ($)
=
o0
i
I

| | | | |
1 2 3 4 5 x

Weight (0z)

C(x)=2& +4

1150 if x £100

C=102&-100+150 ifx> 100

C
190
180
170
160
150

C 1 T N T T
50 100 150 200 250 300 X

Miles driven
190=0.2&- 99°°+150
40=02&-99"P 200=&- 99°'P
x =300 miles

Cost

2.6 Critical Thinking/Discussion/Writing

63.
65. a

66. a.

D 64. C

. If fis even, then fis increasing on

(-¥, - 1) and decreasing on (- 1, 0).

If fis odd, then fis decreasing on (- ¥, - 1)
and increasing on (- 1, 0).

If fis even, then f has a relative maximum
at x =—1 and a relative minimum at x = -3.

If fis odd, then f'has a relative minimum at
x =-1 and a relative maximum at x = -3.

2.6 Getting Ready for the Next Section

67.

68.

69.

70.

71.

72.

73.

If we add 3 to each y-coordinate of the graph
of f, we will obtain the graph of y = fix) + 3.

If we subtract 2 from each x-coordinate of the
graph of f, we will obtain the graph of

y=flx+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).
VS
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230 Chapter 2 Graphs and Functions

g
For exercises 7578, refer to section 1.3 in your text
for help on completing the square.

75. x%+8x+16; (x+4)

76. x> - 6x+9; (x-3)

77. )cz-z l; mx-lg
3 9 3¢
.2
78. x +4x+4, aex+20
25

2.7 Transformations of Functions

2.7 Practice Problems

The graph of g is the graph of f shifted one
unit up. The graph of & 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 # is the graph of
f shifted two units to the left.

3. The graph of f(x)=+/x- 2+3 is the graph
of g(x)=+/x shifted two units to the right
and three units up.

.
i f=\x—2 +3
4= /
3- i
27
1~ {,’(X):\E

| | I I I |
0 1 2 3 4 5 6 x

4. The graphof y=- (x- 1) +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

5. The graph of y = 2x — 4 is obtained from the
graph of y = 2x by shifting it down by four
units. We know that

Y=y ify <o.

This means that the portion of the graph on or
above the x-axis (y 3 0) is unchanged while

the portion of the graph below the x-axis (y <
0) is reflected above the x-axis. The graph of

= |f (x)| =|2x- 4| is given on the right.

y v
s 'x
— 0, 4)

I 1
301/ 3 5k s 3 0

= /) =2x—4

y
6_
5+ £(x)
4_
3 fio)
27
1

Ll11
of 1 2 3 45 6 x

The graph of g is the graph of f stretched
vertically by multiplying each of its
y-coordinates by 2.
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8. Start with the graph of y =+/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.

9. YA

6__

3.4 5T

34 71

y=f(x) 3t

2__

(-5.0) LT¢-1.0

B e S
-6-5-4-3-2-1 T 23457
—2-\(3. -2)

Shift the graph one unit right to graph
y=f(x-1).

Compress horizontally by a factor of 2.
Multiply each x-coordinate by % to graph

y=fQ2x-1).

Compress vertically by a factor of %

Multiply each y-coordinate by % to graph

y=3f(Qx-1)+3.

y=

y=f(X)® y=f(x-1)® y=f(2x-1)®
y=%f(2x-l)b y=%f(2x—l)+3

2.7 Concepts and Vocabulary

1. The graph of y = f(x)- 3 is found by
vertically shifting the graph of y = f(x) three
units down.

2. The graph of y = f(x+5) is found by
horizontally shifting the graph of y = f(x)
five units to the left.

3. The graph of y = f(bx) is a horizontal
compression of the graph of y= f(x) isbis
greater than 1.
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232 Chapter 2 Graphs and Functions
4. The graph of y = f(- x) is found by The graph of & is the graph of freflected
reflecting the graph of y = f(x) about the y- about the y-axis.
axis. 15. The graph of g is the graph of freflected
. . about the x-axis.
5. False. The graphs are the same if the function
is an even function. The graph of £ is the graph of freflected
about the y-axis.
6. True
16. The graph of g is the graph of f stretched
7. False. The graph on the left shows y = x? vertically by a factor of 2.
first shifted up two units and then reflected The graph of / is the graph of f compressed
about the , horizontally by a factor of 2.
x-axis, while the graph on the right shows . _
y= 2 reflected about the x-axis and then 17. The graph of g is the graph of f vertically
) ) stretched by a factor of 2.
shifted up two units.
_ _ The graph of & is the graph of f horizontally
ot 7] 1oF compressed by a factor of 2.
\ L/ - 18. The graph of g is the graph of f shifted two
i A units to the right, then one unit up.
_1‘0 S E— ]l(; Y _1‘0 — R — 1;; X The graph of 4 is the graph of f shifted one
If . unit to the left, reflected about the x-axis,
WL and then shifted two units up.
¥1o FI0F 19. a. The graph of g is the graph of freflected
8. True about the x-axis and then shifted one unit

2.7 Building Skills

9. a. The graph of g is the graph of f shifted two

10.

11.

12.

13.

14.

units up.

b. The graph of & is the graph of f shifted one

unit down.

a. The graph of g is the graph of fshifted one

unit up.

b. The graph of & is the graph of f shifted two

units down.

a. The graph of g is the graph of fshifted one

unit to the left.

b. The graph of & is the graph of f shifted two

units to the right.

a. The graph of g is the graph of fshifted two

units to the left.

b. The graph of & is the graph of f shifted

three units to the right.

a. The graph of g is the graph of fshifted one

unit left, then two units down.

b. The graph of & is the graph of f shifted one

unit right, then three units up.

a. The graph of g is the graph of freflected

about the x-axis.

20.

21.

22,

23.
27.
31.

up.
The graph of & is the graph of freflected
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 £ is the graph of f stretched

vertically by a factor of three and then
shifted one unit down.

The graph of g is the graph of f shifted one
unit up.

The graph of & is the graph of f shifted one
unit to the left.

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.

The graph of 4 is the graph of f shifted one
unit to the right, reflected about the x-axis,
and then shifted three units up.

24. ¢ 25. ¢ 26. h
28. a 29. b 30. k
32. f 33. d 34. ]
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35. 1}(,}_ 41. f(x)= x> +2
8 y
6 8-
6_
4t il
2_
L1 L 1| L 11 |/} L1
*674—2g 2 4 6 % -8-6-4-3,] 2468 %
=22 4l
-4~ 6
8
36. y
10 2. f(x)=x-1
8
6 ¥
8_
flxy= x>+ 3 6
2+ 4
[ [ | 2
-6—-4-20 2 4 6 X L 111 L1 11
ol 8-6-4-2, /2468 %
—4+ 4 |
6_
8
37. ¥y
4/
2 x)=Jfx +1 1
L1 ig()l ‘lrl 43. f(x)=—+1
—4-20 2 4 6 8 x X
-2 ¥
74_ 8_
6
4
38. b 25\
4 | | ]
2l —8—6—4—;3\_2 4687%
[ I Y I B _4
420 2 4 6 ok
72_
B = 4 2

1
39. f(x):|x|+2 44, f(x)=;-2

L1 1 1 | | 11 1 L1
—8—6-4-2 | 246 8 X —8-6-4-2,[\2 4 6 8 ¥
40. f(x)=|x|-1 —6\—
y —8)
87
6
4+
2
L1 1 1 I
86422468 X
—4 -
—6F
,8_
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234 Chapter 2 Graphs and Functions

45. ¥ 49. y
10— L=
8- 6L
61 4+
4 2 hix)=Ilx + 1l
b | | | | |
“6-4-—20] 2 4 6«
L1 | _a
—6-—4-20
-2 4
—4
6 50. y
_g 8 hix) = Ix — 2!
6_
-10
4_
46. y
| | | | |
IOL 64 20 2 4 6=
8 2k
L _4_
o) = (x + 2
B 51 f(x)=(x+1)
N
2 4 6 y

o0

4. f0)=vx-1 R
¥ —4F
6 i
4 sl
2_/
| 1 | 1 1
=) ;) 2 4 6 8§ x 52. f(x)=(x-3)
y
8,
48. f(x)=+x+2 oL
¥
8t 4r
6 2k
4 | ] f ] I
/ 2 0 4 6 8 x
2L sl
1 / 1 1 1 1
420 2 46 8% —4r
_2_
_6_
787
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Y

53 F(x)=—
x-3
¥
87
6_
4_
2_
| I I |
S8=6-4-2, 6
_47
_6—
_8—
4. F(x)=—
x+2
y
8._
4=
1 1 T— L
=5 - 0 8
74_
8_
55. f(x)=+-x
.
6
4
2
| 1 | | 1
—8 —6 —4 —2 0] 2 «x
-2
56. f(x)=-+/x
y
’2,
| 1 | 1
-2 0 2 4 6 8
727
74_
_6_

57. f()c)=-)c2
1 1 ] |
—4 -2 2 4 x
2_
_4_
—6
78,
58. f(x)=-x

59. f(x)=2x"

60. f(x):%xz
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236 Chapter 2 Graphs and Functions

61. f(x)=2]
Y
8
6F

4_

62. f(x)= %|x|

L1
246 8«

63. f(x)=(x-2)" +1

Start with the graph of f (x)=x,

it two units right and one unit up.

64. f(x)=(x-3)-5

then shift

Start with the graph of f (x)= x>, then shift

it three units right and five units down.

y

65. f(x)=5- (x-3)

Start with the graph of f (x)=x?, then shift
it three units right. Reflect the graph across
the
x-axis. Shift it five units up.

y

66. f(x)=2- (x+1)
Start with the graph of f (x)=x?, then shift

it one unit left. Reflect the graph across the
x-axis. Shift it two units up.

67. f(x)=+x+1-3
Start with the graph of f (x)=+/x, then shift
it one unit left and three units down.

y
4+
2+

1 1 1 1 Lo

-2 OM x
74_
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68. f(x)=+x-2+1

Start with the graph of f (x)=+/x, then shift

it two units right and one unit up
y

Ryl

I
-2 00 2 4 6 8§ *x

69. f(x)=+1-x+2

70.

71.

Start with the graph of f (x)=+/x, then shift

it one unit left. Reflect the graph across the y-
axis, and then shift it two units up.

fx)=-+x+2-3
Start with the graph of f (x)=+/x, then shift

it two units left. Reflect the graph across the x-
axis, and then shift it three units down.

f)=|x-1]-2
Start with the graph of f (x)=|x|, then shift it
one unit right and two units down.

8
6
4
2
| |
\ -
2

72, f(x)=-|x+3+1

Start with the graph of f (x)=|x|, then shift it

three units left. Reflect the graph across the
x-axis, and then shift it one unit up.

y
6_
47
ﬂx)=—|x+3|+|2
L1 "N [
-8 -6 4—81 2 4 x
74_
_6_

73, f(x)=L1+3

74.

x -
Start with the graph of f (x)=-1, then shift it

one unit right and three units up.

y
8
6_
4_
(__—_7Y
L1011 L1 11
86422468 %
-4
-6
-8
1
x)=2-
f() x+2

Start with the graph of f (x)=-1, then shift it

two units left. Reflect the graph across the
x-axis and then shift up two units up.

y

|
ool
|
|
Fy .
I
% O B No[ W B o
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75. f(x)=2(x+1)"-1

Start with the graph of f (x)=x?, then shift
it one unit left. Stretch the graph vertically by

a factor of 2, then shift it one unit down.
y

8
6
4
2

76. f(x):%(x+1)2 +2

Start with the graph of f (x)=x?, then shift

it one unit left. Compress the graph vertically
by a factor of 1/3, then shift it two units up.

= N oo
T

77. f(x)=2- %(x- 3)’

Start with the graph of f (x)= x>, then shift

it three units right. Compress the graph

vertically by a factor of 1/2, reflect it across

the x-axis, then shift it two units up.

78. f(x)=1-3(x- 3)°

Start with the graph of f (x)=x?, then shift

it three units right. Stretch the graph vertically
by a factor of 3, reflect it across the x-axis,
then shift it one unit up.

79. f(x)=2Jx+1-3

80.

Start with the graph of f (x)=+/x, then shift

it one unit left. Stretch the graph vertically by

a factor of 2, and then shift it three units

down.
y

4,

(]
T

f(x)=x/2x—-2+1

Start with the graph of f (x)=+/x, then shift

it two units right. Compress the graph
horizontally by a factor of 1/2, and then shift it
one unit up.

y

6

L
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81.

82.

83.

8s.

87.

89.

91.

92.

93.

fx)=-2[x-1+2

9s. Y

Start with the graph of f (x)=|x|, then shift it M Y

(—1,2)
one unit right. Stretch the graph vertically by a B
factor of 2, then reflect it across the x-axis. B
. . L &1 | [
Shift the graph up two units. (—3.0) X
! L
oL L
| 1 1 | B
-4 =2 4 6 X =
4l 96. "
L (4, 8)
—6L Lo /
_gl / i
(=3.4) :
1
f(x)=—5|3—x|—1 »
Start with the graph of f (x)=|x|, then shift it TR E—
three units right. Compress the graph B
vertically by a factor of 1/2, then reflect it v
across the 97. .
y-axis. Reflect the graph across the x-axis, and L
then shift the graph down one unit. L
¥ I Lo11
4 (-3.-1) ¥

2 -
| 11

_8_

y=x3+2 84.
y=-|x| 86.
y=(x-3)2+2 88.

y=-+x+3-2 90.

y=3(-x+4)7>+2

y=- (-x+1)3+1

y=-2|x- 4|- 3 94,

_3—6—4—39’}% \
A1 —1.-3) T
_6_

4. -3

e 98. (—4.5) ¥
e \_

99. ¥y
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100. 7y ®.5) 105. g 5.7
. / y'/‘
4/_ (=2,3)
AN NN =
T | 1 1 [ 1 1 1
L X
B 106. "
— | X
L (i,_)_)
101. ;/ :
/_ (%‘_4]
(-2.-6 |
| 107.
X
102. y
©2 108.
L Lol
X
B 109. a. y
B 6 (5,5
103. y L (4, 10) y= g/(y
/ A f,
(—1,6) L (—4,-1)
- b. ¥y
(-3,2) B 6 5.5)
| | | | | | | |
| X
¥ = |g)|
104. " S \/ |
i (1.3) 6 4 2 6
| (_] %] /
(-3.3) -
| | | | | | |
X
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110. a.

111. a.

8_
6_
(—4.4)
(3,2)
2_
1 | | | | 1
-6 —4 —2\1 4 6 x
IR
B ¥y =gx)
78_
(5, —8)

112. a.

113. a.

114. a.

ﬁ_
(=25, 4)
(—0.5,2) ~
I | 1 \ | L I
-6 —4 )2VO 2 4 6 x
_2_
(=15, -1) (2, -2)
¥
6 v =g
(—2.5,4)
4_
(2,2)
(—0.5,2) -
(—1.5,1) \/
I \ \ L I
-6 -4 -2 0 2 4 6
_2_
y
67
(6,4)
4_
2.2
2_
I A I | L I
-4 -2,70 2 6 8 X
2k 4, -1

8 x
¥
67
(=3.4)
1,2)
2_(
| | / | 1 | |
-4 j\(ﬁ 2 6 8 x
(-1,n7 -2k
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115. a.

116. a.

6 ¥ = g

(=3,4)
4+

(1,2) (6,2)

(-5.7) 8

61~ (2,5)

4, —5)

=5.7 gk y=law)

2.5
4.5)

117. a.

118. a.

(—4,6)
4
2

(=1,-5)

Copyright © 2019 Pearson Education Inc

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

Section 2.7 Transformations of Functions 243

2.7 Applying the Concepts
119. g(x) = £(x)+800

120. h(x)=1.05f(x)

121.  p(x)=1.02(f (x)+500)

LL1f(x)  if £ (x)<30,000

122 8O=0 007 () if £(x)? 30,000

123. a. Shift one unit right, stretch vertically by a
factor of 10, and shift 5000 units up.
C

5030
5025

Z 5020

=]

3 0I5

= 5010

=

< 5005
5000
4995

T

Clx)

T T T T 177

4 | | | | |
12 3 4 5 x
Number of employees

b. C(400) =5000+10~/400 - 1 =$5199.75

124. a. For the center of the artery, R =3 mm and
r=0.

v=1000(3? - 02)=9000 mm/minute

b. For the inner linings of the artery, R =3
mm and r = 3 mm

v=1000(3 - 3%)=0 mm/minute

c¢. Midway between the center and the inner
linings, R =3 mm and r = 1.5 mm

v=1000(3? - 1.5%)=6750 mm/minute

125. a. Shift one unit left, reflect across the x-axis,
and shift up 109,561 units.
y

109,600 -
109,500
109.400
109,300
109.200

109,100
41111111l
4 8B 12 16 200p

Price (cents)

Number of hats

b. 69,160 =109,561- (p +1)*

40,401 = (p+1)°
201=p+1P p=200¢ =$2.00

126.

127.

128.

0=109,561- (p+1)2

109,561=(p +1)2
331=p+1P p=330¢=33.30

Write R(p) in the form - 3(p - h)2 +k:

R(p)=-3p>+600p =-3(p? - 200p)
Complete the square
=-3(p? - 200p +10,000) + 30,000
=-3(p- 100)? + 30,000
To graph this, shift R(p) 100 units to the right,

stretch by a factor of 3, reflect about the x-
axis, and shift by 30,000 units up.

The first coordinate gives the month; the
second coordinate gives the hours of daylight.
From March to September, there is daylight
more than half of the day each day. From
September to March, more than half of the
day is dark each day.

}
N O] = whe S

(12, -2)

The graph shows the number of hours of

darkness.
v

15 (1,13.7) (12, 14)
(3,12)
9,12)
10
(6. 10)
0 Y O A A I
of 2 4 6 8 10 1271

2.7 Beyond the Basics

129.

130.

The graph is shifted one unit right, then
reflected about the x-axis, and finally reflected
about the y-axis. The equation is

g(x)=-m.

The graph is shifted two units right and then
reflected about the y-axis.

The equationis g(x)=f(-2- x).
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131.

132.

133.

134.

Shift two units left, then 4 units down.
¥y
s

3

I
I T
-7 -5 \3 -1

i -
P

3

-5

f@)=x7- 6x=(x- 6x+9)-9

=(x-3)%-9

Shift three units right, then 9 units down.
y

20—
15—

10—

I 1|
—2-10N1 2 3 45/ 7 8x

f(x):-x2+2x:- (xz- 2x+1)+1

=-(x- D> +1
Shift one unit right, reflect about the x-axis,
then shift one unit up.
y
3

L1 L1
—a-3-2-19 1 A3 456

T

-5

T T T 1771

=7

f(x)=-x2-2x=- (x2+2x+1)+1

=—(x+1)2+1

Shift one unit left,
reflect about the
x-axis, then shift
one unit up.

135. f(x)=2x2- 4x:2(x2 - 2x+1)- 2
=2(x-1%-2

Shift one unit ¥y
. 7
right, stretch 6
vertically by a 5
factor of 2, then 4
shift two units
down.
L1l I L1
—4=32-1h 1 B3 a5 6
-2
-3

136.  f(x)=2x>+6x+3.5
= 2(x2 + 3x)+ 3.5

=2(x? +3x+2.25)+3.5- 2(2.25)

=2(x+1.5) - 1
Shift 1.5 units left,
stretch vertically by
a factor of 2, then
shift one unit down.

Mhuoqw‘*-
11

|
-
vy -
|
e
W
|
|
| |<
i
T

)
T

L1
23 4 x

137, f(x)=-2x7- 8x+3=-2(x" +4x)+3

=-2(x% +4x+4)+3+2(4)
=-2(x+2)" +11

Shift two units left, stretch vertically by a
factor of 2, reflect across the x-axis, then shift

eleven units up.

>(
AT T T
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138.

139.

140.

141.

f(x)=—2x2+2x— 1=—2(x2— x)— 1
=-2(x?- x+0.25)- 1+2(0.25)
=-2(x2- x+0.25)- 0.5

=-2(x- 05)°- 0.5
Shift 0.5 unit right, stretch vertically by a

factor of 2, reflect across the x-axis, then shift

0.5 unit down.
y

[ A B B R
43 210N 2 3 45 6%

I

T

O T I =

142.

143.

144.

2.7 Critical Thinking/Discussion/Writing

145. a.

146. a.

y=f(x+2) is the graph of y = f (x)
shifted two units left. So the x-intercepts
are-1-2=-3,0-2=-2,and2-2=0.
y = f(x- 2) is the graph of y = f(x)
shifted two units right. So the x-intercepts
are-1+2=1,0+2=2,and2 +2 =4.
y =- f(x) is the graph of y = f (x)

reflected across the x-axis. The x-intercepts
are the same, —1, 0, 2.

y = f (- x) is the graph of y = f (x)
reflected across the y-axis. The x-intercepts
are the opposites, 1, 0, —2.

y = f(2x) is the graph of y = f (x)
compressed horizontally by a factor of 1/2.

The x-intercepts are - %, 0,1.

y=f (%x) is the graph of y = f (x)
stretched horizontally by a factor of 2. The
x-intercepts are —2, 0, 4.

y = f(x)+2 is the graph of y = f(x)

shifted two units up. The y-intercept is
2+2=4.
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b. y=f(x)- 2 isthe graph of y= f(x) 148.a. y= f(x+2) isthe graphof y = f(x)
shifted two units down. The y-intercept is shifted two units left. So the relative
2-2=0. maximum is at x = 1 — 2 = -1, and the

) relative minimumisatx=2-2=0.

¢. y=- f(x) isthe graph of y = f(x)
reflected across the x-axis. The y-intercept y=f(x)- 2 is the graph of y = f (x)
is the opposite, —2. shifted two units down. The locations of the

) relative maximum and minimum do not

d. y=f(-x) isthe graphof y=f(x) change. Relative maximum at x = 1,
reflected across the y-axis. The y-intercept relative minimum at x = 2.
is the same, 2. )

y=- f(x) is the graph of y = f (x)

e. y=2f(x) is the graph of y = f (x) reflected across the x-axis. The relative
stretched vertically by a factor of 2. The maximum and relative minimum switch.
y-intercept is 4. The relative maximum occurs at x = 2, and

the relative minimum occurs at x = 1.

f. y=17(x)isthe graphof y=f (x)

compressed horizontally by a factor of 1/2. y=f(-x) is the graph of y = £ (x)
The y-intercept is 1. reflected across the y-axis. The relative

. maximum and relative minimum occur at

147.a. y=f(x+2) is the graph of y = f (x) their opposites. The relative maximum

shifted two units left. The domain is occurs at x = —1, and the relative minimum
[-1- 2,3- 2]=[-3,1]. The range is the occurs at x = 2.
same, [-2, 1]. y=2f(x) is the graph of y = f (x)

. stretched vertically by a factor of 2. The

b. y=f (x)— 2 is the graphof y = f (x) locations of the relative maximum and
shifted two units down. The domain is the minimum do not change. Relative
same [_ 1 3]' The range is maximum at x = 1, relative minimum at

x=2.
[-2-2,1-2]=[-4, - 1].
y=1f(x) is the graph of y = f (x)

¢ y=-f(x)isthe graphof y=f () compressed horizontally by a factor of 1/2.
reflected across the x-axis. The domain is The locations of the relative maximum and
the same, [- 1, 3]. The range is the minimum do not change. Relative

. maximum at x = 1, relative minimum at
opposite, [- 1, 2]. =2

d. y=f(-x)is the graph of y= f(x) 2.7 Getting Ready for the Next Section
reflected across the y-axis. The domain is 5 5 5
the opposite, [-3, 1]. The range is the 149, (52 +5x+7)+(x? +9x- 4)=6x7 +14x+3

-2, 1).
same, -2, 1] 150, (x? +2x)+ (67 - 2x+5) =62 +x7 +5

e. y=2f(x) is the graph of y = f(x) R ) )
stretched vertically by a factor of 2. The 151. (Sx +6x- 2)_ (3x - 9x+ 1) =2x"+15x-3
domain is the same, |- 1, 3|. The range is

) ) 3] 152, (x* +2)- (207 +52- 3)=- x> - 5x+5
€2(-2), 2(Ma=[-4 2]
2
f. y= %f(x) is the graph of y = f (x) 153. (x- 2)(x +2x+4)

compressed horizontally by a factor of 1/2.
The domain is the same, [- 1, 3]. The range

s 02 0=¢ 1. 44

= x> +2x> +4dx- 2x% - 4x- 8
=x-8
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154.

155.

156.

157.

158.

159.

(x2+x+1)(x2- x+1)

=xt e A rx+at x4l

=x*+x?+1

2x-3
fl)=m—
( ) x2- 5x+6

The function is not defined when the
denominator is zero.

x*-5x+6=0P (x-2)(x-3)=0P x=2,3
The domainis (-¥, 2)U(2,3)U(3, ¥).
x-2
X)=
r@=5

The function is not defined when the
denominator is zero.

x*-4=0P (x+2)(x-2)=0P x=-2,2
The domainis (-¥, - 2)U(-2, 2)U(2, ¥).

f(x)=+v2x-3
The function is defined only if 2x — 3 > 0.
2x-330P 2x3 3P «x3 %
.. 83 0
The domain is r—, ¥ -.
&2 9
f ()=
5-2x
The function is defined only if 5 — 2x > 0.
5-2x>0P -2x>-5P x<%
..o® 56
The domain is o-¥, —-.
¢ 29
x- 1 <0
x-10

First, solve x- 1=0P x=1 and
x-10=0P x=10.

So the intervals are

(-¥,0D,3, 10), and (10,¥).

Interval Test Val ¢ x-1 | Result
: alue o
point x-1
1
(-¥.1) 0 + ¥
(1, 10) 5 . -
(10, ¥) 15 B +

Note that the fraction is undefined if x = 10.
The solution set is (1, 10).

-3

160. 5>0
(1- x)
Set the denominator equal to zero and solve for
X.
2
(1- x)"=0P x=1
The intervals are (-¥,1) and (1, ¥).
Interval Test Value of Result
point -3
(- %)’
(-¥,1) 0 -3 -
(1,%) 2 -3 _
There is no solution. The solution set is Z&.
161. “2*8 ¢
x“+1

Set the numerator and denominator equal to
zero and solve for x.

-2x+8=0P -2x=-8P x=4

x> +1=0 has no real solution.

The intervals are (-¥, 4] and [4, ¥ ).

Interval Test Value of Result
point -2x+8
x2+1
(-¥,4] 0 8 +
1
[4.¥) 5 - -

The solution set is [4, ¥ ).

(e (-1,
162 9

Set the numerator and denominator equal to
zero and solve for x.

(x- 3)(x- 1)=OD x=3,1
(x-5)(x+1)=0P x=5,-1

The intervals are (-¥, - 1), (- 1, 1],
[L 3], [3.5). and (5, ¥).

(continued on next page)
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(continued)

b. (g0/)(0)=¢(f(0))=g(-5x0)=g(0)=1

4. f(x)=2-x g(x)=2x*+1

Interval Test Value of Result
point (x-3)(x-1)
(x - 5)(x + 1)
15
(¥.-1) | = 1 s
3
(-11] 0 -3 _
[1, 3] 2 5 +
3
[3.5) 4 -3 -
15
(5, ¥ ) 6 = +

The solution set is (-¥, - 1)U[L, 3]U(5, ¥).

2.8 Combining Functions;

Composite Functions

2.8 Practice Problems

f(x)=3x-1, g(x):x2 +2
(f +8)(x)=f (x)+g(x)

=3x- 1+x2+2=x>+3x+1
(f- &)x)=f(x)- g(x)

=(3x-1)- (x2+2)=-x2+3x- 3

(f8)(x)=f (x)xg (x)

=(x- D(x? +2)=3x" - 22 +6x- 2
aeié(x)_f(x)_ 3x-1
Ego 7 g(x) K742
f(x)=vx-1, g(x)=+3-x
The domain of f'is [1, ¥ ) and the domain of g
is (-¥, 3]. The intersection of Dyand Dy,
D;1 D, =[1,3].
The domain of fg is [1, 3].

The domain of i is [1, 3).
8

The domain of ? is (1, 3].

3. f(x)=-5x g(x):x2 +1

a. (f0g)(0)=r(2(0)
= (0*+1)= £ (1)=-5

5. f(0)=Vx+1, g(x)=—=

a. (g0f)(x)=g(f()=g(2- )

=2(2- x) +1
=2(4- 4x+a?)+1

=8- 8x+2x>+1=2x>- 8x+9

b. (fog)(x)=f(2(x)=rf (227 +1)

=2- (2x2+1):1- 252

¢ (g08)()=g(g(x)=g (247 +1)
2 2
=2(2x67 +1) +1
=2(4x" +4x7 +1)+1
=8x* +8x% +3
2
x-3
Let A={x|g(x) is defined}.
g (x) is not defined if x = 3, so
A=(-¥,3)UG ¥).
Let B ={x| f (g (x)) is defined }.

2 2+x-3 x-1
= —+1: =
f(g(x)) \/x-3 \/ x-3 \/x-?a

f (g (x)) is not defined if x = 3 or if

x-1

<0.
x-3
x-1=0P x=1
Interval Test Value of Result
point x-1
x-3
1
(- ¥, 1] 0 3 +
[1.3) 2 -1 -
(3.¥) 4 3 +

7 (g (x)) is not defined for [1, 3), so
B=(-¥,1JUG.¥).

(continued on next page)
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(continued)
A I I I | 5 |
-1 0 1 2 3 4
B I L é | 4 L
-1 0 1 2 3 4
ANB I L " | & |
-1 0 1 2 3 4

The domain of fog is
Al B=(-¥,1JU(3, ¥).

6. f(x)=+x; g(x)=3-x
fog=f(B3-x)=V3-x
fog isnotdefinedif 3- x<0P 3<x or
x>3. fog isdefined for x < 3. Thus, the
domainof fog is (-¥, 3]

7. F)=Vr 1L ()=
a. (fog)(X)=f(g(x))=f(m)
Va2

The function g (x)=+4- x? is defined

for 4- x>3 0P x*>£4P -2£ x£2. So,
A=[-2.2].

The function f (g (x)) is defined for

V4-x2-130P y4- x>31p

4-x231p -x23-3p x*>£3P

-\/§£x£\/§
So, B=g- 3, \/53
A é | | | é |
-2 -1 0 1 2 3
B | gl l [ L
-3 -1 0 1 32 3
ANB I= | | | :I |
-3 -1 0 1 V32 3

The domain of fog is
Al B=§-3,\31L

b. (gof)(x)=g(f(x)= m

=J4- (x-1)=+5-x
The function f (x)=+/x- 1 is defined for
x-12 0P x*1.So, A=[L¥).

The function g (f (x)) is defined for
5-x30P 53 x, orx£5. So,

B=(-¥,5].
A | é | | | |
0 1 2 3 4 5
B | | | | | "
0 1 2 3 4 5
P QP Y G B R—"
0 1 2 3 4 5
The domain of go f is AT B=][l, 5].

8. H(x):ﬁ, g(x)=\/2x2+1

If f(x):i, then
H(x):(fog)(x):f(\/2x2+1)=ﬁ.
9.a. A=f(g()=r(g())=r(r)
=p (?at)2 =9p1?

b. A=9%:>=9 (6) =324p
The area covered by the oil slick is
324p » 1018 square miles.

10. a. r(x)=x- 4500
b. d(x)=x- 0.06x=0.94x
c. i (rod)(x)=r(0.94x)=0.94x- 4500

ii. (dor)(x)=d(x- 4500)
=0.94(x- 4500)
=0.94x - 4230

d. (dor)(x)- (rod)(x)
=(0.94x - 4230)- (0.94x - 4500)
=270

2.8 Concepts and Vocabulary

L (fxg)x)=f(x)xg(x)

2. The domain of the function f + g consists of
those values of x that are common to the
domains of fand g.

3. The composition of the function f with the
function g is written as f o g and is defined

by fog(x)=f(g(x))

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

250 Chapter 2 Graphs and Functions

4. The domain of the composite function f o g &f o f(]) 2(1)
consists of those values of x in the domain of &g ¢( )= g(l) 1

g for which g (x) is in the domain of f.
2.a. (F+g)(1)=fCD+g1)

5. False. For example, if f (x)=2x and :(1_ (- 1)2)+(_1+1):0
()=, e b (- £)O)=£0)- ¢
- (f-¢)0)= -8
(Fog)(x)=f(g(x))= f(x*)=2x", while (- 03)- (041 =
— _ _ 2
(gof)(x)—g(f(x))—g(Zx)—4x . C. (fXg)(2)=f(2)><g(2)
6. True =(1-2H)x2+)=-9
7. False. The domain of f xg may include 2
i aefo() SO _1-17
g (x)=0, but the domain of L cannot Eg @ g 1+1
include g(x)—O. 23. a. (f +g)(— 1): FED+g(-1)
8. True - +Q2¢-D+1)=0
2.8 Building Skills o142
b. U-@@%f@ £(0)
9. (f+g)(-2)=r(-2)+g(-2)=1+2=3 NG
\/_ (2(0)+1)_—-1
10. (f+g)2)=f(2)+g(2)=-2+(-1)=-3
1L (/- &)@)=F () g@)=-2-1=-3 © (Pe)R)=/@%@
= {2(2)+1)==
2. (F- &) D=F(1)- g(-D=1- (-4)=5 J2+2 2
1
13. “D)=f(-D)xg(-1)=1x-4)=-4 o
(Fxe)-1D)=f(1)xg(-1)=1x-4) o 0 S0 R
14. (fx2)2)=f()x¢(2)=-2x-1)=2 E¢  g) 2)+1 33 9
xf o f2)_1 4.a. (f+g)-D=fCD+g-D
15. (-2)= =— 1
€45 7 g(-2) 2 = +(3- (- 1)
1@ 2 (- D*- 6(-1)+8
&ef o - 1 59
16. _—=—=2 =- — = —
sg;zs() g(2) -1 15+4 15
17. (fog)()=rf(g()=r(-2)=1 b-(f—gX®=f«»bam
= - (3-0)=-3
18. (g0f)D)=g(f(1))=g(-2)=2 e O
19. (fog)(-3)=r(g(-3)=r(0)=0 e (fx)(2)=r2x2
2 2
= x3-2)==A
20. (gof)(-3)=g(r(-3)=g)=-2 7 e P70
(f+2)1)= F-D+g(- 1) the product does not exist.
=2(-D4+-(-1)=-2+1=-1 1 1
_ ot (O ®f 5. fO _12-6M+8 3 1
b. (f- £)(0)=r(0)- g0)=2(0)- (-0)=0 d. sg¢() i St e3 o

(fx2)(2)=f(2)xg(2)=2(2)X-2)=-8
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25. a.

26. a.

27. a.

28. a.

f+g=x%+x-3; domain: (-¥,¥)

2

f-g=x-3-x*=-x*+x-3

domain: (-¥.,¥)

fxg=(x- 3x2=x - 3x%
domain: (-¥.,¥)

£ x'23; domain: (-¥,0)U(0,¥)
8 X
g 2

7: xx— 3; domain: (-¥,3)U(3,¥)

f+g=x>+2x-1; domain: (-¥,¥)

f-g=2x-1- xr=-x242x- 1
domain: (-¥.,¥)

fxg=2x- Dx?=2x>- x%
domain: (-¥.,¥)

£ 2x . domain: (-¥,0)U(0,¥)
g

2
&__* ; domain: ¥ lgUzel =
fo2x-1 & €277 9
Frg=(x- 1)+ (207 +5)= x> + 207 4 4

domain: (-¥.,¥)

f-s =(x3- 1)- (2x2+5):x3- 2x% - 6;

domain: (-¥.,¥)

Frg=(x"-1)(267 +5)
=2x° +5x° - 2x% - 5;
domain: (-¥.,¥)

3
i:xz—'l;domain: (-¥.¥)
g 2x°+5
g 2x*+5

& =22 "% domain: (-¥,DE (L¥)
f x3-1

f+g :()c2 - 4)+(x2 - 6x+8)
=2x% - 6x+4;domain: (-¥,¥)

f-g =(x2- 4)- (xz- 6x+8)=6x- 12;
domain: (-¥.,¥)

29.

30.

31.

c. fxg =()c2 - 4)(x2 - 6x+8)

=x*- 60 +4x% +24x- 32;
domain: (-¥.,¥)
f x> -4 _ (x+2)(x- 2)_ x+2
=— = =
g x°-6x+8 (x- 2)(x- 4) x-4
The denominator of the original fraction =
0 if x =2 or x = 4, so the domain is

-¥,22U@2,9U04,¥).

8 _ x?- 6x+8 (- 2)(x-4) x-4
o ox2-4 (x-2)(x+2) x+2
The denominator of the original fraction =

0 if x =2 or x = 4, so the domain is
-¥,-2)U(-2,2)U(2,¥%).

f+g=2x++/x- 1; domain: [0.¥)
f- g=2x-Jx-1; domain: [0.¥)

g =2x- Dx =2x/x- /x;

domain: [0,¥)

i = 2x- 1; domain: (0,¥)

g Jx

s _ Jx ; the numerator is defined only
f 2x-1

for x 3 0, while the denominator = 0 when

)c=l so the domain is AO lgUaal ;.
2 &7 §277 5

f+g=x-1++/x; domain: [0,¥)
f- g=x-1- Jx; domain: [0,¥)
fxg=(x- 1)\/;; domain: [0,¥)

f x-

,-;

~— =——; domain: (0,¥)

g x’

£ ﬂ the numerator is defined only
f o ox-U

for x 3 0, while the denominator = 0 when
x =1, so the domain is [0, 1)U (1, ¥).

f+g=x-6+~x- 3; domain: [3,¥)
f-g=x-6-+x-3; domain: [3,¥)
fxg=(x-6)vx- 3; domain: [3,¥)
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1 1 +1
d. S X 63 domain: (3,¥) e, S x _ L+ _
- . = = =
& X for- (1' il)(“‘l) x+l-2
-3 x+1 1
e. 2= ; the numerator is defined only ==X Xt
f x-6 S x-1 x(x 1)
for x 3 3, while the denominator = 0 when The denominator equals zero when x = 0 or
x =6, so the domain is [3, 6)U(6, ¥ ). x =1, so the domain is
-¥,-1)UCL0o)u(, DU, ¥).
32.a. f+g=x+2++1- x; domain: (-¥, 1] ( Ju( U nuE,¥)
T 1o 1
b. f-g=x+2-+1- x; domain: (-¥,1] 34. a. f+g:g';3+;:1
_ ) —— Neither f nor g is defined for x = 0, so the
¢ fxg=(x+2)V1- x; domain: (-¥,1] domain is (-¥.0)U(0.¥).
f x+2 . ..
d == ; domain: (-¥,1) 1o 1 2
’ i b. - =€El- —e- —=1-—;
g 1- x /-8 & X% x X
I domain: (-¥,0)U(0,¥).
e. 2= ! x; the numerator is defined only
f x+2 _331 16;516_1 1 _x-l.
for x £ 1, while the denominator = 0 when ¢ fx T8 1€ x x_2_ X2
x=-2,s0the domain s (-¥.- 2)U(-2,1]. domain: (-¥,0)U(0,¥).
33.a. f+g_1—i+l ENE
-x+1 X d i:—‘xz—'x =.X-1
Cx(x+1)- 2x+(x+1) g 1 1
- x(x+1) x x
_ W2 - 2x4x+1 _ 2+l Neithf:rfnorgis defined for x = 0, so the
x(x+1) = x(x+1) domainis (-¥,0)U(0,¥).
domain: (-¥, - 1)U(-1,0)U(0, ¥) 1 1
e. i: X = X = 1
b. f—g:l—i_l f 1_1 Ll x-1
x+1 x X X
_x(x+1)- 2x- (x+1) Neither f nor g is defined for x = 0, and g/f
- x(x+1) is not defined for x = 1, so the domain is
_x2+x- 2x-x-1_x2-2x-1 C¥.0UODUA¥).
x(x+1) x(x+1) 35 i 2 X  2+4x
. a. = =
domain: (-¥, - )U(- 1, 0)U(0, ¥) I T
Neither fnor g is defined for x =—1, so the
2 61 a®x+l1-261 domainis (-¥,- DU(- L¥)
C. :El— ’ ] .
Ui € x+16x ~¢ x+1 Bx
_eeelol xol b g o2
Ex+10x  x(x+1) Cox+lox+l x4+l
domain: (-¥,- D U(- L¥).
domain: (-¥, - 1)U(-1,0)U(0, ¥)
e f &2 d&x 0 2x
a Lldiim 25 T
g 1 & x+10 domain: (-¥,- D U(- L¥).
extl-20 x(x-1)

RS AT
domain: (-¥, - 1)U(-1,0)U(0, ¥)
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d.

36. f(x)==

2
1

X

I
3

Il
= |

Neither f nor g is defined

x+1

forx=-1,and f/g is not defined for x =0,
so the domainis (-¥,- 1) U(- 1, 0)U(0,¥).

= = % Neither f nor g is defined

x+1
for x =—1, so the domain is

(-¥,-DU(-1,¥).

5x 1 4x+10
()_ x+1
5x-1 4x+10 _9x+9
x+1 x+1 x+1
9(x+1)
x+1
Neither fnor g is defined for x =—1, so the
domainis (-¥,- DU(- 1, ¥).

f+g=

¥ _5x-1 4x+10 _x-11
TETTRL T el x4l

Neither fnor g is defined for x =—1, so the
domainis (-¥,-DU(-1, ¥).

g = X1 Ax+10_ 2057 +46x- 10

x+1 0 x+1 x2+2x+1
Neither fnor g is defined for x = —1, so the
domainis (-¥,- DU(- 1, ¥).

S5x-1
i= x+1 _ S5x-1
g 4x+10 4x+10

x+1
Neither fnor g is defined for x =—1 and
f/g isnotdefined for x=-5/2, so the

domain is

& 50.,@ 5
g'¥, Ug'z '1 U( 1¥)

4x+10
8§ _ x+1 _4x+10

£ 5x-1 7 5x-1
x+1
Neither fnor g is defined for x =—1 and

g/ f isnot defined for x=1/5, so the

domainis (-¥,- 1)U§ l0U$1

5
¥ 9
€5 3

2
2
37. f(x):ﬁ; g(x): xzx

-1
2 x2 1
frg=X 4 2% gx ), 2
x+1 x-l x“-1 x-l
=x3-x +2x
x2-1

fis not defined for x =—1, g is not defined
for x = £1, and f + g is not defined for
either —1 or 1, so the domain is

(¥,-DUCL UL ¥).

f-og= x? 2x 2(x 1) 2x
X+l %2 -1 x2-1 P |

x3-x2-2x (x-x 2)

x?-1 xr-1
_ x(x- 2)(x+1)= x2-2x
(x- 1)(x+1)

f1s not defined for x = —1, g is not defined
for x = £1, and f — g is not defined for 1, so

the domainis (-¥,- )U(- 1, )U(1, ¥).

x? 2x 2x°
I="7"3 "3 >
X+l x*-1 x"+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
(-¥.- U1, 1)U®L ¥).

2
x
S xwl _ xP xP-1_x(x-1)
g 2x x+1"2x 2
x2-1

fis not defined for x =—1, g is not defined
forx==1,and f/g is not defined for
either —1, 0, or 1, so the domain is
(-¥,-1)U(-1,0)U(0, 1)U, ¥).

2x
i_x2_1_ 2x x+1_ 2
f x2 _x2-1 x? _x(x—l)
x+1
Neither fnor g is defined for x =—1 and

g/f isnotdefined forx=0orx=1, so

the domain is
(—¥,— l)U(— 1,0)U(0, 1)U(1, ¥ )
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-3 x-3
38. ¥)=—2"2  o(x)=— 22
() x2- 25 8 (%) x> +9x+20
x-3 x-3
a. f+g= +
x2-25 x?+9x+20
x-3 x-3

T - 5)(x+5)  (xr4)(x+5)

3 (x— 3)(x+4)+(x— 3)(x— 5)

a (x-5)(x+5)(x+4)

_ X’ +x-12+x% - 8x+15

x> +4x? - 25x- 100
_ 2x% - Tx+3
x> +4x% - 25x- 100

fis not defined for x =—5 and x = 5, g is not
defined for x =—4 and x =—5, and f + g is
not defined for —5, 5 or —4, so the domain

is ((¥,-5)U(-5, - 4)U(-4 5)UG, ¥).

S x2-25 x249x+20
_ x-3 ) x-3

(x- 5)(x+5) (x+4)(x+5)
3 (x— 3)(x+4)— (x— 3)(x— 5)
- (x- 5)(x+5)(x+4)
x4+ x-12- (xz— 8x+15)

x> +4x% - 25x- 100

_ 9x- 27
x> +4x? - 25x- 100

fis not defined for x =—5 and x = 5, g is not
defined for x =—4 and x =—5, and f + g is
not defined for —5, 5, or —4, so the domain
is (-¥,-5)U(-5,- 4)U(-4,5)U(5, ¥).

b. f-g= x-3 x-3

¢ fxg x-3 x-3
x2-25 x> +9x+20
_ (x-3)2

(x2 - 25)(x2 +Ox+ 20)

_ x2- 6x+9
x*+9x% - 5x7 - 225x- 500
fis 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

(-¥.-5)U(-5, - )U(-4,5) UG, ¥).

x-3
a Lo_x2-25
g x-3

x% +9x+20
. x-3 (x+5)(x+4) x+4
" (x-5)(x+5) x-3 " x-5
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 x = 5, so the domain is
(-¥,-5)U(-5, - 4)U(-4,3) UG, 5)UG, ¥).

x-3
e, & _ X" +9x+20

f x-3
x?- 25
_ x-3 (x-5)(x+5)=x_5
(x+5)(x+4) x-3 x+4
fis not defined for x =—5 and x = 5, g is not
defined for x=—4 and x=—5, and g/ f is not
defined for x = —4, so the domain is
(¥,-5)U(-5, - 9)U(-4,3)
U((3,5)U(5, ¥).
39. f(x)=x-1; g(x)=+5- x

a. fxg=+x-1%x/5-x

fis not defined for x < 1, g is not defined
for x > 5. The domain is [1, 5].

b i: x-1
8 5-«x

fis not defined for x < 1, g is not defined

for x > 5. The denominator is zero when x =
5. The domain is [1, 5).

40. f(x)=+x- 2 g(x)="x+2
a. f><8=mx\/mzm

f1is not defined for x < 2, g is not defined
for x < 2. The domain is [2, ¥ ).

b, LoNx-2
Tog Vx+2

fis not defined for x < 2, g is not defined
for x < -2. The denominator is zero when
x=-2. The domain is [2, ¥).
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41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

Fx)=r+2: g(x)=A9- x
a. fxg=xt2/9- 22

fis not defined for x < -2, g is defined for
[-3, 3]. The domain is [- 2, 3].

p, Lo Nx+2
& 49- x?

fis not defined for x < -2, g is defined for
[-3, 3]. The denominator is zero when

x=-3 or x=3. The domain is [-2, 3).

f(x):\sz- 4; g(x)=+25- x?
a. fxg=+x?-4x/25- x2

fis defined for x < -2 or x > 2, g is defined
for [-5, 5]. The domain is

[-5. - 2]U[2, 5]
b Lox-4
8§ 25- 2

fis defined for x < -2 or x > 2, g is defined
for [-5, 5]. The denominator is zero when
x =-5or x =5. The domain is

(-5. - 2]U[2. 5).

(gOf)(X)=2(x2 - 1)+3=2x2 +1
(g0/)2)=2(22-1)+3=9;
(0 f)(-3)=2(37-1)+3=19

(g0 /() =3 +1 - 1=3]x> +2x+1]- 1
(g0 f)2)=3]2+1] - 1=26;
(g0 f)(-3)=3-3+1-1=11

(fog)(2)=2(22)- 3)+1=11
(gof)(2)=2(22)+1) - 3=47
(fog)(-3)=2(2(-3)7- 3)+1=31
(gof)(-5)=2(2-5+1)" - 3=159

(f08)(0)=2(2(0%)- 3)+1=-5

51.

52.

53.

54.

55.

57.

58.

59.

60.

(fog)(-e)=2(2-0)*- 3)+1=4c>- 5

(fog)(c)=2(2c?- 3)+1=4c- 5

(gof)(@)=2(a+1) -3
=2(4a2+4a+1)- 3
=8a’ +8a- 1
(g0 f)-a)=202¢-a)+1)*- 3
=2(4a’ - 4a +1)- 3
=8a%- 8a- 1
(fof)M)=2QMm)+1)+1=7
(g0g)(-1D=2(2¢-17- 3)2 S3=-1
F ()= ¢ (x)=10- 5x
(fo8)()= 157+

The domain of f o g is the set of all real
numbers such that 10- 5x* 0, or x! 2. The
domainof fog is (-¥,2)U(2, ¥).

1
F=Li 6=
(fog)w=—r
Jx
The domain of f'is the set of all real numbers
such that x ! 0. The domain of g (x) is
[0, ¥). Therefore, the domain of f o0 g is

0. ¥).

f(x)=+x; g(x)=2x-8
(fog)x)=v2x-38

The domain of f o g is the set of all real
numbers such that 2x- 83 0, or x3 4. The
domainof fog is [4,¥).

f(x)=vx; g(x)=-x
(fog)(x)=v-x

The domain of f o g is the set of all real
numbers such that - x3 0, or x £ 0. The
domainof fog is (-¥, 0].

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

256 Chapter 2 Graphs and Functions
2 2 2% 67.a. (fog)(x)=2(x+4)-3=2x+5;
61. (fog)(")‘l R R domain: (-¥,¥)
X X .
The domain of g is (¥, 0) U(0, ¥ ). Since b. ggof).(x);(ix‘ H+4=2x+1;
—1 is not in the domain of f, we must exclude omain: (-¥,¥)
those values of x that make g(x) = -1. c. (f o f)(x) =2(2x- 3)- 3=4x-9;
l=_1p x=-1 domain: (-¥.,¥)
X
Thus, the domain of fog is d. (gog)(x)=(x+4)+4=x+8
(-¥,-1)U(-1,0)U(0, ¥). domain: (-¥,¥)
! ! 68.a. (fog)(x)=(Bx-5)-3=3x-8;
62. (fog)lx)=— _ 1= 2 (x13) domain: (-¥,¥)
x+3 x+3 b. (gof)(x)=3(x-3)- 5=3x-14;
_ X+3 :_x_-|-3. domain: (-¥,¥)
-x-1 x+1
The domain of g is (-¥,-3)U(-3, ¥). Since 1 ¢ (fof)(x)=(x-3)-3=x-6;
is not in the domain of f, we must exclude those domain: (-¥,¥)
Valzues of x that make g(x) = 1. d. (gog)(x)=3(3x-5-5=9x- 20
=1P 2=x+3P x=-1 domain: (-¥.,¥)
x+3
Thus, the domain of fog is 69.a. (fog)(x)=1-2(1+x*)=-2x%-1;
(-¥, - 3)U(- 3, - l)U(- 1, ¥) domain: (-¥,¥)
63. (fog)(x)=42-3x)-3=+-1-3x. b. (gof)(x)=1+(1- 2x)% =4x*- 4x+2;
The domain of g is (-¥,¥). Since fis not domain: (- ¥,¥)
defined for (-¥, 3), we must exclude those c. (fof)(x)=1-2(1-2x)=4x-1;
values of x that make g(x) < 3. domain: (-¥,¥)
1
2-3x<3Pp -3x<1P x>-§ d (gOg)(x)=1+(1+x2)2=x4+2x2+2;
1 domain: (-¥.,¥)
Thus, the domain of fo g is §¥ ,- =
3t 70.a. (fog)(x)=202x%)- 3=4x>- 3;
domain: (-¥.,¥)
2+5x 2+5x
64 (fo8))= 3 s T s
. . o b. (gof)(x)=2(2x- 3)* =8x*- 24x +18;
The domain of g is (- ¥,¥). Since fis not domain: (-¥,¥)
defined for x = 1 we must exclude those
values of x that make g(x) = 1. e (fof)(x)=2(2x-3)-3=4x-9;
1 domain: (-¥.,¥)
245x=1P 5x=-1P x=- 3
2
Thus, the domain of fog is d. (gog)(x)= 2(2x2) =8x%;
& s domain: (-¥,¥
ey lopel o cE)
¢ 56 &5 2
7l.a. (fog)(x)=2Q2x- )" +3(2x- 1)
65. (fog)(x)= ‘xz - 1‘; domain: (-¥,¥) = 2(4x% - 4x+1)+6x- 3
=8x% - 2x- 1;domain: (-¥,¥)
66. (fog)(x)=3x-1|- 2; domain: (-¥,¥)
b. (g0 f)(x)=22x* +3x)- 1=4x* +6x- 1;

domain: (-¥.,¥)
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72. a.

73. a.

74. a.

75. a.

(f o f)(x)=2(2x" +3x)2 +3(22% +3x)
=2(4x* +120% +9x% )+ 627 +9x

=8x* +24x> +24x? +9x;
domain: (-¥.,¥)

(gog)(x): 2(2x-1)-1=4x- 3
domain: (-¥,¥)

(f 08)(x)=(2x)* +3(2x) = 4x> + 6x;
domain: (-¥,¥)

(g0 f)(x)=2(x* +3x) = 2x> +6x;
domain: (-¥.,¥)

2
(fof)(x)=(x2 +3x) +3(x2 +3x)
=x* +6x +9x% +3x% +9x
=x* +6x3 +12x7 +9x;
domain: (-¥.,¥)

(0 g)(x)=2(2x) = 4x;domain: (-¥,¥)
(fog)(x)= (J})2 = x;domain: [0,¥ )

(g0 £)(x) =Vx? =|x|:domain: (-¥,¥)
(f o £)(x)= (x2)2 = x*;domain: (-¥,¥)
(g0 ¢)(x)= N = ¥x:domain: [0,¥)
(fo8)(x)=(x+2) +2da+2

=x+2+2+x+2;domain: [- 2,¥)
(g0 f)(x)=+x? +2x+2;domain: (-¥,¥)

(fof)(x)= (x? +2x0)% +2(x? +2x)
=x*+4xd +ax? 420 +4x
=x* +4x° +6x% +4x;

domain: (-¥,¥)

(g0g)(x)=++x+2+2;domain: [- 2,¥)

(ont-— L.

The domain of g is (-¥,0) U(0,¥). Since

% is not in the domain of f, we must find

those values of x that make g (x)=+
1.,
—=5b 7=2p x=+2

X
Thus, the domain of f 0 g is

V2)U(-v2,0)U(0.42)U(V2.¥).

(gOf)=;—(2)C-1)2

e 1

&IO

16, =l

. o &y
The domain of fis ¢ —_ng ¥ ~. Since

0 is not in the domain of g, we must f1nd

those values of x that make f (x)=0.

However, there are no such values, so the
® 1 0, el

domain of is - =
omain of go f 158 ng ¢
1 1
i e B B Ty
€2x- 17 2x- 1
_2x-1_ 2x-1
S 3-2x 2x-3
. . 1o =l
The d f - - -
e domain o fng ng ¢
2x-1 ., i &, 30, . &3

- is defined for - ¥, _U ¥ _,
2x-3 & 82

so the domain of fo f is
©y 16, el 36,8 0
¢ 725 2720 &2 7

1

(s0g)(x)=——=x"
&l o
The domain of g is (-¥,0) U(0,¥), while
gog= x* is defined for all real numbers.
Thus, the domain of go g is
(-¥,00U0(0,¥).
x- (x+1) 1

X
(6] = - 1 = = -

(f g)(x) x+1 x+1 x+1
The domain of g is (-¥,- 1) U(- LL¥). Since
fis defined for all real numbers, there are no
values that must be excluded. Thus, the

domainof fog is (-¥,- DU(- ,¥).
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-1 _x- 1 1- x+3 ( _ +3)(x_ 4)
b. (g0 f)(¥)=———=" . (fog)a)m -t o xd
1)+1 X x+3 +2 (x+3 )(x 4)
The domain of f is all real numbers. Since g is
not defined for x = —1, we must exclude those (x 4) (x+3) 7
values of x that make f{x) = -1. (x +3)+2(x- 4) 3x-5
x-1=-1P x=0 The domain of g is (-¥,4) U (4,¥). The
Thus, the domain of go f is (-¥, 0)U(0,¥).
denominator of f o g is 0 when x:%, SO
¢ (fof)x)=(x-D-1=x-2 the domain of fog is
domain: (-¥.,¥)
(-¥.2)uz. 4)uy).
X X
__x+1 __x+1 __X 1x 3 x4 3)(x+2
d. (gog)(x) X ol x+x41 x4l (gof)(x): f+f :(x+2 )( )
x+1 x+1 x+2'4 (x+2-4)(x+2)
The domain of gis (-¥, - )U(- 1, ¥), _ (- 0)+3(x+2) _ 2x+7
(1- x)- 4(x+2) -5x-7
while is defined for 2x+7
. 5x+7
Ny(- L .
(-¥.- 5u(-5.¥). The domain of fis (-¥, - 2)U(-2, ¥). The
The domain of g0 g is denominator of g o f is 0 when x =- %,
1 1
(-¥, - DU(' L.- E)U(' 2’ ¥) so, the domain of go f is
7 7
77.a. (fog)(x)=+~4- x- 1; domain: (-¥, 3] (-¥. - Z)U(' 2,- E)U(' ¥ )
1-
b. (gof)(x)=+4- +x-1; domain: [1,17] (fof)lx)= TS _ ( x+2)('x+2)
Lxe2 (—+2)(x+2)
x+2
c. (fof)(x)=+v+x-1-1; domain: [2,¥) C (x+2)-(1-x)  2x+1
(- x)+2(x+2)  x+5
d. (gog)(x)=v4- V4- x; domain: [-12, 4] The domain of fis (-¥, - 2)U(-2, ¥). The
——\2 denominator of fo f is 0 when x =-35, so,
78. a. (ng)(x)=( 4-x2) 4= the domain of f o f is
domain: [-2, 2] (-¥,-5U(-5,-2)U(-2,¥%).
2
b. (30/)(x)=4/4- (x*- 4) w343 (2343)(x- 4)
. <, N (gog)( )_ x+3 4: X+3 _
domain: & f, - \/EHng/E, \/63 x4 ( )(x 4)
C(x+3)+3(x- 4)_ 4x-9
e (fof)(x)=(x*- ) 4 (x+3)- 4(x- 4)  -3x+19
4 o 4x-9
=(x - 8x +16)- 3x- 19
=x*-8x? 412 The domain of g is (-¥,4) U(4,¥). The
domain: (-¥,¥) denominator of g o g is 0 when x=%, SO
2 the domain of go g is
d. 1/4-(x/4-x2) = J4- (- 19\ 7 (19
( ) (¥. U Lu.¥).

=v4- 4+x? :\/x_2:|x|

domain: [-2, 2]
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x+1+2 (x+1+2)(x 1)

(ng)( )_ x+1 -3 = (x+1 )(x 1)

x-1
C(+D)+2(x-1)  3x-1
- (x+1)- 3(x- 1)_ -2x+4
3x-1
2x- 4
The domain of gis (-¥,) U(1,¥). The

denominator of fog is 0 when x =2, so

the domain of fog is
(-¥, 1)U, 2)U(2,¥).

b. (gof)(x )_:2+1=Ex+2+1;g 3

x-3
: (x+2)+(x- 3)_ 2x-1
B (x+2)- (x- 3)_ 5
The domain of fis (-¥, 3) U3, ¥). The
denominator of g o f is never O, so, the
domainof go f is (-¥,3)U(3, ¥).

;+2 +2 (x+2 +2)(x 3)
C. (fOf)(x)— x+; -3 - ()H‘2 )(x 3)

x-3
_(x+2)+2(x 3)
T (x+2)- 3(x- 3)
_ 3x-4  3x-4
Co2x+11 2x-11
The domain of fis (-¥, 3) U3, ¥). The
11

denominator of f o f is 0 when x =--, so,

2 9
the domain of f o f is

-¥.3)UuB L)u(L.¥).

] (= +1)(x- 1)
d. 0g)x)= =
(gog)(x)= x+1 T )6 )
_ (x+1)+(x- 1)_ 2x
T(+D-(x- 1) 2
The domain of gis (-¥,) U(1,¥). The
denominator of g o g is never 0 so the
domainof gog is (-¥,1) U(1,¥).

In exercises 81—90, sample answers are given. Other
answers are possible.

81. Hx)=+x+2b f(x)=+/x,g(x)=x+2

82. H(x)=Px+2|P f(x)=|r,g(x)=3x+2

83.

84.

85.

86.

87.

88.

89.

90.

H(x)=

H(x):(x2 - 3)10 P F(x0)=x"g(x)=x2-3

Hx) =322 45D f(x)=/x +5, g(x) = 3x°

H =P f()=1.8(0=3x- 5

H(x)= Lp F =2, g(x)=2x+3
2x+ x

Hx)=Yx2-7P f(x)=x,g(x)=x>-7
H(x) = mp =4,

(x)—x +x+1

‘I’ flx)= | | ,8(x) =

‘x )

Hx)=+Jx P f(x)=x,g(x)=1+/x

2.8 Applying the Concepts

91. a.

b.

92. a.

93. a.

f(x) is the cost function.
g(x) is the revenue function.

h(x) is the selling price of x shirts
including sales tax.

P(x) is the profit function.
C(p)=C(5000- 5p)
=4(5000- 5p)+12,000

=20,000- 20p +12,000
=32,000- 20p

R(p) = px= p(5000- 5p) =5000p - 5p°

P(p)=R(p)- C(p)
=5000p - 5p%- (32,000- 20p)
=-5p2+5020p - 32,000

P(x)=R(x)- C(x)=25x- (350+5x)
=20x- 350

P(20) =20(20) - 350 =50. This represents
the profit when 20 radios are sold.

P(x)=20x- 350;500 =20x- 350 x=43
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d C=350+5:P x= C- 350 — X(O), (i) (fog)(x)=1.1x+8.8390P x3 73.82
- 5 ii of)(x)=1.1x+8390P x3 74.55
(Rox)(C) = 25§C 350%: 5C - 1750. (i) (g0 /)(x)
. . . 98. f(x) is a function that models 3% of an
This function represents the revenue in
terms of the cost C. amount x.
94.a. g(x)=0.04x g(x) represents the amount of money that
qualifies for a 3% bonus.
b. h(x) is the after tax selling price of Her b ) b
merchandise worth x dollars. er bonus is represented by (f 0 ¢)(x).
C. f(x) =0.02h (x)+ 3 200 + 003(17,500 - 8000) = $485
d. T(x) represents the total price of 521=200+0.03(x- 8000) P x =$18,700
merchandise worth x dollars, including the _ 2
shipping and handling fee. 99. f)=px
95.a. f(x)=07x g(x) =p (x+30)>
b. gx)=x-5 g(x)- f(x) represents the area between
the fountain and the fence.
¢ (gof)(x)=0.7x-5
The circumference of the fence is 2p (x +30).
d. (fog)(x)=07(x-5) 10.5(2p (x+30))= 4200 b
p (x+30)=200P
e. (fog)-(gof)=0.7(x-5)-(0.7x-5)
30p =200P =200- 30p.
=0.7x- 3.5- 0.7x+5 px+3tp pr= SR W
=$1.50 g)- f(x)=p(x+30)"-px
o6 _08 =p()c2+60)c+900)—p)c2
-2 f(0)=08x = 60p x +900p . Now substitute
b. g(x)=09x 200 - 30p for p x to compute the estimate:
' 1.75[60(200 - 30p ) +900p ]
. (g0f)(x)=09(0.8x)=0.72x =1.75(12,000 - 900p ) » $16,052.
d. (fog)(x)=0.8(0.9x)=0.72x 100. 2. f(x)=180(2x+8)+p (x+4)°
=1440 +360x +p (x +4)?
e. They are the same.
97.a. f(x)=1.1xg(x)=x+8 g(x) = 2x(180) +p x* =360x +p x*
b. (f o g)(x) _ 1.1(x+ 8) —1.1x+88 f(x)- g(x) represents the area of the

[

. This represents a final test score computed
by first adding 8 points to the original score
and then increasing the total by 10%.

(gof)(x)=11x+8

This represents a final test score computed
by first increasing the original score by
10% and then adding 8 points.

(f 0¢)(70)=1.1(70 +8) = 85.8;
(g0 f£)(70)=1.1(70)+8 = 85.0;

(fog)x)! (gof)(x)

track.

il
1
g }fx+4 180m
.
1
I
L

2x+8

1
I
I
I
|
I
I
I
L

(i) First find the radius of the inner track:

900=2px+360P ﬂzx.Usethis

14
value to compute f(x)- g(x).

(continued on next page)
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(continued)
fae27oo 2706
8 gp Q)
20
_91440+360§2709 +p 5270 4_ -
p p gs
ae27oo &270026
- 93608 Pg
14 p 9 o
2
=144O+360$2700 270 +2160+16p
& p p
2
-3605@9- 270
p P

=3600+16p » 3650.27 square meters

(ii) The outer perimeter

=360+2p §32L+4 » 925.13 meters

101.a. (fog)(t)=pQr+1)?

b. A(H)=f(Q2t+1) =p(2t+1)2

c. They are the same.

102. a. (fog)(t):%p ) =3—32pt3

2

b. V()= p(2t) _3 Zpi

c. They are the same.

2.8 Beyond the Basics

103. a. When you are looking for the domain of the
sum of two functions that are given as sets,
you are looking for the intersection of their
domains. Since the x-values that fand g
have in common are —2, 1, and 3, the
domain of f+ g is {2, 1, 3}. Now add the
y-values.

(f+8)-2)=3+0=3
(f+e))=2+(-2)=
(f+g)B)=0+2=2

Thus, f+ g = {(-2, 3), (1, 0), (3, 2)}.

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+ g is {—2, 1, 3} .Now multiply
the y-values.

104.

(fe)(-2)=3>0=0
(fe)(1)=2x-2)=-
(f2)(3)=0x=0

Thus, fg = {(-2, 0, (1, ~4), (3, 0)}.

. When you are looking for the domain of the
quotient of two functions that are given as
sets, you are looking for the intersection of
their domains and values of x that do not
cause the denominator to equal zero. The
x-values that fand g have in common are
-2, 1, and 3; however, g(—2) =0, so the
domain is {1, 3}. Now divide the y-values.

aeig(l): 2

aef0(3)__=

2

Thus, —:{(1 - 1), (3,0)}.

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))= £ (0), which is undefined
f(g©)=r@)=1
fgM)=r(-2)=3,
f(eB)=r@)=1

Thus, fog={(0.1). (1 3). 3. 1)}.

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)
frg=x+D+x+1)=2x+2.

For the interval [2, 3],
frg=x+1D+2x-1)=3x

Thus,
13x+1  if - 2£x£1
(F+g)(x)=12x+2 ifl<x<2
§3x if2€ x£3.
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105. a. f(-x)=h(-x)+h(- (- x)) =h(- x)+ h(x) 108 ( )_ -1 if -2£x£0
= f(x) P f(x)is an even function. - f)= x-1 if0O<x£2
b g(-x)=h(- x)- h(- (- X)) = h(- x) - h(x) Frl)=d-1.-2£x£2
=- g(x)P g(x) is an odd function. il f-2£x£0
1
f@)=ilx-1=1-x if0<x<1
S (x) =h(x)+ h(- x) | i .
c. 2(x)= h(x)- h(- ) b fx-1 if1£x£2
FO0+g(x) = 2h(x) P g (x)= £ (x))+[ £ ()
= LD *FEW S g If -2£ x£0, then
2 2 2 g(x)=|x- 1+1=|x=-x.
h(x) is the sum of an even function and an
odd function. If 0<x<1, then g(x)=(1- x)+(x-1)=0.
) 5 If 1£ x£ 2, then
106. a. h(.x) =x"-2x+3P f(x) =X geven), g (x) — (x _ 1)+ (x _ 1) — 2(x _ 1)‘
g(x)=-2x+3 (odd) or f(x) = x"+ 3 (even), .. . . .
Writing g as a piecewise function, we have
g(x) =-2x (odd) R .
i,|x|:—x if -2£x£0
3 &+8x” g(x)=10 if0<x<1
b. h(x)=& +xP f(x):T(even), f2(x- 1) 1€ €2
&S
=x+—— (odd
g =+ (0dd) 2.8 Critical Thinking/Discussion/Writing
07 F()= ! ||x|| 109. a. The domain of f(x) is (-¥,0)U[L,¥)
s " b. The domain of g(x) is [0, 2].
. N e b
f (x) is defined if ——— ¥ 30 and 2- |x[! 0. ¢. The domain of f(x)+ g(x) is [1,2].

2-|{=0P 2=[xP x==2

Thus, the values —2 and 2 are not in the
domain of f.

1-|x|
2-|x|
1- [x[£0 and 2- |x]<0.

Case 1: 1- |x|3 0 and 2- |x|>0.
1-|x[2 0P 13 [P -1£x£1

2-|x>0P 2>[xP -2<x<2
Thus, 1- |x|[3 0 and 2- |x|>0P -1£x£1.
Case 2: 1- [x|£0 and 2- |x| <O0.

1- [x[£0P 1£]xP (-¥,-1JU[L¥)
2-|x[<0P 3£[qP (-¥,-2)U(2,¥)
Thus, 1- [x|£0 and 2- |x|]<0P
(-¥,-2)U(2,¥).

The domain of fis

(-¥.-2)U[-L1]U@2, ¥).

30if 1- |x|3 0 and 2- |x]> 0, orif

110. a.

111. a.

The domain of & is [1, 2).

8(x)
The domain of fis (-¥,0). The domain of
1

fof is £ because fof:—1 and

N-x
the denominator is the square root of a
negative number.

The domain of fis (-¥,1). The domain of
fof is (-¥,0) because
1
fol=r——
1_ .
V- x

must be greater than 0. If x = 0, then the
denominator = 0.

and the denominator

The sum of two even functions is an even
function.

f(x)=f(-x)and g(x) = g(- x) P
(f+e))=f()+gx)=f(-x)+g(-x)
=(f +8)(-x).
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112.

. The sum of two odd functions is an odd

function.
fEx)=-f(x)andg(-x)=-gx) P
(f+8)x)=f-x)+g(-x)=- f(x)- g(x)
=-(f +8)X).

. The sum of an even function and an odd

function is neither even nor odd.

f(x)even P f(x)= f(- x) and g(x) odd P
8-x0)=-g0)P f(-x)+g(-x)=

f(x)+ (- g(x)), which is neither even nor
odd.

. The product of two even functions is an

even function.

f)=f(-x)and g(x)=g(- x) P
(f%2)(x) = f(x)xg(x) = f(- X){g(- x))
= (f x¢)(- x).

. The product of two odd functions is an

even function.

fEx)=-f(x)andg(- x)=-g(x) P

(f %) %) = f(- 0)xg(- x) =- f()X- g(x))
= (f x¢)(x).

. The product of an even function and an odd

function is an odd function.
f(x)even P f(x)= f(- x) and g(x) odd P

gG-x=-gx)P

FExxg(-0) = f(0)X- g(0)=- (f>¢)(x)
fGx)=-f(x)and g(-x)=-g(x) P
(fog)-x)=r(g(-%)=r(-g(x)=

- F(g(x)P (fog)(x) is odd.
f(x)=f(-x)and g(x) =g(- x) P
(fog)-x)=r(g(-x)=r(g(x)P

(f o g)(x) is even.

f(x)oddP f(-x)=- f(x)and
g(x)evenP g(x)=g(-x)P (fog)(-x)

flg(x)=r(g-x)P (fog)(x)is

even.

f(x)even b f(x)= f(- x) and g(x) odd P
g-0=-gP (fog)-x)=f(-5(x)
=f(g(®)=(fog)-x)P (fog)(x)is

ceven.

2.8 Getting Ready for the Next Section

113. a. Yes, R defines a function.

b. s={2-3).(1-1).3.1).02)}
No, S does not define a function since the
first value 1 maps to two different second
values, —1 and 2.

114. The slope of PP¢= % = -1, while the

slope of y = x is 1. Since the slopes are the
negative reciprocals, the lines are
perpendicular. The midpoint of PP¢ is
&2+5 5+26 & 76
£€2 29 & 27
line y = x. Thus, y = x is the perpendicular
bisector of PP¢

which lies on the

x-3

115. x=2y+3b x-3=2yPb 2

=Yy
116. x=y2+1,y3013 x—1=y213 Nx-1=y

117. x>+y2=4,x£0P x*=4-y?p

X=-4/4- y2

18, 2x- L=3p - 123 2xp Lo 340xp
y y y
!
Y03

2.9 Inverse Functions

2.9 Practice Problems

1. £(x)=(x- 1) is not one-to-one because the

horizontal line y = 1 intersects the graph at
two different points.
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x+1 11p

3. f(x)=3x-1 g(x)= = 9. From the text, we have d = = - 33.
ex+16 _aex+106
(fog))=fg——5=3g 5 5 =2 =490 553507
(g0 f)(x)=gBx-1)= 3x-1+1_ ¥ The bell was 3597 feet below the surface
3 when the gauge failed.

Because f (g (x))=g(f (x))=x, the two

. . 2.9 Concepts and Vocabulary
functions are inverses.

o1 . 1. If no horizontal line intersects the graph of a
4. The graph of /= is the reflection of the function fin more than one point, the fis a

graph of f about the line y = x. one-to-one function.

2. A function fis one-to-one if different x-values
correspond to different y-values.

3. If f(x)=3x, then f'l(x):%x.

4. The graphs of a function fand its inverse f~ !
are symmetric about the line y = x.

5. f(x)=-2x+3 is a one-to-one function, so 5. True

the function has an inverse. Interchange the 6. True. For example, the inverse of f(x)=x is

variables and solve for y: 1

fxX)=y=-2x+3P x=-2y+3P fr@)=x.

x-3 . 3-x

7 = P oy=flx)= — 7. False. £ '(x) means the inverse of f.
6. Interchange the variables and solve for y: 8. True

X
xX)=y= ,x1 -3 ildi i
f)=y=—7> 2.9 Building Skills
X = % b xy+3x=yPb 3x=y- xyP 9. One-to-one 10. Not one-to-one
y+

3y 11. Not one-to-one  12. One-to-one
3x=y(l- x)Pp —=ybP
I-x 13. Not one-to-one 14. Not one-to-one

-1 3x
f (x)=: ,xtl 15. One-to-one 16. Not one-to-one
17. f(2)=7Pp f’1(7)=2
X
7. f(x)=
x+3

1
The function is not defined if the denominator 18. fH=-7TP f(-T)=4

is zero, so the domain is (-¥,-3)U(-3,¥).
The range of the function is the same as the
domain of the inverse, thus the range is 20. f'(-3)=5Pp f(5)=-3
(-¥,H)u(¥).

19. f-D=2p Fl2=-1

_ -1 _
8. G is one-to-one because the domain is 2. flay=bP [ (b)=a

restricted, so an inverse exists.
G(x)=y=x*- 1,x £ 0. Interchange the
variables and solve for y : 23. (f' Ly f)(337) =f1! (f (337)) =337
x=y2-1,y£0P y=G '(x)=-x+L

22. flNe)y=dP fd)=c

2. (for)esp)=r(r"'0w))=25
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25.a. f(3)=2(3)-3=3
b. Using the result from part (a), f '(3)=3
e (for)a9)=r(r'09)=
d (For)o)=1(r"6)=

26.a. f(2)=2°=38

b. Using the result from part (a), f~ 1(8) =2.

c. (fof'l)(ls):f(f'1(15)):15
d. (for')en=r(r'@mn)=27

27.a. f()=1’+1=2

b. Using the result from part (a), f~ 1(2) =1.

. (For')(269)=r(f"(269))=269

28.a. g()=3 2(13)- 1=3=1

b. Using the result from part (a), g~ 1(1) =1.

. (g7'0g)135)=¢ " ((135))=135

29. f(g(x))= 3$’“—1°+1 x-1+1=x

g(f(x)

) (3x+1) 1 3x _
T3

_ - X6 _ _
30. f(g(x))_z-sg 3 6—2-2+x—x
2-(2-3x) 3x

s(f@)=——7—=F=x

3

3. F(e(0)=(¥x) =x
g(f(x))=%/x73=x

2. f(3(0)=2(f ()=1=x

1+2x 1 1+2x- (1- x)

_ 1-
33. f(g(x)) 1+2x+2_ 1+2x+2x(1- X)

1- x 1- x

_3x
3

=X

1+2§x ;; p2x02
X+
g(f ()= 1 );Cc+%
1_ -
x+2 x+2
X+2+2x-2
S ox+2 3
x+42-(x-D 3
x+2
3§=,x+§;+2 3x+6+2(x- 3)
_ &x _ x-3 x-3
M. f(e)=— o2 16- 3
_x_3 x—3 x—3
3x+6+2x-6
:x_—3:5—x:_x
X+2-x43 5
x-3

3x+2 42 3x+2+2(x- 1)

_x-l o x-d
s(f)=3175 3‘3§+2_3(§-1>

x-1 x-1 x-1
3x+2+2x- 2
x-1 Sx
= ==X
3x+2-3x+3 5
x-1
¥ —x
35. Y b4 -
B v L
2 s
i S
e AR
........... l lf_2 —_ie
s’
ey
: 4
36. Y y=ux
s
td
o’
,
(e
i al i
—4—3-2A.7 1 2 3 4%
é__—’;‘/ 1
,l‘ _2 - P
’,
# 3
4
¥ —x
37. - }f.‘ﬁ
e td
3 =
2
— ‘i
1 A ’ .........
s’
—4-3 2—1,1’ 1 2 3 4%
_2 ............
3
4
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38. c. A
f {X)\
2 |
15
E 10H
! 7w
: 3 ] I I I
iy ~10 -5 S\ 10 15 D0~
-5+
39. _ A et -10F
BNEBLEE
NG e d. Domain of £ (-¥, ¥ ); x-intercept of f: 5;
I S
LN 23 47 y-intercept of f: 15
k2 domain of f~': (-¥,¥); x-intercept of
4 3
: 4 ' 1. 15; y-intercept of f7': 5
40. ¥ e 44. a. One-to-one
: ; e b. g(x) =y =2x+5. Interchange the variables
1; and solve fory: x=2y+5P
—4-3-2-19 1 2 3 4% 1x) x-5 1 5
s /1 = X) = =—X- —.
T =8 2 20 2
s oI o : _
4 c. . zf
41. =
2 6 x
; g
. d. Domainofg: (-¥,¥)
. 5
x-intercept of g: - 3
y-intercept of g: 5
domain of g ': (-¥, ¥); x-intercept of
g'1 : 5; y-intercept of g'1 D - 7
45. a. Not one-to-one
43. a. One-to-one 46. a. Not one-to-one
b. f(x)=y=15- 3x. Interchange the variables 47. a. One-to-one
and solve fory:x=15- 3y P )
» 15- x 1 b. f(x)=y= Jx+3 Interchange the variables
y=f (= 3 :5'§x' andsolvefory:x:\/;+3l3

x-3=yP y=f1x)=(x- 3>
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48. a.

49. a.

Domain of 2 [0, ¥ ); x-intercept of f: none;
y-intercept of f: 3

domain of f -1 [3, ¥ ); x-intercept of

f'1 : 3; y-intercept of f'1 : none
One-to-one

fx)=y=4- Jx. Interchange the variables
and solve fory: x=4- \/;P
cdtx=-\yP y=fF )= (x- 4)?

Domain of f: [0, ¥ ); x-intercept of f: 16;
y-intercept of f: 4
domain of f~ = (-¥, 4] ; x-intercept of

f'1 : 4; y-intercept of f'1 1 16
One-to-one

gx)=y= Jx+1. Interchange the variables

and solve fory:x=3/y+1P

x3:y+113 y:g'l(x):x3-l

50. a.

51. a.

Domain of g: (-¥, ¥ ); x-intercept of g:
y-intercept of g: 1

domain of g !: (-¥, ¥); x-intercept of
g'1 : 1; y-intercept of g'1 -1

One-to-one

hix)=y= J1- x. Interchange the variables
and solve fory:x=3/1- y P

X =1- yb y=g'1(x)=1- x>

Domain of /: (-¥, ¥ ); x-intercept of h: 1;
y-intercept of A: 1

domain of A~ ': (-¥, ¥ ); x-intercept of
hl: 1; y-intercept of i

One-to-one
1 .
fx)=y= P Interchange the variables
x -

andsolvefory:x:%b x(y-1)=1P
y_

Loyiip y=plw=ta =22
X X

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

268

Chapter 2 Graphs and Functions

52. a.

53. a.

Domain of £ (-¥,1)U(1, ¥)
x-intercept of f: none; y-intercept of f: —1
domain of £~ ': (-¥,0)U(0, ¥)
x-intercept of f |

y-intercept of f 1. none

One-to-one

1 .
g(x) = y =1- —. Interchange the variables
X

and solve fory:x=1- lb x:y;ll3

y y

xy=y-1P xy- y=-1P y(x-1)=-1b
1
1- x

_ 1
=gl =-—
x-1

Domain of g: (-¥, 0)E (0, ¥)
x-intercept of g: 1; y-intercept of g: none
domainof g™': (¥, )E (1, ¥)
x-intercept of g'1 : none
y-intercept of g'1 o1
One-to-one

f(x)=y=2+~x+1. Interchange the
variables and solve fory:x=2+.y+1P

x-2=y+1b (x-2) =y+1P

y=f ) =(x-2) - 1=x%- 4x+3

54.

d. Domain of f: [- 1, ¥ ); x-intercept of f:

none; y-intercept of f: 3
Domain of f~!: [2,¥);
x-intercept of f 13

y-intercept of f 1. none

a. One-to-one

b. f(x)=y=-1++x+2. Interchange the

variables and solve for y :

x=-1+y+2P x+1=,/y+2P
(x+1)2=y+2b
y=f'1(X)=(x+1)2— 2=x2+2x-1

d. Domain of f [-2, ¥ ); x-intercept of f: —1;

y-intercept of i - 1+ V2
Domain of f':[-1,¥)

x-intercept of f o1+42
y-intercept of f |

In exercises 55 and 56, use the fact that the range of f

is the same as the domain of f~ r

55.

56.

57.

Domain: (-¥,-2)U(-2,¥)
Range: (-¥,D)U(1,¥)

Domain: (-¥,)U(,¥)
Range: (-¥,3)U(3,¥)

f=y="t

;. Interchange the variables
1
and solvefory:x:y—-'-zb xy-2x=y+1Pb
y -

xy- y=2x+1P y(x-1)=2x+1P
. 2x+1
=l ="
x-1
Domain of £ (-¥,2)U(2,¥)
Range of f: (-¥,1) U(L¥).
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58.

59.

60.

61.

62.

x+ f . Interchange the variables

gx)=y=
X+
andsolvefory:x:y—-'-zb xy+x=y+2b
y+1
xy- y=-x+2P y(x-1)=-x+2P

-x+2 x-2

S PN _ .
y=g (% 1 -1

Domain of g: (-¥,- DE (- L¥)
Range of g: (-¥,) U(L,¥).

63. fis one-to-one since the domain is restricted,

1-2 : :
fx)=y= il Interchange the variables SO an Inverse exists.
I+x Lo f(x)=y=]x|=x x3 0. Interchange the
and solve fory: x = 1_ Y b variables and solve fory: y=x, x3 0.
+y B
x+xy=1-2yP xy+2y=1-xb 2 foy =it
1- x B =
=]- = -1 = - y *
Yoxr+2)=1-xb y=f(x)="—"7. f"(x)=x;1 y =l
Domain of £ (-¥,-1)U(- L¥) A
Range of f: (-¥,-2)U(-2,¥). 6420 2 4 6
1” -4
h(x)=y= 3 Interchange the variables L// -6
and solve for y: x = Ll b xy-3x=y-1b 64. g is one-to-one since the domain is restricted,
y- SO an inverse exists.

xy- y=3x-1P y(x-1)=3x-1P g(x)=y=|x|=- x, x £ 0. Interchange the

y=hl(x)= 3x '11. variables and solve fory: y=-x, x3 0.
X-
Domain of &: (-¥,3)U(3,¥) §IW = x g =l p
Range of h: (-¥,1)U(L,¥). j M=y
fis one-to-one since the domain is restricted, Y= 8N 2
SO an inverse exists. ,6', - g
f(x)=y=-x%x3 0. Interchange the y=g"'(
variables and solve for y : ,
x=—y213 y=\/3,x£0. g
o === 65. 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+1b y=-+x-1,x31.

, fy=x+1
e W fw=—x—1
S ek =47 ¥ 4
4 rd
K 6l L
g is one-to-one since the domain is restricted, y=fa\ 4 YT
SO an inverse exists. ~ .

I T T P S T
g(x)=y=- x2, x£0. Interchange the —6—4 -2, \‘%ﬁ
variables and solve for y : /hz T

5 gl e
x=-y"P y=-+-x,x£0. A ek
ke
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66. g is one-to-one since the domain is restricted,
SO an inverse exists.
g(x)=y=x%+5, x3 0. Interchange the
variables and solve for y :

x=y2+513 y=4/x-5,x35.

Y P
10~ L
8- y:S(I) e y=x
65
4=
0 v=e'w)
2k -
[ 2 [
6420 2 4 6 8 10x
2
/7 gy =22+5
T e = (xS
. -6

787

67. 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 for y :

x=-y2+2b y=-+2-x,x£2.

fay = —x* +2

Tl =-2-x

Yy

68. g is one-to-one since the domain is restricted,
SO an inverse exists.

g(x)=y=- x2-1,x3 0. Interchange the
variables and solve for y :

x=-y2-1P y=+-x-1,x£-1.

2.9 Applying the Concepts

69.a. K(C)=C+273P
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

70. a. The two points are (212, 373) and (32,
273). The rate of change is

373-273 100 _5
212-32 180 9°

273:%(32)+bb b=229ﬁb

K(F) =SF +—22997.

b. K=§F +—2297 b K- 2297 =§FD
9 9 9 9

9K - 2297 =5F b F(K):%K_ @
This represents the Fahrenheit temperature

corresponding to a given Kelvin

temperature.
. K(98.6)=>(98.6)+ 222 ~310°K
9 9
71.a. F(K(C))= %(C +273)- Zzsﬁ
_9,.,9073) 2297
5 5 5
:2C+@=2C+32
55 5
b. C(K(F)):§F+¥-273
5 2297- 2457
=—F+—
9 9
=§F-@
9" "9
72, F(C) =22 - 1900 5 v 3243
5807 97
=x
CF() =22 ¢ 4300 100 _ 160 160
9€&s g 9 9 9
=x

Therefore, F and C are inverses of each other.
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73. a.

74. a.

75. a.

76. a.

717. a.

78. a.

E(x) =0.75x, where x represents the
number of dollars

D(x) =1.25x, where x represents the
number of euros.

E(D(x)) =0.75(1.25x) =0.9375x ! x.
Therefore, the two functions are not
inverses.

She loses money either way.

w=4+0.05xP w-4=0.05xP
x=20w- 80.

This represents the food sales in terms of
his hourly wage.

x=20(12)- 80=$160

7=4+0.05xP x=3$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

The function does not have an inverse
because it is constant on (0, 60), and it is
not one-to-one.

If the domain is restricted to [60,¥ ), the
function has an inverse.

T 6 .
T=111JI P [ =~—- . This shows the
Vi £1.115 v
length as the function of the period.
.2
128208 5o
£1.117

T =1.11470 » 9.3 sec

V=8J/xP %:J}p észx:V'l(x)

This represents the height of the water in
terms of the velocity.

(i) x= é(3oz)= 14.0625 ft
(ii) x = é(zoz) =625 ft

y=064x- 2x? has no inverse because it is

not one-to-one across its domain, [0, 32].
(It fails the horizontal line test.)

y
500+

a00f
3000 /o )
200f
100 :

4 8 1216 20 24 28 32 °x

However, if the domain is restricted to
[0, 16], the function is one-to-one, and it
has an inverse.

y
500+
400 -

I

!

|

1

1

-/
300+ !
i

I

I

I

I

I

2001
100 -

4 8 1216 20 24 28 32 x

y=64x-2x* P 2x*- 64x+y=0P

64 ++/64% - 8y b
X=———
4
64 +./4096- 8y  64£2./1024- 2y
X = =
4

4
3221024 2y
h 2

1024- 2y3 0P O£ 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 is [0, 16], which is the range of the

inverse.
32+4/1024 - 2y i
—_— 1
2

[16, 32], so this is not the inverse.
The range of

32- /1024 - 2y

X=———m——
2

[0, 16], so this is the inverse.

y L 64+ 4096 — 8
= 1

kP
2}
24}
20}
16
12:
s 496w
4f 3

The range of x =

L0£ y£512, is

TS T TR T T T S T |

100 200 300 400 500 x

Note that the bottom half of the graph is the
inverse.
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64 - /4096 - 8(32) So the domain of the inverse is
b. (i) x= 1 » 0.51 ft [1168, 1200), and its range is (0, 2]. The
1
64 - /4096 - 8(256) range of p=2+—+/2x- 2336 is (2, 4], so
(ii) x = » 4.69 ft 4
4 it is not the inverse. The range of
_ - 1
(iii) x= 64 - 4096 - 8(512) » 16 ft p=2- Z\/2x- 2336,1168 £ x <1200, is
4
) ] (0, 2], so it is the inverse. This gives the
79. a. The function represents the amount she still price of computer chips in terms of the
owes after x months. demand x.
b. y=36,000- 600x. Interchange the variables i i
and solve for y: x =36,000- 600y b |
3F =24+ Ly2y =
600y = 36,000- xP y=60- —b I P =2+ N2 - 2336
600 5l
-1 1 L
=60- —ux.
f®) 500"~ L
This represents the number of months that I At 4 4
have passed from the first payment until the 1140 1160 1180 1200 p
balance due is $x. Note that the bottom half of the graph is the
inverse.
c. y=60- L(22, 000) = 23.33 » 24 months 1
600 b. p=2-—/2(1180.5)- 2336 =$0.75
There are 24 months remaining. 4
80. a. To find the inverse, solve 2.9 Beyond the Basics

x=8p2 - 32p+1200 for p:

8p2-32p+1200- x=0P
3244(-32)% - 48)(1200- x)

P= 23)
_32+./1024 - 38,400 +32x

16
_324£+/32x- 37376  32+4~/2x- 2336

16 16

= 2ii\/2x- 2336

Because the domain of the original function
is (0, 2], its range is [1168, 1200).

1200
1190
1180
) i) ] --
1160
1150

x=8p?—32p+ 1200

81.

82.

83. a.

fgBN=rM)=3,1(gB)=f(3)=5, and
f(g2)=f4)=2P f(g(x))=x foreachx.
g(fM)=gB)=1g(f(3))=g((5)=3, and
g(f(d))=¢g2)=4P g(f(x)) = x foreach x.
So, fand g are inverses.

fgG2)=fM=-2,f(0)=,(2)=0,
f(g(-3)=f(3)=-3, and
fg-2)=f1=-2P f(g(x)=x

for each x.
g(fM))=g(-2)=1g(f(2))=g(0) =2,
g(f(3)=g(-3)=3, and g(f(4)=g()=4
P g(f(x)) = x for each x.

So f and g are inverses.

| l 1
-3 -2 -1 0‘ 1 2 3 X

b. fis not one-to-one

Domain: [-2, 2]; range: [0, 2]
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84. a.

85. a.

86. a.

87. a.

Domain: (-¥,2)E [3,¥). Note that the
domain is not (-¥,2) B (2,¥) because
& =2 for 2£ x <3.

The function is not one-to-one. The

function is constant on each interval
[7, n + 1), n an integer.

[ satisfies the horizontal line test.

1 .
y =1- ——. Interchange the variables
x+1

and solve fory: x=1- LI)
y+1

L=1- xP 1=y+1- xy- xP
y+1

xy-y=-xb yx-1)=-

y=1r (X)—-—1=:

Domain of £ (-¥,-1)U(- L¥);
range of £ (-¥,) U(L¥).

g satisfies the horizontal line test.
¥

N

0 1 X

y= m . Interchange the variables
and solve for y :x =4/1- y2 P
x?=1- y2 2] y2 =1-x*Pp
v=¢'w=l- 2

Domain of f = range of f: [0, 1]

(i) f(x)=y=2x- 1. Interchange the
variables and solve fory: x =2y - 1P

o1 1 1
= =—X+—
y=f () AR

88. a.

(i) g(x) =y =3x+4. Interchange the
variables and solve for y: x =3y +4 P
4

1
S DR
y=¢ 3x 3

(i) (fog)(x)=2@x+4)-1=6x+7
(iv) (gof)(x)=3(12x-1)+4=6x+1

(v) (fog)(x)=y=6x+7.Interchange
the variables and solve for y :
x=6y+7Pb (fog)'l(x):l)c—Z

6 6

(vi) (go f)(x)=y=06x+1.Interchange
the variables and solve for y :
x=06y+1P (fog)_l()c):lx-l

6 6
40 1
= o+ —
DO 283 35 2
1 2 1 1 1

=—X-—4+—-=—x-

6" 3 2 6 6
1 2l 104

(i) (7o )(x)"?,%z 25 3
114 17
=—x+—- —=—x-

6" 6 3 6 6

(vii) (

7

O (fog) (=g 7

=(s"" o "))

) (g0) ' ()=¢x- ¢

=(fog "))

(i) f(x)=y=2x+3. Interchange the
variables and solve for y: x =2y +3P

y=f'1(x)=%x-%

(i) gx)=y= 1. Interchange the

variables and solve for y: x = y3 -1p

v=g '@ =Yx+1
(i) (fog)(x)=2(x"-1)+3=22+1

(iv) (gof)(x)=@Qx+3)°>-1
=8x> +36x> +54x +26
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(v) (fog)x)=y= 2x* +1. Interchange
the variables and solve for y :

x=2y>+1P (fog)-l()c)=3x;1
i) (gof)(x)=y
=8x” +36x% +54x+26
Interchange the variables and
solve for y :

x=8y>+36y% +54y+26b
x+1=8y>+36y2+54y+27P
x+1=2y+3)°p Yx+1=2y+3P

y=(g0s) =53+ 3

i) (£ og™ ) )=~ (¥x+1)- 2

2 2
o (- sl 3
(viii) (g of )(x)— 5% 2+1
_al Lol
2 2 2
LR N S e
b ) (Fog) ()= {e L=

) (zo ) (1)=5 (¥r+1)- 3

=(f'og "))
2.9 Critical Thinking/Discussion/Writing

89. No. For example, f(x)= x> - x is odd, but it
does not have an inverse, because
f(0)= f(), so itis not one-to-one.

90. Yes. The function f = {(0, 1)} is even, and it
has an inverse: f~' ={(1,0)}.

91. Yes, because increasing and decreasing
functions are one-to-one.

92.a. R={(-1,1,(0,0),(1,1)}
b- R= {(_ 17 1)7(07 0)7(1’ 2)}

2.9 Getting Ready for the Next Section

93. x%- x-12=(x+3)(x- 4)

9.

95.

96.

97.

98.

99.

100.

101.

x*- 5x+6=(x-2)(x- 3)
x> +2x- 8=(x+4)(x- 2)
x> +7x+10= (x +2)(x+5)

2 - 7x+12=0
(x- 3)(x- 4)=0
x-3=0|x-4=0

x=3 x=4
Solution: {3, 4}

x2-x-6=0
(x+2)(x- 3)=0
x+2=0 |x-3=0

x=-2 x=3
Solution: {-2, 3}

3x2+7x+2=0
Bx+1)(x+2)=0
3x+1=0 x+2=0
x=-2

X =-

Solution: {- 2, - %}

x2-4x+1=0
Use the quadratic formula.
a=1,b=-4,c=1

-b£+b? - dac
2a
_- (=4 - 400)
2(1)
_4x12 4223
o2 2
Solution: {2- \/g, 2+\/§

=243
}

y= (x + 2)2 -3
Start with the graph of f (x)= x>, then shift

it two units left and three units down.

[ I A=A =

=
iy .
[y =
P

| |
Y
—4
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102.

103.

104.

y=(x- 1)2 +3
Start with the graph of f (x)=x?, then shift

it one unit right and three units up.

¥

\g
2 —

[ 1

—4-2
727

[

oy

o
P

y=- (x+1)2+2

Start with the graph of f (x)= x>, then shift
it one unit left. Reflect the graph across the x-
axis and then shift it two units up

y
4 —

f\*

2

| L1 1
—6—4 2 4 67

—4
-8

y=-(x- 3)2 -1
Start with the graph of f (x)= x>, then shift

it three units right. Reflect the graph across
the
x-axis and then shift it one unit down.

4_
2_

|
(]
N
oy =
ool
-l

Chapter 2 Review Exercises

Building Skills

1.

False. The midpoint is

&3+3 1+116

§ 5 3 5 (0,6).

False. The equation is a circle with center
(-2,-3) and radius /5.

True

10.

11.

12.

13.

b. M

b. M

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.

False.
The slope is 4/3 and the y-intercept is 3.

False. The slope of a line that is perpendicular
to a line with slope 2 is —1/2.

True

False. There is no graph because the radius
cannot be negative.

ca. d(P.0)=A(-1-3)2+(3- 52 =245

a. d(P.0)=G- (37 +(-1- 5% =642

e3+3 5+(-Do
= N = 0,2
€ 2 2 9 ©.2)

-1-5
m= =
3-(-3)

a. d(P,Q):\/(g_ 4)2+(_8_ (_3))2 :5\/5
_wht9 -34(85_add 1
82 2 g &2 27

o m=3-C3_
9-4

a. d(P,0)=+(-7-2)> +(-8- 3)> =202

b m=22FCD 34 5 58
& 2 2 9 27 29
-8-3 11

¢C. Mm=——=—

-7-2 9

a. D(P,0)=\(5- 22 +(-2- (-7)> =34

_&@2+5 -T7+(-29)6_& 96

b. M— — =T, T~
) 2 7 &2 2%
e m=2CD_>
5-2 3
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14.a. d(P.Q)=1/(10- (-5)2+(-3- 92 =274

e=5+10 4+(-3)6

b. M= ® 16
)

§€2°20

N -

2 9

3.4 7

m=———=
10- (-95) 15

15. d(AB)=(-2- 0) +(-3- 5) =68
d(4,C)=AG- 0} +(0- 5 =34
d(B.C)=\(3- (-2) +(0- (-3)] =34
Using the Pythagorean theorem, we have
AC? +BC? =(\34) +(V34)

=68 =(68) = AB>

Alternatively, we can show that AC and CB
are perpendicular using their slopes.
0-5_ 5, _0-(-3_3
3-0 3

Myc = mw-m—s

mycxmeg =- 1P ACA CB, so VABCisa
right triangle.

16. d(AB)=(4- D2 +@8- 22 =35 22.

d(C,D):\/(lo_ N +G5- 1)2 =35

d(A.C)=A[7- D2 +(-1- 2)2 =35 23.

d(B.D) =10~ )2 +(5- 8)2 =35
The four sides are equal, so the quadrilateral is

a rhombus. 24.

17. A=(-6,3),B=(4,5)

d(A,0)=(-6- 0> +(3- 0)2 =45 25,

d(B.0)=(4- 0)* +(5- 0)> =~/41
(4, 5) is closer to the origin.

18. A=(-6,4),B=(510),C =(2,3)
d(A.C)=\(2- (-6))* +(3- 4% =~/65
d(B.C)=A2- 5% +(3- 102 =58
(5, 10) is closer to (2, 3).

19. A=(-53),B=(47),C = (x,0)
d(A,C)=(x- (-5)>+(0- 3)°

=\J(x+5%+9

d(B.C)=(x- H2+(0- 7)

=(x- 4% +49

20.

21.

d(A,C)=d(B,C) P
Ja+52+9 = J(x- 92 +49
(x+5)249=(x- 4?2 +49
x> +10x+34 = x> - 8x+65

x=b The pointis 1 08
18 €18° 9

A=(-3,-2),B(2,-1),C(0, y)

d(A,C)=0- -3)% +(y- (-2))
=\/(y+2)2+9

d(B,C) =0~ )2 +(y- (- 1)?
=JOr+D*+4

d(A,C)=d(B,C)P

Jo+2)2 49 =(y+1)2 +4

(y+2)2+9=(y+D)> +4

y:i+4y+13=y>+2y+5
y=-4P 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

—6—4—2_5)7 2 4 8 101214 x
_67

—10+

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

Chapter 2 Review Exercises

277

26.

27.

28.

29.

x-intercept: 4; y-intercept: —3; not symmetric
with respect to the x-axis; not symmetric with
respect to the y-axis; not symmetric with

respect to the origin.

-7

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.

_3ﬁ
—4 =
_5_
—6k
77_
_8_
~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.

’
x=-y"

oW ok

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.

-2
-3
-4
-5

30. x-intercept: 0; y-intercept: 0; not symmetric
with respect to the x-axis; not symmetric with
respect to the y-axis; symmetric with respect
to the origin.

31.

32.

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.

x-intercepts: —1, 1; y-intercept: 1;

not symmetric with respect to the x-axis;

symmetric with respect to the y-axis;

not symmetri

y

2
-

-1
-2
-3
-4
-5
-6
-7
-8
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33. x-intercepts: —4, 4; y-intercepts: —4, 4; J;
symmetric with respect to the x-axis; 1
symmetric with respect to the y-axis; 3
symmetric with respect to the origin. - 2x -5y =10
y :
0
I

39. 2.2 _1b 5x-2y=10b 2x- 5=y, Line
275 2

with slope 5/2 and y-intercept —5.

34. x-intercepts: - V2, +/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.

¥
sl

3

40. Circle with center (-1, 3) and radius 4.

L (x+ DX+ (y-3)2=16

35. (x-2)2+(y+3)%?=25

36. The center of the circle is the midpoint of the

diameter. M = § 5
The length of the radlus is the d1stance from
the center to one of the endpoints of the

2 2 _
diameter = \(5- 0)2 +(2- 3)2 =/26. The (x- > +(y+2)* =9
Circle with center (1, —2) and radius 3.

|
4N 2-10 42 3 4%

41. x*+y?-2x+4y-4=0P
x%- 2x+1+y2+4y+4:4+1+413

equation of the circle is x? +(y- 3) = 26.
¥4y = 2x+dy—4=0

37. The radius is 2, so the equation of the circle is
x+2)2+(y+5°2=

38. 2x-5y=10P %x- 2=y.

Line with slope 2/5 and y-intercept —2.
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42. 3x>+3y%- 6x-6=0P x*>-2x+y>=2P
X2 - 2x+14+y2=241P (x- D*+y? =3.
Circle with center (1, 0) and radius \/5 .

YA 2P+ +dc+3=0

43.

44.

0-2
45. m=u=-2;3=-2(1)+bb 5=bP
y=—_21x_+15
46. x=1

47.a. y=3x-2b m=3;y=3x+2P m=3
The slopes are equal, so the lines are
parallel.

b. 3x-5y+7b m=3/5;
5x-3y+2=0P m=5/3
The slopes are neither equal nor negative
reciprocals, so the lines are neither parallel
nor perpendicular.

c. ax+by+c=0b m=- a/b;
bx-ay+d=0P m=b/a

The slopes are negative reciprocals, so the
lines are perpendicular.

1 1
d. +2==(x-3)P =—;
y 3(x )b m 3

y-5=3x-3)Pb m=3
The slopes are neither equal nor negative

reciprocals, so the lines are neither parallel
nor perpendicular.

48. a. The equation with x-intercept 4 passes
through the points (0, 2) and (4, 0), so its
slope is 0-2__1
4-0 2

line we are seeking is also - % The line

passes through (0, 1), so its equation is

. =1
y-1= 2(x 0)p y= 2x+1.

. Thus, the slope of the

b. The slope of the line we are seeking is 2
and the line passes through the origin, so its
equationisy —0=2(x — 0), or y = 2x.

49. Domain: {-1, 0, 1, 2}; range: {-1, 0, 1, 2}.
This is a function.

o 2
©. 1)
-

1,0
(J.)

b

|
2 X

(2,-D
.

50. Domain: {0, 3}; range: {-2, -1, 1, 2}.
This is not a function.

y
(3.2
2 [ ]
L o
o, 1)
| | |

0| 1 2 3 by

B (RS
3,-2)

-2 [ ]

51. Domain: (-¥,¥); range: (-¥,¥).
This is a function.

52. Domain: [2,¥); range: [0,¥).
This is a function.

y
.
- y=Vx-2
e
| | | |
0 1 2 3 4 5 X
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53. Domain: [-0.2,0.2]; range: [- 0.2,0.2]. 57. Domain: (- ¥,¥); range: [0,¥).
This is not a function. This is a function.
¥y . ¥
0.4 y=leH| 5

X2 +},!2 =0.04

I /y[\ I 65430

—04  —0 0 2 04X i
N\ 58. Domain: [1,¥); range: (-¥,¥).

This is not a function.

04k Y
4 x=y*+1
54. Domain: (-¥,0]; range: [0,¥). .
This is a function. T L
y 0 4 6 8§ 10 X
—2
sk
4
A=
r=—\Vy 3

59. f(-2)=3(-2)+1=-5

= 60. g(-2)=(-2)>-2=2
| | | |

4 3 2 -1 0 6l. f(x)=4P 3x+1=4D x=1
55. Domain: {1}; range: (-¥,¥). 62. g(x)=2b x2-2=2P x=%2
This is not a function.
y 63. (f+g)1)=rM+g®
L _ 2 _
oF =M +D)+(12- 2)=3
6 x=1
‘T 64. (f-g)-1)=fCD- gD
~ 2
= S IR =(@B(-D+1)- ((- - 2):_1
o 65. (fx2)(-2)=f(-2)%8(-2)
s =(3(-2)+D{(-2)*- 2)=-10

56. Domain: (-¥,¥); range: {2}. 66. (gx1)(0)=g(0)xf(0)

This is a function. = (02 - 2)>(3(0) n 1) -
+ 67. (fog)(3)=3(3-2)+1=22
4
T y=2 68. (g0f)(-2)=(3(-2)+1)*- 2=23

L 69. (fog)(x)=3(x-2)+1=3x>-5

L ’ 70. (gof)(x)=Bx+1)° - 2=9x% +6x- 1

71 (fof)(x)=3(Bx+1)+1=9x+4

2
72. (gog)()c):()c2 - 2) S 2=x*-4x? 42
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73.

74.

75.

76.

77.

fla+h)=3(a+h)+1=3a+3h+1

ga-h=@- h?-2=a>-2ah+h*- 2

fa+h)- f() _ (B(x+h)+1)- (Bx+1)

h

_3x+3h+1-3x-1_3h _

h

h h

gh- gy _(+m?-2)- 2-2)

h

h
x4 2xh4+ k- 2- X242
- h
2
:%:hux

Domain: (-¥,¥); range: {- 3}.
Constant on (-¥.,¥).

78. Domain: (-¥,¥); range: [- 2,¥).

79.

Decreasing on (- ¥,0); increasing on (0,¥ ).

L L1 1\l

fly=x?-2

-5 -3
-3
—4

Domain: = s
&3

Increasing on g%, ¥ -

¥
6
5
4
3
2
1
0

1%

1 |
3 5x

2 ¥ g; range: [0, ¥)

5
0

80. Domain: [- 6,6]; range: [0,6]. Increasing on

81.

82.

83.

84.

(- 6,0) ; decreasing on (0,6).

() ="V36 - x?
1 [ (- |
8-6-4-20 2 4 6 8 %X

Domain: (- ¥,¥); range: [I,¥ ). Decreasing
on (-¥,0); increasing on (0,¥).

. x+1 ifx=0
f(’“)‘{—xu ifx<0
| I I |

1 3 5x

|
un
|
(")
|
| =M w s e'T
I

Domain: (- ¥,¥); range: [0,¥ ). Decreasing
on (-¥,0); increasing on (0,¥).

¥
10
g_
8 o Jr ifa=0
7_(1,(.()—{)_2 ifx<0
(‘_
5
4.—
3.—
2_
l_
1 11 1 1 1 11 1 1
-5 =3 =10/ 1 3 5 X

The graph of g is the graph of f shifted one
unit left.

|
-2 -1 1 2 3 4 5 %

The graph of g is the graph of f shifted one
unit right, stretched vertically by a factor of 2,
then shifted three units up.
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85. The graph of g is the graph of f shifted two
units right, and then reflected in the x-axis.

86. The graph of g is the graph of f shifted one
unit left, then two units down.

87. fC0=(07-(n'=x-x" =P
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(-0)=(-x+(-x)=-x-x=-f(x)P
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(0)P
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(x)orf(-x)P 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)=+-x! f(x)orf(-x)P 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)b 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) = \]x2 -4Pp f(x) = (g Oh)(x) where
g(x) =~/x and h(x) = x° - 4.

9. g(0=(x*- x+2)" P g0 =(foh)x)

where £ (x) = x°° and h(x) = x> - x+2.

x-3
95. h(x)= S rs P h(x)=(fog)(x) where
£ =X and g() =22
2x+5

96. H(x)=Qx-1)°+5P Hx)=(fog)(x)
where f'(x) =x>+5and g(x)=2x-1.

97. f(x)isone-to-one. f(x)=y=x+2.
Interchange the variables and solve for y :
x=y+2Pb y=x- 2=f'1(x).

¥

=
I

98. f(x)isone-to-one. f(x)=y=-2x+3.
Interchange the variables and solve for y :

13 .,
=-2y43P y=- —x+—-= .
x y y=-x+s VA EY)
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99. f(x)is one-to-one. f(x)=y=3x- 2.

Interchange the Variables and solve for y:

x=3y-2P y= P +2= f Y.

¥
s

100. f(x)is one-to-one. f(x)=y= 8x’ - 1.

101.

102.

Interchange the variables and solve for y :

x:8y3- 1Pb y:?/xTHP

=%\3/x+ =f ).

-1
,x1 -2,

f)= "

Interchange the variables and solve for y.

x=L1D xy+2x=y-1Pb

y+2
xy-y=-2x-1b y(x-1)=-2x-1P
-2x-1 2x+1
y= y=1r ()—
x-1

Domain of f: (-¥,-2)U(- 2¥)
Range of f: (-¥,1) U(1,¥)

2x+3
x-1’

xt 1

f)=

Interchange the variables and solve for y.

2y+3
y-1
xy-2y=x+3P y(x-2)=x+3P
x+3
y=r ()—

Domain of f: ( ¥ ,DU(LY¥)
Range of f: (-¥,2) U(2,¥)

P xy- x=2y+3P

A=(-3,-3),B=(-2,0),C=(0,1),D=(3,4).
Find the equation of each segment:

myp =~ _30-3.245p b=6.
25 (3
The equation of AB is y =3x +6.
-0 1

i

TR
The equation of BC is y = %x +1.

4-1
mep =——=Lb=1
b =377

The equation of CD isy = x +1.

So,
13x+6 if -3£x£-2

f(x)—15x+1 if -2<x<0
fx+1 ifO£x£3

Domain: [-3,3]; range: [-3,4]

c. x-intercept: —2; y-intercept: 1

(3,-3)
-5
¥
S
(=3,3) B
—fx) \
[T I N Y B B
-5 -3 010, —1) 3 5 X
(=2,0)
I IR A
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g. ' Applying the Concepts
T e
B ’ % +1 104. a. rate of change (slope) = 25.95-19.2 =0.45.
-1 25-10
(-3, m\y//l_
7; I 710 : I ; L L - 19.2=0.45(10)+bP b=14.7.

The equation is P =0.45d +14.7.

(-4, -3 b. The slope represents the amount of increase
-5 in pressure (in pounds per square inch) as
the diver descends one foot deeper. The

h. y-intercept represents the pressure at the
surface of the sea.
c. P=045(160)+14.7 =86.7 Ib/in.
d. 104.7=0.45d +14.7P 200 feet
105. a. rate of change (slope)= 173,000 54,000
223,000 - 87,000
=0.875
54,000 = 0.875(87,000) +b P
s b=-22,125.
=%-6 The equation is C = 0.875w - 22,125.
. ¥
* 5 b. The slope represents the cost to dispose of
- opUsd one pound of waste. The x-intercept
/e represents the amount of waste that can be
1o (0, 1) disposed with no cost. The y-intercept
— L1 L1 1 represents the fixed cost.
-5 -3 o1 3 5%
/l - c. C=0.875(609,000)- 22,125 =$510,750
15 -*3F
clam L d. 1,000,000 = 0.875w- 22,125 b
-5 w=1,168,142.86 pounds
J y 106. a. At 60 mph = 1 mile per minute, so if the
. B & speedometer is correct, the number of
= minutes elapsed is equal to the number of
_ NV miles driven.
A I4M [
—6 —10L1 6 X b. The odometer is based on the speedometer,
C so if the speedometer is incorrect, so is the
(—6, —3) L odometer.
_5 —

107. 2.  f(2)=100+55(2)- 3(2)* = $198.

k. fis one-to-one because it satisfies the She started with $100, so she won $98.
horizontal line test.

b. She was winning at a rate of $49/hour.
@3 c. 0=100+55t- 3t b (-1+20)(3+5)P
t =20, t =- 5/3. Since t represents the

amount of time, we reject ¢ = - 5/3.

Chloe will lose all her money after playing
for 20 hours.

-3.-3 | d. $100/20 = $5/hour.

|
i
|
w
|
| =
—_—| =
Y\slllll
B
w -
-
-

|
d
T=
|
>

h
T
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108. If 100 < x £ 500, then the sales price per case
is $4 — 0.2(4) = $3.20. The first 100 cases cost
$400.

}4x if 0 £ x£100
f(x)=132x+80 if 100 < x £ 500
§3x+180 if x > 500

2
109.a. (Lo x)(r)=0.5,(1+0.002:2) +4

= 0.5v0.000004¢* +0.004¢% +5

b. (Lox)(5)= 0.5\/(1 + 0.002(52))2 +4

=0.5y/(1.05)% +4 = 0.55.1025

»1.13

110. a. Revenue = number of units X price per unit:

xgp = (5000 + 507 +10¢2)(10 + 0.5¢)
=5t +125¢2 + 3000z + 50,000

b. p=10+0.5:pb t=2p- 20.
x(H)=x2p- 20)
=5000+50(2p - 20)+10(2p - 20)*
=40p? - 700p +8000, which is the
number of toys made at price p. The
revenue is p (40172 - 700p + 8000) =

40p3 - 700p? +8000p.

111. a.

[70, 90, 2] by [150, 300, 25]
c. y»7.4474(76)- 363.88 » 202

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) 34506

=c——, —=2=(-3,4).
“=¢ 2 2% (3.4)
The length of the diameter is

JCa- (2 4(G-37 =B =212

Therefore, the length of the radius is \/5
The equation of the circle is

(x+3) +(v- 4 =2.

2. To test if the graph is symmetric with respect
to the y-axis, replace x with —x:
3(- x)+2(- x)y? =1P -3x- 2xy% =1, which
is not the same as the original equation, so the
graph is not symmetric with respect to the
y-axis. To test if the graph is symmetric with
respect to the x-axis, replace y with —y:
3x+2x(- y)> =1P 3x+2xy> =1, which s
the same as the original equation, so the graph
is symmetric with respect to the x-axis. To test
if the graph is symmetric with respect to the
origin, replace x with —x and y with —y:
3-x)+2(¢-x)(-y)?=1P -3x- 2xy? =1,
which is not the same as the original equation,

so the graph is not symmetric with respect to
the origin.

3. 0=x’(x-3)(x+1)P x=0orx=3orx=-1

y= 02(0 - 3)(0+1)P y=0. The x-intercepts
are 0, 3, and —1; the y-intercept is 0.

2+ ‘\,‘3 -2x=2y=2

—1F

Intercepts:

y2-2y=2Pb y=12.3

x?-2x=2P x=1£-3
5. 7=-12)+bP 9=b

The equationisy =—x + 9.
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7 20. a. C(230) =0.25(230) + 30 = $87.50
6. 8x-2y=7b y=4x- EID the slope of the
lineisd. -1=4(2)+bb b=-9. So the b. 57.50=0.25m+30P m =110 miles
equation is y =4x- 9. Chapter 2 Practice Test B
7. (f3)(2)=f(2)xg(2) 1. To test if the graph is symmetric with respect
=(-202) + 1)(22 +3(2) + 2) to the y-axis, replace x with —x:
- 2|ly|=2Pb 2|y| =2, which is th
AN - +2]y| =2 [x]+2[y|=2, whichis the
same as the original equation, so the graph is
8. M= o(2(2)- 3N =0 =1- 22 =-1 symmetric with respect to the y-axis. To test if
8(f(2)=502)-3) =50 o the graph is symmetric with respect to the x-
is, replace y with —y:
9. o x)= ()c2 - 2)5)2 - 2(x2 - 2x) axis, rep
(fof)x) 4 3 2 A2 |x|+2]- y|=2P |x|+2|y|=2, whichis the
=x"-4x +4x7 - 2x" +4x he orizinal ] 0 b
4 3 2 same as the original equation, so the graph is
=X AT 20T 4 dx symmetric with respect to the x-axis. To test if
T NP the graph is symmetric with respect to the
10.a. fG-D=(1"-2=-3 origin, replace x with —x, and y with —y:
b, f(0)=0%-2=-2 |- x|+2]- y|=2P |x+2|y|=2, whichis the
same as the original equation, so the graph is
c. f(h=I1- 2(1)2 =-1 symmetric with respect to the origin. The
answer is D.
11. 1- x>0P x<1;x must also be greater than 5 5
or equal to 0, so the domain is [0, 1). 2. 0=x"-9P x=43,y=0"-9P y=-9.
The x-intercepts are +3; the y-intercept is —9.
1 L®-fO CH+7)- 21 +7) ) The answer is B.
4-1
3 3. D 4. D 5. C
13, f(-x)=2(-x)*- 3 > = 25 iz = f(x) P 6. Suppose the coordinates of the second point
(- %) x i
f(x) is even. are (a, b). Then - %: 3 Substitute each
14. Increasing on (-¥,0) and (2,¥); decreasing of the points given into this equation to see
which makes it true. The answer is C.
on (0,2).
7. Find the slope of the original line:
15. Shift th hof y= thr its to th
.1 © Eraph ot y Vx ee.ums o e 6x-3y=5P y=2x-§. The slope is 2.
right, then stretch the graph vertically by a 3
factor of 2, and then shift the resulting graph The equation of the line with slope 2, passing
four units up. through (-1, 2)is y- 2=2(x+1).
16. 25=25- (2t- 5%Pb 0=-(2-5>%Pp The answer is D.
0=2r- 5P =5/2=2.5 seconds 8. (fog)(x)=3(2- x?)-5=1- 3.
17. f(2)=7p f-1(7)=2 The answer is B.
2
9. of)(x)=2(2x%- x) - (2x*- x
18. f(x)=y :ﬂ. Interchange the variables (fo f)) ( ) ( )
x-1 ) =8x*- 8x +x
and solve for y: x = “Vp The answer is A.
y -
xy-x=2yb xy-2y=xb 10. g(a_l)zﬂzﬂ.
0 X 1+(a-1 a
yx-2)=xPb y=f (x)=x_ The answer is C.
19. A(x) =100x+1000
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11.

12.

13.
16.

18.

19.

20.

1- x3 0P x£1; x must also be greater than

or equal to 0, so the domain is [0, 1].
The answer is A.

x243x-4=6P x?+3x-10=0P
(x+5)(x-2)=0P x=-5,2
The answer is D.

A 14. A 15. B
D 17. C

fx)=y= S Interchange the variables
3x+2

and solve for y: x =

3y+2
3xy+2x=yb 3xy- y=-2xPb
y3x-D=-20b y=f )= b
3x-1
2x
-1
Xx) =
;) 3

The answer is C.
w=>5x-190;w=5(70) - 190 =160.
The answer is B.

50=02m+25P m=125. The answer is A.

Cumulative Review Exercises
(Chapters P-2)

1. a. - . = - =
§25 x5 &y*pex’p X
11 1
1 -1 X —
Xy Xy xy 1
b 1 1: = =
eyt L L ykx x4y
Xy Xy

2.a. 2x2+x-15=(2x- 5)(x+3)

b. x-2x% +4x- 8=x2(x- 2)+4(x- 2)

=(x2+4)(x-2)

3.a. 75 +4108 - V192 =53 +6/3 - 83

=33

X- 1_ x-2 (x-Dx+2)- (x- 2)(x+1)

x4+l x+2 (x+D)(x+2)
_(x2+x- 2)- (xz- x-2)
B (x+1)(x+2)
_ 2x
T (x+1)(x+2)

1 2-J§=2-J§=2_ﬁ
2+43 243 2-3 4-3

1 J§+2=ﬁ+2=£+2
Js-2 J5-25+2 5-4

3x-7=5P 3x=12P x=4

L = i P There is no solution.
x-1 x-1

x2-3x=0P x(x-3)=0P
x=0o0or x=3

x?+3x-10=0P (x+5)(x-2)=0P
x=-5orx=2

1+.41- 412
2x2- x+3=0P x=JP

2(2)
1£+/-23 1£i/23
X = 4 b x= 2

4x7 - 12x+9=0P (2x-3)’=0P x=%

x- 6Jx+8=0P (Vx-4)(x-2)=0p

Jx=4P x=160rJx=2P x=4

1.-2 1..
Lo =2 S 10%- 224 21=0.
g x9 8 x9
Letu=x- l

X

u?-10u+21=0P
(u-Tu-3)=0bP u=7o0ru=3;

X-227p X2 1=7xD
X

2
+ - -
27120 x= 2V 2(4)( Dp
7453

S x- L _3p 22 1=3xp
2 x

+3%-4(- 1
x2-3x-1=0P x:%b
x_34_r\/ﬁ

2
The solution set is

17- 53 74453 3- 13 3+13ii
1 9 9 9

i 2 2 2 2}
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9.a. VBx-1=2x-1P 3x-1=Q2x- )P N I
3x-1=4x?- 4x+1P 4x*- 7x+2=0P L
LTEVED - A@@) 71T i
2(4) g Y
ik
- - 0
x=7 \/ﬁ 3367 \/ﬁ;-1»0.281 2
8 € 8 5 b
- 0
while — .- 1»-0. , SO the . rst, find the equation of the circle wit
h'12£7 \/ﬁll 0.281 h 15. First, find the equati f the circle with
€ 8 4 center (2, —1) and radius determined by (2, —1)
17+170 and (-3, -1):
solution set is { g .
i s r=y2- (32 +(1- (1)? =5,
— — The equation is (x - 2)2 +(y+ 1)2 =52 Now
b. I- )g =2-v2x+l ’ check to see if the other three points satisfy
( 1- x) = (2 - A 2x+ 1) the equation:
1- x=4- 42x+1+2x+1 (2-2%+(@4+1)?2=52p 52 =52,
-4-3x=-4V2x+1 (5-2)2+(3+1)?=52p 32 +4? =57 (true
(-4-3 x)2 = (- 4/2x + 1)2 because 3, 4, 5 is a Pythagorean triple), and
16 +24x+9x% =16(2x +1) (6-2)7+2+)*=5"p 47+3% =57
16+24x+9x2 =32x+16 Since all the points satisfy the equation, they
9x2 - 8x=0D x(9x- 8)=0 lie on the circle.
X - 00X = X(YXx - =
x=00rx=§ 16. x2+y2-6x+4y+9:0P
9 x2-6x+y2+4y:-9.
Check to make sure that neither solution is Now complete both squares:
extraneous. The solution set is {0,8/9}. 2 6x+9+ y2 +4y+4=-9+9+4P
10. a. 2x-5<11P x<8P (-¥,8) (x-3)2+(y+2)? =4
b. -3x+4>-5b x<3b (-¥.3) The center is (3, —2) and the radius is 2.
17. y=-3x+5
11.a. -3<2x-3<5P 0<2x<8P 0<x<4.
The solution set is (0, 4). 18. The x-intercept is 4, so (4, 0) satisfies the
i i 03 o3 equation. To write the equation in slope-
b. 1? H£ ! 12{ £7P ,4 £ 3 2x2£ 6P -2% x3 -3. intercept form, find the y-intercept:
e solution set is [-3, —2]. 0=2(4)+bb -8=b
12 a [2x-1|£7P -7£2x-1£7P The equation is y = 2x- 8.
-6£2x£8P -3£x£4 ) L
The solution set is [~3, 4] 19. The slope of the perpendicular line is the
T negative reciprocal of the slope of the original
b. |2x - 3| 35p 2x-335Pb x3 4or line. The slope of the original line is 2, so the
2%-3£-5P x£-1. slope .of the perpendicular is —.1/2. Now find
The solution set is (-¥,- 1]E [4,¥). the y-intercept of the perpendicular:
5 5 -1=- l(2)+bb b = 0. The equation of the
13. d(A.C)=y(2- 52 +@2- (-2)2 =5 2

d(B.C)=(2- 6)*+(2- 52 =5

Since the lengths of the two sides are equal,

the triangle is isosceles.

. . 1
perpendicularis y = - Ex.
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20. The slope of the parallel line is the same as the

21.

22,

23.

24.

25.

slope of the original line, 2. Now find the y-
intercept of the parallel line: - 1=2(2)+b P

b =-5. The equation of the parallel line is
y=2x-5.

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

perpendicular is —1/4. The perpendicular

bisector passes through the midpoint of the

original segment. The midpoint is

B+5 -1+76

£ 2 2

slope to find the y-intercept:

=4, so the slope of the

3=- %(4)+bb b =4. The equation of the

1
perpendicular bisector is y = - Zx +4.

The slope is undefined because the line is
vertical. Because it passes through (5, 7), the
equation of the line is x = 5.

Use the slope formula to solve for x:
- 11

2=5—D 2(x-5)=-6P 2x-10=-6P
x-5

x=2

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:

2237 -2(x-3)=-4P x-3=2D
x-3

x=5

%)
I

3= (4,3). Use this point and the

26.

27.

28.

29.

62— 2x+yt—dy—4=0

FO=Vi+2+3

y
6
STf)= ~(x =17 +4
4

-2
-3
—4

Let x = the number of books initially
purchased, and 1650 = the cost of each book.
X

Then x — 16 = the number of books sold, and

16506 = the selling price of each book. The

x -
profit = the selling price — the cost, so

1650 i 1650 _10p

x-16 X
1650x - 1650(x - 16) =10x(x- 16) b
1650x - 1650x + 26,400 = 10x% - 160x b
10x% - 160x - 26,400 =0 P
x2- 16x- 2640=0P (x- 60)(x+44)=0P
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. Letx = 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 P

42x=27,000 P 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.

31. a. The domain of fis the set of all values of x

32. a.

b.

which make x+13 0 (because the square
root of a negative number is not a real
value.) So x3 -1or[-1,¥) ininterval

notation is the domain.

y=10+1-3P y=-2;0=/x+1- 3P

3=+vx+1P 9=x+1P 8=ux The
x-intercept is 8, and the y-intercept is —2.

FG-D=y-1+1-3=-3
F(x)>0P Jx+1-3>0P Jx+1>3P

x+1>9P x> 8. Ininterval notation, this
is (8,¥%).

f(-2)=-(-2)=2;f(0)=0> =0,
f2)=2%=4

fdecreases on (-¥,0) and increases on

(0,¥%).

Y

8+

[ [fw=2
Jx)=—x
=5 | SI x
2L

Boa (fog))=g—=

I x
L, 2-2x 2-2x
X X
Because 0 is not in the domain of g, it must

be excluded from the domain of (f 0 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

(fog):z=2b x=1, so 1 is excluded
x

also. The domain of (f o g) is

-¥.0U@0,DUL¥).

(g0 ()= ——=2x- D =2¢- 4,

x-2
Because 2 is not in the domain of f; it must
be excluded from the domain of (g o 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 (g o f).
However, there is no value for x which
makes f(x) = 0. So the domain of (g o f) is

-¥,2)U2,¥).
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The Coordinate Plane

2.1 Practice Problems

1.
y
3_
P(—2,2)
° 2
7(-2.%) il 04,0)
IR R R, L1 1§ 1
-6 -5 -4 -3 =2 -1 0 1 2 3 4 5 6 x
;1_
72_
405(0’_3) °
i R(5, —3)
2. %
6.5 o
6 [ ]
255
© o5
8 45 2
’QE) 4 ®
T35 4
"T2006 2008 2010 2012 2014
Year
3. (x1=y1):( 52); (xz,y2)=(—4»1)
2
d:\/(xz—xl) +(y2—y1)
(4 (5) +(1-2)
=12+ (-1) =2~14
4. 5 (x2.2)=(-2,0)

Copyright © 2019 Pearson Education Inc.

6.

dy == x) + (3 -2,
=\/ 1-(-2))* +(5-0)°
=\(3)* +(5)* =34

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(4, B)=(60-0)? +(0-60)°

= (60)* +(~60) = 2(60)*

= 60+/2 = 84.85 ft

(s 24

2.1 Concepts and Vocabulary

1.

A point with a negative first coordinate and a
positive second coordinate lies in the second
quadrant.

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

The distance between the points P(x;,y;)
and Q(xz, yz) is given by the formula

d(P, Q):\/(xz _xl)z +(y2 _)’1)2~

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

O(x,,y,) are given by

_[XtxX ity
(n)=( B g j

True

False. The point (7, —4) is 4 units to the right
and 6 units below the point (3, 2).

163
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7. False. Every point in quadrant II has a
negative x-coordinate.

8. True.
2.1 Building Skills

y
Sk
‘3“(0,3)
.(—4.2> N )
1,0 11(0,0)

¢ /L I 1
10 12 3%

(3,.—1)
_3 —
_4 f—

(-2, -5)® —51-
(2,2): QI; (3, —1): Q4; (-1, 0): x-axis
(-2, —5): Q3; (0, 0): origin; (=7, 4): Q2
(0, 3): y-axis; (—4, 2): Q2

10. a. Answers will vary. Sample answer:
(_2: O): (_15 O): (O: O): (13 0)3 (2a 0)
The y-coordinate is 0.

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

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

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

12. a. A vertical line that intersects the x-axis
at —3.

b. A horizontal line that intersects the y-axis
at 4.

13.a. y>0 b

c. x<0 d.

y<0

x>0

14. a. Quadrant III b.
¢. Quadrant IV d.

Quadrant I
Quadrant II

In Exercises 15—24, use the distance formula,

d= \/(xz - x )2 +(y,— yl)2 and the midpoint

formula, (x,y) = (%%j .

15.0. d=+2-22+(5-12 =4 =4

2+2 145

2 2 )=(2’3)

i

b =

16.2. d=+(-2-3)2+(5-5)2 =(-5)% =5

b. M= (3+(_2) ﬁ) =(0.5,5)
2 2

17.8. d=yQ2-(-1)>+(=3—(-5))°
=V32+22 =413

-1+2 =5+(=3)

2054

b =

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

—4+(-7) 1+(—9)j=(_55 )
272 w

b =

19.8. d=yG3-(-1)% +(=6.5-1.5)
=42 +(-8)> =80 =4/5

~143 1.5+(—6.5)): (1-25)

b. M:( ,
2 2

20.a. d=y(1-05)+(-1-0.5)
=(0.5% +(-1.5)% =25 = \E =@

M=(0.5+1’0.5+(—1)
2 2

J ~ (0.75,-0.25)

21. a. d=\/(\/§—\/§)2+(5—4)2 V12 =1

b. M= (@%J =(v2,45)
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2.8, d=\(v+w)—(—w)*+(t—1)?
= \I(2w)2 = 2|w|

(v—w)+(v+w)’ﬂ):(v’t)
2 2

23.a. d=+(k—1t)>+(t-k)?

:\/(kz —2tk+t2)+(t2—2kl+k2)

b =

22— agk 42k = \/2(t2 -2tk + &%)

=\2(t—k)? =t - kN2

b, M=(r+k’k+t)
2 2

2.8, d=\(-n—m)>+(m-n)>
=\/(n2 +2mn+m2)+(m2 +2mn+n2)
=~2m?* + 4mn + 2n*
:\/2(m2 +2mn+n2)

=\I2(m+n)2 =x/§|m+n|

b, M :(m+(—n) n+(—m))

:(u m)
27 2
25. P=(-1,-2),0=(0,0),R=(1,2)
d(P.0) =(0- (-)* +(0- (-2))* =5
d(0,R)=J(1-0)* +(2-0)% =5
d(P.R) = (1= (=)’ + (2= (-2))°
22442 =20 =25

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

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

d(P,0)=(0-(-3))% +(0- (~4))* =25 =5

d(0,R)=3-0)% +(4-0)% =25 =5
d(P,R) =3 (-3)* + (4 (-4))?
=67 +8% =100 =10

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

27.

28.

29.

30.

31.

32.

33.

pP= (49 _2)’ Q: (15 3)9 R= (—2, 8)
d(P.0)=[(1-4)’ +(3-(-2))’ =34
d(0.R)=\(-2-1)? +8-3)? =34

d(P,R) = (22— 4)* + (8- (-2))°

=(=6)% +10% =136 = 2434

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

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

P=(-1,4),0=(3,0),R=(11,-8)
d(P,0) = \/(3 — (D)’ +(0-4) =42
d(Q.R) =\(11-3)> +((-8)-0)* =82
d(P,R) =(11- (1) + (-8 - 4)°

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

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

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

P=(1,7),0=(-3,7.5,R=(-7,8)
d(P,0)=\[(-3-1)* +(7.5-7)* =T6.25

d(0,R) =[(-7 = (-3))? +(8—17.5)2
= J16.25

d(P,R)=(-7-1)? +(8-7)}

= (=8)? +1% =65 = 24/16.25
Because d(P, Q) + d(Q, R) = d(P, R), the
points are collinear.

First, find the midpoint M of PQ.
Y =(—4+0’ w)=(_2, 4)
2 2
Now find the midpoint R of PM.
—4+(-2
R= #’M =(_3’ 2)
2 2
Finally, find the midpoint S of MQ.
-2 4
S = (_-'_0’ Lg) = (_1’ 6)
2 2
Thus, the three points are (-3, 2), (-2, 4), and
(-1, 06).
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34.

3s.

36.

37.

38.

39.

40.

First, find the midpoint M of PQ.
- 4+(-12
M:( 8+16’ ( )j:(4’_4)
2 2
Now find the midpoint R of PM.
- 44+ (-4
R= ﬂ’g :(_2’ 0)
2 2
Finally, find the midpoint S of MQ.
—44+(-12
S=(4+16, ( )J=(10’_8)
2 2
Thus, the three points are (—2, 0), (4, —4), and
(10, -8).

d(P,0)= (-1 (=5)* +
d(0,R) = (-4 (-1))* +(1-
d(P,R) = \/(—4 —(=5))" +(1-

The triangle is isosceles.

d(P,0)= \/6 32 +(6-2)° =5
d(Q,R)=\/—1—6 +(5-6)° =52
d(P.R)=(-1-3)* +(5-2)* =5
The triangle is an isosceles triang]e.
d(P.Q) = (0~ (~4))? +(7-8)" =17
d(0.R) =(-3-0)> +(5-7)> =13

d(P.R)= (-3~ (-4) +(5-8)" =10
The triangle is scalene.
d(P,Q)= \/(—1—6)2 +(-1-6)* =72

40, R)=(-5- (D)’ +(3-(-D)’ =42
d(P,R) = [(-5-6)" +(3-6)" =130

The triangle is scalene.

d(P,0) = J9 02+ —9—(-1))* =145
d(Q.R)=(5-9)" +(1-(-9))* =229
d(P,R)=\/5—O +(1-(-1)* =29

The triangle is scalene.

d(P,0) = \/(4 —(—4)) +(5-4
d(0,R)=(0-4)> +(-2-5)* =65
d(P,R) = \/(0 —(-4)) +(2-4)" =213

The triangle is isosceles.

41.

42.

43.

d(P,0) = \/(—1 1) +(1-(=D)* =242
d(Q.R) = J(—ﬁ ~ D) +(=3-1)
=\/(3—2\/§+1)+(3+2\B+1)

=V8=2\2

d(PRy= (5 -1) +(~E- (D)
_\/(3+2I+1)+(3—2J§+1)
=8=2\2

The triangle is equilateral.

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

d(Q,R)=\/ (V3-1 —(—1.5))2+(§—1J2
|

=5
((ﬁ ~1)-(-0.5) ?

)
8-

J((ﬁ ) #1005
!

((¥3-1)
((ﬁ—l)z+3(\/§—1)+2.25)
+(%—\/§+1)

(3—2J§+1+3J§—3+2.25)
+(1.75-43)

(9]

d(P,R) =

+G+\/§+1)
(3—2J§+1+J§—1+0.25)
+(1.75+J§)

=5

The triangle is equilateral.

First find the lengths of the sides:
d(P,0) =(-1-7)? (3 (-12)) =17
d(O,R) = \/(14 (- 1) +(11-3) =17
d(R,S)=(22-14) +(-4-11)> =17
d(8,P)=[(22-7) + (-4 (-12))? =17

(continued on next page)
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(continued)

44.

45.

46.

47.

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

d(P.R)=(14=7)} +(11-(-12))* =172
d(0,5) = (22— (-1))? +(-4-3)* =172

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

First find the lengths of the sides:
d(P.0)=A0-8)" +(-11-(-10))" =2
d(0.R) = (8- 9)> +(-12— (1))’ =42

d(R,S) =\(7-8)> +(-11-(-12))* =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.

d(P.R) =(8-8) +(-12 - (-10)) =2
d(0,8)=(1=9)? +(-11=(-11))* =2

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

s=\(x-2)2 +(2- (1)
=vx?—4x+4+9 =
S5=x?—4x+13=>25=x-4x+13=

0=x>—4x—12=0=(x—6)(x+2)=
x=-2o0rx=6

13= (2= (-10)* + (v - (-3))°
=144 +12 +6y+9
=\y?+6y+153 =

169 = y? +6y +153
0=y>+6y-16=0=(y+8)(y-2)=
y=—8ory=2

P=(-5,2),0=(2,3), R=(x, 0) (R is on the

x-axis, so the y-coordinate is 0).

2 2
d(P,R) = (x - (-5)) +(0-2)
d(Q.R)=(x~2)? +(0-3)?

48.

JE= 52 +(0-2)> =Jx-2)2 +(0-3)?
(x+5)2+(0-2)% = (x=2)% +(0-3)?
X +10x+25+4=x> —4x+4+9
10x+29 = —4x +13

14x=-16
8

xX=—=
7

The coordinates of R are (—g, Oj .

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

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

J0-7) +(r--4)
=J0-8)% +(y-3)
49+ (y —(—4))" = 64+ (y-3)?
49412 +8y+16=64+y> —6y+9
8y +65=—6y+73
14y =8
4

y=7

The coordinates of R are (0,;) .

2.1 Applying the Concepts

49.

50.

y
325

300

2751

250 —

225

Total population (millions)

Tl L1
Y"1980 1990 2000 2010 2020 x

Year

M= (2010+2016 308+324)

2 ’ 2
= (2013, 316)
The population is 2013 was about 316 million.
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51.

52.

53.

54.

5S.

56.

y
20—
18—
172} 16 —
@
12—
10—
'VA | | 1 1 |
1970 1990 2010 X
Year
y

Deaths
o ©
I I

< [ N B
1970 1990 2010 x

Year

Marriages
4 ® o o
I I I I

A

1970 1990 2010 X

Year

Divorces
~ %)
I |

2+

>

B N I R B
1970 1990 2010 X

Year

2014 is the midpoint of the initial range, so
M= (2012 +2016 326+ 425)

- 2 2
=(2014, 375.5)

Americans spent about $376 billion on
prescription drugs in 2014.

>

2014 is the midpoint of the initial range, so
M= (2012 +2016 2497 + 3696)

2 ’ 2
= (2014, 3096.5)

There were about 3097 million Internet users

in 2014.

57.

58.

59.

60.

61.

Percentage of Android sales in June 2013:
51.5%

Percentage of iPhone sales in December 2012:
49.7%

Android sales were at a maximum in June
2014.

1Phone sales were at a maximum in December
2012.

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

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

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

equation, we obtain a’+b>+cr=n%.

|
|
|
|
IS c
i
|
/)____::::
£ ”,d’ b
a
62. a. y
16—
B Middale
12+ °
8_
4 : @ Dullsville Pleasantville
— [ ]
N T T O O O
0 4 8 12 16 20%x
b.  d(D,M)=+/(800-200)* + (1200 - 400)?

C.

=1000
d(M,P)= \/(2000 —800)% + (300 —1200)>
=1500

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

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

=1802.78 miles
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63. First, find the initial length of the rope using

the Pythagorean theorem:

c=+24% +10% =26.

After ¢ seconds, the length of the rope is

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

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

576156t + 9t = x

2.1 Beyond the Basics

64. The midpoint of the diagonal connecting (0, 0)

a+b

and (@ + b, c)is ( ,%j The midpoint of

the diagonal connecting (a, 0) and (b, ¢) is

also [a ; b ,%) Because the midpoints of

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

(b, c) (a+b,c)

©,0] (a,0)"

65. a. If 4B is one of the diagonals, then DC is the

other diagonal, and both diagonals have the
same midpoint. The midpoint of 4B is

2 4 o
(%Si) = (3.5.3.5) . The midpoint of
DC= (3.5,3.5):(”3,&8),

2 2
So we have 3.5=xT+3:>x=4 and
3,5:3’7"'8: y=-1.

The coordinates of D are (4, —1).

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

(%,izg) =(2.5,5.5). The midpoint of

DB= (25,55)= (X;S yTM)

66.

So we have 2.5=xT+5:>x=0 and

5.5=yT+4=> y=7.

The coordinates of D are (0, 7).

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

(5;—3,4;8j=(4’6)_ThemidpointOfDA
is (4,6):()6;2’)’_”) So we have
x+2 V43

4:

=x=6 and 6=T:>y=9.
The coordinates of D are (6, 9).
The midpoint of the diagonal connecting (0, 0)

and (x, y) is (g,%j . The midpoint of the

diagonal connecting (a, 0) and (b, c) is
(a_;—b’%) Because the diagonals bisect each
other, the midpoints coincide. So

x_a+b
2 2
Therefore, the quadrilateral is a parallelogram.

= x=a+b,and Z:£:>y:c.
2 2

67. a. The midpoint of the diagonal connecting

(1,2) and (5, 8) is (%,%j =(3,5).

The midpoint of the diagonal connecting

(-2, 6) and (8,4) is

(_2 8 ,ﬂ) =(3,5). Because the
2 2

midpoints are the same, the figure is a

parallelogram.

The midpoint of the diagonal connecting

(3,2) and (x, y) is (3;x,“—y). The

2
midpoint of the diagonal connecting (6, 3)
and (6, 5) is (6, 4). So ¥ = 6= x=9
and 2ty =4=y=6.
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68. Let P(0, 0), O(a, 0), R(a + b, c), and S(b, c) be

69.

70.

the vertices of the parallelogram.

PO =RS =(a-0)* +(0-0) =|d|

OR=PS = \/((a+b)—a)2 +(c—0)>
=vb> +c?.

The sum of the squares of the lengths of the

sides = 2(a” +b* +¢?).

d(P,R)=+J(a+b)* +c>.

2
d(0,S) = \/(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? =
2a” +2b% +2¢2 =2(a2 +b2 +cz).

Let P(0, 0), O(a, 0), and R(0, b) be the
vertices of the right triangle. The midpoint M

ab
of the hypotenuse is | —,— |.
w (£2)

d(Q.M)= \/(a ?jz . (02‘ % )2
5] o) -5
d(R,M) = \/(0_%)2 +(b_ 3)2

-

2 2
d(P,M)=\/(0—§) +(0—§)
LEEE

Let P(0, 0), O(a, 0), and R(0, a) be the
vertices of the triangle.

V.
R(0, a)

p 0(a, 0) *

71.

72.

Using the Pythagorean theorem, we have

02=a2+a22>02=2a2:>c:\/§a:>
ao o2,
2 2

Since ABC is an equilateral triangle and O is
the midpoint of 4B, then the coordinates of A
are (—a, 0).

y.

A B(a, 0)

D

AB =AC = AB =2a. Using triangle BOC and
the Pythagorean theorem, we have

BC? =0B>+0C? = (24)’ =d* +0C* =
4a® = a* +0C? = 34> =0C* = 0C =3a
Thus, the coordinates of C are (0, x/ga) and

the coordinates of D are (0, - \/ga).

Y.
Q(X27,V2)
[¥2=51
M(x,y
) — 1 °T(xp, y)
P(x1, y)) |2 = x]
[y =l
> S(x, yy)
Px =
(0] X

To show that M is the midpoint of the line
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.

PQ:\/(xz—xl)2 +(»2 _Y1)2

(continued on next page)
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(continued) 2.1 Getting Ready for the Next Section
2 2 2
X +x +
N e R ] SOPRRFCURIN 61 U U S O - A
2 2 2 2 4 4 4 2
2
_ x2_x1) +(J’2 ylj 2 2
(52 (25 SRR e
2 2 2 2 4
_ [\*2 _xl) (J’2 _yl)
[ 4 80.a. (x—1)"+(y+2)>=[(-1)-1]" +(1+2)
2 2
=§\/(xz—xl) +(y2 =) =(-2)+3% =449=13
1
Thus, we have MP =—PQ. b. (x=1)+(y+2)>=(4-1)"+(2+2)
1 =32 +4%=9+16=25
Similarly, we can show that MQ = EPQ .
‘ dpoi sLa P2 8 2.8
Thus, M is the midpoint of PO, and - a E =
(x y):(xl tX N +J/2j.
2 2 b, M:__4 E:j+§:_1+1:0
2.1 Critical Thinking/Discussion/Writing Wy 43 4
73. a. y—axis 82. a. ﬂ+m;ﬂ+__z|zl+i
b. x-axis S (_‘S_ o7
74. a. The union of the x- and y-axes
- ol DB, 23
b. The plane without the x- and y-axes b. +12 3 + 5= +Z=1+1=2
X
75. a. Quadrants I and III 7
2
b. Quadrants II and IV 83, 12— 6x4 (;j =2 6432
76. a. The origin 2 ¢ 9
=x"—-6x+
b. The plane without the origin -
. 2
77. a. Right half-plane 84. 12 —8r+ (_8) — 2 gy +(_4)2
b. Upper half-plane 2 5
=x"-8x+16
78. Let (x, y) be the point. * R
The point lies in if 3)2 9
8S. y2+3y=y2+3y+ — =y2+3y+ —
Quadrant I x>0andy>0 2 4
Quadrant II x<0andy>0 52
2 _ .2 29
Quadrant 111 x<0andy<0 86. y"+3y+ (Ej =yTHSy+
Quadrant IV x>0andy<0 2 2
y 87. «x —ax+(—) =x’—ax+ —
_4
R I D! 5 5
88. x2+xy+(§) :x2+xy+ —
0 x —

(=) (+,-)
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2.2 Graphs of Equations

2.2 Practice Problems

1.

y= —x?+1
x y=—x*+1 )
-2 y=—(-2?%+1 (-2,-3)
-1 y=—(-1?%+1 (-1,0)
0 y=—(072+1 0, 1)
y=—(1Y+1 (1,0
2 y=—2)7+1 (2,-3)
y
R
| SN
—4 0 2 4 x
To find the x-intercept, let y = 0, and solve the

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

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

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

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

(-x)* = y2 =1=>x? =y =1, which is the
same as the original equation. So the graph is
symmetric about the y-axis.

x-axis: x° = (—y)3 = x? =—y3, which is not
the same as the original equation, so the

equation is not symmetric with respect to the
X-axis.

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

origin.

5.

y=—t*+77% +324
a. First, find the intercepts. If z = 0, then
y =324, so the y-intercept is (0, 324).
If y =0, then we have
0=—1*+77t* +324
*=77* -324=0
(tz = 81)(t2 +4) =0
(e+9)(t=9)(:* +4)=0=1=-9,9, +2i
So, the #-intercepts are (—9, 0) and (9, 0).
Next, check for symmetry.
t-axis: —y = —t* +771* +324 is not the

same as the original equation, so the
equation is not symmetric with respect to
the 7-axis.

y-axis: y=—(=t)" +77(~1)* +324 =

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

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

origin: —y =—(—1)* +77(~1)” +324 =

—y = —t* +77¢% + 324, which is not the

same as the original equation. So the graph
is not symmetric with respect to the origin.
Now, make a table of values. Since the
graph is symmetric with respect to the
y-axis, if (¢, 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 > 0.

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

(continued on next page)
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(continued)

2000

OOO/\
LYttt |

[
8—6-4-20] 2 4 6 8 t
—1000 —

—2000 —

2000 —
1800
1600
1400
1200
1000
800
600
400
200

Ll

b. 0] 1234567891071

c¢. The population becomes extinct after 9
years.

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)? +(y+6)% =100.

7. (x=2) +(y+1)° =36= (hk)=(2,-1), r=6
This is the equation of a circle with center
(2, —1) and radius 6.

y
8_
6

L1l
86420« 4 6§10
4E@-D

-8

8. x’+3’+4x-6y-12=0=
xX+4x+yt—6y=12
Now complete the square:
XX +dx+4+y7 —6y+9=12+4+9=
(x+2)* +(y-3)> =25

This is a circle with center (2, 3) and
radius 5.

2.2 Concepts and Vocabulary

1.

8.

The graph of an equation in two variables,
such as x and y, is the set of all ordered pairs
(a, b) that satisfy the equation.

If (-2, 4) is a point on a graph that is
symmetric with respect to the y-axis, then the
point (2, 4) is also on the graph.

If (0, —5) is a point of a graph, then —5 is a

y- intercept of the graph.

An equation in standard form of a circle with
center (1, 0) and radius 2 is (x - 1)2 + y2 =4.
False. The equation of a circle has both an
x%-term and a y2 -term. The given equation

does not have a y2 -term.

False. The graph below is an example of a
graph that is symmetric about the x-axis, but
does not have an x-intercept.

d_'_'_'_'_,_,_,—-

-\_\_\_\_\_‘_‘—\—\.

False. The center of the circle with equation
(x+3)° +(y+4)> =9 is (-3, —4).

True

2.2 Building Skills

In exercises 9—14, to determine if a point lies on the
graph of the equation, substitute the point’s
coordinates into the equation to see if the resulting
statement is true.

9.

10.

11.

12.

on the graph: (-3, —4), (1, 0), (4, 3); not on the
graph: (2, 3)

on the graph: (-1, 1), (1, 4), (—%,0] ; not on

the graph: (0, 2)

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

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

1
(0, 0), (—3,5)
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0,0
13. on the graph: (1, 0), (2,@),(2,—«/5);n0t0n 20. Ll ll( )|l L
- =3 - X
. -1, - Ra, -n
the graph: (0, -1) .
o 5k
14. Each point is on the graph. DY S E W
15. Y s
5 6
_7_
3 _gb
1,0 0, nL/ (=3,.-9 -9 (3.-9
I N (NI —-10
S AT 3 5k y
N 21.
(=2,-1)
(-3,-2) -5
16.
22.
17. y 23.
or (.6)
4= 2.4
(0.0)2* (1,2)
1 Y I
-6 —4 -2 L 2 4 6 X
-1L-2¢ -
(~2, ~4) o —a1 24.
-3.-6d -6
18. y
3_
2 3, 15)
L @D 25.
0,0 (1,0.5)
L1 L1
-3 -2 - 1 2 3X (=1,3)
TE=(-1,-0.5)
2D 2. ¢
-2 L5 >0
(=3, —1.5) -5 -3 5 x
19. Yy i
10— (=3, -5)
(=3.9) 91 (3.9) =ln S
81— —61~
s -7
6_
5
(2,4 4+ 2,4
3_
2_
(—LLRI-#(, 1)
LT NGAL 1111

0,0
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26. 31. y
4_
3_
(=3.5) 3.5 L @126
(1, 1)
iy (3, 1.44)
[ [
—4 -3 -2—1 1 2 3 4%
G G 1m0
-5 -3 5 x (=3, —1.44)\ |21
(-2,-120)| 3|
(=1,=1)
(-1,-3) (1, -3) Ll
32. y
4+
(3, 1.44) .
27. (=2, 1.26)
2_
(-1, 1 [~ (0,0)
L1 [
—4—3-—2-10L1 2 3 4x
71 =
_29’71)
28. 3l @ -126)
* (3, —1.44)
74_
33.
29.
34.
30.
A 35.
~15-00
253, -27)

L1
—4-3-2-10 1,/2 3 4%
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36. y 47. Y

48. Y
For exercises 37-46, read the answers directly from
the given graphs.
37. x-intercepts: —1, 1 X

y-intercepts: none
symmetries: y-axis

38. x-intercepts: none
y-intercepts: —1, 1 49, y
symmetries: x-axis

39. x-intercepts: -z, 0, 7

y-intercepts: 0
symmetries: origin

40. x-intercepts: —E, z
22

-int ts: 2 )
y-intercep s' ' 50. y
symmetries: y-axi1s

41. x-intercepts: -3, 3

y-intercepts: —2, 2
symmetries: x-axis, y-axis, origin x

42. x-intercepts: -2, 2
y-intercepts: -3, 3
symmetries: x-axis, y-axis, origin

43. x-intercepts: -2, 0, 2 51. To find the x-intercept, let y = 0, and solve the
y—intercepts: 0 o equation for x: 3x+4(0)=12=x=4. To
symmetries: origin find the y-intercept, let x = 0, and solve the

44. x-intercepts: -2, 0, 2 equation for y: 3(0)+4y=12= y=3. The
y-intercepts: 0 x-intercept is 4; the y-intercept is 3.

symmetries: origin .
52. To find the x-intercept, let y = 0, and solve the
45. x-intercepts: -2, 0, 2 5
y-intercepts: 0, 3 equation for x: 2x+3(0)=5=x= 5 To

Symmetries: y-axis find the y-intercept, let x = 0, and solve the

46. x-intercepts: 0, 3
y-intercepts: -2, 0, 2
symmetries: x-axis

equation for y: 2(0)+3y=5=y= % The

x-intercept is 5/2 ; the y-intercept is 5/3 .
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53.

54.

SS.

56.

57.

58.

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

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

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

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

equation for y: y = e —2. The x-

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

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

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

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

To find the x-intercept, let y = 0, and solve the
equation for x: x = 0% - 5(0)+6=>x=6. To
find the y-intercept, let x = 0, and solve the
equation for y: 0=y2 -Sy+6=>y=2or

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

59.

60.

61.

62.

63.

64.

To find the x-intercept, let y = 0, and solve the
equation for x: x> +0*=4=x=42. To
find the y-intercept, let x = 0, and solve the
equation for y: 0% + y2 =4= y=12. 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:

(x=1°+02=9= x—1=43=
x=-2orx=4

To find the y-intercept, let x = 0, and solve the
equation for y:
(0-11+y2=9=1+)2=9=,2 =8=
y=+J8 =122

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

To find the x-intercept, let y = 0, and solve the
equation forx: 0 =+9— x? = x=43. To
find the y-intercept, let x = 0, and solve the
equation for y: y=+9— 0? = y=3. The
x-intercepts are —3 and 3; the y-intercept is 3.

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

the equation for x: 0 = Vx?-1= x=%1. To
find the y-intercept, let x = 0, and solve the
equation for y: y = 702 =1 = no solution.
The x-intercepts are —1 and 1; there is no
y-intercept.

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

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

is no x-intercept; there is no y-intercept.

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

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

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

y= 0> +1= y =1. There is no x-intercept;
the y-intercept is 1.
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In exercises 65-74, to test for symmetry with respect 69.

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

65. —y= x% +1 is not the same as the original

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

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

symmetric with respect to the y-axis. 70.

—y=(—x)2 +1= —y=x2 +1, is not the
same as the original equation, so the equation
is not symmetric with respect to the origin.

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

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

—X= (_)’)2 +1l=> —x= y2 +1 is not the same

as the original equation, so the equation is not 7

symmetric with respect to the origin.

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

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

-y= ~(x*+x)= y=x>+x, sothe equation

is symmetric with respect to the origin. 72.

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

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

y= 2(—x)3 —-(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.

—y=2(—)c)3 —(x)=>-y= 2% +x=
—y=—2(x3 —x):>y=2x3 - X, so the

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)? = y=5x*+2x2, 50
the equation is symmetric with respect to the
y-axis.

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

_ 6 4, 2.

—y=-3x"+2x" +x” is not the same as the

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

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

—y =30 +2(-0)* + () =

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

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

-y= —3x° +2x> is not the same as the

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

y=-3(-x)> +2(-x)’ = y=3x"-2x" is
not the same as the original equation, so the
equation is not symmetric with respect to the
y-axis.

- 5 3 _ 2.5 3
-y ==3(-x)" +2(-x) = -y=3x"-2x" =
-y= —(—3x5 + 2x3) =>y= -3x% +2x°, 50
the equation is symmetric with respect to the
origin.
-y= 2x2 - |x| is not the same as the original

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

y= 2(—x)2 —|—x| = y= 2x2 —|x , so the

equation is symmetric with respect to the
y-axis.

— 2 _ "2 .
-y =2(=x) —|—x| = —-y=2 —|x| is not
the same as the original equation, so the

equation is not symmetric with respect to the
origin.
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73.

74.

x2(=y)? +2x(=y) =1= x2y? —2xp =1 is
not the same as the original equation, so the
equation is not symmetric with respect to the
X-axis.
(—x)zy2 +2(—x)y=1= )c2y2 —2xy=11s
not the same as the original equation, so the
equation is not symmetric with respect to the
y-axis.

2 2
=)=y +2=0)(-y) =1=
x? y2 +2xy =1, so the equation is symmetric
with respect to the origin.

x? +(—y)2 =16 = x? +y2 =16, so the
equation is symmetric with respect to the
x-axis.

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

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

For exercises 75-78, use the standard form of the

equation of a circle, (x — k) +(y —k)* = 2.

75.
76.

77.

78.

79.

Center (2, 3); radius = 6
Center (-1, 3); radius =4

Center (-2, —3); radius = Vi1

Center (l,—é) ; radius = ﬁ
27 2 2

P r(y-)r=4

y

80.

81.

82.

83.

(x-1*+y* =1
y

L5~

L
, /\
L g0y |

0 0.5 1 1.5 25 X
=05

-1

x+D)2+(y-2)2=2

-2-15-1-050[ X

x+2)%+(r+3)%2=7
,

Find the radius by using the distance formula:
d=\(-1-3)% +(5— (~4)2 =97 .
The equation of the circle is
(x=3)? +(y+4)* =97.
y
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84. Find the radius by using the distance formula:

d=\(-1-2)> +(1-5)> =25 =5 . The
equation of the circle is
(x+1D)*+(y-1)? =25

y
(2.5)

=L D
°
I |

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

86.

87.

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

y
5
4
3
2
1

The circle touches the y-axis, so the radius
is 1. The equation of the circle is

x-D)*+(y-2)* =1

;
o

2.5
2

1.5
A

05—

s 15T >

Find the diameter by using the distance
formula:

d=\(-3-7)>+(6-4)% =104 =226 .

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

M=(7+(—3),4+6
2 2

of the circle is (x —2)? +(y—5)2 =26.

j =(2,5). The equation

y
1=
10,
3|
7 —
6 2,9
5 @
ik
M
M
L N {111
-4 -2 0/ 123456738%Xx
88. Find the center by finding the midpoint of the
diameter: C = (ﬁ, 3+ 5) = (5, l)
2 2
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-52+(y-12>=25.
y
I Y 74 Y I B |
X
:(2, -3)
89.a. x’+y?-2x-2y-4=0=
x*—2x+y?-2y=4
Now complete the square:
X2 =2x+1+ )yt 2y +1=4+1+1=
(x=1)%+(y-1)? =6. This is a circle with
center (1, 1) and radius J6 .
b. To find the x-intercepts, let y = 0 and solve

for x:
(x=1)2+0-12=6=(x-1)°+1=6=
(x=1) =5=x-1=+/5=x=1%5
Thus, the x-intercepts are (1 +4/5 , O) and
(1-+5.0).

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

O-D2+(-Dl=6=1+(y-1)=6=
(y—l)2 =5=>y—1=i\/§=>y=li\/§
Thus, the y-intercepts are (O, 1++/5 ) and

(0.1-5).
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90. a.

91. a.

92. a.

x? +y2 —-4x-2y-15=0=>

x? —4x+y2 -2y=15

Now complete the square:

xP—dx+4+y? —2y+1=15+4+1=
(x—2)% +(y—1)* =20. This is a circle
with center (2, 1) and radius 25 .

To find the x-intercepts, let y = 0 and solve
forx: (x=2)2+(0-1)%=20=
(x-2)°+1=20= (x-2)* =19 =
x—2=i\/E:>x=2i\/E

Thus, the x-intercepts are (2 ++/19 , O) and
(2-+19,0).

To find the y-intercepts, let x = 0 and solve
fory: (0-2)>+(y-1)%?=20=

4+(y-121=20=(y-1)° =16=
y=l=t4d=y=-3,5

Thus, the y-intercepts are (0, —3) and (0, 5).

20242yt +4y=0=

2(xz+y2 +2y)=0= x? +y2+2y=0.
Now complete the square:

24242y +1=0+1= X2+ (y+1)? =1.

This is a circle with center (0, —1) and
radius 1.

To find the x-intercepts, let y = 0 and solve
forx: x> +(0+1)?=1=x>=0=x=0
Thus, the x-intercept is (0, 0).

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

0> +(y+)’=1= y+l=4l=y=0,-2
Thus, the y-intercepts are (0, 0) and (0, —2).

3x2+3y2+6x=0=

3(x2 +y2 +2x)=0= x? +2x+y2 =0.
Now complete the square:

X4 2x+1+ 2 =0+1= (x+1)% + % =1.

This is a circle with center (—1, 0) and
radius 1.

b. To find the x-intercepts, let y = 0 and solve
for x:
(x+D)?+0* =1 x+1=41=x=0, -2
Thus, the x-intercepts are (0, 0) and (=2, 0).
To find the y-intercepts, let x = 0 and solve
for y: (O+l)2+y2 :1::>y2 =0=y=0
Thus, the y-intercept is (0, 0).
93. a. x2+y2—x=0:>x2—x+y2 =0.
Now complete the square:
x’ —x+l+y2 :O+l:
4 4
2
1 ) 1 .. . .
x——| +y° =—. This is a circle with
2 4
1 .1
center | —,0 | and radius —.
2 2
b. To find the x-intercepts, let y = 0 and solve
1Y 1 11
for x: (x——j +0l = x——=ft—=
2 4 2 2
x =0, 1. Thus, the x-intercepts are (0, 0)
and (1, 0). To find the y-intercepts, let x =0
and solve for y:
2
1 2 1 > 11
O-=| +y"' ===y " +—-—=—-=
( 2) YRR T YTy
y2 =0=y=0.
Thus, the y-intercept is (0, 0).

94. a. x2+y2+1=0:>x2+y2 =—1. The
radius cannot be negative, so there is no
graph.

b. There are no intercepts.
2.2 Applying the Concepts

95. The distance from P(x, y) to the x-axis is |x|

while the distance from P to the y-axis is | y|.

So the equation of the graph is |x| = | y|.

96. The distance from P(x, y) to (1, 2) is

J=1)2+(y=2)? while the distance from

Pto(3,-4)is (x—3)2 +(y+4)? .

So the equation of the graph is

Ja-12+(-2)2 =Jx-3)2 +(y+4)2 =
x-D2+(-2=(x-3)+(y+4)*=>

(continued on next page)
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(continued) c. P
15
2 2 ./\_
-2x+1+y" —4y+4= =
x * Y Y ||||||5\|||||
x2—6x+9+ > +8y+16= B S N
Ox—4y+5=—6x+8y+25= —oC
| s 20|~
4x—20=12y:>y=§x—§. 30k
97. If you save $100 each month, it will take 24 Because ¢ = 0 represents July 2018, ¢t =-6
months (or two years) to save $2400. So, the represents January 2018, and t =5
graph starts at (0, 0) and increases to represents December 2018.
(2, 2400). It will take another 30 months (or To find the -i P=0and sol
2.5) years to withdraw $80 per month until the d. To find the -intercept, set P =0 and solve
$2400 is gone. Thus, the graph passes through for: 0=-0.5/ -3t +8 =
(4.5, 03. - 3+4(-3)2 - 4(-05)8) 3425
2400 2(-0.5) -1
_ 2000 =2or-8 .
g The t-intercepts represent the months with
g 1500 - no profit and no loss. In this case, r = —8
= makes no sense in terms of the problem, so
5 1000 = we disregard this solution. # = 2 represents
2 50l Sept 2018.
| | I I | e. To find the P-intercept, set = 0 and solve
o2 A ! for P: P =-0.5(0)> —3(0)+8= P=8.
) ) The P-intercept represents the profit in July
98. Ifyou jog at 6 mph for 10 minutes, then you 2018.
1 _ .
have traveled 6(3) =1 mile. So the graph 100. a. p
starts at (0, 0) and increases to (10, 1). Resting 200 =
for 10 minutes takes the graph to (20, 1). It 19:5
. . . 19.0
will take 20 minutes to walk one mile at 3 185
mph back to the starting point. Thus, the graph 18.0
passes through (40, 0). 17.5 )
. 17.0 |- P==0.0022 + 0511+ 17.5
= T o
o1 2 3 4 5 61
ks b. To find the P-intercept, set ¢ = 0 and solve
= for P: P =-0.002(0)> +0.51(0)+17.5 =
P =17.5. The P-intercept represents the
| | | number of female college students (in
0 10 20 30 40 x millions) in 2005.
Minutes
S 2
99. a. July 2018 is represented by ¢ = 0, so March 101.a. | | Height = —16¢" +128¢+320
2018 is represented by ¢ = —4. The monthly 0 320 feet
I;Oﬁt (f)o; Mjr;:h 135 dzterrr;me;ilt;y N ] 432 feet
=-0.5(-4)" -3(-4)+8 = .
(=47 =34 mition 2 512 feet
b. July 2018 is represented by ¢ = 0, so 3 560 feet
October 2018 is represented by ¢ = 3. So the
monthly profit for October is determined by 4 576 feet
P=-0.53)>-3(3)+8=-$5.5 million. 5 560 feet
This is a loss. 6 512 feet

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

Section 2.2 Graphs of Equations 183

102. a. d

b. y )
600 y=-16t+ 128t + 320
400
200
[ N B
of 2 4 6 8 1\r
—200
c. 0<5¢r<10

d. To find the #-intercept, set y = 0 and solve
for

0=—16¢> +128+320 =

0=-16(t> -8 —20) =
0=0-10)t+2)= t=10o0r¢t=-2.
The graph does not apply if <0, so the
t-intercept is 10. This represents the time

when the object hits the ground. To find the
y-intercept, set = 0 and solve for y:

y =-16(0)% +128(0) + 320 = y = 320.
This represents the height of the building.
_ 40 2
d=3r1- =72

9
200

L1 11 1| 1
0] 10 20 30 40 50 6§ 70 80 7

—100—

—200—

b. 0<t<60

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

2.2 Beyond the Basics

103. x> +y?-4x+2y-20=0=

x?—4x+y?+2y=20=
xP—dx+4+y? 12y +1=20+4+1=
(x=-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

257 x2+y? —4x+2y-31=0=
x2—4x+y2+2y=31:>
x*—dx+4+y? 12y +1=31+4+1=
(x-22+(r+1)*=36

104.

So, this is the graph of a circle with center
(2, -1) and radius 6. The area of this circle is
367r. Both circles have the same center, so
the area of the region bounded by the two
circles equals 3677 —257z =11zx.

y
5

¥4yt —4x+2y-31=0

T T TTT

x2+y?—dx+2y-20=0

Using the hint, we know that the center of the
circle will have coordinates (0, k).

Y,

C(0, k) ¢

_4M_/4 X

v,

_4/__\4
o

C(0, k) ¢

Use the Pythagorean theorem to find .

P +4°=52=2k>+16=25=k=9=
k=13

The equations of the circles are

x? +(yi-3)2 =52
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2.2 Critical Thinking/Discussion/Writing b. First find the radius of the circle:
d(4,B) =+/(a-0)* +(b-1)>
105. The graph of y2 = 2x is the union of the (4.5) \/( 3 ) (2 )
=\a " +(b-1)" =
graphs of y = V2x and y= —2x.

§ a2+ (b-1)?

3 B 2 ’

S ~ The center of the circle is

y = 2x

Wk ' a+0 b+1)_(a b+l
L1 2 72 ) 272

0 1 2 3 4 5 X
1P So the equation of the circle is
ol y= 2 ( a)z ( b+1)2 a’+(b-1)>2
x——| +|y- = .
-3 2 2 4
To find the x-intercepts, set y = 0 and solve
106. Let (x, y) be a point on the graph. The graph is for x:
symmetric with regard to the x-axis, so the a\? b1V a2+ (b 1)2
point (x, —) is also on the graph. Because the (x - —) + (0 - ) =
graph is symmetric with regard to the y-axis, ) 2 5 5 4 5
the point (=x, y) is also on the graph. 2 emr (b+D* _a”+(b-1)
Therefore the point (—x, —y) is on the graph, 4 4 4
and the graph is symmetric with respect to the 4x? —dax+a’ +b> +2b+1=a’ +b*> - 2b+1
origin. The graph of y = x> isan example of 4x> —dax+4b=0
a graph that is symmetric with respect to the x—ax+b=0
origin but is not symmetric with respect to the The x-intercepts are the roots of this
x- and y-axes. equation.
107. a. First find the radius of the circle: c¢. a=3andb = 1. Approximate the roots of

d(4,B) = /(6 _ 0)2 +(8— 1)2 =35 = the equation by drawing a circle whose

diameter has endpoints A4(0, 1) and B(3, 1).

55 3

r= T The center of the circle is (5,1) and the

The center of the circle is 3

(6 +0 1+ 8) B ( 3 9) radius is 5 The roots are approximately
2 2 ) \T2)

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

y

So the equation of the circle is

2
(x—3)2+(y—2J -8

2 4
To find the x-intercepts, set y = 0, and solve
for x:
5 9} 85
(x=3) +(0——) =—=
2 4

(x—3)2+%=875=>x2—6x+9=1=>

x?—6x+8=0
The x-intercepts are the roots of this
equation.
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108. a. The coordinates of the center of each circle

are (r, r) and (3r, r).

y

X

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

y

Aot = r(2r) =22

A

Tect
1

sector § — Z
=277 - (liz'r2 +l72'r2)
4 4

=22 —%ﬂrz =(2—%)r2

A 7r?

sector R =

A

shaded region

2.2 Getting Ready for the Next Section

109.

110.

111.

112.

113.

114.

53 21
6-2 4 2
-2 11
2-2 -4 4

3-1 2 1
2-(-6) 4 2
111
2 4 _4_18_2
g \ 4) 8

115.

117.

119.

120.

121.

122.

123.

124.

2.3

1 6. 1
2 3
3 ns. -2
2 4
11

2, 41 1
__=_____2=__
L1 4 2

2 2
5_(_3) 19
6 4)_ 1219

2.1 7 575

3 4 12
2x+3y=6=23y=-2x+6=>y=——x+2
E_Z=3:>_Z=_£+3:>y=_x_15
2 5 5

y—2—§(x+l)=0=>y—2=§(x+l)=>
2 2 2 8
y=—x+—-+2=—x+—

3 3 3 3

0.1x+02y=0=02y=-0.lx= y=-0.5x

Lines

2.3 Practice Problems

1.

-3-5 8

() 13

A slope of —% means that the value of y

m

decreases 8 units for every 13 units increase
inx.

2
P(-2,-3), m=-=
(-2.-3) 3
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_4-6 -10 7. First, solve for y to write the equation in
3. m= S3-(-1) -5 5 slope-intercept form:
. . . . 3x+4y=24=4y=-3x+24=
Use either point to determine the equation of 3 3
the line. Using (-3, —4), we have y=-=x+6.Theslopeis -~ , and the
y—(—4)=5[x—(—3)]$y+4:5(x+3): ) 4 ) ) ] 4 )
tA=5c415= v=5x+11 y-intercept is 6. Find the x-intercept by setting
[); . __1 6 hy - y = 0 and solving the equation for x:
sing (-1, 6), we have 3 3
y—6=5[x—(—1)]=>y—6=5(x+1)=> OZ—Zx+6:>6=Zx:>8=x.Thus, the
y-6=5x+5=y=>5x+11 graph passes through the points (0, 6) and
(8, 0).
4. y-y = m(x—xl):> y—(-3)=2(x-0)
point-slope form ok
y=(-3)=2(x-0)= 8 -
y+3=2x=y=2x-3 &
4
5. The slope is 2 and the y-intercept is 4. The LLLLLLL "2 LN
’ P 3 Y p : 2 4 6 8NQx

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

0

8

6

HENG:2)
Pyt

—8—-6—4-20

-2

—4

—6

-8

—10

TTIATTTTTT
o
— N

Ny
(o)

1111
10x

P —

TTTTTTTTTT

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

y-intercept. The x-intercept is —3.
y="17. The slope is 0, and the y-intercept is 7.

N B Ao OF
I

I I I I
-8 64200 2 4 6 8%

-8-6-4-20
-2

—4
-6
-8
—10

TTTTTTTTTTITTT]

. Use the equation H =2.6x+65.

Hy=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 m and 1.794 m.

9. a. Parallel lines have the same slope, so the

3-7_4_4
2-5 -3 3’
Using the point-slope form, we have

slope of the line is m =

y=5=3[r-(9)]=3r-15=4(x+2)=
3y—15=4x+8=4x-3y+23=0

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=

5y:_4x—1:y:—%x—%.Theslopeof

a line perpendicular to this lines is %

Using the point-slope form, we have
y—(—4)=%(x—3)=>4(y+4)=5(x—3)=>
4y+16=5x-15=5x-4y-31=0
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10.

Because 2016 is 10 years after 2000, set
x=10. Then y = 0.44(10) + 6.70=11.1
There were 11.1 million registered
motorcycles in the U.S. in 2016.

2.3 Concepts and Vocabulary

1.

7.
8.

The slope of a horizontal line is 0 ; the slope
of a vertical line is undefined.

The slope of the line passing through the
points P =(x;, y;) and Q=(x,, y,) is given
Y2=0

by the formula m = .
X2 =%

Every line parallel to the line y =3x—2 has
slope, m, equal to 3 .

Every line perpendicular to the line

y =3x-2 has slope, m, equal to —%.

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

1

equal to —

False. The y-intercept of the line y =2x-3 is
equal to —3.
True

True

2.3 Building Skills

10.

11.

12.

13.

14.

7-3 4
=——=—; the graph is rising.
MEgoy Ty e £
0-4 —4
m =——=—=-2; the graph is falling.
20 2 grap g
2-(=2) 0 .
m=———==—=0; the graph is
26 8 grap
horizontal.
_7-(4) 11

m= = — = slope is undefined; the
-3-(3) O

graph is vertical.

m:_3'5_2:£:—2.2; the graph is
3-05 25
falling.
-3-(-2) -1 D
=————=—=1; the graph is rising.
N R srph I TS

15.

16.

17.
19.

21.

22.

23.

24.

25.

26.

5-1

m=-——————

(1++2)-+2

rising.

—%= 4 ; the graph is

3J3-0 _3\/§—§-the raph
(+B)--35) 25 "2

is rising.

0, 18. ¢,

0, 20. ¢,

£, passes through the points (2, 3) and
-3 T

(5.4 my =—— ==

£, is a horizontal line, so it has slope 0.

¢ 5 passes through the points (2, 3) and
1-3

(0, _1) I’I’lg3 Z_sz

2.

¢ 4 passes through the points (=3, 3) and
-1-3 4

0, -1). = =——.

O=D-m =323 73

(0,5); m=3
y=3x+5

—8—6-4-2 0
-2

—4
-6
-8

Lt m
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27.

28.

29.

30.

1
=—x+4
773

I
2 4 6 8 10x

TTTTTTTTTT T T

1
=——x+4 0
y 2x X

—-8-6-4-20
-2

—4
-6
-8

-10

3 3
“1=—2(x-2)= y-l=—-2x+3=
y 2( )=y 2

3
=——x+4
Y77

—‘NL.JJ:%L
AU
i
N
-

-6 -4 —2_0
-2
-3
—4
-5
-6

2 2 2
=—(x+D)=>y=—x+—
y 5(x )=y FRRR

36.

2 “4,2)
-1,0) 1/
Ll 1NA
5—4 : :

31.

. 32.
(=2,5) (0, 4)

33.
B 2,1
L 2 ¢

3s.

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

N I S N N S
I

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

N N N
I

S, —4e

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

the equationis y =—x+1.

m= % = 2. The y-intercept is (0, 1), so the
equationis y =2x+1.
3-3
= 3 D =0 Because the slope = 0, the

line is horizontal. Its equation is y = 3.

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

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

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

S04
7 7 7
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37.

38.

39.

40.

41.
43.
45.

47.

49.

50.

51.
53.

1-(-1) 2 55.

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

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

the equation in slope-intercept form.

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

=241
V=3T3

—-9-(3 6 . .
m= 2= = ——. Now write the equation
6-(-1) 7
in point-slope form, and then solve for y to
write the equation in slope-intercept form.

y+3=—g(x+l):> y+3=—§x—éz>

7 56.
__6 27
A
o7
m=—4=i=—z.Nowwritethe
1172
2 2

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

7 7
form. y-2=—-—x=y=——x+2
orm. y SX=y=—o%

m= 3-C7) = 10 = the slope is undefined.
4-4 0

So the graph is a vertical line. The equation is

x=4.

57.
x=5 42. y=15
y=0 4. x=0
y=14 46. y=2x+5
2

y=—§x—4 48. y=-6x-3
4-0 4

m= =—; y=—x+4
0-(-3) 3 3
-2-0 2 2

- -2 y=-Zx-2

0-(-5 5 5

y=17 52. x=4

y=-5 54. x=-3

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

0=3x—2=>3x=2=>x=§

The x-intercept is (% , 0) .

y

I
o W
fo)

/

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

0=—2x+3:>2x=3:>x=%

The x-intercept is (%, 0).

y

x+2y—4=0:>2y=—x+4:>y=—%x+2.

The slope is —1/2, and the y-intercept is (0, 2).
To find the x-intercept, set y = 0 and solve for
x:x+2(0)-4=0=>x=4.

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

190 Chapter 2 Graphs and Functions

1
58. 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=30)-9=x=-9.
y
6 f—

59. 3x—2y+6=0z3x+6=2y=>%x+3=y.

The slope is 3/2, and the y-intercept is (0, 3).
To find the x-intercept, set y = 0 and solve for
x:3x-2(0)+6=0=3x=-6=>x=-2.

60. 2x=—4y+15=2x-15=-4y=

1 15 .
—5% +? = y. The slope is —1/2, and the
y-intercept is 15/4 . To find the x-intercept,
set
y =0 and solve forx: 2x =—-4(0)+15=
x=15/2.
Y
0
sk
\i_
2 \
-6 —4 2 2 4 6 s\re;f
4l
—6F

61. x—-5=0= x=35. The slope is undefined,

and there is no y-intercept. The x-intercept is
5.

62. 2y+5=0:>y=—§. The slope is 0, and the

y-intercept is —5/2 . This is a horizontal line,
so there is no x-intercept.

63. x=0. The slope is undefined, and the
y-intercepts are the y-axis. This is a vertical
line whose x-intercept is 0.
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64. y=0.The slope is 0, and the x-intercepts are

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

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

equation of a line is R
a
65. T+2=1 66. -S4+ =1
4 3 3 2
67. 2x+3y=6=>2—x+3—y:§:£+121;
6 6 6 3 2

x-intercept = 3; y-intercept = 2
68. 3x—-4y+12=0=3x-4y=-12=
3 —
3x 4y -2 x.y_,
-12 -12 -12 4 3
x-intercept = —4; y-intercept = 3
69. 2x—3y—l2m X 3V _ X Y,
12 12 6 4
The x-intercept is 6 and the y-intercept is —4.
)7

o
/3 x
/_4
3x_4_y=1:>x y

70. 3x-4y=12=— ——-==1

12 12 4 3

The x-intercept is 4 and the y-intercept is —3.
y

=
s

y

M. —Sx+2y=10m -2 5 XV,
1010 25

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

o

/

/ x

72 —dxtSy=20m X 0 g X Y
20 20 5 4
The x-intercept is —5 and the y-intercept is 4.
y

v~

/ X

73. m= -4 = 3 =1. The equation of the line
7-2 5

through (2,4) and (7,9)is y—4=1(x-2)=

y=x+2. Check to see if (—1, 1) satisfies the

equation by substitutingx=-1 and y = 1:

I=-1+2=1=1. So (-1, 1) lies on the line.

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

through (7, 2) and (2, —3) is

y—2=1(x—7)= y=x-5. Check to see if

(5, 1) satisfies the equation by substituting x =

Sandy=1:

I1=5-5=1=0.

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

74.

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

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

__3
y——Zx.
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76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

From exercise 75, the slope of the given line is
—%. Any line perpendicular to this line will
have slope %. The line that passes through the

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

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

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

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

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

—_ —_2,414
3y=-2x+14=y= SX+3

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

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

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

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

nor perpendicular.

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

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

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

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

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

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

87.

88.

89.

90.

91.

92.

93.

9.

Both lines are vertical lines. The lines are
parallel.

The slope of 2x+3y =7 is —2/3, while

y =2 is a horizontal line. The lines are
neither parallel nor perpendicular.

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

The equation of the line through (-1, 3) with
slope -2 is

y=3==2(x—(-1))=> y-3=-2(x+1)=
y=3=-2x-2=y=-2x+1.

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

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

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

2—(-2
2)is #1) =—1. The equation of the line

through (-2, —5) with slope —1 is
y—(-5)= —(x—(—2))=> y+5=—(x+2)=
y+5=—x-2=>y=—x-"7.
The slope of the line joining (-2, 1) and (3, 5)
s oL 4

3-(-2) 5
The equation of the line through (1, 2) with
slope % is

y—22%(x—l):>5(y—2):4(x—1):>
5y-10=4x-4=5y=4x+6=

=—x+=.
VST
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95.

96.

97.

98.

99.

100.

101.

The slope of the line joining (-3, 2) and
(-4,-1)is
-1-2
“-0)
A line perpendicular to this line has slope —%.

The equation of the line through (1, —2) with
1
3
y—(—Z):—%(x—l):3(y+2):—(x—1):

3y+6=—x+1=3y=-x-5=
_ 15
A
The slope of the line joining (2, 1) and (4, 1)
is
ik
4-2
A line perpendicular to this line has slope 1
The equation of the line through (-1, 2) with
slope 1 is

y—2=x—(—1)=>y—2=x+1=>y=x+3.

=3.

slope —% is

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

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

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

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

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

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

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

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

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

The slope of x + y =1 is —1. The lines are
parallel, so they have the same slope. The
equation of the line through (1, 1) with slope
“lis y-l=—(x-1)= y-l=—x+1=>
y=-x+2.

102.

103.

104.

The slope of —2x+3y =7 is 2/3. The lines

are parallel, so they have the same slope. The
equation of the line through (1, 0) with slope
. 2 2 2
2/3 -0==(x-)=y=—x——.
/3is y=0=2(x-D=y=Zx-3
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))=
y=—4=-3x-6=y=-3x-2.

The slope of —2x + y =14 is 2. The lines are

perpendicular, so the slope of the new line is
—1/2. The equation of the line through (0, 2)

with slope —1/2 is y:—%x+2.

2.3 Applying the Concepts

105. a. The y-intercept represents the initial

106.

107.

expenses.

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

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

in the class is $640.

d. The slope of the line is

640 —(=750) _ 1390 _ 695

16-0 16 8
The equation of the line is
P= %n —-750.

a. The y-intercept represents the initial

prepaid amount.

The x-intercept represents the total number
of minutes the cellphone can be used.

c. The slope of the line is

0-15_ 15 _ 1

75-0 75 5

The equation of the line is P = —%t +15.

. |
d. The cost per minute is $§ =20¢.

rise 4 1
slope= —= —=—
run 40 10
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108.

109.

110.

4 miles = 21,120 feet.

rise 2000 25
|slope| = — =
ru

21,120 264

8 in. in two weeks = the plant grows 4 in.
per week. John wants to trim the hedge when
it grows 6 in., so he should trim it every

%z 1.5 weeks = 10 days.

2min. _xmin_ 2315 4 i,
5 1n. 311n.

The water will overflow in about 12 min.

111. a. x = the number of weeks; y = the amount of

112.

113.

114.

115.

116.

money in the account after x weeks;
y="7x+130

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

a. x = the number of sessions of golf; y = the

yearly payment to the club; y =35x+1000

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

a. x = the number of months owed to pay off

the refrigerator; y = the amount owed;
y=-15x+600

b. The slope is the amount that the balance

due changes per month; the y-intercept is
the initial amount owed.

a. x = the number of rupees; y = the number of

dollars equal to x rupees.

y= Lx =0.019802x
50.5

b. The slope is the number of dollars per

rupee. The y-intercept is the number of
dollars for O rupees.

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

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

b. The slope is the rate of increase in life

expectancy; the y-intercept is the current
life expectancy.

a. v=-1400(2)+14,000=3$11,200

b. v =-1400(6)+ 14,000 = $5600

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

117.

118.

119.

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

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

month.

435 +569.5 =1004.5

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

For the first three hours, you traveled at
95 = 65 mph.

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

y =5x+40,000

120. a. C=0.25x+30

I Y I Y
0 100 200 300 400 x

Miles

¢ y=02560)+30=8$45

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

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

c. C F=%C+32

212-32 180 9

So the slope is =—.
100-0 100 5

The equation is

F—32:§(C—0)=>F:%C+32

b. One degree Celsius change in the

temperature equals 9/5 degrees change in
degrees Fahrenheit.

40°C 104°F
25°C T7°F
-5°C 23°F
-10°C 14°F
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122. a.

123. a.

9 b. y
100°F==C+32= C=37.78°C 20001
5 g ¥ = 2668+ 2425
90°F =2 C +32 = C =32.22°C 20T
5 £ 4000 -
9 E
75°F=§C+32:>C=23.89°C Z 2000~
I R T
9 0 5 10 15 t
—10°F = §C +32 = (C=-23.33°C Years after 2000
9 c. The year 2008 is represented by = 3. So
-QWF=§C+Q=:C=—%8WC ¥ =266.8(3) + 2425 = y = 3225.4 . Note
that there cannot be a fraction of a person,
97 6°F = 2C 430 = C = 36.44°C - so. there were 3225 women prisoners in
T s o ’ 2008.
99 6°F = 2C +32 = C =37.56°C d. The ycear 2017 is represented by t=12. So
5 y=266.8(12) + 2425 = y =5626.6 . There
9 will be 5627 women prisoners in 2017.
Letx=°F=°C.Then x==x+32=
5 124. a. The two points are (5, 5.73) and (8, 6.27).
—§x=32:;x=-4o.Ap402°F:°c. Theﬂqmis62;_:73=0§4=01&
The two points are (4, 210.20) and The equationis V' —5.73=0.18(x - 5) =
(10, 348.80). So the slope is V'=0.18x+4.83.
348.80-210.20 _ 138.6 —23.1. The b. The slope represents the monthly change in

10-4
equation is y —348.8 =23.1(x-10) =
y=23.1x+117.8

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

y c. V=0.18(11)+4.83=V =6.81 million
400 (10, 348.80)
o 125. The independent variable 7 represents the
250 number of years after 2000, with =0
rd representing 2000. The two points are (0,
100 11.7) and (5, 12.7). So the slope is

50~

12.7-11. .

0 : lz i zlt sl |6 7I z|< t; 1|01|1 I|2x ¥=0.2 . The equation is
The slope represents the cost of producing p-11.7=02(t-0)= p=02¢t+11.7. The
one modem. The y-intercept represents the year 2010 is represented by 7 = 10.
fixed cost. p=02(10)+11.7= p=13.7%.
y=23112)+117.8 = y =8395 126. The year 2004 is represented by ¢ = 0, so the
The year 2005 is represented by ¢ =0, and year 2009 is represented by 7= 5. The two
the year 2011 is represented by ¢ = 6. The points are (0, 82.7) and (5, 84.2). So the slope
points are (0, 2425) and (6, 4026). So the i 8422827 1S _ a0 equation is

- 5 57
slope is 40262425 =266.8 The equation y=0.3¢+82.7.
is y—2425=266.8(t - 0) = 127. a. [Cinfea
y =266.8¢ + 2425 dsaxtb
b=1%. 4
y=-2x+124

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

196 Chapter 2 Graphs and Functions

b. 131.a. Let4=(0,1),B=(1,3),C=(-1,-1).
mo=3l 5 _Z1=3 A
BT T 11 2
-1-1
-1-0
[0, 6, 1] by [0, 12, 1] The slopes of the three segments are the

same, so the points are collinear.

myc = 2

c. The price in the table is given as the

number of nickels. 35¢ = 7 nickels, so let b. d(4,B)= ,(1 B 0)2 4 (3_1)2 _ \/g

x=7.y=-2(7)+124=-16 5 5
d(B,C)=+/(-1-1)"+(-1-3)" =25
Thus, no newspapers will be sold if the (8,0) \/( ) +( ) V5

price per copy is 35¢. Note that this is also d(4,C) = \/(_1 —0)2+(-1-1)% =5
clear from the. graph, whigh appears to Because d(B, C) = d(4, B) + d(4, C), the
cross the x-axis at approximately x = 6. three points are collinear.

128. a. |LinRes 132. 2. LetA=(1,0.5), B=(2,0), C=(0.5,0.75).
5=, 0942857143 _ -
b=16. 33335333 g =20 g simye =270 g5

2-1 0.5-2
0.75-0.5
myo=———=-0.5
AT 051
y=0.09x+10.3 The slopes of the three segments are the
b same, so the points are collinear.
2
b, d(A.B)=|1-27+[L 0] = 2=
2 4 2
1 (3 )
d(B,C) = (——2) +(——O)
[0, 700, 100] by [0, 80, 10] 2 4
¢. The advertising expenses in the table are - 45 - 35
given as thousands of dollars, so let 16 4
x=700. y =0.09(700)+10.3=73.3 1 2 3 32
Sales are given in thousands, so d(4,C)= (E - 1) + (Z - 5)
approximately 73.3 x1000 = 73,300
. 5 5
computers will be sold. = |— ==
16 4
2.3 Beyond the Basics Because d(B, C) =d(4, B) + d(4, C), the
three points are collinear.
c-3
129. 3= =9=¢c-3=c=12 4-1 3 8-4 2
1-(-2 133. a. =—=—=; ===
(-2) Mup = 7T 5 MsC 5D 3
130. The y-intercept is —4, so its coordinates are The product of the slopes = -1, so
(0, —4). Substitute x = 0, y =—4 into the AB 1 BC.
equation and solve for c.
3x—cy-2=0=3(0)-c(-4)-2=0= b. d(4,B)=+(-1-1)2+(4-1)> =13

3 d(B,C)=\5-(-1)* +(8-4)> =52
i d(4,0)=J(5-1)? +@8-1)? =65

(d(4,B))* +(d(B,C))* =(d(4,C)), so

the triangle is a right triangle.

4c-2=0=4c=2=c=
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134.

Lo_2-(D_ 3 1-2_ 1
BT () 7BCT3oT 2
2-1_3  _2-(-1)_ 1

3 M T T T )
So, AB||CD and BC|| AD, and ABCD is a

parallelogram.

Mmcp =

For exercises 135 and 136, refer to the figures
accompanying the exercises in your text.

135.

136.

137.

AD and BC are parallel because they lie on
parallel lines /; and /,. AB and CD are

parallel because they are parallel to the x-axis.
Therefore, ABCD is a parallelogram.
AB=CD and AD = CB because opposite
sides of a parallelogram are congruent.
ANABD =ACDB by SSS. Then

rise BD rlse BD
my = and m, =— . Since
run CD run AB
BD BD
T CD 4B
AOKA ~ABLO because OL = AK =d and
BL=0K =c. Then, m, = rise_d and
run ¢
rise ¢ c
m2 = — =,
run  —d d

d( c
m1~m2=; _E :_1.

Let the quadrilateral ABCD be such that
AB = CD and 4B || CD. Locate the points as
shown in the figure.

y
D(c, d) Ch+c, d

A(0, 0) B(b, 0) X

Because 4B || CD , the y-coordinates of C and

D are equal. Because 4B =CD , the
x-coordinates of the points are as shown in the

figure. The slope of 4D is d/c. The slope of
BCB-Ji:g—ZzuSOADHBC.
b+c-b ¢

d(4,D)=~d* +c>.
¢ﬂB¢3=Jd2+«b+@—bf= d?+c2.
So AD = BC.

138. Let A(x;,y1),B(x5,¥5),C(x3,y3) and
D(x4,y,) be the vertices of the quadrilateral.

Yy B(xy, y2)

D (X4s }’4)

Then the midpoint M, of 4B is

(WTXZ,WTJ/ZJ ; the midpoint M, of BC

+ +
is (%,%), the midpoint M5 of

B

. + +
M, of AD (T%]

CDis (% Lﬁ); and the midpoint

The slope of MM, is
Nty Vat)s

2 2 _ N7
xl+x2_X2+X3 X; — X3
2 2

The slope of MM is
Yotys V3tys

2 2 _ ¥y
X2+X3_X3+X4 Xy — Xy
2 2

The slope of M;M, is

Y3tVa Nty
2 2 T _Nn—¥
Xy txy NHXy xy-x ox-xy
2 2
The slope of MM, is

NtYr Nt

2 2 _ v
.xl+X2_X1+X4 Xy =Xy
2 2

So M\M, || M;M, and M,M; || MM, and
M\ M,M;M, is a parallelogram.
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139. Let (x, y) be the coordinates of point B. Then

d(4,B)=125=\(x-2)* +(y-2)? =
(x-2)? +(y-2)? =156.25 and

4 y-2
m g = =%=>4(x—2)=3(y—2)=>

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

equation and solve for x:

2
(x—2)? +((§x—%)—2j =156.25

2
(x—2)2+(§x—§j =156.25
16 , 64 64

¥ —Adx+d+—x? - x+—=156.25
9 9 9

9x2 —36x +36+16x> — 64x + 64 =1406.25

25x% =100x —1306.25 = 0
Solve this equation using the quadratic
formula:
e 100+ \/1002 —4(25)(-1306.25)
2(25)
_ 100%+4/10,000+130,625

50

_100+/140,625 100375

50 50
=950r —-5.5

Now find y by substituting the x-values into

y=2
95-2

the slope formula: g =

4__y-2

3 -55-2
Bare (9.5, 12) or (-5.5, -8).

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

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

through (x, y) and (x,,y,), and their slopes

are negative reciprocals. So

yyn__ X% _,

X=X Yy=>»

Y= =-r)=-(G-x)x-x)=
(x=x)(x=x)+(y=y)y—r,)=0.

=y=12 or

= y =-8. So the coordinates of

141.

142.

'

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

_12-0_ 12

Mm—=—=
P 5-0 5
Since the tangent line ¢ is perpendicular to
OP , the slope of ¢ is the negative reciprocal
12 5 . .
of 3 or o Using the point-slope form,
we have

5 5
y—12_5[x—(—5)]:>y—12_ﬁ(x+5):>

5 25 5 169
y-12=—x+—=y=—x+—
12 12 12 12
-
P(xy, y1)
0(0,0)
=0 n
op X1 -0 X1

Since the tangent line ¢ is perpendicular to
OP , the slope of ¢ is the negative reciprocal

of A or A
X1 N1
Using the point-slope form, we have
X
y-yn=-"(x-x)=
N

2 2 2 2
Wi—nm =t =ty =Xty
Since the equation of the circle is

2

x*+y? =a?, we substitute a® for x> +y,°

to obtain xx, + yy, = a>.
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143. b. y
2 -

Flatl Flotz Flots \ L fy= 4
wM E2E+E I N A O
wMeE2n+E -5 -3 \10 3 5%

~1
2

~rERk+d -
wAyERe-2 -
~NeBZH-40 A
“ME= y=—4
se= —
The family of lines has slope 2. The lines have -\ y=—2v—4
different y-intercepts. T

144.
This is a family of lines that passes through

R??Egﬁiﬁ Fets the point (0, —4). Their y-intercept is —4.
R b
o =
4B -arrE 148, CTIOU by = myx by =
~WsE -4 Z y=myx+b,
:3?; mlx—m2x=b2—b1:>x(m1—m2)=b2—blﬁ
The family of lines has y-intercept 2. The lines x= by=b
have different slopes. my —nmy
145. a. If m; >m, >0 and b; > b,, then
Flokl Flokz Flot® by, = b b —b,
~WiEECKE-100 x= =- .
=MeEICE-10 my —m, my —m,
it
" “E s
“\-I‘I'I;E_S':H_l:' b. If my > my >0 and bl<b2, then
“ME= be—b
se= x=-2"9

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

different slopes. c. If my <my <0 and by > b,, then

146. bbb b-b,
Flokl Flokz Flokz - - .
M'-.-':EEI':;HI}EE / my—my  my—m
wiBSCii s

=Nz -

‘WI'I'IHE:E':H'FI:'_ d. If my <m2 <0 and bl <b2, then
B SC-2 ,ﬂ\ bt bymb

HEs my —n my —m

The lines pass through (—1, —2). The lines

have different slopes. 2.3 Getting Ready for the Next Section

2.3 Critical Thinking/Discussion/Writing 149. x2-4=0> (x + 2)(x - 2) =0=
x+2=0=>x=-2o0r
147. a. ys— x=2=0=x=2

~ Solution: {-2, 2}

X}j:_wz 150. 1-x*=0=(1+x)(1-x)=0=
[\ L1y l+x=0=x=-1or
S S l-x=0=x=1
y=-2c-3\[- Solution: {-1, 1}
-3
VTR 151,  x2-x-2=0

—5+

(x+1)(x=2)=0
This is a family of lines parallel to the line X+1=0= x=—lorx—2=0=>x=2
y =-2x. They all have slope —2. Solution: {1, 2}
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152.  x2+42x=3=0 Interval Test Value of Result
(x+3)(x-1)=0 point 2 9v_3
x+3=0=>x=-3
—o0, —1 _
x-1=0=x=1 (oo, 1] 2 5 +
Solution: {-3, 1} [_1’ 3] 0 -3 _
153, (3(a+h)+1)-(a+1)=(3a+3h+1)-(3a+1) [3,) 5 1 N
=3h
5 The solution set is (—eo, —1]U[3, ).
154, (2(a+h) +1)-(2a> +1)
5 5 5 2.4 Functions
= (Z(a +2ah+h )+1)—(2a +1)
_ (2a2 dah+ 20 + 1) _ (202 + 1) 2.4 Practice Problems
=dah+2h? 1. a. The domain of R is {2, —2, 3} and its range
is {1, 2}. The relation R is a function
—(a+ h)2 +a? —(a2 +2ah + hz) +a* because no two ordered pairs in R have the
155. P = ) same first component.
_ 2ah-h* _h(-2a—h) 2 I
B h h -2 2
= _Za - h ’h/'
3
156 l( ! lj 1[“_(a+h)j h he d £Sis {2,3} and
. = = b. The domain of S'is {2, 3} and its range is
hlath a) h a(a+h) h(a (a+h)) {5, —2}. The relation S is not a function
=— ! because the ordered paired (3, —2) and (3,
a(a+h) 5) have the same first component.
157. (x-1)(x-3)<0 : >
Solve the associated equation: -2
(x-1)(x=3)=0=x=1orx=3. 3
So, the intervals are ]
(_oo’ 1)’ (1, 3),and (1,00), 2. Solve each equation for y.
a. 2x°—yl=1=0?-1=y"=
Interval Test Value of Result
point (x— 1)(x— 3) +y2x2 -1 = y; not a function
(~e=. 1) 0 3 " b. x—2y=5:>x—5:2y:>%(x—5):y;
(1’ 3) 2 -2 - a function
(3,%) 4 3 + 3. g(x)= —2x% +5x
The solution set is (1, 3). a. g(0)=-2(0) +5(0)=0
158. x*-2x-3>0

x*=2x-320=(x-3)(x+1)>0
Now solve the associated equation:

(x=3)(x+1)=0=x=3 orx=-1.
So, the intervals are

(—eo, =1], [-1, 3],and [3,e°).

b. g(-1)=-2(-1)*+5(-1)=—7

c. g(x+h)==2(x+h) +5(x+h)
=—2(x2 +2xh+h2)+5x+5h
=-2x% —4hx+5x—2h*> +5h

4. Apys = (length)(height) = (|3-1))(22)

=(2)(22) = 44 sq. units
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is not defined when

5. a. f(x)=\/ll__x

l-x=0=x=1 or

whenl-x < 0= 1< x.. Thus, the domain

of fis (—oe,1).

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

x? +2x-3<0.
Use the test point method to see that

x? +2x-3<0 on the interval (-3, 1).

Thus, the domain of g is
(-, ~3]U[L, ).

0 +H++++
—4 -3 -2 -1 0 2

|
|
|
|
0
|
FAY S B Y U G
1

P+2—=3=x+3)(x—1)=0o0r(—%, —3]U[l, )

6. f(x)=x*, domain X=[-3,3]

a. f(x)=10=x*=10= x=/10 =13.16
Since /10 >3 and —/10 < -3, neither

solution is in the interval X =[-3, 3].
Therefore, 10 is not in the range of f.

b. f(x)=4=>x’=4=x=1%2

Since =3 <—2 <2 <3, 4 is in the range of /.
c. The range of f'is the interval [0, 9] because

for each number y in this interval, the

number x = \/; is in the interval [—3, 3].

7. R

e 0 Tox

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

shown.

4 ,3)

o
’/og— y=h
|||\|||\\l||u|
j —2 @, =D
(=3, -2) L

Domain: (-3, «); range: (-2, 2]U{3}

9. y=f(x)=x2+4x—5

a.

10.

11.

Check whether the ordered pair (2, 7)
satisfies the equation:

7222 +4(2)-5

7=7V

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

Let y = —8, then solve for x:
8=x’+4x-5=0=x"+4x+3=
0=(x+3)(x+1):>x=—3 orx=-1
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.

Let y = 0, then solve for x:

0=x> +4x—5:>0=(x+5)(x—1):>

x==S5Sorx=1
The x-intercepts are —5 and 1.

The range of C(¢) is [6, 12).
C(11)=1C(10)+6=1(11.989)+ 6 ~11.995.

From Example 11, we have

AP =+500% + x> and PD=1200-x feet. If
¢ = the cost on land, the total cost C is given

by C =1.3¢c(PD)+c(A4P)

12. a.

b.

=1.3¢v/500% + x? +¢(1200 - x)

= c[l.3 500% + x?2 +1200—x:|

C(x) = 1200x +100,000

R (x) =2500x
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P(x)=R(x)-C(x)
= 2500x — (1200x +100,000)
=1300x — 100,000

The break-even point occurs when
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.

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

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

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

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

False.

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

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

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

False. The domain of f'is all real x for x > —2.

Values of x < -2 make the fraction undefined.

2.4 Building Skills

9.
10.
11.
12.

13.

14.

15.
16.

17.

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

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

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

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

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

x=y—-1= y=x+1;a function

1 .
y =— a function
b

18.

19.

20.

21.

22.
23.
24,

25.
26.
27.

28.

. 2
In exercises 29-32, f(x)= x?-3x+ L, glx)=—4

1 .
xy=—1:>y=—;;afunct10n

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

X=|J’|=>J/=x0ry=—X;n0tafunction

1 .
; a function

y
y

N2x -5
1 .
——— a function
\sz—l
2—-y=3x= y=2-3x;a function

3 .
3x—5y=15:>y:§x—3;aﬁmctlon

x+y? =8= y=+8—x ; not a function

x:y2:>y:\/;ory:— x ; not a function

x2+y3=5:y=\/35—x2 ; a function

)c+y3 =8 = y=3/8—x ; a function

s

and i(x)=+/2—-x.

29.

30.

31.

£(0)=0%-30)+1=1

g(0)= % = g(0) is undefined
h(0)=~2-0=+2

f(a)=a2—3a+1
f(=x)=(=x)* =3(=x) +1=x? +3x +1

_12_ TN I
SO =1"=-3)+1=-Lg() N 2

2
h(l)—dz—l—l,gw)—ﬁ,
2 2

(@) =—==1
T T
f=)= (=1 =3(-1)+1=5;
e-h=1

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

= g(-1) is undefined;
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32.

2 N
S(A)=4"-3(4+1=5g(4) 7
h(4)=~2-4= \/3 = h(4) is undefined;

L

2
2+k)= ;
AN
fla+k)=(a+k)? -3a+k)+1
=a® +2ak +k* -3a -3k +1

33. a. f(O):\/%—O
_2) 223
IO TET R
200 4

34.

35.

- =—= f(2) is undefined

¢ fQ= Peviar

d. f(—2)=2(;2)2:%4:>f(—2) is
4-(-2)
undefined
f(=x) = 2(-x)  —2x

\/4—(—)6)2 B \/4—x2
2(0) = 2(0) +v0? — 4 = g(0) is undefined
g(1)=2(1)++1? =4 = g(1) is undefined

g(2)=2(2)+V2* -4 =4
g(_3):2(_3)+m=—6+ﬁ

g(=x)=2(=x) +4/(-x)* - 4
=2x+vx’ -4

The width of each rectangle is 1. The height of
the left rectangle is f (1)=1?+2=3. The
height of the right rectangle is
f(2)=2*+2=6.

A=)(r0)+0)(r ()

=1(3)+(1)(6) =9 sq. units

36.

37.
38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

The width of each rectangle is 1. The height of
the left rectangle is f(O) =0%+2=2. The
height of the right rectangle is
f)=12+2=3.

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

(2) + (1)(3) =5 sq. units
(=00, %0)
(—oo’ oo)

The denominator is not defined for x = 9. The
domain is (—0,9) U (9, )

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

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

(—eo, =) U (=L U (1, e0).

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

(_009 _2) U (_2’ 2) U (25 oo)

The numerator is not defined for x < 3, and the
denominator is not defined for x = -2. The
domain is [3,00)

The denominator is not defined for x > 4. The
domain is (—eo, 4)

The denominator equals 0 if x =—1 or x =-2.
The domain is (—eo,-2) U (-2,-1)U (=1,0).

The denominator equals 0 if x =-2 or x =-3.
The domain is (—e0,-3)U(-3,-2)U (-2,0) .

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

The denominator is defined for all values of x.
The domain is (—eo,0) .

Yy a function

(-1, 1)el—
L1 1 |

(=2,-2)e -

e - ——
—
—
—_
-
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50.

51.

52.

53.

54.

5S.

56.

57.

58.

y . not a
L 4 function
- ed?
—L,Hel-e(,1) !
L1 TR B
01 P
(-2.-ne |
- ¢
L “, 4
N a function
I
]
\ .
1
I
\:
0 ) x
i
I
1
I
i
YN not a
. function
[}
1
I
I
(\
NVAE
1
I
i
Y. ! not a
| function
I
1
I
/ |
Q L x
\Es
I
I
y a function

S =2 fD)=LfB)=5/05)=T7
g(=2)=5g()=-4gB3)=0,g(4) =5
h(=2) = =5;h(=1) = 4;h(0) = 3; h(1) = 4
SED=470)=0;f(1)=-4

59.

60.

61. a.

62. a.

Y +x+l=0=x

_—1+4-3
2

h(x) =17, so solve the equation
7=x>—x+1.
x-x-6=0=(x-3)(x+2)=0=x=-2
or x=3.

H(x)=17, so solve the equation

T=x>+x+8.

I EN T N
B 2(1)

= there is no real solution.

1=—2(1+1)>+7=1=-1, which is false.
Therefore, (1, 1) does not lie on the graph

of f.

1==2(x+1)?+7=2(x+1)* =6=
(x+1)? =3 x+1=t3=x=-1£3
The points (—1—\/5, 1) and (—1+\/§, l)
lie on the graph of /-
y==20+1)+7=y=5

The y-intercept is (0, 5).

0==2(x+1)+7= 7——2(x+1)

%= x+1) =>+\/7 +——x+1=>

V14

:_1+_
2

The x-intercepts are (—1 _@’ OJ and
(—1 + @ O].

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

f(x)=12, so solve the equation
-3x2-12x=12.
Bxl-12x=12= x2 +4x=-4=
X2 H4x+4=0= (x+2)>=0=>
x+2=0=x=-2
y=-3(0-12(0)= y=0

The y-intercept is (0, 0).
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63.
64.

65.

66.

67.

68.

69.

70.

71.

73.
75.

76.

77.

78.
79.

81.

82.

83.

d. 0=-3x"-12x=0=-3x(x+4)=

x=0orx=-4

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

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

Domain:
Domain:

[_
(—oo, 4] ; range: [—1, 3]
Domain: [—

Domain: (—eo, —1)U[L, 4)
Range: (-2, 4]

Domain: (—eo, 4]U[-2, 2]U[4, <)

Range: [-2, 2]U{3}

Domain: (-, —2)U[-1, )
Range: (—oo, o)

[-9, =) 72 [-1,7]
-3,4,7,9 4. 6
f(=7)=4, f(1)=5, 1(5)=2
S(4)=4. 7 (-1)=7.7(3)=3
{-3.75, = 2.25, 3} U[12, =)

%)

[-9, =) 80.
g(-4)=-1g(1)=3.¢g(3)=4
lg(=5)-2(5)=|-2-6]=8

-9, -5) 84. 5, )

2.4 Applying the Concepts

85. A function because there is only one high

86.

87.

temperature per day.

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

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

that begin with T and S.

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

{=41U[-2, 6]

88.

89.

90.

91.

92.

93

.a

b.

94.

9s.

Not a function because people with a different

name may have the same birthday.

A(x) = x%; A(4) =16; A(4) represents the area

of a tile with side 4.

V(x)= x3; V(3)=27 in3; V(3) represents the

volume of a cube with edge 3.

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

x .

39.37°
. The domain is [0, 8].

f(x)= f(59) =1.5 meters

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

stone to hit the ground.

h
300 () = 1281 - 1672
250
200 —
150~
100 —

50

I I I B
0 1 23 456 78 ¢

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.
5

T T T T T

X+y=28=y=28-x
P=x(28—)c)=28x—x2
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96. P=60=2(x+y)=>30=x+y=>y=30—x 100. The volume of the tank is V:64:7zr2h, S0
A=x(30-x)=30x—-x’ 64 .
h=—=. The top is open, so the surface area
97. Note that the length of the base = the width of . ,” r
the base = x. is given by
2 64 7r’ + 2mrh = et + 27y 64
V=lwh=x"h=64=h=— - Jg)
X
S = 20w+ 2lh+ 2wh e
r
=2x> + 2x(6—jj + 2x(6—§j
X X 101. The volume of the pool is
e V=288 = x’h= h= 200
X X X 2
. y |
%8 2+ y2 =r5, y20 :
(x,y) h
X
X
> The total area to be tiled is
a. x2+y2=r2$y2=r2—x2=> 4xh=4x(2—828j=1152
2 2 x *
y=Nr"-—-x

The length of the rectangle is 2x and its
heightis y = Vri—-x2.

P=20+2w=2(2x)+2Vr* —x*

= 4x+2r? — x?

b. A=lw=2x\/r2—x2

99. The piece with length x is formed into a circle,

so C=x=2nr=r =2i. Thus, the area of
T

2
the cireleis A=r? = x| | =2—.
27 4
The piece with length 20 — x is formed into a
1
square, s0 P=20-x=4s=s= 2(20— x).

Thus, the area of the square is
2
2|1 1 2
=|—(20- =—(20-x)".
5 =| 0= =je(20-

2
The sum of the areas is 4 = X + L(20 — x)2
4z 16

102.

The cost of the tile is 6(1 152) = 6912

X X
The area of the bottom of the pool is x2, so

the cost of the cement is 2x>. Therefore, the

. 6912
total cost is C = 2x2 + ——.
x
y
2100 — 301 p
2100
d
}
: 1500-30r |4 x
)
I(—)

1500
Using the Pythagorean theorem, we have
d* = (1500 - 30¢)* + (2100 - 30)* =
12
d =] (1500-30r)° + (2100 30r)’ |
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103. Y

f)=x>—3x+6| 21
0 x

Using the distance formula we have
d=(x-2)" +(y-1)’
2
_ \/(x—Z)z +| [ ~3x+6)-1]
= \/(x—2)2 +<x3 —3x+5)2
52
=[(x—2)2 +(x3 —3x+5) }

f (8 — x) mi g
® .

104. x mi

/
/

/
/
/
/

T
I
I
I

5 mi| /
I
I
[

" By
The distance from 4 to P is
Jx2 +52 =/x2 +25 mi. At 4 mi/hr, it will

Vx? +25
4

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

take Julio hr to row that distance.

8—x

will take Julio

The total time it will take him to travel is
x2+25 8—x
= — + _
4 5

105. . 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

T

TVs can be sold, the price per TV is $900.

p(30) =1275-25(30) = 525. If 30,000

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

hr to walk that distance.

106. a.

107. a.

b.

C.

1200 (5, 1150)

1000 (15, 900)

800~

600 [~

4001 (30, 525)

200~

1 | | | | |
0 5 10 15 20 25 30 x

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

R(x) = (1275 —25x)x = 1275x — 25x>
domain [1, 30]

R(1) =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(25%) = 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).

R

, 16,25
~ 18,000 (2/5' 16,250)
16,000 (30, 15,750)
14,000

12,000
10,000
8000
6000
4000
2000

[(20. 15.500)

Revenue (thousands

=l

51015202530 x
Number of TVs sold
(thousands)

4700 =1275x - 25x° =
¥ —51x+188=0=

5144512 — 4(1)(188)

2(1)
x=4orx=47
47 is not in the domain, so 4000 TV's must
be sold in order to generate revenue of 4.7
million dollars.

C(x) =5.5x + 75,000

R(x) = 0.6(15)x = 9x

P(x) = R(x) — C(x) = 9x — (5.5x + 75,000)
=3.5x—75,000
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108. a. C(x) = 0.5x +500,000; R(x) = 5x . The

d. The break-even point is when the profit is 115.  f(x)# g(x) because they have different

zero: 3.5x=75,000=0= x = 21,429 domains. g(x) is not defined for x = —1, while

e. P(46,000) =3.5(46,000)— 75,000 f(x) is defined for all real numbers.

=$86,000 )
The company’s profit is $86,000 when 116. f(x) # g(x) because they have different

46,000 copies are sold. domains. g(x) is not defined for x = 3, while
f(x) is not defined for x =3 or x =-2.

break-even point is when the profit is zero 117.  f(x) = g(x) because f(3)=10=g(3) and
(when the revenue equals the cost):
5x = 0.5x + 500,000 = 4.5x = 500,000 = f(5)=26=g(9).

x=111,111.11. Because a fraction of a CD
cannot be sold, 111,111 CD’s must be sold.

P(x)=R(x)—C(x)
750,000 = 5x — (0.5x + 500, 000)
1,250,000 = 4.5x = x =277,778

118. f(x)# g(x) because f(2)=16 while
g(2)=13.

119. f(2)=15=a(2®)+2a-3=15=6a-3=

The company must sell 277,778 CDs in @=3.
order to make a profit of $750,000. 120. g(6)=28=62+6b+b> = b +6b+8=0=
2.4 Beyond the Basics b+2)b+4)=0=>b=-"2o0rb=—4
3(6)+ 2a
109_x=i:>xy—4x=2:}xy=2+4x$ 121. h(6)=0=L:>0=18+2a$a=—9
_Ax+2 f(x)= M h(3) is undefined = 30 +29) has a zero
2(3)-b

110.

111.

112.

113.

114.

in the d inator. So 6-b=0=b=6.
Domain: (e, 0)U (0,e0). f(4)=§ in the denominator. So =

122, f(x)=20-3= f(x?)=22"-3
xy=-3=2y=2y—xy=-3=

3 3 (f(0)* =@x=3)* =4x* ~12x+9
Y2-x)=3=y=-——= f(x)=——
- 3 o 123 g(x)—xz_L:gGJ_L_L_L_xz
Domain: (—eo,2) U (2,0). f(4) = 5 : 2 )12
2
2
(x2+l)y+x:2=>y:x2+x1:> g(x)+g(%):(x2_Lz)+(%_x2)20
x X
f(x)— ; Domain: (—oo,); f(4) = — 2 o1
240 17 o1 1 1_1
124. f(x)= :>f( j:xtl
yx2_&:—2y:yx2+2y:\/;:> x+1 x+1 by 1+1
X+
\/7 Vx (x=1D—-(x+1)
x“+2 f:> = — (x=D=(x+1)
GlEh e x*+2 o x#l 21
- 0.0 (G-D+O+D) 2% x
Domain: [0,); f(4) = 5 e

f(x) # g(x) because they have different
domains.

f(x) # g(x) because they have different
domains.
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125.

x+3
x)=
S &) 4x -5
3+5x_|_3 (B+5x)+34x-1
4x—1 4x—1

4x -1 4x -1
__G+50+(2-3) _17x_
(12+20x)— (20x-5) 17

2.4 Critical Thinking/Discussion/Writing

126. Answers may vary. Sample answers are given

127. a.

128.a. f(x) =|x|

a. y=+x-2 b. y= !

x—2

c. y=+2-x d. y= !

2—x

ax’> +bx+c=0

b. y=c

c. The equation will have no x-intercepts if
b? —4ac<0.

d. It is not possible for the equation to have no
y-intercepts because y = f(x).

b. f(x)=0
c. f(x)=x
d f(x)= V-x2 (Note: the point is the
origin.)
e. f(x)=1

f. A vertical line is not a function.

/0= 4(3+5x)_5 T 12+ 20x) - (5(4x—1))

129.a.  {(a, 1), (b, 1)} {(a,2), (b, 1)}
{(a, 1), (b, 2)} {(a,2), (b,2)}
{(a, 1), (b, 3)} {(a,2), (b, 3)}
{(a, 3), (b, 1)}
{(a, 3), (b, 2)}
{(a,3), (b, 3)}
There are nine functions from X to Y.

b. {(1, @)}, {2, a)}, {3, a)}

{1, @)}, {2, a)}, {3, b)}
(1, &)}, {2, b}, {3, @)}
{4, 0)}, {2, )}, {3, )}
{1, 0)5, {2, @)}, {3, )}
{1, 0)5, {2, b}, {3, A)}
{1, 0)5, {2, @)}, {3, b)}
{(1, D)}, {2, b)}, {3, b)}

There are eight functions from Y to X.

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
function assigns each element of X to an
element of Y. There are m possibilities for
each element of X, so there are

NRHee n=n" possible functions.
n-n-n--n
m

2.4 Getting Ready for the Next Section

131.

132.

133.

134.

2x-4<12=2x<16=>x<8
The solution set is (—oo, 8).

5x49<7(x+1)=>5x+9<Tx+7=
2<2x=1<xorxzl1
The solution set is [1, o).

x>0

Solve the associated equation:

¥ =0=x=0.

So, the intervals are (—eo, 0) and (0, o).

Interval Test Value of Result
point ¥2
(—oo’ O) -1 1 +
(0,00) 1 1 +
The solution set is (—ee, 0)U(0, o)
(3—x)(x+5)2 0
Solve the associated equation:
(3-x)(x+5)=0=x=3 orx=-5.
So, the intervals are
(—ee, = 5], [-5, 3],and [3,).
Interval Test Value of Result
point | (3-x)(x+5)
(—, =5] | -10 -65 -
[-5. 3] 0 15 +
[3,2°) 5 20 -

The solution set is [-5, 3].
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For exercises 135-140, f(x)=3-2x?,

g(x)zx/m, and h(x)= 2

2 +1

135, f(0)=3-2(0)" =3

136. f(1)=3-2(1)" =1

2
h(l)=12+1_1
137. f(-2)=3-2(-2)°=3-8=-5
g(2)=v2+3=+1=1
-2 _2
h(_2)_(—2)2+1_5

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

2 2
h(x+1)= =
( )(x+1)2+1 (x2+2x+1)+1
_ 2
X2 +2x+2
139, f(-x)=3-2(-x)" =3-x>
g(-x)=v-x+3
Mo 22

140 —f(x)=—(3-2¢")=2x" -3

~g(x)=—Jx+3
“hx)=- x22+1

2.5 Properties of Functions

2.5 Practice Problems

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

2. Relative maxima of 3640 at x = 12 and 4070

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

NERE

Haxirmurm
n=Ll.oogonns 1¥=1

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

4. v=(11—r)r2

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

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

5. f(x) =—x2

Replace x with —x:

fx)==(x) == = f ()

Thus, the function is even.

y
I I N
-5 -3 -1
1

-2
-3
—4
-5
-6
-7
-8
-9

-10

| |
3 5 x
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6. f(x) =—x°
Replace x with —x:
S(x)==(x) =" ==/ (x)

Thus, the function is odd.

o=
w =
PNy
W -
=

|
=
I

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

b.  f(~x)=4(-x)° +2(-x)® = —4x° - 2x°
= —(4)65 +2x3)= -f(x)=
7(x) is odd.

¢ h(-x)=2(-x)+1=-2x+1
;th(x)

# h(—x)=> h is neither even nor odd.

ca=2,b=4

f(2)=1-22=-3; f(4)=1-4*=-15
)1t )_—15—(—3>=—_1z=_6
b- 4-2 2

The average rate of change is —6.

8. (x) 1-

9. f(t)zl—t; a=2,b=x,x#2

F()= 1 (x)=1-x
S )~ fla)_(1=x)=(-1)_2-x
b—a x=2 x=2
_ —l(x—Z)__l
x—2

The average rate of change is —1.

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

11.

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

f(x)z—x2+x—3
fx+h)=—(x+h) +(x+h)-
=—x2 - 2xh-h*+x+h-3

f(x+h)—f(x)

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

2.5 Concepts and Vocabulary

1.

A function fis decreasing if x; < x, implies

that f(x1)> f (x2 )

/(a) is a relative maximum of fif there is an
interval (x|, x,) containing a such that

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

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

The average rate of change of f'as x changes

fO-f@ .,

—a

fromx=atox=>bis

True

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

True

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

2.5 Building Skills

9.

10.

11.

12.

Increasing on (—oo, o)
Decreasing on (—oo, o)
Increasing on (—eo, 2), decreasing on (2, =)

Decreasing on (—ee, 3), increasing on (3, )
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13.

14.

15.

16.

17.
18.
19.

20.

21.

22,

23.

24,

Increasing on (—eo, —2), constant on

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

Decreasing on (—eo, —1), constant on

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

Increasing on (—eo, —3) an ( <

2),

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

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

No relative extrema
No relative extrema

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

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

Any point on (x, 2) is a relative maximum and
a relative minimum point on the interval (-2,
2). Relative maximum at (—2, 2); relative
minimum at (2, 2). None of these points are
turning points.

Any point on (x, 3) is a relative maximum and
a relative minimum point on the interval (-1,
4). Relative maximum at (4, 3); relative
minimum at (—1, 3). None of these points are
turning points.

(-3, 4) and (2, 5) are relative maxima points
1

5 5
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.

and turning points. (— - 2) is a relative

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

25.

26.

27.

28.

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

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

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

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

29.

30.

31.

34.

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

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

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

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

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

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

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

35.

36.

37.

38.

39.

40.

41.

42.

43.

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

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

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

g(=x) = 2(-x)° +4(-x)
=20 —dx=—g(x)=>
g(x) is odd.

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

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

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

1 1

S = a2y
f(x) is even.

4=f(X)=>

(-x)*+2_ 2242 _ (
(—x)4+l x*+1

g(x) is even.

g(—x = x)=>

3 3
fen=—C0 X =

(—x)2 +1 x“+1
f(x) is odd.
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44.

45.

46.

47.

48.

49.

50.

51.

o (—x)4+3 _ x*+3
g( x)_ 2(_x)3_3(_x) _2x3+3x
L3 o () is odd.
2x% - 3x
— —X = X
f( x)—( x)s 3( ) —x~ +3x

Thus, f{x) is even.

(=)’ +2(-x) _ —x’-2x
2(—)6)5 —3(—x) —2x7 +3x

(—1) (—x3 - 2x)

g(=x)=

x4 2x
=f(x)

(122" +3x)  2x°=3x
Thus, f(x) is even.
)= (-x)2 =2(~x) x+2x

S0 40247 Sxtr Al 4T
#=f(x)# [(x)

Thus, f{x) is neither even nor odd.
3(-x)2+7  3x*+7
g =220 *T
(=x)-3 -x-3
Thus, g(x) is neither even nor odd.

a. domain: (—oo,00); range: (—oo, 3]

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

c. increasing on (—ee, 0), decreasing on
(0, o)

d. relative maximum at (0, 3)

e. even

a. domain: (—oo,00); range: (—oo,o0)

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

¢. decreasing on (—co, —2) and (2, <),
increasing on (-2, 2)

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

e. odd

a. domain: (=3, 4); range: [-2, 2]

b. x-intercept: (1, 0); y-intercept: (0, —1)

#-g(x)# g(x)

52.

53.

54.

5S.

e

e

ol

®

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

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.

neither even not odd

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

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)

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

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

decreasing on (—eo, 0)U (0, 3)U (3, °)

no relative minimum
relative maximum: (0, 3)

neither even nor odd

domain: (—eo,0); range: (0, =)

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

no relative minimum or relative maximum

neither even nor odd
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56. a. domain: (—eo, 0)U(0, )

57.

58.

59.

60.

61.

range: (—oo, oo)

. x-intercepts: (—1.5, 0), (1.5, 0)

no y-intercept

. decreasing on (—eo, 0)

increasing on (0, )

. no relative minimum or relative maximum

. €ven

f(xX)=-2x+7;a=-1,b=3
fB3)=-203)+7=L f(-)==2(-D)+7=9

average rate of change = SO =fED
3-(-D
- ﬂ =2
4

f(x)=4x-9a=-2,b=2
f2)=412)-9=-1; f(-2)=4(-2)-9=-17
/@) -f(=2)
2-(-2)
_I=C1)
4

average rate of change =

4

f(xX)=3x+c;a=1,b=5
) =3-5+c=15+¢c; f)=3-1+c=3+c
AR

5-1
:15+c—(3+c)

average rate of change =

fxX)=mx+c,a=-1,b=7
f(M=Tm+c; f(-1)=-m+c
S(D-fE=D
7-(=1)
=7m+c—(—m+c)

average rate of change =

h(x)=x>-1,a=-2,b=0
h0)=02—1=—1; h(-2)=(-2)> -1=3

average rate of change = h(0) —h(=2)
0-(-2)
2

62.

63.

64.

65.

66.

67.

h(x)=2—x2; a=3,b=4
h(4)=2-4%=-14; h(3)=2-3> =7
h(4) - h(3)
4-3
_Cl4-CD
==

average rate of change =

f0)=0-x*a=1b=3

f@=03-3)7=0 f1)=(3-)*=4

SB)-/f(D
3-1

_0-4_
2

average rate of change =

f)=(x-2%a=-1,b=5
f®)=(5-2=9 f(-)=(-1-2)>=9
S/

5—(-1)
9-9

=—=

6

average rate of change =

g(x)=x3;a=—1,b=3
g(3)=3" =27 g(-=(-1)’ =-1
gB3)-g(=h
3-(-1)
_27-(-1) _
-2

average rate of change =

7

g(x)z—x3; a=-1,b=3
g3)=-3"=-27; g(-) =—(-1)’ =1

average rate of change = 88 -gC=D
3-(-D
_27-1_
4
1
h(x)=—;a=2,b=6
x
1 1
h(2)=—; h(6) =—
(2)=3: h6) =~
average rate of change = h(®) = h(2)
6-2
1_1
_6 2__1
4 12
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68.

69.

70.

71.

72.

73.

74.

75.

h(x)= 4 ca=-2,b=4
x+3

4 4 4
h()=——=—-; h(-2)= =
@ 4+3 7 2 -2+3

h(4) — h(=2)
4-(-2)

average rate of change =

6 7
f(x+h)=x+h
fx+h)—f(x)=x+h—-x=h
St~ f() _h

h h
f(x+h)=3(x+h)+2=3x+3h+2
f(x+h) - f(x)=3x+3h+2-3x+2)=3h
St - f(x) _3h

=1

=3

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

=-2h
fath)=fo) _2h

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

=—5h
farth)=f() _=Sh_

h h
f(x+h)=m(x+h)+b=mx+mh+b
f(x+h)—f(x)=mx+mh+b—(mx+b)

=mh
f(x+h)—-f(x) mh
L S e =m

h h
f(x+h)=—2a(x+h)+c=—2ax—2ah+c
f(x+h)—f(x)=—2ax—2ah+c—(—2ax+c)

=—2ah
S+ - f(x) _ 2ah — g
h h

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

2x+h

76.

77.

78.

79.

80.

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

=2x+h-1

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

h h
=4x+2h+3

F(x+h)=3(x+h)?*=2(x+h)+5
=3x% +6xh+3h> —=2x—-2h+5
=3x% +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
fx+h)=4

fx+h)—f(x)=4—-4=0
[t =/ _0_,

h h
fx+h)==3
Sx+h) - f(x)=-3-(=3)=0

SGEHR=1()_0_
h h
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1 88. The graph is below the #-axis on the interval
81. f(x+h)= +h (11, 19). This means that the particle is
| 1 moving backward between 11 and 19 seconds.
S+ =f(x)= x+h x 89. The function is increasing on (0, 3), (5, 6),
X X+h (16, 19), and (21, 23). However, the speed |v|
C x(x+h) B x(x+h) of the particle is increasing on (0, 3), (5, 6),
h (11, 15), and (21, 23). Note that the particle is
== (x4 ) moving forward on (0, 3), (5, 6), and (21, 23),
A and moving backward on (11, 15).
- 90. The function is decreasing on (6, 9), (11, 15),
+h) - 1
St =/ (x) = Xx+h) =- and (23, 24). However, the speed |v| of the
h h x(x+h) particle is decreasing on (6, 9), (16, 19), and
1 (23, 24). Note that the particle is moving
82. f(x+h)y=—— forward on (6, 9) and (23, 24), and moving
x+h backward on (16, 19).
1 1
Sx+h) - f(x)= T (——) 91. The maximum speed is between times ¢ = 15
x . xx +h and 7= 16.
T x(x+h) ’ x(x+h) 92. The minimum speed is 0 on the intervals
h (9, 11), (19,21), and (24, ).
B x(x+h) 93. The particle is moving forward with
h increasing velocity.
fx+h) - f(x) _ x(x+h) _ 1 94. The particle is moving backward with
h h x(x+h) decreasing speed.

2.5 Applying the Concepts

83.a

84. a.

8S.

86.

87.

. Increasing: (2006, 2009), (2011, 2012),
(2013, 2014)
Decreasing: (2009, 2011), (2012, 2013)

Relative maxima: 251.1 at x = 2009, 293.2
atx =2012

Relative minima: 21.5 at x =2011, 187.0 at
x=2013

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

Relative maxima: 185 in June, 185 in Sept.
Relative minima: 132 in July

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

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

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

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

95.

12 in. 12 - 2x

12 in.

a. V=Iwh= (12—2x)(12—2x)x

= (144— 48x + 4x2)x
=4x> — 48x% +144x

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

Haxirur
HSZ.0000016 V=128
[0, 6, 1] by [25, 150, 25]
range: [0, 128]

d. Vis atits maximum when x = 2.
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96.

97.

98.

99.

a. Let x = one of the numbers. Then % = the

other number. The sum of the numbers is

S=x+2.
x

b.

Hinirupy———————
H=E.REEAEZY Y=11.313708
[0, 50, 10] by [-10, 70, 10]
The minimum value of approximately
11.31 occurs at x = 5.66.

a. C(x)=210x+10,500

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

$21,000 — $420
50

c. average cost =
210x+10,500 _ 315

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

The average cost per notebook will be $315
when 100 notebooks are produced.
f(x)= 2x%+3x+4
F)==2(1 +3(1)+4=5
f(3)=-203)" +3(3)+4=-5
The secant passes through the points (1, 5)

and (3, -5).
me—2"2_"10_
3-1 2

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

£(2014) - £(2000)

average rate of increase =
2014 -2000

_ 20.2-153 ~035

14
The average rate of increase was 0.35 million,
or 350,000, students per year.

100.

60

f(t)=7—5
f(s):%-s:n f(l):6—1°-s:ss
average rate of decrease = w
_1=55_
4

The average rate of decrease is 12 gallons per
minute.

101 a. £(0)=0>+3(0)+4=4

102. a.

The particle is 4 ft to the right from the
origin.
f(4)=4*+3(4)+4=32

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

. f(3)=32+3(3)+4=22

The particle started 4 ft from the origin, so
it traveled 22 — 4 = 18 ft in three seconds.
The average velocity is 18/3 =6 ft/sec

d. f(2)=27+3(2)+4=14

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

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

P(0)=0.01(0)* +0.2(0)+50 = 50
P(4)=0.01(4)" +0.2(4) + 50 = 50.96

The population of Sardonia was 50 million
in 2000 and 50.96 million in 2004.

b. P(10)=0.01(10)> +0.2(10)+50 = 53

The average rate of growth from 2000 to

2010 was 220

= 0.3 million per year.
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2.5 Beyond the Basics

103, /(x)="—

_2x-1
2x+1

f(2x)

x-1 3x-3
3| — |+1
3f(x)+1= (x+l) x+1

f(x)+3 )67—1+3 =x—1+3(x+1)

+1

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

3 2(2x—l)_ 2x—-1_
S 2(2x+1) 2x+1

f(2x)

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

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

(x+1)°20= x> -1,
Thus, the x-coordinate of the relative
maximum is —1. f(—l) = —(—1 + 1)2 +5=5
The relative maximum is (-1, 5).
There is no relative minimum.
x+10 ifx<-5
106. f(x)=145 if -5<x<5
-X if x>5

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

107, f(x)=+x
Sen)=f () _Narh-x Jxrh+x

h h Jx+h+x

x+h—x

h(x/m+\/;)

h

h(x/m+\/;)
1

108. f(x)z x—1

_\/x+h—1—x/x—1 '\/x+h—1+\/x—1
- h Jx+h—1+x-1
x+h—1—(x—1)
h(«/x+h—l+ x—l)
h
h(«/x+h—l+ x—l)
1
Jx+h-1++/x-1

109. £ (x)= -%

_hl+1 Vxth—x

__~Nx+h «/Ez Vxlx+h
h h

N

i) iR
h h\/x(x+h)

_Axth-x Nx+h+x
Cohfx(x+h) Nxth+x
(x+h)-x

B h\/x(x+h)(x/x+h+\/;)

1
\/x(x+h) (\/;+\/m)

110. f(x)=—

1 1
fx+h)-f(x)  (x+h)
h - h
xz—(x+h)2
3 3c2(x+h)2
- h
xz—(x+h)2
hxz(x+h)2
xz—(x2+2xh+h2)
- hxz(x+h)2
2xh—-h*>  2x+h

- hx? (x+h)2 - x2 (x+h)2
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2.5 Critical Thinking/Discussion/Writing
111. fhas a relative maximum at x = q if there is an

interval [a, x;) with a <x; <b such that

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

in the interval (x, b].

112. fhas arelative minimum at x = b if there is x;
in [a, b] such that f(x)= f(b) for every x

in the interval (x,, b].

113. Answers will vary. Sample answers are given.
a. f(x)=x on the interval [-1, 1]

x if0<x<l

b- f(x):{o if x=1

x if 0<x<1
1 ifx=0

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

2.5 Getting Ready for the Next Section

114. m=ﬂ=__5=_1
4-(-1) 5
y—3=—(x—(—1))$y—3:—(x+1)=>
y=-3=—x-1=y=-x+2

s, m=2122-23_ 3
7-6 1
y—2=-3(x-6)=y-2=-3x+18=
y=-3x+20
-3—(-5
116. m=#=E
6-3 3

y—(—5)=§(x—3):>y+5=§x—2:>

2
=—x-7
773

117.

118.

119. If x=-3, then |x+1|= 2.
120. [2x-8/=0=2x-8=0=2x=8=x=4

121, f(x)=x"?
M S(2)=272=(2) =\B=22
i) [(4)=472=(Va) =2* =3
i) f(~4)=(~4)"2 = (V=4) = (2i)" = -

122. f(x)=x"
() f(2)=2=4"=3s

) f(8)=8""=(¥B) =2>=4
i)/ (-8)=(-8)"=(¥=8)" =(-2)" = 4

2.6 A Library of Functions
2.6 Practice Problems

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

m=—o2=_
1-(-2) 3
Use the point-slope form:
y-8=2(x-1)=>y-8=2x-2=
y=2x+6:>g(x)=2x+6
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Using the formula

Shark length = (0.96)(tooth height) — 0.22,
gives:

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

y
4
3

2

| | | |
—-16 —-12 -8 —4 0 X

Domain: (—ee, 0]; range: [0, o)

Domain: (—00, oo); range: (—oo’ oo)

_ ) xPifxs-l
> f(x)_{Zx ifx>-1
f(-2)=(-2)" =4 F(3)=203)=6
[50+4(x-55) S6<x<75
6.2 /I )_{200+5(x—75) x275

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.

The graph of fis made up of two parts: a line
segment passing through (1, 5) and (3, 2) on
the interval [1, 3], and a line segment passing
through (3, 2) and (5, 4) on the interval [3, 5].
y

7
6 (1;3)

5 34
4

MR

2

1 (3.2)

123456738 x

For the first line segment:
2-5 3
m=——=—-—=

31 2
y—5=—%(x—l)=>2y—10:—3(x—l):>
2y-10=-3x+3=2y=-3x+13=
=28
YT
For the second line segment:
4-2
m=——=1
5-3
y=—4=x-5=y=x-1
The piecewise function is

—g)c+E if 1£x<3
gx)=1 27" 2
x—1 if 3<x<5
—-3x ifx<-1
f(x)_{Zx ifx>-1
y
S
S
1
[ [
-5 3 g1t 3 s5x
(=1,-2) B
73_

Graph f(x)=-3x on the interval (—o,—1],
and graph f(x)=2x on the interval (~1,).

f(x)=[x]
f(-3.4)=—4; f(47)=4

2.6 Concepts and Vocabulary

1. The graph of the linear function f(x)=5b isa

horizontal line.

The absolute value function can be expressed
as a piecewise function by writing

-x if x<0

f(x):|x|:{ xif x20°
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3. The graph of the function 10. The two points are (1, 0) and (2, 1).
2 : 1-0
x“+2if x<1
= m=——=1. 0=1+b=b=-1.
/@ {ax if x> 1 2-1
will have a break at x = 1 unless a = 3. S(x)=x-1 L
y A 3
10~ -
B 4
B /1234 5%
g 1B
-/ P2+2ifx<1 _
_/f(x) :{3x ifx> 1
:'3 L1 1t 1111 5' > 11. The two points are (—1, 1) and (2, 7).
h 7-1
4. The line that is the graph of f (x)=-2x+3 m= 2-(-1) 2. 1=2(-1)+b=3=0b.
has slope 2. f(x)=2x+3 .
5. True. The equation of the graph of a vertical g:
line has the format x = a. B
6. False. The absolute value function, /3_
—x if x<0 . e
f(x)—|x|—{ ©if x> isanexample ofa L {_P_{ L,
piecewise function with domain (—co, o). :2 B

7. True

8. False. The function is constant on [0, 1),

[1,2), and [2, 3).
2.6 Building Skills

In exercises 9—18, first find the slope of the line using
the two points given. Then substitute the coordinates
of one of the points into the slope-intercept form of

the equation to solve for b.

9. The two points are (0, 1) and (-1, 0).
0-1
m=———-=

= . 1=100)+b=>b=1.
-1-0

f(x)=x+1

12. The two points are (-1, —5) and (2, 4).
_4-(=5)

T 2-(-1)
f(x)=3x-2.

=3. 4=3Q2)+b=>b=-2.

L B B B Ny
ol
ol
NE

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

W=

m=%=_3, 1=3()+b=b=4
f(x)==3x+4. n
i
4
3
N
L
I I | | N I B |
7574737271_9_1 2 3 45
2
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14. The two points are (1, —1) and (3, 5).

m=5;£_11)=3. ~1=3()+b=bh=-4. \
f(x)=3x-4. Y L | . |

N_
ol
e
ol
.

- 18. The two points are (1, 1/4) and (4, -2).
6_
ik mo2=V4_-94 3
4-1 3 4
15. The tw:_pc;mts alre (-2, f) and (2, 4). —2:—%(4)+b=>b=1.
m:2 > :E' 4:5(2)+b:>b:3 3 y
1( ) y f(x)=—Zx+1. Z:
=—x+3 Un -
Je)=5x o o
sk
- N
L NG
/_ i \
L AR 3
L—S/((stztﬁfzfl_?_l 2% —4r
75_
72_
- if x > 2
x ifx2
19. = .
16. The two points are (2, 2) and (4, 5). /) {2 ifx<2
5-2 3 3
== == 2=2(Q)+b=>b=-1. a. f(1)=2/(2)=2;/(3)=3
.5 2@ 1)=21(2)=2 1)
y b. y
f(x)zzx—l. o
2 8_
7
ol
L1 T
23 4 5% o

— 5
N
7473727]7?_] 2 3 45 6x
17. The two points are (0, —1) and (3, -3). 2x ifx<0
L _-eh_ 2 20. g(x)_{x ifx>0
3-0 3
; s g(-)=-2 ¢(0)=0g(1)=1
-1===(0)+b=b=-1.
3 b. y
4_
N
2_
L
L1 [
—5—4-3-—2-19] 1 2 3 4 5x
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Section 2.6 A Library of Functions 223

_[ 1ifx>0 I ifx<l
21. g(x)_{—l lf.x<0 24. f(x):{xz lfle
a. f(-15)=-1; £(12)=1 v
5_—
b. _y -4
sk I
= 1
1o———————> A A
ST T
O S——) 1
72_ _5__
3 Domain: (—eo, e); range: [0, o)

¢. domain: (—ee, 0)U(0, o) 1 i<
range: {—1, 1} 25. g(x)= jc/_ o
x ifx>
2 (x) = 2x+4 ifx>1 7
© 8T x42 ifx<l B!
a. g(-3)=-1g(1)=3¢g(3)=10 I
b. y 1
= A

\)-uoxoo
B

Domain: (—eo, e); range: (—oco, o)

|
X
|
]
I
S}
~
-

~r 26 h(x):{%/; ifx<l1
c. domain: (—oe, o) Jxooifx>1
range: (—oo, 3]U(6, ) 2
3. =, ifx<0 1
- J)= x> ifx>0 1:
y —_——
-5 11 5 X
4 I -
2 I
L L =T
7 AN 2o Domain: (—oo, oo); range: (—oo, oo)
_4 —

Domain: (—00, oo); range: (—oo’ oo)
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224 Chapter 2 Graphs and Functions

27, f(x)= {E}%ﬂ

y

3

2+

1+

ifx<l1
ifx>1

-3 -2 -1 0

*—0-

—o- 2

—O -3

Domain: (—eo, eo);

range: {, -3,-2,-1, O}U[l, oo)

x3

28. g(x) ={\/;

ifx<0
ifx=0

Domain: (—oo, oo) ;

>

range: (—oo, o)

29 @) |x| ifx<l1
. x) =
& ¥ ifx>1
y
5__
5+

Domain: (—eo, e); range: [0, o)

1
- ifx<0
30. f(x)=1x
[[xﬂ ifx=>0
y
3 *—O0
2 *—o
1 e&—O
b5 1 I 1y
of 1 2 3 4 «x

Domain: (—eo, e); range:

(=, 0]JU{L, 2,3, ...}

x| if-2<x<1
L. =
S {\/} ifx>1
y
3_
2
l_
| | | | | | |
-2 -1 0 1 2 3 4 5x

Domain: [-2, e); range: [0, o)

[ if-8<x<1
32. g(x)_{Zx if x>1

o'
l

— D W A& W
I

I Y Y |
-8 -6 —4 -2 2 X

-2

Domain: -8, e); range: [-2, 1)U[2, =)
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Section 2.6 A Library of Functions 225

if x<1
=2x ifl1<x<4

—0 |- q(l,-2)

— (4. —8)

Domain: (—eo, 4];
range: {, -3,-2, -1, O}U[—S, —2]

x| ifx<0
M h(x)_{\/E if0<x<4

Domain: (—eo, 4]; range: [0, =)

2x+3 ifx<-2
35. f(x)=4x+1 —2<x<1
—x+3  ifx>1

Domain: (—eo, e); range: (—oe, 2]

2x+1 ifx<-1
36. f(x)={2x+1 -l<x<2
x+2 ifx=>2

37.

38.

39.

y (2,y
sl
\4— 2.4
(—1,3) 83
2
I

L1
—3-2-1/0

(—l.—l)g‘_
-2

o=
w =
Ny
=
=

-3

Domain: (—ee, o); range: (—1, =)

The graph of fis made up of two parts.
For x <2, the graph is made up of the half-line
passing through the points (=1, 0) and (2, 3).
3-0 3
= = —= 1

2-(-1) 3
y—O=x—(—1):y:x+l
For x > 2, the graph is a half-line passing
through the points (2, 3) and (3, 0).
0-3
3-2
y—0=—3(x—3):>y=—3x+9

-3

m=

Combining the two parts, we have
x+1 ifx<-2

f(x)_{—3x+9 ifx>2

The graph of fis made up of two parts.

For x <2, the graph is made up of the half-line
passing through the points (2, —1) and (0, 3).

=) _4_,
0-2 -2
y=-2x+3

For x > 2, the graph is a half-line passing
through the points (2, —1) and (4, 0).
-1-0 1
m=——=—
2-4 2
—O—l(x—4):> —lx—2
YU 772

Combining the two parts, we have
—2x+3 ifx<-2

S ()= %x—Z ifx>2

The graph of fis made up of three parts.
For x < -2, the graph is the half-line passing
through the points (=2, 2) and (=3, 0).
= 0-2 _=2_

-3-(-2) -1
y=0=2(x—(3))= y=2(x+3)=
y=2x+6

(continued on next page)
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226 Chapter 2 Graphs and Functions
(continued) 2.6 Applying the Concepts
For —2 < x <2, the graph is a horizontal line X
segment passing through the points (-2, 4) 41.a. f(x)=———
and (2, 4), so the equation is y = 4. ) 33.81
For x > 2, the graph is the half-line passing Domain: [0,e); range: [0,°).
through the points (2, 1) and (3, 0). 3
m=971_ b, f(3)= 5oy = 00887

3-2 . ) .
y—0= —(x _ 3) — y=-x+3 This means that 3 oz ~ 0.0887 liter.
Combining the three parts, we have ¢ F(2)= 12 _ 0.3549 liter.

2x+6 ifx <=2 33.81
f(x)z 4 if —2<x<2 B B

43 >0 42. a. B(O)—.—1.8(O)J.r212—21.2.

The y-intercept is 212. This means that
40. The graph of fis made up of four parts. water boils at 212°F at sea level.
For x < -2, the graph is the half-line passing 0=-18r+212=h=117.8
through the points (—2, 0) and (—4, 3). The h-intercept is approximately 117.80.
_3-0 3 This means that water boils at 0°F at

M= (-2) ) approximately 117,800 feet above sea level.
y-0= —é(x _ (_2)) =y= —é(x + 2) N b. Domain: closed intf.:rval from 0 to the end

2 2 of the atmosphere, in thousands of feet.

3

y=-5%-3 c. 98.6=-1.81+212= h=63. Water boils
For —2 < x < 0, the graph is a line segment at 98.6°F at 603’0,00 feet. It is dangerous

. S because 98.6°F is the temperature of human
passing through the points (-2, 0) and (0, 3).

3.0 3 blood.

;"(‘2) 2 43.a. P(0)= %(O) +1=1. The y-intercept is 1.
= Ex +3 This means that the pressure at sea level
For 0 <x <2, the graph is a line segment (d=0)is I atm.
passing through the points (0, 3) and (2, 0). 0= Ld 1= d=-33

_0-3_ 3 33
m=s 0" 2 d can’t be negative, so there is no
3 d-intercept.
y=- Ex +3
1
For x > 2, the graph is the half-line passing b. P(0)=1atm;P(10) = 5(10) +1=1.3 atm;
through the points (2, 0) and (4, 3). 1
3-0 3 P(33)=—(33)+1=2 atm;
=3 2 P(100) = 2 (100) +1 = 4.03
=— +1=4.03 atm.
y—O=%(x—2)=>y=%x—3 (100) 33( )
Combining the four parts, we have e 5= 1 d41md =132 feet
y=—§x—3 ifx<-2 33 .
2 The pressure is 5 atm at 132 feet.
3 .
y=3x+3 if —2<x<0 44. a. V(90)=1055+1.1(90) = 1154 ft/sec
/ (x) = ] The speed of sound at 90°F is 1154 feet per
y——5x+3 if0<x<2 second.
y=2xo3 ifxs2 b. 1100=1055+1.1T = T =~ 40.91°F
2

The speed of sound is 1100 feet per second
at approximately 40.91°F.
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Section 2.6 A Library of Functions 227

45. a.

46. a.

47. a.

48. a.

C(x) = 50x + 6000

The y-intercept is the fixed overhead cost.
C

6300
6250
6200
6150
6100

53
o©
3
(=)
I

11,500 = 50x + 6000 =110

110 printers were manufactures on a day
when the total cost was $11,500.

The rate of change (slope) is 100. Find the
y-intercept by using the point (10, 750):
750 =100(10) + 5 = b = -250. The

equation is f(p) =100p — 250.
f(15)=100(15)-250=1250

When the price is $15 per unit, there are
1250 units.

1750=100p — 250 = p = $20.

1750 units can be supplied at $20 per unit.
R =900-30x

R(6) =900-30(6) = 720

If you move in 6 days after the first of the
month, the rent is $720.

600=900—-30x= x=10
You moved in ten days after first of the
month.

Let = 0 represent the year 2009. The rate
995-976

of change (slope) is 02 -9.5. The

y-intercept is 995, so the equation is
() =-9.5t+995.

£(4)=-9.5(4)+995=957

The average SAT score will be 957 in
2013.

—9.5t+995=900= -9.5t=-95=1¢=10
2009 + 10 =2019.

The average SAT score will be 900 in
2019.

49.

100—-40
20-80

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.

The rate of change (slope) is

2
50. a. =—(5)(60)=24
y=-s (5)(60)
The dosage for a five-year-old child is 24
mg.
2
b. 60=—(60)a=a=12.5
25
A child would have to be 12.5 years old to
be prescribed an adult dosage.
51. a. The rate of change (slope) is
50-30 2
420-150 27
The equation of the line is
2
-30=—(x-150)=
y 7 )
2
=—(x—150) + 30.
y=77( )
2 1210
b. =—(350-150)+30= y=——=44.8
y=77( ) Y=
There can’t be a fractional number of deaths,
so round up. There will be about 45 deaths
when x = 350 milligrams per cubic meter.
c. 70=%(x—150)+30:> x =690
If the number of deaths per month is 70, the
concentration of sulfur dioxide in the air is
690 mg/m3 .
52. a. The rate of change is % The y-intercept is
47 .
—, so the equation is
12
1 47
=L(S)==S+—.
y=L(S) PRAET:
1 47
b. L(4)=—(4)+—=525
@H=3@+3

A child’s size 4 shoe has insole length 5.25
inches.
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228 Chapter 2 Graphs and Functions
ﬂ=l)c+4—7:>x=6.55 =6.5
10 3 12
A child whose insole length is 6.1 inches wears a size 6.5 shoe.
53. a. 50;) b.(i) 7(12,000) = 0.04(12,000) = $480
(i) 7(20,000) =800 + 0.06(20,000 — 20,000)
4000 |-
s000- =$800
ook (>iii) 7(50,000) =800 + 0.06(50,000 — 20,000)
=$2600
1000 [~
I N B
20,000 40,000 60,000 x
c. (i) 600=0.04x= x=2$15,000
(i) 1200 = 0.04x = x =$30,000 , which is outside of the domain. Try
1200 = 800 + 0.06 (x — 20,000) = x = $26,667
(i) 2300 =800+ 0.06(x —20,000) = x = $45,000
0.1x if 0 < x <9225
922.50 4+ 0.15(x —9225) if 9225 < x £37,450
5156.25+0.25(x —37,450) if 37,450 < x £90, 750,
54.a. f(x)=118,481.25+0.28(x —90,750) if 90,750 < x £189,300

46,075.25 + 0.33(x — 189,300)
119,401.25 + 0.35(x — 411,500)
119,996.25 + 0.396(x — 413,200)

if 189,300 < x < 411,500
if 411,500 < x < 413,200
if 413,200 < x

() /(35,000)=922.50+0.15(35,000 — 9225) = $4788.75 ~ $4789
(ii) 7(100,000) = 18,481.25+ 0.28(100,000 — 90, 750) = $21,071.25 ~ $21,071
(iii) £(500,000) =119,996.25 + 0.396(500,000 — 413,200) = $154,369.05 = $154,369

() 3500=922.50+0.15(x—9225) = 2577.5 = 0.15(x - 9225) = 17183.33 = x - 9225 = x = $26,408
(i) 12,700 = 5156.25 +0.25(x — 37,450) = 7543.75 = 0.25(x — 37,450) = 30,175 = x - 37,450 =

x=3$%67,625

(i) 35,000 =18,481.25+0.28(x — 90, 750) = 16518.75 = 0.28(x — 90, 750) =

58995.54 = x — 90,750 = x = $149,746

2.6 Beyond the Basics

55. 2(3)-1=a-3(3)=>5=a-9=a=14

56.

57. a.
b.

1-3=3a+3=-2=3a+3=-5=3a=

a=-—

Domain: (—ee, o) ; range: [0,1)

The function is increasing on (n, n + 1) for
every integer n.

f(=x)=—-x— [[—xﬂ #—f(x)# f(x), sothe

function is neither even nor odd.

58. a.

59. a.

Domain: (—eo,0)U[1, o)
range: {l :n#0,n an integer}
n

The function is constant on (n, n + 1) for
every nonzero integer 7.

f(—x)=L¢—f(x)¢f(x), so the
[-x]

function is neither even nor odd.

(i) WCI(2)=40
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Section 2.6 A Library of Functions 229

60. a.

61.

62. a.

b.

C.

(i)
WCI(16) =91.4 +(91.4 — 40)
: (0.0203(16) ~0.304/16 — 0.474)
~21
(iii) WCI(50)=1.6(40)—55=9

(i) -58=91.4+(91.4-T)
-(0.0203(36) — 0.304+/36 — 0.474
~58=91.4+(91.4—T)(-1.5672)
~58=91.4—143.24+1.5672T
~58=—-51.84+1.5672T = T = —4°F

(i) —10=1.6T—55= T =~ 28°F

C(x)=20(f(x)—1)+45
=20(-[-x]-1)+45

C(2.3)=20(-[-2.3]-1)+45
=20[-(-3)-1]+45
=20(2)+45=85

It will cost 85¢ to mail a first-class letter

weighing 2.3 oz.

y

1.25 o0—e
1.05 o—e
0.85— o—e

Cost ($)

| | 1 | 1
1 2 3 4 5 x

Weight (0z)

C(x)= 2[[x]]+4

iy 2 150 ifx <100
() =102[x~100]+150 ifx>100

C

190

180

Z 170
@]

160

150

F N T N N R
50 100 150 200 250 300 X

Miles driven

190=0.2[x-99]+150
40=0.2[x—99] = 200 =[x - 99] =
x =300 miles

2.6 Critical Thinking/Discussion/Writing

63. D 64. C

65. a. If fis even, then fis increasing on
(—e, —1) and decreasing on (-1, 0).

b. Iffis odd, then fis decreasing on (-, —1)

and increasing on (-1, 0).

66. a. Iffis even, then f'has a relative maximum
at x =—1 and a relative minimum at x = —3.

b. Iffis odd, then fhas a relative minimum at
x =—1 and a relative maximum at x = 3.

2.6 Getting Ready for the Next Section

67. If we add 3 to each y-coordinate of the graph
of f, we will obtain the graph of y = f{x) + 3.

68. If we subtract 2 from each x-coordinate of the
graph of f; we will obtain the graph of

y=flx+2).

69. If we replace each x-coordinate with its
opposite in the graph of £, we will obtain the

graph of y = f{—x).

70. If we replace each y-coordinate with its
opposite in the graph of f, we will obtain the

graph of y = —f{x).

71. o s
LN 1
| X
72. " g f
L1 A
| X
73. "
g B f
L 1 YT
| X
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74.

For exercises 75-78, refer to section 1.3 in your text

8

for help on completing the square.

75.

76.

77.

78.

x2 +8x+16;
x? -6x+9;

2 2 1
X' —=x+—=
39

2

X+ =X+t
5023

(x+4)°

(x-3)?
4
(Hg)z

2.7 Transformations of Functions

2.7 Practice Problems

w =

lg(x)

3. The graph of f(x) =+/x—2+3 is the graph
of g(x)= Jx shifted two units to the right
and three units up.

y
z : f(x) = m 3
ar /
. -
2 i — - — ——7
1 or
]
R R

4. The graph of y =—(x- 1)2 +2 canbe
obtained from the graph of y = x? by first

shifting the graph of y = x> one unit to the

right. Reflect the resulting graph about the x-
axis, and then shift the graph two units up

5. The graph of y = 2x — 4 is obtained from the
graph of y = 2x by shifting it down by four
units. We know that
|y| _ { y ify=0

-y ify<0.
This means that the portion of the graph on or
above the x-axis () = 0) is unchanged while
the portion of the graph below the x-axis (y <
0) is reflected above the x-axis. The graph of

y=|/(x)|=[2x 4] is given on the right.
’

y
5 —
— 0,4)

I
I

The graph of g is the graph of f'shifted one
unit up. The graph of % is the graph of f'shifted
two units down.

The graph of g is the graph of f'shifted one
unit to the right. The graph of 4 is the graph of
f'shifted two units to the left.

|
w =
Y-
=

—/fix)=2x—4

B

8x)

fx)

LoD
L I B

|
0 1

I N |
2 3 45 6 x

The graph of g is the graph of fstretched
vertically by multiplying each of its
y-coordinates by 2.
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8. Start with the graph of y = Jx . 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.

y
5
4
3
2
1
[
—2—-1 ]0
(=1, -2) 2
9 YA
64
54
-3,4
3,4 1
y=fx 371
2 +
(-5.0) 17(-1,0)
—-6-5-4-3-2-1 _N\Zi 45 %
27 (3,-2)

Shift the graph one unit right to graph
y=f (x - 1).

Compress horizontally by a factor of 2.
Multiply each x-coordinate by % to graph

y=r(2x-1).

Compress vertically by a factor of %
Multiply each y-coordinate by % to graph
y=3/f(2x-1).

YA

6..

5__

4__

LT

y=3£Qx—1) AT

(=2, 0) (0, 0)

—6-5-4-3-2-1 | ﬁ 345 7%

ol -

Shift the graph up three units to graph
y=1/(2x-1)+3.

] -1,5)
y=3fQx-1)+3
2,3/ N©.3)

......
rrrrrr

y=f(x)—>y=f(x—l)%y=f(2x—1)%
=2 f(2x-1)= y =2 f(2x-1)+3

2.7 Concepts and Vocabulary

1. The graph of y = f(x)—3 is found by
vertically shifting the graph of y = f(x) three
units down.

2. The graph of y = f(x+5) is found by
horizontally shifting the graph of y = f(x)
five units to the left.

3. The graph of y = f(bx) is a horizontal
compression of the graph of y = f(x) isbis
greater than 1.
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232 Chapter 2 Graphs and Functions
4. The graph of y = f(—x) is found by The graph of % is the graph of freflected
reflecting the graph of y = f(x) about the y- about the y-axis.
axis. 15. The graph of g is the graph of freflected
bout the x-axis.
5. False. The graphs are the same if the function about Hhe x-axis
is an even function. The graph of 4 is the graph of freflected
about the y-axis.
6. True
16. The graph of g is the graph of fstretched
7. False. The graph on the left shows y = x? vertically by a factor of 2.
first shifted up two units and then reflected The graph of  is the graph of £ compressed
about the , horizontally by a factor of 2.
x-axis, while the graph on the right shows ' '
y= x? reflected about the x-axis and then 17. The graph of g is the graph of /'vertically
. ) stretched by a factor of 2.
shifted up two units.
The graph of 4 is the graph of fhorizontally
y
\10 compressed by a factor of 2.
\
\ 18. The graph of g is the graph of fshifted two
units to the right, then one unit up.
T — The graph of 4 is the graph of f'shifted one
unit to the left, reflected about the x-axis,
/ B and then shifted two units up.
10 19. a. The graph of g is the graph of freflected
8. True about the x-axis and then shifted one unit

2.7 Building Skills

9. a.

10. a.

11. a.

12. a.

13. a.

14. a.

The graph of g is the graph of fshifted two
units up.

The graph of 4 is the graph of f'shifted one
unit down.

The graph of g is the graph of f'shifted one
unit up.

The graph of 4 is the graph of f'shifted two
units down.

The graph of g is the graph of f'shifted one
unit to the left.

The graph of 4 is the graph of fshifted two
units to the right.

The graph of g is the graph of fshifted two
units to the left.

The graph of 4 is the graph of f'shifted
three units to the right.

The graph of g is the graph of f'shifted one
unit left, then two units down.

The graph of 4 is the graph of f'shifted one
unit right, then three units up.

The graph of g is the graph of freflected
about the x-axis.

20.

21.

22,

23.
27.
31.

up.
The graph of 4 is the graph of freflected
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 4 is the graph of fstretched

vertically by a factor of three and then
shifted one unit down.

The graph of g is the graph of f'shifted one
unit up.

The graph of 4 is the graph of f'shifted one
unit to the left.

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.

The graph of 4 is the graph of f'shifted one
unit to the right, reflected about the x-axis,
and then shifted three units up.

24. ¢ 25. g 26.
28. a 29. b 30. k
32. f 33. d 34.
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/(%)

41.

= = =
— 0 LOO e}
o —© —\©
—= —< <
— — — —
L1 | NL L1 — | 11y, o
N+ oo é + © O LA o B |
T " 9 —| = ar T =k
IA,.. 1l IA_.. Il A,.. Il
e = o = & =
| S~ _ S~ | S~
o o) <
< < <
a3 « = - = = A_..
—o | © + —{oo — -
o
/4 ] N e T\
Il I
|ﬂm_ I 2_ l AN N M
S0 —
Sz ES) N [Ca <« o @
= = = ol L Ne [ ' +
A\.\.\\_ _ NS S o oo =
—< < —H e _ m
I i | | Py
7 b 7 ki ez
~
w = = ) =)
I3 ) [ 1) 1)

2468 X

“8—6-4-2

40. f()

—8-6-4-2,Y2 468 X

4
—6
-8

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

234 Chapter 2 Graphs and Functions

45. 49.

—

|
\—
|
Ny .
|
N —

No| N A 0 OF
I

foo)y =@ =37 50.

y
81" h(x) = Ix — 2!
6_
4

46. Y L

S - NG
T

\M#c\oo%

|

Ny .

|
‘l\)
N o
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1 _ 2
53. f(x)= 57. f(x)=—x
x=3 y
y N
2: 1 | | 1
-4 =2 2 4 x
4+ Sl
2_
I I s
T8=6—4-2, % 4 6 8 *
—4 —6_
-6 —8h
—8H
1 3
54, f(x)= 58. f(x)=-x
f() x+2 y
y
81 8r
6_
4+ Al
Gk 2
o SRR U
8+ —4}
_6._
55. f(x)=+—x -8t
y
6r A2
59. f(x)—2x
4_
y
2+ sl
| | | |
-8 -6 —4 —2 0] 2 «x 6r
_2_ 4_
2_
56. f(x)z—\/; 1 | | 1
4 -2 0] 2 4 =
y 2k
2_
SNG4 6 8 1
— X )
—2F 60. f(x)=§x
—4+ Y.
76_ 8_
6_
4_
2_
| | | | | |
—-6—-4-20 2 4 6 X
72_
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61. f(x)=2lx]
y

_2_
1
62. f(x)=§|x|
Yy
8_
6_
4_
2_
1 | | | | 1
—8—-6-4-20 2 4 6 87«
_2_

63. f(x)=(x—-2)"+1

Start with the graph of f (x)=x?, then shift

it two units right and one unit up.

y

64. f(x)=(x=3)"=5

Start with the graph of f (x)=x?, then shift

it three units right and five units down.

65. f(x)=5-(x-3)
Start with the graph of f (x)=x?, then shift
it three units right. Reflect the graph across

the
x-axis. Shift it five units up.
y
6 —
4 —
2 —

-2 0|/ 2 41\6 8 X«
-2
—4

66. f(x)=2-(x+1)’

Start with the graph of f(x)=x?, then shift
it one unit left. Reflect the graph across the

x-axis. Shift it two units up.

67. f(x)=vx+1-3

Start with the graph of f (x) =Jx , then shift

it one unit left and three units down.

y

4_

2_
1 1 1 1 L%
-2 OM x
_4_
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68. f(x)=x—2+1

69.

70.

71.

Start with the graph of f (x) =Jx , then shift

it two units right and one unit up

S(x)=~N1-x+2
Start with the graph of £ (x)=+/x, then shift

it one unit left. Reflect the graph across the y-
axis, and then shift it two units up.

N/O\oo%
T

T N T
-8 -6 -4 -2 0 2 %
72_

S(x)=—vx+2-3
Start with the graph of f(x)=+/x, then shift

it two units left. Reflect the graph across the x-
axis, and then shift it three units down.

S()=fe=1]-2
Start with the graph of f(x)=|x|, then shift it

one unit right and two units down.

y
8_
6_
4+~
2+ A/////ﬂ
| 1 | < | [ 1
8-6-4-2, K74 6 8 X
—4
,6—
-8

72.

73.

74.

f(x)= —|x+3|+1
Start with the graph of f(x)=|x|, then shift it

three units left. Reflect the graph across the
x-axis, and then shift it one unit up.

6

1
X)=——+3
S)=—=
Start with the graph of f (x)= %, then shift it

one unit right and three units up.

Yy
SL
6

4=

L 11 1 YI L1 1
—8-6-4-2,[124 68 ¥
—4
-6
-8
f=2-—
x+2

Start with the graph of f (x)= %, then shift it

two units left. Reflect the graph across the
x-axis and then shift up two units up.

ooox-lkt\)o\\t\)-kcr\oo%
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75, f(x)=2(x+1)" -1

Start with the graph of f (x)=x?, then shift

it one unit left. Stretch the graph vertically by
a factor of 2, then shift it one unit down.
y

8
6
4
2

1 | | Il
-4 -2\JB| 2 4 =%
72_

76. f(x)=§(x+1)2 +2

Start with the graph of f (x)=x?, then shift

it one unit left. Compress the graph vertically
by a factor of 1/3, then shift it two units up.
y

~ O

1

77. f(x)zZ—E(x—3)2

Start with the graph of f (x)=x?, then shift

it three units right. Compress the graph
vertically by a factor of 1/2, reflect it across
the x-axis, then shift it two units up.

y

AN

78, f(x)=1-3(x=3)

79.

80.

Start with the graph of f (x)=x?, then shift

it three units right. Stretch the graph vertically
by a factor of 3, reflect it across the x-axis,
then shift it one unit up.

y

4+

2 —

S(x)=2Jx+1-3
Start with the graph of £ (x)=+/x, then shift

it one unit left. Stretch the graph vertically by
a factor of 2, and then shift it three units
down.

f(x)=\/2x—2+1

Start with the graph of f(x)=+/x, then shift

it two units right. Compress the graph
horizontally by a factor of 1/2, and then shift it
one unit up.

y

6
41
.

-2 0 2 4 6 8
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81. f(x)=-2[x-1+2 95. "
Start with the graph of f(x)=|x|, then shift it /: K
=12 -
one unit right. Stretch the graph vertically by a
factor of 2, then reflect it across the x-axis. | L B L
Shift the graph up two units. (3.0 i X
y
oL L
1 | | | B
-4 =2 4 6 X I
2 =
—4F 96. y M
- 4. 8)
—6- Lo /
-8t /'/ -
1 (3.4 :
82. f(x)=—5|3—x|—l -
Start with the graph of f(x)=|x|, then shift it L1 s
three units right. Compress the graph B
vertically by a factor of 1/2, then reflect it i
97. ¥
across the L
y-axis. Reflect the graph across the x-axis, and L
then shift the graph down one unit. n
y [ [
4+ (=3, -1 X
M L
| | | | | | | —
86420 w i
L (-1 -3
-6 _\,
-8 @, =5)
98. (—=4.5) y
83. y=x+2 84. y=+/x+3 =

8. y= —|x| 86. y= J-x _\<
2 2 : 3,1)
87. y=(x-3)"+2 88. y=—(x+2)

89. y=-Jx+3-2 90. y=—%(\/;—2) i

91. y=3(-x+4)>+2

92. y=—(-x+1)’ +1 :/'(2’5)
(71

93. y=-2x-4-3 94, y=%|—x—2|—3
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100.

101.

102.

103.

104.

7‘/_
(=6, 1)

1 |

_/(&5).

N Y Y

X

(=2,3)

(=1,6)

(4, 10)

-

105.

108.

109.

a.

(5.5)

¥ = g0
b N/

(5.5

—6 4 -2
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110. a. Y
8 —
6 —
(=4,4)
(3,2)
2 —
| | | | |
-6 —4 _ZX)\ 4 6
-
- y =38
78 —
(5, =8)
b.
_4 —
_6 —
78 —
111. a. Y
6 —
(10, 4)
4 —
2,2)
2 &\
| | | / | |
-12 f/( of 4\s 12
-2+ (6,1
(—=8,-2)
b. Y
o ¥ =lem
(10, 4)

112. a.

113. a.

114. a.

—25.4
( ) 4

(—0.5,2)

-6 —4 2y 0

(-1.5,-1)
y
6 —
(~2.5,4)
4 —
(=0.5,2)
(-1.5,1)

v =g

2.2)

6,4

8 x
y
6_
(=349
(1,2)
| | / | | 1 |
—496 2 6 8
LD -2
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[=))

y = [g@)|

6,2)

2,5)

4, -5)

v = |gw)|

2.5)

“4.5)

b.
(=3,4)
(=1, 1)
| |
—4 —2
115. a.
(=5,7)
| |
b.
116. a.

117. a.

118. a.

(=4.6)

(=1,-5)

v = |g)|
0,4)
(5,0)
LN
2 4
X
5 _
3.-7)

7(1,3)
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2.7 Applying the Concepts

119.

120.

121.

122.

123.

124.

125.

g(x)= f(x)+800
h(x)=1.05f(x)
p(x)=1.02(f (x)+500)

l.lf(x)
1.02 1 (x)

a. Shift one unit right, stretch vertically by a
factor of 10, and shift 5000 units up.
C

5030 {—
5025 {—

Z 5020

5]

= 5015~

£ 5010

< 5005
5000
4995

if £ (x) <30,000

g(x) :{ if / (x) > 30,000

C(x)

YT 171

| | | | |
1 2 3 4 5 Xx
Number of employees

b. C(400)=5000+10+400—-1=$5199.75

a. For the center of the artery, R = 3 mm and
r=0.

»=1000(3” ~07)=9000 mm/minute

b. For the inner linings of the artery, R =3

mm and » =3 mm
»=1000(37 =37) =0 mm/minute

¢. Midway between the center and the inner
linings, R =3 mm and » = 1.5 mm

v=1000(3” ~1.5%) = 6750 mm/minute

a. Shift one unit left, reflect across the x-axis,
and shift up 109,561 units.
y

109,600
109,500
109,400
109,300
109,200

109,100 —
AN
4 8§ 12 16 20p

Price (cents)

Number of hats

b. 69,160 =109,561—(p +1)*
40,401 = (p +1)?
201=p+1= p=200¢ = $2.00

126.

127.

128.

0=109,561—(p+1)°

109,561 = (p +1)*
331=p+1=> p=330¢ =$3.30

Write R(p) in the form —3(p —h)* +k :

R(p)=-3p+600p =-3(p> -200p)
Complete the square
=-3(p% —200p +10,000) + 30,000
= -3(p —100)? +30,000
To graph this, shift R(p) 100 units to the right,

stretch by a factor of 3, reflect about the x-
axis, and shift by 30,000 units up.

The first coordinate gives the month; the
second coordinate gives the hours of daylight.
From March to September, there is daylight
more than half of the day each day. From
September to March, more than half of the
day is dark each day.

Sl —pwaru's

The graph shows the number of hours of
darkness.

y
RIREr) (12,14)
3, 12)
9, 12)
10
(6, 10)
[ A B A
of 2 4 6 8§ 10 1271

2.7 Beyond the Basics

129.

130.

The graph is shifted one unit right, then
reflected about the x-axis, and finally reflected
about the y-axis. The equation is

g(x) =—1-x.

The graph is shifted two units right and then
reflected about the y-axis.

The equation is g(x)= f(-2-x).
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131. Shift two units left, then 4 units down. 135. f(x)= 22 — 4y = 2(x2 oyt 1) _»
y
ST =2(x-1)%-2
3H Shift one unit >7 b
right, stretch 6
N R R A vertically by a s+
A W B factor of 2, then 4
- shift two units B
i down. -
I B AN
-5t —4=32-100 TP 345 6
72_
132. f(x)=x2—6x=(x2—6x+9)—9 -3
—(y—12)2 _
=(x=3)7-9 , 136, f(x)=2x>+6x+3.5
Shift three units right, then 9 units down. 5
y =2(x +3x)+3.5
20 =2(x? +3x+225)+3.5-2(2.25)
15
ok =2(x+1.5)" -1

s Shift 1.5 units left,
stretch vertically by
a factor of 2, then
shift one unit down.

|
T
=]
o
Jovy .
Ny
[Ty =
N
)=
oo |-

|

=

T
T——w & o'
T

133. f(x)z—x2+2x:—(x2 —2x+1)+1

e AR
=—(x-1%+1 L
Shift one unit right, reflect about the x-axis, 5 5
then shift one unit up. 137, f(x)=-2x" =8x+3=-2(x” +4x)+3
y
3k =2(x? +4x+4)+3+2(4)
i = 2(x+2) +11
L1 N1
—4-3-2-19 1 A3 45 6% Shift two units left, stretch vertically by a
- factor of 2, reflect across the x-axis, then shift
3 eleven units up.
75 — )7 —
— 10 C
=T /\\_
) 5 /AL W,
134. f(x)=—x"-2x= —(x +2x+1)+1 —6-5f4-3-2-10\1 2 3 4 X
_4 f—
=—(x+1)*+1 5L
Shift one unit left, y —12f
reflect about the iC ~16F
x-axis, then shift L a0k
one unit up. s
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138. f(x)=—2x+2x—1= —2(x2 —x)—l
= 2(x? = x+0.25)-1+2(0.25)
=2(x? - x+025)-05
= 2(x-05)*-0.5
Shift 0.5 unit right, stretch vertically by a
factor of 2, reflect across the x-axis, then shift

0.5 unit down.
y

L1 11 I T
74737271_10 I 2345 6x

139. ¥y
10
9
8
7
6
5
4
3
|
4 X
140.
O
[ e
|
5 x
141.

142. y
9
8
7
1
| |
-5 -3 —-10] 1 3 5 x
143.
144.

2.7 Critical Thinking/Discussion/Writing

145.a. y= f(x+2) is the graph of y = f(x)
shifted two units left. So the x-intercepts
are—1-2=-3,0-2=-2,and2-2=0.

b. y=f(x-2) is the graph of y = f (x)
shifted two units right. So the x-intercepts
are—1+2=1,0+2=2and2 +2=4.

c. y=—/(x) is the graph of y = f (x)

reflected across the x-axis. The x-intercepts
are the same, -1, 0, 2.

d. y=f(-x) is the graph of y = f (x)
reflected across the y-axis. The x-intercepts
are the opposites, 1, 0, 2.

e. y=f(2x) isthe graph of y = f (x)
compressed horizontally by a factor of 1/2.
The x-intercepts are —%, 0, 1.

f. y= f(%x) is the graph of y = f (x)
stretched horizontally by a factor of 2. The
x-intercepts are —2, 0, 4.

146. a. y= f(x)+2 is the graph of y = f(x)

shifted two units up. The y-intercept is
2+2=4,
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147.

&

e

ol

e

y = f(x)—2 is the graph of y = f (x)
shifted two units down. The y-intercept is
2-2=0.

y =—7(x) is the graph of y = f (x)
reflected across the x-axis. The y-intercept
is the opposite, —2.

y= f(—x) is the graph of y = f(x)
reflected across the y-axis. The y-intercept
is the same, 2.

y=2f(x) is the graph of y = f (x)
stretched vertically by a factor of 2. The
y-intercept is 4.

y =%f(x) is the graph of y = f'(x)

compressed horizontally by a factor of 1/2.
The y-intercept is 1.

y = f(x+2) is the graph of y = f (x)
shifted two units left. The domain is
[—1 -2,3- 2] = [—3, 1]. The range is the

same, [—2, 1].

y = f(x)-2 is the graph of y = f (x)
shifted two units down. The domain is the
same, [-1, 3]. The range is

[-2-2,1-2]=[-4, -1].

y=—f(x) is the graph of y = f (x)
reflected across the x-axis. The domain is
the same, [—1, 3]. The range is the

opposite, [-1, 2].

y = f(—x) is the graph of y = f (x)
reflected across the y-axis. The domain is
the opposite, [-3, 1]. The range is the

same, [-2, 1].
¥ =2f(x) is the graph of y = f (x)

stretched vertically by a factor of 2. The
domain is the same, [-1, 3]. The range is

[2(-2), 2(1)]=[-4. 2].

y= %f(x) is the graph of y = f'(x)
compressed horizontally by a factor of 1/2.
The domain is the same, [-1, 3]. The range

s[4 30]-[1.4]

148. a. y = f(x+2) is the graph of y = f(x)

shifted two units left. So the relative
maximum is at x = 1 —2 =—1, and the
relative minimum is atx =2 -2 =0.

y=f(x)-2 is the graph of y = f(x)
shifted two units down. The locations of the
relative maximum and minimum do not
change. Relative maximum at x = 1,
relative minimum at x = 2.

v =—/(x) is the graph of y = f (x)
reflected across the x-axis. The relative
maximum and relative minimum switch.
The relative maximum occurs at x = 2, and
the relative minimum occurs at x = 1.

v = f(-x) is the graph of y = f (x)
reflected across the y-axis. The relative
maximum and relative minimum occur at
their opposites. The relative maximum
occurs at x = —1, and the relative minimum
occurs at x =—2.

y=2f(x) is the graph of y = f (x)
stretched vertically by a factor of 2. The
locations of the relative maximum and
minimum do not change. Relative

maximum at x = 1, relative minimum at
x=2.

y :%f(x) is the graph of y = f(x)
compressed horizontally by a factor of 1/2.
The locations of the relative maximum and
minimum do not change. Relative

maximum at x = 1, relative minimum at
x=2.

2.7 Getting Ready for the Next Section

149. (5x2+5x+7)+(x2+9x—4)=6x2+l4x+3

150

151

152

153

xz+2x)+(6x3—2x+5)=6x3+x2+5
5x% +6x-2) - (357 = 9x+1) = 267 +15x -3
x3+2)—(2x3+5x—3)=—x3—5x+5

x—2)(x2 +2x+4)

=x>+2x> +4x—2x> —4x -8
=x-8
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154.

1585.

156.

157.

158.

159.

(x2+x+1)(x2—x+l)

160.
=xt o P -t —x+1
=x*+x2+1

2x-3
fx)=g e

( ) x2—5x+6
The function is not defined when the
denominator is zero.
X -5x+6=0=(x-2)(x-3)=0=x=2,3
The domain is (—ee, 2)U(2, 3)U(3, ).
x—2
Sx)=
( ) x“ =4

The function is not defined when the
denominator is zero.
X —4=0> (x+2)(x-2)=0>x=-2,2
The domain is (—eo, —2)U (-2, 2)U(2, ). 161.
f (x) =+2x-3
The function is defined only if 2x — 3 > 0.
2x—320:>2x23:>x2%

)
The domain is E’ oo |,
f ()=

V5—-2x

The function is defined only if 5 — 2x > 0.
5—2x>0:>—2x>—5:>x<%

L. 5
The domain is (—oo, E)

162.
x| <0

x—10

First, solve x—1=0= x=1 and
x—10=0= x=10.

So the intervals are

(—eo, 1),(1, 10), and (10, o).

Interval Test x—1 | Result
point Value of -
1
(—oo’ 1) 0 m +
(1,10) 5 -4 -
(10, =) 15 1 +

Note that the fraction is undefined if x = 10.
The solution set is (1, 10).

-3
(1-x)°
Set the denominator equal to zero and solve for
X.

(1-x)° =0 x=1

>0

The intervals are (—oo, 1) and (1, oo).

Interval Tgst Value of Result
point -3
(1-x)’
(—ee, 1) 0 -3 —
(1, o) 2 -3 —

There is no solution. The solution set is &.

—22x +8 <0
x“+1
Set the numerator and denominator equal to

zero and solve for x.
2x+8=0=-2x=-8=>x=4

x2+1=0 has no real solution.
The intervals are (—oo, 4] and [4, o).

Interval Test Value of Result
point 2x+8
x2+1
(—oo’ 4] O 8 +
1
[4, ) 5 T -

The solution set is [4, o).

(x - 3) (x - 1) S

(x -5 ) (x + 1)

Set the numerator and denominator equal to
zero and solve for x.

(x—3)(x—1)=0:x=3,1
(x—S)(x+l)=0:>x=5,—1

The intervals are (—eo, —1), (-1, 1],
[1, 3], [3,5), and (5, ).

(continued on next page)
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(continued)
Interval Test Value of Result
point | (x-3)(x-1)
(x=5)(x+1)
15
(=) | 2 5 :
3
(-1,1] 0 -3 -
1, 3] 2 L +
3
[3.5) 4 -5 -
15
(5, =) 6 7 +

The solution set is (—eo, —1)U[1, 3]U(5, o).

2.8 Combining Functions;
Composite Functions

2.8 Practice Problems

1. f(x)=3x—l, g(x)=x2+2

(f+e)(x)=r(x)+g(x)
=3x—1+x2+2=x>+3x+1
(f-2)(x)=

/(%)= g(X)

= (Bx-1)—(x +2)=—x2+3x—3

(f2)(x)= 1 (x)-g(x)

= (3x=1)(x? +2) =3¢’ = x? + 6x -2

(lJ(x): f(x) _3x-1

g g(x) x?+2

2. f(x)=Vx-1, g(x)=3-x

The domain of f'is [1, =) and the domain of g

is (—eo, 3]. The intersection of Dyand Dy,
D,ND, = 1, 3].
The domain of fg is [1, 3].

f

The domain of — is [1, 3).
g

The domain of £ is (1, 3].

3. f(x)=-5x g(x)=x"+1
a. (fog)(0)=r(g(0))
:f(02+1)=f(1)=—5

4.

b. (g0/)(0)=g(r(0)=g(-5-0)=g(0)=1

f(x)=2—x, g(x):2x2+l

a. (gof)(x)=g(f(x)=2(2-%)
=2(2-x)" +1
=2(4—4x+x2)+1
=8—8x+2x2 +1=2x>-8x+9

b. (fog)(x):f(g(x))=f(2x2+1)
=2—(2x2+1)=1—2x2

c. (gog)(x)=g(g(x)=
- 2(2x2 +1)2 +1
=2(4x4 + 42 +1)+1

g (2x2 + l)

=8x* +8x7 +3
f(x)lex+l, g(X)ZT?,
) is defined}.
2(x) is not defined if x = 3, so

A= (=0, 3)U(3, o).

Let A={x|g(x

Let B={x| f(g(x)) is defined}.
2+x-3 x—1
1 = =
(g ) \/x 3 \/ x-3 \/x—3
g ) is not defined if x = 3 or if
x-1 <0.
x-3
x—1=0=>x=1
Interval Test Value of Result
point x—1
x-3
(==, 1] 0 3 +
[1, 3) 2 -1 -
(3. ) 4 3 +

( ) is not defined for [1, 3), so
B = (=00, 1]U(3, e°).

(continued on next page)
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(continued)
A | ! | | 5 |
-1 0 1 2 3 4
B | ! " | 4 |
-1 0 1 2 3 4
AMB | | " | 5 |
-1 0 1 2 3 4

ANB

The domain of fog is

AN B = (=0, 1]U(3, ).

S ()= g)=3-x
fong(3—x)=\/3—x

fog isnotdefinedif 3—-x<0=3<x or

x>3. fog isdefined for x <3. Thus, the
domain of fog is (—ee, 3].

f(x):Jﬁ’ g(x)= 4— x2
(fog)(x)=f(g(x))=f(\/E)
SN

The function g(x)=+4-x? is defined
for 4-x*>0=x*<4=-2<x<2. So,
A=[-2,2].

The function f (g (x)) is defined for

Va-x?2 120 V4-x*>1=

4-x? > -’23 <3>

- 3Sx£«/§
SO, B= |:_\/§s \/gjl
é | | | é |
-2 -1 0 1 2 3
I: | | | :I |
-3 -1 0 1 32 3
I: | | | :I |
-3 -1 0 1 32 3
The domain of fog is
ANB=[-3,43].

(22) ()= (f (1) = 4= (Va=1)
=\/4—(x—1)=x/5—x

The function f (x)=+x—1 is defined for

x-120=>x2=1. So, AZ[I, oo).

The function g (f(x)) is defined for

5-x20=52x, orx<5. So,

B =(—es, 5].
A | Py J ] | ]
0 1 2 3 4 5
B ] | | ] | Py
0 1 2 3 4 5
ANB | Py | | | Py
0 1 2 3 4 5
The domain of go f is ANB=[1, 5].
8. H(x)= ! , g(x)=\/2x2+1

V2x2 +1

If f(x)= %, then

b. A=97=97(6)" =324z

The area covered by the oil slick is
3247 = 1018 square miles.

10. a. r(x)zx—4500
b. d (x) =x-0.06x=0.94x
c. i (r o d)(x) = r(0.94x) =0.94x—4500

ii. (d o r)(x) =d (x - 4500)
=0.94 (x - 4500)
=0.94x - 4230
d. (d o r)(x) - (ro d)(x)
= (O.94x - 4230) - (O.94x - 4500)
=270

2.8 Concepts and Vocabulary
L (f-g)(x)=rf(x)g(x)

2. The domain of the function f+ g consists of
those values of x that are common to the
domains of fand g.

3. The composition of the function f with the
function g is written as f o g and is defined

by fog(x)=s(g(x))
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The domain of the composite function fog
consists of those values of x in the domain of

g for which g(x) is in the domain of £.

False. For example, if f (x) =2x and

, then
( (x)) f (xz) =2x

e(£ ()= g(29)= 42"

g(x)= x?
(fog)(x)=.
(go/)(x)

True

False. The domain of f'-g may include
2(x)=0, but the domain of = cannot

include g(x)=0.

8. True
2.8 Building Skills

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

a.

b.

C.

(f+2)(-2)=f(2)+g(-2)=1+2=3
(f+2)(2)=f(2)+g(2)=-2+(-1)=-3
(f-g)(4)=s(4)-g(4)=—2-1=-3
(f-g)-1)=f(-1)-g(-1)=1-(-4)=5
(f-g)(-1)=r(-1)-g(-1)=1-(-4) =4
(f-2)2)=s(2)-g(2)=-2:(-1)=2
DAV )

(gJ( 2)_g(—Z)_z
FASAC)

[gJ(z)_g(z) o2

(f+g)(-1)= f(=D+g(-1)
=2(-D+—(-)=-2+1=-1

(f-2)(2)=f(2)-g(2)=2(2)-(-2)=-8

2 while

(/- 2)(0)= £(0)- g(0)=2(0)—(-0) =0

22,

23.

24.

&

N
o (ij(l)zf(l)= 12 -6(1) +8 =%=

) 23
(i)(1)=&=¥=_
g g() 1
(f+&)(=1)=f(=D+g=D
=(1-(D?)+(-141)=0

(/- £)(0)=1(0)-2(0)
=(1-0%)-(0+1)=0

(f-2)(2)=1(2)-g(2)
=(1-2%)-2+1)=-9

[i}(l):&:izo

g gy 1+1

(f+8)(=1)=f(=D+g(-D
1

ﬁ+(2(—1)+1):0
(/' -2)(0)= f(0)-g(0)

_ 1 _V2
_—m—(2(0)+1)_2 1
(/-2)(2)=r(2)-g(2)
1 5
" @D

1
S\ SO _ixz 1 3
(="== =—==
g g) 2+l 33 9

(f+g)(=1)=f(=D+g(-D
-1
(=D -6(-1)+8

_ 1

+(3-(-1)

(/- g)(0)=f(0)-g(0)
0

To02- 6(0)+8
(f-8)(2)=1(2) @
2
T 22-6(2)+8
the product does not exist.

1

-(3-0)=-3

2
‘B-2)=—'1=>
G-2=%

1
g 2(1) 3-1 6
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25. a.

26. a.

27. a.

28. a.

2

f+g=x"+x-3; domain: (—oo, o)

2

f-g=x-3-x*=-x*+x-3

domain: (—eo,c0)

f-g =(x—3)x2 =x° —3x%;
domain: (—eo, o)
S _x-3

=———; domain: (—eo, 0)U (0,0)
g X

2

g X .

£ =——: domain: (—=,3)U (3,
%= domain: (==, 3)Ue)
f+g= x% +2x—1; domain: (—o0,00)

f-g=2x-1-x>=-x>+2x—-1;
domain: (—ee,c0)

f-g= (2x—1)x2 =2x% - x%;
domain: (—oo, o)
[ 2x-1

g x?

2
g_* ; domain: (—w,l)U(l,wJ
f o 2x-1 2)72

f+g=(x3—l)+(2x2+5)=x3+2x2+4;

domain: (—oe, o)

; domain: (—eo,0) U (0, 0)

f_g=(x3—1)—(2x2+5)=x3—2x2_6;
domain: (—eo, o)
f~g=(x3—l)(2x2+5)

=2x° +5x° —2x2 = 5;
domain: (—oo,c0)

3
-1 .
i= x2 ;domain: (—eo, )
g 2x°+45
§_Zx2+5

;domain: (—oo,1) U (1,00)

o o=
f+g =<x2 —4)4—(x2 —6x+8)
=2x% — 6x + 4;domain: (—oo, o)

f—g=(x2 —4)—(x2 —6x+8)=6x—12;
domain: (—oe,0)

29.

30.

31.

C.

e

f-g =(x2 —4)(x2 —6x+8)

=x*—6x> +4x% +24x - 32;
domain: (—oo,c0)
S x> -4 B (x+2)(x-2) _x+2
g x*-6x+8 (x-2)(x-4) x-4
The denominator of the original fraction =

0 if x =2 or x = 4, so the domain is

(=2, 2) U (2,4)U (4,00).

g_x2—6x+8 C(x-2)(x-4) x-4
B (x-2)(x+2) x+2

S 2-4
The denominator of the original fraction =
0 if x =2 or x = 4, so the domain is

(_ooa _2) U (_2’ 2) U (2; °°)
f+g=2x++/x—1; domain: [0,0)
f =g =2x—-+/x~1; domain: [0,0)

fog=0x—x =2xJx = Jx;

domain: [0,0)

L 2x—1; domain: (0, o)

g x

5_ = Jx ; the numerator is defined only
o 2x-1

for x > 0, while the denominator = 0 when
x= %, so the domain is I:O,%)U(%,oo).
f+g=x—1++/x; domain: [0,0)
f—-g= x—l—x/;; domain: [0,e0)

frg=(x- 1)\/;; domain: [0,e0)

o ox-1 .

— =—=; domain: (0, 0)

g Jx

g_ ﬁ; the numerator is defined only
S o x-1

for x > 0, while the denominator = 0 when

x =1, so the domain is [0, 1)U(1, o).
f+g=x-6++x-3; domain: [3,)
f—g=x-6-+/x-3; domain: [3,e)
f+g=(x—6)y/x-3; domain: [3,c0)
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_ 1 1 +1
d. S_x 63;d0main:(3,oo) e. £__x _ Q(X'H) _ s
p— ° 2
g Nx fo-2 (1—ﬁ)(x+1) x+1-2
x-3 xt +1
e. 5_2 ; the numerator is defined only —x __*Ti
f x-6 x-1 x(x—l)
for x 23, while the. de.nommator =0 when The denominator equals zero when x = 0 or
x =6, so the domain is [3, 6)U(6, ). x =1, so the domain is
—oo, — 1)U (=1, 0)U(0, 1)U(1, o).
32.a. f+g=x+2++1-x; domain: (—oo, 1] ( JU( JUO.HU0, =)
1 1
b. f-g=x+2-+1-x; domain: (—o, 1] 34. a. f+g=(1_;J+;=1
. Neither fnor g is defined for x = 0, so the
. ‘g= 2)V1=x; t (—oo, 1 Y ’
¢. fr-g=(x+2)v1-x; domain: (—eo, 1] domain is (—ee,0) U (0,09).
f x+2 .
d == ; domain: (—eo, 1) ( l) 1 2
_ s b. —o=|]1-2|=== =
g Al-x /s xX) x X
- domain: (—0,0) U (0, «).
e. &= ; the numerator is defined only
f ox+2 (o) (oot _x-t
for x <1, while the denominator = 0 when ¢ f-g= Ty _;_x_z_ 2
x = -2, s0 the domain is (—e. —2)U(-2, 1]. domain: (—o,0)U (0, ).
Boa frg=l-——+1 P il
x+1 x d i= X __X _,
_x(x+1)—2x+(x+1) g 1 1
x(x+l) b X
_x2+x—2x+x+1_ ¥2 41 Neithqfnorgis defined for x = 0, so the
x(x+1) x(x+1) domain is (—eo,0) U (0,0).
domain: (—ee, —1)U(=1, 0)U(0, o) 1 1
o £ x _ x|
b fogoio 21 e
x+1 x X X
_x(x+1)=2x—(x+1) Neither fnor g is defined for x = 0, and g/f
x(x + 1) is not defined for x = 1, so the domain is
_x2+x—2x—x—1_x2—2x—1 (==, 00U 0.DHU( ).
x(x+1) x(x+1) 2 x  2+x
. 35.a. f+g= + =
domain: (—oo,—l)U(—l,O)U(O,oo) x+1 x+1 x+1
Neither fnor g is defined for x =—1, so the
N f~g=(1— 2 )lz(xH—Z)l domain is (=eo,~1)U (=1, ).
x+1)x x+1 Jx
_(x—l)l_ x-1 b. f-g= 2 __x :2—x.
“x+1)x x(x+1 x+1 x+1 x+1
x+l)xx(xtd) domain: (=oo,~1)U (=1,0).
domain: (—ee, —1)U(=1, 0)U(0, o)
¢ fg ( 2 )( x j 2x
_L . . = = 5
d. izl 1x+1:(1 2 J(x) x+1)Ax+1 (x+1)

g - S x+l
_(x+l—2)x_x(x—1)
x+1 x+1

domain: (—ee, —1)U(=1, 0)U(0, o)

domain: (—eo,—1) U (=1, ).
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2 x? 2x
2 . 37. fx)=—7:8(x)=
q. Loxtl == Neither f nor g is defined x+1 x2-1
g X X 2 2
x+1 X 2x _ X (x—l) 2x
. f+g 172 2 T
forx=-1,and f/g isnot defined for x =0, x+l x -1 x*-1  x"-1
32
so the domain is (—eo,—1) U (=1, 0)U (0, o). _X —;C +2x
x° =1

x
i=x+1=£.Neitherf nor g is defined
g 2 2
x+1
for x = —1, so the domain is
(=o0, =D U (=1, o).
5x—1 4x+10
36. f(x)= x+1; (x)= x+1
_5x—-1,4x4+10 _9x+9
Sre= x+1 * x+1  x+1
_9(x+1)
Tox+1

Neither fnor g is defined for x = —1, so the
domain is (—ee,—1)U (-1, o).

f- _5x—-1_4x+10 _x-11
J x+1 x+1 x+1
Neither fnor g is defined for x = —1, so the

domain is (—eo,—1) (-1, o).

_5x—1 4x+10 _ 20x> +46x—-10
T x+2x+1
Neither fnor g is defined for x =—1, so the
domain is (—eo,—1)U(~1, o).

Sx-1
S x+1 _ S5x-1
g 4x+10 4x+10

x+1
Neither fnor g is defined for x =—1 and
f/g is not defined for x =—-5/2, so the
domain is

Sl

4x+10
g _ x+1 _4x+10

A S R

x+1
Neither fnor g is defined for x =—1 and
g/ f isnot defined for x =1/5, so the

o 1 1
domain is (—w,—l)U(—l, EJU(E, W)~

fis not defined for x =—1, g is not defined
for x =+1, and f+ g is not defined for
either —1 or 1, so the domain is

(=0, =1)U(=1, HU(1, ).

f-g= x2 _2x _X2 X—l) 2x
8731 P |

o2 oy x(xz—x—Z)

X2 x2-1
Cx(x=2)(x+1)  x?-2x
B (x—l)(x+1) - ox-1

fis not defined for x =—1, g is not defined

for x =<1, and f— g is not defined for 1, so

the domain is (—eo,—1)U (=1, 1)U(1, ).

fog= x2 2x 2x°

X+l 21 WP ax?ox-l
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, HU(1, o).

X
S xxl _ xr xP-1_x(x-1)
g 2x x+1 2x 2
2
x° -1

fis not defined for x =—1, g is not defined
forx=+1,and f/g is not defined for

either —1, 0, or 1, so the domain is

(=oo, =) U(=1, 0)U (0, YU(L, o).
2x

g_x2_1_ 2x x4+l _ 2

f i o x(x - 1)
x+1
Neither fnor g is defined for x =—1 and
g/ f isnot defined forx=0orx =1, so
the domain is

(=~ U(-LOU(0. DU =),
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-3 x—3
38. x)=—= cg(x)=————
/) x?-25 g(x) x2 +9x+20
x—3 x-3
a. f+g= +
S+ ¥2 =25 x2+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)
_ X7 +x—12+x" —8x+15
x> +4x% —25x—-100
__ 2x?-7x+3
x* +4x% =255 -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 (=0, =5)U(=5, —4)U (-4, 5)U(5, ).

-3 x—3
b. f-g=—"7" -
/g x2 =25 x?+49x+20
_ x—3 _ x—3
(x—S)(x+5) (x+4)(x+5)
_(x—3)(x+4)—(x—3)(x—5)
B (x—S)(x+5)(x+4)
x2+x—12—(x2—8x+15)
x° +4x% —25x-100
_ 9x—27
x> +4x2 =25x-100
f1is 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 (—eo,=5)U(=5, —4)U(—4, 5)U(5, ).

fog= x—3 ) x—3
x2 =25 x2+9x+20
(x-3)*

- (x? - 25)(x* +9x+20)

_ x2—6x+9
T4 3 2
X" +9x” =5x°-225x-500
f1is 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

(—o0,=5)U(=5, —4)U (-4, 5)U(5, o).

x-3
a L__x*-25
g x=3

x2 +9x+20
_ x-73 .(x+5)(x+4)=x+4

(x=5)(x+5) x-3 x=5
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 x = 5, so the domain is
(=o0,=5)U (=5, —4)U (-4, 3)U(3, 5)U(5, ).

x-3
e, £ _X7+9x+20

f x-3
x? =25
_ x=3 '(x—S)(x+5)=x_5
(x+5)(x+4) x=3 x+4
fis not defined for x=—-5 and x =5, g is not
defined for x=—4 and x =5, and g/f is not
defined for x = —4, so the domain is
(~o0.-5)U(-5. ~4)U(~4, 3
U3, 5)U(5, ).
39. f(x)=Va-1;g(x)=v5-x
a. f-g=«/ﬁ-m

f1is not defined for x < 1, g is not defined
for x > 5. The domain is [1, 5].

f= x—1
g J5-x

fis not defined for x < 1, g is not defined

for x > 5. The denominator is zero when x =
5. The domain is [1, 5).

40. f(x)="x-2; g(x)=x+2
a fg=vr2Vxi2=x’—4

f1s not defined for x <2, g is not defined
for x <—2. The domain is [2, o).

b, Lo¥x=2
g x+2

f1is not defined for x <2, g is not defined
for x <-2. The denominator is zero when
x =-2. The domain is [2, oo).
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42.

43.

44.

45.

46.

47.

48.

49.

50.

f(x)=\/x+2;g(x)=\/9—x2 1.
a. f-g=~x+2-y9-x* 52,
fis not defined for x <-2, g is defined for
[-3, 3]. The domain is [-2, 3]. 53.
b, LoYx
& 9—x?

fis not defined for x <-2, g is defined for
[-3, 3]. The denominator is zero when

x=-3 orx = 3. The domain is [-2, 3).

f(x)=A" -4

fis defined for x <-2 or x > 2, g is defined S6.

for [-5, 5]. The domain is

[-5, -2]U[2, 5]. 57.

S _Ax’-4

25— x?
f1s defined for x <2 or x > 2, g is defined
for [-5, 5]. The denominator is zero when
x=-5orx=>5. The domain is

(-5, —2]U[2 5).

(g0 f)(x)=2(x*=1)+3=2x7 +1;

(g0 /)(2)=2(2*-1)+3=9;

(g0 )(-3)=2((-3)*-1)+3=19

(g0 /)(x)=3x+17 =1=3x> + 25 +1|-1;

(g0 f)(2)=32+1 —1=26;

(g0 f)(-3)=3|=3)+1* -1=11
g)

(/o

(g0/)(2)=2(2)+1) -3=47

(2)=2(22%)-3)+1=11

(fo2)(-3)=2(2(-3)?-3)+1=31

60.

(g0 f)(=5)=2(2(-5)+1)" =3=159
(f02)(0)=2(2(0%)~3)+1=-5

eosf3J{e3)] -

54.

g(x) =25~ 55,

58.

59.

(fog)(=e)=2(2(-c)* =3)+1=4c? -5
(fog)(0)=2(202 —3)+1=4c2 _5

(gof)(a)=2(2a+1)* -3
=2(4a +4a+1)—3

=84’ +8a—-1
(g0 f)(-a)=2(2(-a)+1)* -
=2(4a” ~4a+1)-3
=8a>-8a—1
(fof))=2Q2M)+1)+1=7

(gog)(-1)=2(2-1 —3)2 ~3=-1

f(x)=l; g(x)=10—5x

X

1
(fo8)®)=155,
The domain of f o g is the set of all real
numbers such that 10— 5x # 0, or x # 2. The
domain of fog is (—ee, 2)U(2, ).

1

o X)=—
(f g )( ) Jx
The domain of fis the set of all real numbers
such that x # 0. The domain of g (x) is
[0, =). Therefore, the domain of f o g is

(0, o).

f(x)=+x; g(x)=2x-8
(fog)(x)="2x—8

The domain of f o g is the set of all real
numbers such that 2x—8>0, or x>4. The

domain of fog is [4, ).

f()=x: g(x)=~

(fog)(x)=+x

The domain of f o g is the set of all real
numbers such that —x >0, or x <0. The

domain of fog is (—e°, 0].
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2 2 2x 67.a. (fog)(x)=2(x+4)-3=2x+5
61. = = =
(fog)(x) l+1 x+1  x+1 domain: (—eo,c0)
X x
The domain of g is (—oe, 0) U (0, ). Since b. Eig © f) (x) =(@2x=3)+4=2x+L
—1 is not in the domain of £, we must exclude omain: (e, )
those values of x that make g(x) =-1. c. (f o f)(x) =2(2x-3)-3=4x-9;
1 = ]= x=—1 domain: (—ee, e0)
x
Thus, the domain of fog is d. (gog)(x)=(x+4)+4=x+8;
(=0, 1)U (=1, 0)U(0, =0). domain: (oo, )
| 1 68.a. (f0g)(x)=(x-5)-3=3r-8,
62. (fog)(x) =— » = ) domain: (—eo, o)
x+3 x+3 b. (gof)(x)=3(x-3)-5=3x-14;
_ X+3 :_x+3. domain: (—oe, o)
-x-1 x+1
The domain of g is (—e0,—3) (=3, o). Since 1 e (fo f)(x) =(x—3)-3=x-6;
is not in the domain of f, we must exclude those domain: (~eo, )
valzues of x that make g(x) = 1. d (g o g)(x) = 3(3x—5)— 5= 9x—20;
+3=1=>2=x+3=>x=—1 domain: (—co,o0)
x
Thus, the domain of fog is 69. a. (ng)(x)=1—2(l+x2)=—2x2—1;
(—oo, - 3) U (—3, - 1) U (—1, oo). domain: (—oo,o0)
63. (fog)(x)=(2-3x)-3=+-1-3x. b. (g0 f)(x)=1+(1-20)" =4’ ~dx+2;
The domain of g is (—oo, ). Since f'is not domain: (—ee, )
defined for (—ee, 3), we must exclude those ¢ (fof)(x)=1-2(1-2x)=4x-1;
values of x that make g(x) < 3. domain: (—ee, o)
1
2—3x<3:>—3x<1:>x>—§ d. (gog)(x):]+(1+x2)2:x4+2x2+2;
1 domain: (—ee, o)
Thus, the domain of fog is (—oo, ——}.
3 70.a. (fog)(x)=202x)-3=4x>-3;
domain: (—ee, o)
2 2
64. (ng)(x)= +5x _ +5x
A b. (go/)(x)=2(2x-3)" =8x7 —24x+18;
The domain of g is (—oo, ). Since fis not domain: (—co, o)
defined for x = 1 we must exclude those
values of x that make g(x) = 1. ¢ (fof)(x)=2(2x-3)-3=4x-9;
1 domain: (—oo, )
2+5x=1=>5x=—1:x=—§
2
Thus, the domain of fo g is d. (gog)(x)= 2(2x2) =8x%;
(_ —ljU(—l ) domain: (—eo, o)
TS5 57 )
Tloa. (fog)(x)=2Qx-1)*+32x~1)
65. (f02)(x)=[x? ~1|; domain: (~o0,e0) =2(4x> —4x+1)+6x-3
=8x? — 2x —1;domain: (—eo, 00)
66. (fog)(x)=3|x—1-2; domain: (—eo,c0)
b. (gof)(x)=2(2x* +3x)—1=4x* +6x—1;

domain: (—ee, o)
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72. a.

73. a.

74. a.

75. a.

(2x +3x) +3(2x2+3x)
=2(4x +12x +9x2)+6x2+9x

(fof)(x)=

=8x% +24x% +24x% +9x;
domain: (—ee, o)

(gog)(x) =2Q2x-1)-1=4x-3;
domain: (—oe, o)

(f 0 g)(x)= (207 +3(2x) = 4x” +6x;
domain: (—eo, )

(g0 f)(x)=2(x"+3x) = 2x" +6x;

domain: (—ee, o)

(fof)(x)= (x2 +3)c)2 +3(x2 +3x)
=x*+6x° +9x% +3x2 +9x
=x*+6x3 +12x2 +9x;

domain: (—oe, o)

(g0 g)(x) = 2(2x) = 4x; domain: (e, )
(f02)(x)=(Vx)" = x: domain: [0,°)
(g0 £)(x) =x? =|x|:domain: (~eo, o)
(fof)(x)= (x2)2 = x*;domain: (~eo,°)
(g g)(x) = W = ¥x; domain:
(fog)(x)= («/m)2 +2Jx+2

= x4+ 2+ 2+x+2;domain: [-2, o)
x) =x? + 2x + 2; domain: (—o0,0)

(fof)(x)= (x* +2x)? +2()c2 +2x)
=x*+4x3 +4x? +2x% + 4x
=x* +4x® +6x% +4x;

domain: (—ee, o)

(gog)(x): A x+2 +2;domain: [-2,0)
1 1
(o)W =— =
TS
X 2
2-x2 x2-2

76. a.

The domain of g is (—e=,0) U (0,). Since

% is not in the domain of f, we must find

those values of x that make g(x)= %

%z%:x2=2:x=ix/§

hus, the domain of f o g is

(-w-f) (~2.0)U(02)U(V2.=).

1

The domain of fis (—oo %) U (%, oo). Since

(g0/)= = (2-1)?

0 is not in the domain of g, we must find
those values of x that make f (x)=0.

However, there are no such values, so the

domain of go f is (—w,l)U(l,“)

2 2
1 1
(fof)(x)‘z 1 T 2-2x+1
2x—1 2x -1
_2x—1__2x—1
3-2x 2x-3
1 1
The domain of fis | —oo,— —,o0|.
e domain o fls( 2)U(2 )
_2x-l is defined for (—w,é)U(é,w),
2x-3 2 2
so the domain of fo f is
1 13 3
(=33 -)
! =x*.

(g0g)(x) =m

x2

The domain of g is (—0,0) U (0,°0), while

gog= x* is defined for all real numbers.
Thus, the domain of go g is

(==,0)U(0,0).
R _ X =x—(x+1)=_ 1
(f g)(x)—x+1 x+1 x+1

The domain of g is (—eo,—1)J(—1,). Since
fs defined for all real numbers, there are no

values that must be excluded. Thus, the
domain of fog is (—eo,—1)U(=1,0).
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b.

77. a.

78. a.

x-1 x-=1
(g0 /)(x) -D+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.
x=1==-1=x=0

Thus, the domain of go f is (—oo, 0)U(0, ).

(fof)x)=(-D-1=x-2;

domain: (—ee, o)

x x
__x+1 x+1 __ X

(gog)(x)= x +1_x+x+l_2x+1
x+1 x+1

The domain of g is (—eo, —1)U(~1, ),

while is defined for

X+

(=~ =)
The domain of go g is

(o= =DU(1 = 1)U (-3 =)

(f 0g)(x)=4—x—1; domain: (e, 3]
(g0.)(x)=J4~x—1; domain: [1, 17]
(f 0. f)(x)=Vx=1-1; domain: [2, o)
(g0g)(x)=4—~4—x; domain: [-12, 4]
(Fo)(x)=(Va—e) —a=v’

domain: [-2, 2]

(g0 1)) = 4= (+* -4
domain: [—\/7, —\/EJU[\/E, \/EJ

(fof)(x)z(x2 —4)2—4
= (x* -8x”+16)-4
=x*-8x2+12
domain: (—oo,00)

4/4—(\/4—x2)2 =\/4—(4—x2)

=V4—-4+x2 =\/x72=|x|

domain: [-2, 2]

_ (x—4)—(x+3) _ 7
S (x+3)+2(x—-4)  3x-5
The domain of g is (—e0,4) U (4,0). The

denominator of fog is 0 when x = %, o)

the domain of fog is
= 20t 9uta),

o X — x+2 — x+2
(g f)() %_4 %—4)(x+2)
_(l—x)+3(x+2) 2x+7
C(1-x)-4(x+2) —5x-7
2x+7
5x+7

The domain of fis (—eo, —2) U (-2, o). The
denominator of go f is 0 when x = _%’

so, the domain of go f is

(== =29U (2 -3)U(-F.)

x+2 x+2
(x+2)—(1—x) 2x+1
S (l-x)+2(x+2)  x+5

The domain of fis (—eo, —2) U (-2, o). The
denominator of f o f is 0 when x = -5, so,
the domain of f o f is

(=o, =5)U(=5, ~2)U(-2,)
343 (2 43)(x-4)
(gog)(x) ;:31_4 (%_4)()(_4)
_(x+3)+3(x—4)_ 4x-9
C(x+3)-4(x—-4) 3x+19
_ 4x-9
T 3x-19

The domain of g is (—eo,4) U (4,0). The

denominator of go g is 0 when x = %, SO

the domain of go g is

(= U4 BV ().
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I
= = |2

80. a. (fog)(x)

The domain of g is (—eo,1) U (1,0). The

denominator of f o g is 0 when x =2, so

the domain of fog is
(=0, NU(L, 2)U(2,00).

o2 );—jg+1)(x—3)
x+2 x+2

b. (gof)(x)= ( —1)(x—3)

C(x+2)+(x-3)  2x-1

(x+2)-(x-3) 5

42 4 (

The domain of fis (—ee, 3) U (3, ). The
denominator of go f is never 0, so, the

domain of go f is (=0, 3)U (3, o).

%3+2 B (%+2)(x—3)
c. (fof)(x)=);3_3‘(%_3)(95—3)
_ (x+2)+2(x_3)
(x+2)—3(x_3)
3x-4 3x—4

The domain of fis (—eo, 3)U (3, ). The

11

denominator of f o f is 0 when x =

the domain of f o f is
(s (s H)U(Y ).
x4

=

x-1 x-1
(x+D)+(x-1) 2x
(x+1)—(x—1) T2
The domain of g is (—eo,1) U (1,00). The
denominator of go g isnever 0 so the

domain of gog is (-0, 1)U (1,0).

2

83.

84.

8s.

86.

87.

88.

89.

H(x)=(x2—3)10 = f(x)=x"g(x)=x>-3
H(x)=\3x2 455 £(x) =% +5,g(x) = 32

H) =ﬁ:» 1) =§,g(x) —3x-5

H(x)=L=>f(x)=§,g(x)=2x+3
X

2x+3
Hx)=Yx*-7= f(x)=Yx,g(x)=x* -7
H(x)=V4x2+x+1:f(x)=<‘/;,
gx)=x*+x+1

H(x)=‘3—11‘=> f(x>=|1;|,g(x>=x3 -1
e

90. H(x)=v1+Vx = f(x)=3x,g(x)=1++/x

2.8 Applying the Concepts

91.

92.
so,

93.

In exercises 81—90, sample answers are given. Other

answers are possible.
81. H(x)=+x+2= f(x)=+/x,g(x)=x+2

82. H(x)=[3x+2|= f(x)=|x],g(x)=3x+2

a.

b.

°

f(x) is the cost function.
g(x) is the revenue function.

h(x) is the selling price of x shirts
including sales tax.

P(x) is the profit function.
C(p) =C(5000-5p)
=4(5000-5p)+12,000

=20,000-20p +12,000
=32,000-20p

R(p) = px = p(5000—5p) =5000p —5p>

P(p)=R(p)-C(p)
=5000p —5p% — (32,000 - 20p)
=-5p2 +5020p —32,000

P(x)=R(x)—C(x) =25x—(350+5x)
=20x—-350

P(20) =20(20) — 350 = 50. This represents
the profit when 20 radios are sold.

P(x)=20x-350;500=20x-350=x=43
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94.

95.

96.

97.

®

C=35045x = x= £ 30

C—350)
5

= x(C).

(Rox)(C) = 25( =5C -1750.

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)=0.02/(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

(g0 f)(x)=07x-5
(fog)(x)=0.7(x-5)

(fog)-(gof)=0.7(x=5)—(0.7x-5)
=0.7x-3.5-0.7x+5
=$1.50

f(x)=0.8x
g(x)=0.9x

(g0 /)(x)=0.9(0.8x) = 0.72x
(f0g)(x)=0.8(0.9x) = 0.72x
They are the same.
f(x)=11x;g(x)=x+8

(fog)(x)zl.l(x+8)=l.lx+8.8

. This represents a final test score computed
by first adding 8 points to the original score
and then increasing the total by 10%.

(g Of)(x) =1.1x+8

This represents a final test score computed
by first increasing the original score by
10% and then adding 8 points.
(fog)(70)=1.1(70+8) = 85.8;

(g0 f)(70)=1.1(70)+8 = 85.0;

(fog)(x)#(go/)(x)

98.

99.

100.

(i) (fog)(x)=1.1x+8.8290= x >73.82
(i) (go f)(x)=1.1x+8290 = x > 74.55
f(x) is a function that models 3% of an
amount x.

g(x) represents the amount of money that
qualifies for a 3% bonus.

Her bonus is represented by (f o g)(x).
200+ 0.03(17,500 —8000) = $485

521=200+0.03(x—-8000) = x = $18,700

f(x) = 7zx?
g(x) = 77(x +30)?

g(x)— f(x) represents the area between
the fountain and the fence.

The circumference of the fence is 27 (x + 30).
10.5(272(x +30)) = 4200 =
7(x+30)=200=
x4+ 307 =200 = 7x =200-307.
2(x)— f(x) = m(x +30)? — 7zx?

= 72(x? + 60x + 900) — 77x>

= 607x +9007. Now substitute
200 — 307 for zzx to compute the estimate:

1.75[60(200 — 3077) + 90077]
=1.75(12,000 — 9007) = $16,052.

£(x) =180(2x +8) + 77(x + 4)*
= 1440 + 360x + 7(x + 4)*

g(x) = 2x(180) + x> = 360x + 77x>

f(x)— g(x) represents the area of the
track.

;
1
:}x+4 180 m
.
|
|
|
L

T
|
I
2x + 8 ! 2x
I
I
L

(i) First find the radius of the inner track:

900 =27x+360 = m= x . Use this
T

value to compute f(x)— g(x).

(continued on next page)
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(continued)
270 270
5457
V4 V4
2
{1440+360(270) (ﬂ+4j ]
T T
2
(o))
Vs V4
2
=1440+ 360(27()) 270
V4 V4

2
_360(270) 270

—+2160+167

V4 V4
=3600+167 = 3650.27 square meters

(i) The outer perimeter

=360+27 (@+4) 925.13 meters
4

101 a. (fog)(r)=mQ2e+1)?

b. A(t)= fQt+1) =zt +1)*

c. They are the same.
102.a. (fog)(t)= %ﬂ(2t)3 = %ﬂﬁ

b. V()= %7[(21‘)3 = %72’1‘3

c. They are the same.

2.8 Beyond the Basics

103. a. When you are looking for the domain of the
sum of two functions that are given as sets,
you are looking for the intersection of their
domains. Since the x-values that fand g
have in common are —2, 1, and 3, the
domain of f+ g is {2, 1, 3}. Now add the
y-values.

(f+g)(-2)=3+0=3
(f+g)()=2+(-2)=0

(f +2)(3)=0+2=2

Thus, f+g={(-2, 3), (1, 0), (3, 2)}.

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+ g is {2, 1, 3} .Now multiply
the y-values.

(f2)(-2)=3-0=
(@KFZ()
(£)3)=0-2=0

Thus, 2 = {(~2, 0), (1, ~4), (3, 0)}.

¢. When you are looking for the domain of the
quotient of two functions that are given as
sets, you are looking for the intersection of
their domains and values of x that do not
cause the denominator to equal zero. The
x-values that fand g have in common are
-2, 1, and 3; however, g(—2) =0, so the
domain is {1, 3}. Now divide the y-values.

pres
(G-

Thus, —={1 -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))= £(0), which is undefined
f(g(0)=r(2)=1

fle®)=r(-

f(g@)=r(2)=

Thus, fog={(0,1), (1 3), (3, 1)}.

104. 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 /'
is [-2, 3], while the domain of g is [-3, 3].
The intersection of the two domains is [-2, 3],
so the domain of f+ g is [-2, 3].

For the interval [-2, 1],
frg=2x+(x+1)=3x+1.
For the interval (1, 2)
frg=x+DH+Ex+1)=2x+2.
For the interval [2, 3],
frg=x+1H+(2x-1)=3x
Thus,
3x+1  if —2<x<1
(f+g)(x)= 2x+2  ifl<x<2
3x if2<x<3.
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105. 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) is an odd function.
c {f(x) = h(x) + h(=x)
T g = h(x) = h(-x)=
S () +g(x) = 2h(x) =
= LTS, 50
h(x) is the sum of an even function and an
odd function.
106. a. h(x)= x?-2x+3= f(x)= x? (even),
g(x) =-2x+3 (odd) or f(x) = x>+ 3 (even),
g(x) =-2x (odd)
b. h(x)=[x]+x= f(x)= w (even),
gx)=x+ w (odd)
R
107. f(x)= 2—|x|

f(x) is defined if

2

1—|x| >0 and 2—|x|¢0.
2|

—|x|=0=>2=|x|=>x=i2

Thus, the values —2 and 2 are not in the
domain of f.

2
1

_||x||20 if1—|x|20 and 2—|x|>0, orif
—Ix

—|x|<0 and 2-|x|<0.

Case 1: 1—|x|20 and 2—|x|>0.

1
2

-z0=12[x=-1<x<1

—x>0=2>x=>-2<x<2

Thus, 1-[x|>0 and 2-|x[>0= -1<x<I.

Case 2: 1-|x|<0 and 2—-|x|<0.

1

—[x[<0=1< x| = (—eo, —1]U[1, =)

2-]x]<0=3< x| = (—eo, —2)U(2, o)
Thus, 1-|x[<0 and 2-|x|< 0=

(=o2, =2)U(2, =).

The domain of f'is

(=0, =2)U[-1, 1]U(2, ).

108.

-1 if-2<x<0
f(x)_{x—l if0<x<2

f(|x|)=|x|—l,—2$x$2

1 if —2<x<0
/() =lx=1=1-x ifo<x<l
x-1 if1<x<2

£()= £ (x)+17 )

If -2<x<0, then
g(x)=x-1+1=|x/=—x.

If 0<x <1, then g(x):(l—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

|x|=—x if —2<x<0
g(x)— 0 if0<x<l1
Z(x—l) if1<x<2

2.8 Critical Thinking/Discussion/Writing

109. a

b

C.

110. a

111. a

. The domain of f(x) is (—oe,0)U[l, o).
. The domain of g(x) is [0, 2].

The domain of f(x)+ g(x) is[1, 2].

The domain of EAC)) is[1,2).
g(x)

. The domain of fis (—ee,0). The domain of

. 1
fofis D becausefof=—1
N—x
the denominator is the square root of a
negative number.

and

The domain of f'is (—e,1). The domain of
fof is (—e0,0) because
1
fol=T——
1 -
Vl-x

must be greater than 0. If x = 0, then the
denominator = 0.

and the denominator

. The sum of two even functions is an even
function.

S(x) = f(=x) and g(x) = g(-x) =
(f+2)x) = () +g(x) = f(=x)+g(-x)
=(f+8)(=x).
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112. a.

. The sum of two odd functions is an odd

function.

S(=x)==f(x) and g(=x) = —g(x) =
(f+8)(=x)=f(=x)+ g(=x) == f(x) - g(x)
=—(f+2g)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 =
g(=x)=-gx)= f(=x)+g(-x) =

f(x)+ (— g(x)) , which is neither even nor
odd.

. The product of two even functions is an

even function.

S(x)= f(=x) and g(x) = g(-x) =
(f-&)x) = f(x)-g(x) = f(=x)(g(~x))
=(/-g)(=x).

. The product of two odd functions is an

even function.

S(=x)=-f(x) and g(-x) = —g(x) =

(f - @)(=x)= f(=x) g(=x) = = f () (-g(x))
= (/- g)x).

. The product of an even function and an odd

function is an odd function.
f(x)even = f(x)= f(—x) and g(x) odd =

g=x)=-glv) =

[(=x)g(=x)= () (~g(x))=~(f2) ()
S(=x)=—f(x) and g(-x) = —g(x) =
(fog)(-x)=f(g(-x)=r(-2(x))=
~/(g(x))=(fog)(x) is odd.
S(x)=f(=x) and g(x) = g(—x) =
(fog)(=x)=/(g(-x))=/(2(x))=
(fog)(x) is even.

f(x)odd= f(-x)=—f(x) and

g(x) even = g(x) = g(—x) = (f 0 g)(-x)
fg(x)=7s(g(-x)=(fog)(x) is

even.

f(x)even = f(x)= f(—x) and g(x) odd =
g0 =—g(0)= (o g)(~x) = f (g (x))
=f(g(x)=(fog)(=x)=(fog)(x) is

cven.

2.8 Getting Ready for the Next Section

113. a. Yes, R defines a function.

b. S={(2,-3),(L-1),3.1). (1 2)}

No, S does not define a function since the
first value 1 maps to two different second
values, —1 and 2.
, 2-5 .
114. The slope of PP’ = 5.2 =—1, while the

slope of y = x is 1. Since the slopes are the

negative reciprocals, the lines are

perpendicular. The midpoint of PP’ is

(E, ﬁ) = (Z, Zj, which lies on the
2 2 2°2

line y = x. Thus, y = x is the perpendicular

bisector of PP’.

x—3

115. x=2y+3=x-3=2y= =y

116. x=y2+l,yZO:>x—l=y2:>\/x—1=y

117. x>+y*=4,x<0=x*=4-y’=
x=—\14—y2

118. 2x—l=3:—l=3—2x:l=—3+2x=>

y y y

2.9 Inverse Functions

2.9 Practice Problems

1L f(x)=(x- 1)2 is not one-to-one because the

horizontal line y = 1 intersects the graph at
two different points.
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3. f(x)=3x-1, g(x)=xT+1 9. From the text, we have d =%—33.
+1 +1 .
(fog)(X)=f(ij=3(xT)—l=x a=1 15650—33=3597
(g0 f)(x)=g(Bx—1)= 3x-1+1_ x The bell was 3597 feet below the surface

3 when the gauge failed.
Because f(g(x))=g(f(x))="x, thetwo

. . 2.9 Concepts and Vocabulary
functions are inverses.

1. Ifno horizontal line intersects the graph of a
function f'in more than one point, the fis a
one-to-one function.

4. The graph of f ! is the reflection of the
graph of fabout the line y = x.

e 2. A function f'is one-to-one if different x-values
y=f@) 3 @3 correspond to different y-values.
L] |A|/ N/ 3. Iff(x)=3x,thenf (X)=—X.
AUV 3
—2 -4 _
(4.- 4 =2 4. The graphs of a function f'and its inverse f -
(=2, — 4;4 B are symmetric about the line y = x.
5. f(x)=-2x+3 is a one-to-one function, so S. Tme
the function has an inverse. Interchange the 6. True. For example, the inverse of f (x)=x is
variables and solve for y: -1
f(xX)=y=-2x+3=x=-2y+3= ST x)=x.
x— -1 3—x . .
T, VDS /)= R 7. False. f (x) means the inverse of /.
6. Interchange the variables and solve for y: 8. True
X
X)=y=——,x#-3 o .
S(x)=y=— 2.9 Building Skills
x= % =+ x=y=23x=y-xy= 9. One-to-one 10. Not one-to-one
y
3y 11. Notone-to-one  12. One-to-one
3x=y(l—x):—:y:
l-x 13. Not one-to-one  14. Not one-to-one
-1 3x
A (x) = - x#1 15. One-to-one 16. Not one-to-one
X 17. fQ)=7= (=2
7. f (x) =
x+3

. N _
The function is not defined if the denominator 18. [ (H=-T=/f(-7)=4

is zero, so the domain is (—eo,—3)U(-3,0). 19. f(-h=2= f@)=-1
The range of the function is the same as the

domain of the inverse, thus the range is 20. f—l (-3)=5= f(5)=-3
(=) U (L, e0).

8. G is one-to-one because the domain is
restricted, so an inverse exists.
G(x)=y=x*~1,x<0. Interchange the
variables and solve for y : 23. (f‘l ° f)(337) = f‘l (f (337)) =337
x:yz—l, ySOﬁyzG_l(x)z—«/m.

21. fa)=b= f"'(b)=a

22. N e)=d= f(d)=c

4. (fos™)@sm)= (s (257))=257
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25. a.

26. a.

27. a.

28. a.

29.

30.

31.

32.

33.

13)=23)-3=3

. Using the result from part (a), f 71(3) =3.

(£or™)9)=r(r"09)=19
(£or)s)=r(r)=5

f)=2°=8

. Using the result from part (a), f 71(8) =2.

(£or™)s)=r(r"0s)=15
(rorM@n=r(r@mn)=27

f=1+1=2

. Using the result from part (a), f 71(2) =1.

(7o77)(269)=7(r" (269)) =269

g)=32(1*)-1=1=1

. Using the result from part (a), g_l(l) =1.

(g_1 ° g)(135) =g ' (g(135))=135

f(g(x))=3(x3_1)+1=x—1+1=x

g(f(x)):%:%:x

f(g(x)):2_3(2;x)=2—2+x:x
g(f(x))=@=%x=

42 | 142x-(1-x)
_ l-x _ 1—x
S (g(x)= [+2x  T+2x+2(-)
1-x 1-x
3x
=—=X
3

34.

3s.

36.

37.

1+2(x_1j 142%=2

_ x+2 x+2
g(f(x))— | x—1 1 x—1
_x+2 _x+2
x+2+2x-2
=—'x+2 =3—x=_x
x+2-(x-1) 3
x+2

3(x+§)+2 3x+6+2@—3)
__\X— _ x—3 x—3
S (g(x)= x+2 | xt2 1))
x—3 x—3 x—3
3x+6+2x—6
=___1:§___=§f=x
xX+2-x+3 5
x-3
3x+2+2

3x+2  2x-1)

g(f (%)= +12 =3 +12 3(); —11)
x—1 x—1 x—1
3x+2+2x-2

_ x—1 _5x
T 3x+2-3x+3 5
x—1

=X

(SRS NS
A

-
AW =Y

T <
~
-~

\
oW oo =N

/I\J W A=

L
Bs
N
L
b—“\ —
—_
[N
w
IS
=

hY
S W N
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38.

39.

40.

41.

42.

43. a.

3 L.
’/
N
I’ /
—4-3-2-1,7 2 3 4%
I’ 1
/, 2
s 3
’
4
1 ’
2
2l
'I
N 1 e
—4-3-2-1,7 2 3 4%
I, l
l' 4 l
4
a ’
b ’
2 e
47
’
s
—4-3-2—-1, 1 2 3 4%
I’/l
s 2
4 3
4
4
i (3.4)
n — 7
(—3,2) = . )
'/ y=x
1 . |
—4/—3—2—1,{ 1 23 4%
(=4, -2)
l’ 2
l' 3
4
(3.4
- - ’
2 H H L4
3
D I
1

One-to-one

f(x) =y =15-3x. Interchange the variables
and solve fory:x=15-3y=

44. a.

45, a.
46. a.
47. a.

,

f(x)\
2 -
15

10 -
m

~10 -5 10 15N
5k
_]O_

Domain of f —oo, oo ; x-intercept of £ 5;

y-intercept of fi 15
domain of f -1 (—oo, oo) ; x-intercept of
f_1 : 15; y-intercept of f_1

One-to-one

g(x) =y =2x+5. Interchange the variables
and solve fory: x=2y+5=

y=gl=22 o132
2 27 2

Y.

0

s/,

Domain of g: (—ee, o)

. 5
x-intercept of g: 3
y-intercept of g: 5

domain of g : (~oo, o0) ; x-intercept of

g_1 : 5; y-intercept of g_1

Not one-to-one
Not one-to-one
One-to-one

fx)=y= Jx +3 Interchange the variables
and solve fory:xz\/;+3:>

x=3=y=y=r")=(x-3>%
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48. a.

49, a.

Domain of /: [0, o) ; x-intercept of f: none;
y-intercept of f: 3

domain of f7": [3, e) ; x-intercept of

f -3, y-intercept of f ! none

One-to-one
f(x)=y=4- Jx. Interchange the variables
and solve fory:x:4—\/;:>
d+x=—y=>y=f¥)=(x-41
y
10
8
6
4
2
| L0 1]
of 2 4 6 8 10%x
Domain of f: [0, oo) ; x-intercept of 3 16;

y-intercept of f: 4

domain of f -1 (—oo, 4] ; x-intercept of
f_1 : 4; y-intercept of f_1 2 16
One-to-one

g(x) = y = 3/x +1. Interchange the variables

and solve fory:x=3/y+1 =

x3=y+l:y=g_l(x)=x3—l

50. a.

51. a.

Domain of g: (—oe, ) ; x-intercept of g:
y-intercept of g: 1

domain of g : (—oo, o0) ; x-intercept of
g_1 . 1; y-intercept of g_1 |

One-to-one

h(x)=y= h-x. Interchange the variables
and solve fory:x=3/1-y =
x° :1—y:>y=g_1(x)=l—x3.

Domain of h: (—oo, o) ; x-intercept of /: 1;
y-intercept of A: 1

domain of A" : (=es, o) ; x-intercept of
e 1; y-intercept of i

One-to-one

fx)=y= Ll Interchange the variables
X—

1
andsolvefory:x:—1:>x(y—l):1:>
y—

L B 0 L e Lk
X X X

)
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52. a.

53. a.

Domain of £ (—ee, 1)U(1, o)
x-intercept of f: none; y-intercept of f: —1
domain of 7" (~eo, 0)U/(0, =)
x-intercept of f7': —1

y-intercept of [ ! none

One-to-one

gx)=y=1- l Interchange the variables
x

andsolvefory:x=l—l:>x=y—_1:>
y y
xy=y-l=xy-—y=-Il=2yx-)=-1=
1 1

y=gl()=-—=—m

x-1 -X

b)

-5 -3

Domain of g: (—eo, 0)U (0, o)
x-intercept of g: 1; y-intercept of g: none
domain of g7 !: (—eo, 1)U (1, o)
x-intercept of gi1 : none

y-intercept of g71: 1

One-to-one

f(x)=y=2++/x+1. Interchange the
variables and solve fory: x=2+./y+1=

x=-2= y+1:>(x—2)2=y+1:>
y=f71(x)=(x—2)2—1=x2—4x+3

- VEY!

54.

d. Domain of f: [—1, eo); x-intercept of f:
none; y-intercept of f; 3
Domain of f7':[2, =);
x-intercept of f 1.3
y-intercept of £ ' none

a. One-to-one

b. f(x)=y=-1++/x+2. Interchange the

variables and solve for y :

x==14+y+2=>x+1=y+2 =
(x+1)2=y+2:>
y=/T )= (x+1)° —2=x +2x -1

A

d. Domain of f: [-2, ) ; x-intercept of f: —1;

y-intercept of f; —1+ V2
Domain of /7" : [~1, o)

x-intercept of f_l C—1+42
y-intercept of f RS

In exercises 55 and 56, use the fact that the range of f
is the same as the domain of f -

5s.

56.

57.

Domain: (—oo,—2) U (-2, 0)
Range: (—o0,1)U(1,0)
Domain: (—oe,1) U (1,0)
Range: (—0,3)U(3,)

ol +; . Interchange the variables

S =y=

X

+1
andsolvefory:xzy—2=>xy—2x:y+l=>
y—

xy—y=2x+1=yx-)=2x+1=

y= =2t
x—1
Domain of £ (—oo,2) U (2, 0)

Range of £ (—oo0,1) U (1, ).
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58.

59.

60.

61.

62.

2 .
X T Interchange the variables

g)=y= o

+2
andsolvefory:xzy—_'_l:xy+x:y+2:>
y

xy—y=—x+2=y(x-)=-x+2=

- -x+2 x-2
y=gl()=——"="7".
x—=1 1l-x
Domain of g: (—oo,—1) U (=1, 0) P
Range of g: (—oo, 1) U (1, 00). 8
-2 63. f'is one-to-one since the domain is restricted,
fx)=y= ay Interchange the variables S0 an inverse exists.
1+x s f(x)=y =[x =x, x 2 0. Interchange the
and solve fory : x = AN variables and solve fory: y=x, x> 0.
+y B
x+xy=1-2y=xy+2y=1-x= y6 ) = 1
- I-x B -
=|—- = 1 = — y X
Yar=lox=y=/70=0 f_l(x):x; y=F"m
Domain of 2 (=ee,=1) U (=1, ) L1/ 3~
Range of £ (—e0,~2) U (=2, ). B I
e —4
x—1 . .
h(x)=y= . Interchange the variables / -6
x-3 s
and solve for y: x = r-1 Sxy-3x=y-1= 64. g is one-to-one since the domain is restricted,
y-3 $O an inverse exists.
w-y=3x-1=yx-)=3x-1= g(x)=y =|x|=—x, x < 0. Interchange the
y=h"'x)= 3x-1 ) variables and solve fory: y = —x, x 2 0.
x-1
S B
Domain of : (=s0,3) U (3,00) § W =-x » g0 =ht
Range of /i: (—oo, 1) U (1, 00). L =
f'is one-to-one since the domain is restricted, Y=g 2_//
S0 an inverse exists. _é — 0 i é x
f (x) =y= —x%,x20. Interchange the ,/_2 B y=¢"'m
variables and solve for y : /// _z B
x=—y2:>y=\/—x,xS0. ¥
i ={—=x 65. f'is one-to-one since the domain is restricted,

SO an inverse exists.

f (x) =y= x2+1, x<0. Interchange the
variables and solve for y :

x=y2+1=>y=—\/x—1,x21.

, fix) = 2+1
o A £l = —fx=1
Ll \ o= v p
A 6 L7
g is one-to-one since the domain is restricted, y=fo\~  YTX
SO an inverse exists. ~
I T N V2 T
g(x) =y= —x2’ x < 0. Interchange the —6-4-2, \%
variables and solve for y : e
5 RO S oy B €
xX=—y = y=—-x,x=<0. v
IL/ _6_
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66. g is one-to-one since the domain is restricted,

67.

68.

SO an inverse exists.

g (x) =y= x> +5,x20. Interchange the
variables and solve for y :

x=y2+5:>y=\/x—5,x25.

Y 1

10~

s y=gx) ,  y=x
//

6 e

4=

5 S oy=g '

L1 1 | 1 |
-6—-4-20 2 4 6 8 10x

AL sw=ras
o T el

_8_

f'is one-to-one since the domain is restricted,

SO an inverse exists.

S(x)=y= x> +2, x<0. Interchange the
variables and solve for y :

x=—y2+2=>y=—\/2—x,xs2.

f)=—x*+2

Flo=-2-x

g is one-to-one since the domain is restricted,

SO an inverse exists.

g(x)=y= —x? -1, x20. Interchange the
variables and solve for y :

x=—y2—1:>y=\/—x—l,xS—1.

g = 2 — 1
g ' =—J-x—1
y
6 /,;:x
4
y=g '@ s

69. a.

70. a.

71. a.

C(F(x)) = —(—x 32)

2.9 Applying the Concepts

KC)=C+273=
C(K)=K-273=K"(C).
This represents the Celsius temperature

corresponding to a given Kelvin
temperature.

C(300) =300 — 273 = 27°C
K(22)=22+273=295°K

The two points are (212, 373) and (32,
273). The rate of change is

373-273 100 _ 5

212-32 180 9
273——(32)+b=>b 2297
K(F)_—F+@
9
Kep 2207 e 2297 5
9 9 9 9
9K —2297 = 5F=>F(K)_—K—%

This represents the Fahrenheit temperature
corresponding to a given Kelvin
temperature.

K(98.6) ——(98 6)+¥_ 310°K

F(K(C)) = %(c +273) - &597

_ 9., 90273) 2297

5 5 5
et 160=2c 32
55
C(K(F))= gF + % -273
_5,, 22972457
9 9
_3 160
9" 9

5 160

72. F(C(x))z—(gx—7j+32 Xx—32+32

=X

160 160 160
=x

9 9

=X

Therefore, F and C are inverses of each other.
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73. a.

74. a.

75. a.

76. a.

77. a.

78. a.

E(x)=0.75x, where x represents the

number of dollars
D(x) =1.25x, where x represents the

number of euros.

E(D(x)) = 0.75(1.25x) = 0.9375x # x.

Therefore, the two functions are not
inverses.

She loses money either way.

w=4+0.05x=>w-4=0.05x =
x=20w-80.

This represents the food sales in terms of
his hourly wage.

x=20(12)- 80 =$160

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.

 [4+0.05x ifx>60
Y17 if x < 60

The function does not have an inverse
because it is constant on (0, 60), and it is
not one-to-one.

If the domain is restricted to [60,c), the
function has an inverse.

2
T:I.llxﬁ:ﬂ:(%) . This shows the

length as the function of the period.

2
=5 -32n
1.11

T=1.11470 =9.3 sec

V=8\/}:>%=\/}:>éV2=x=V“(x)

This represents the height of the water in
terms of the velocity.

| 2\ _
(i) x _5(30 )_ 14.0625 ft
L1 2\ _
(ii) x = a(20 ) =625 ft
y=64x— 2x? has no inverse because it is

not one-to-one across its domain, [0, 32].
(It fails the horizontal line test.)

500
400
300 L\
200
100

|||||||||||||||

4 8 121620 24 28 32°x

However, if the domain is restricted to
[0, 16], the function is one-to-one, and it

has an inverse.
v
500}

400}

1

|

1

1

1

i |
1

300[ :
200} i
[ 1
100} :
1

||||||||||||||||

4 8 121620 24 28 32°x

y=64x—2x" = 2x> —64x+y=0=

64 £4/64% -8y
x:fﬁ
64+./4096 -8y 64+2,/1024—-2y
X = =
4

4

_32+,/1024-2y

- 2
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 is [0, 16], which is the range of the

inverse.

32+./1024-2y s

2
[16, 32], so this is not the inverse.
The range of
32-,/1024-2

xzfy, 0<y<512, 1s
[0, 16], so this is the inverse.

y . 64-+4096 ~ 8y
= 4

32
28
24
20
16
12

81 " 64 —/4096 — 8y

The range of x =

TT T T T T T T T T T

||||||||||

100 200 300 400 500 x

Note that the bottom half of the graph is the
inverse.
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79. a.

80. a.

64— /4096 —8(32) _ 051 8

(i) x=

4
64 — /4096 —8(256

(i) x= (256) =4.69 ft

4

64 — /4096 —8(512
(iii) x= (512) =16 ft
4

The function represents the amount she still

owes after x months.
y =36,000 — 600x. Interchange the variables
and solve for y: x =36,000-600y =

X
600y =36,000-x=y=60——=
g =Y 600

O 1
=60-—x.
S 00"

This represents the number of months that
have passed from the first payment until the
balance due is $x.

y=60- L(zz, 000) = 23.33 = 24 months
600

There are 24 months remaining.
To find the inverse, solve
x=8p%—32p+1200 for p:
8p2—32p+1200-x=0=

324(-32)% - 4(8)(1200  x)
p =

2(8)
32+./1024 - 38,400 + 32x

16
_32%+/32x-37376 32%4+2x—2336

16 16

= 21%V2x—2336

Because the domain of the original function
is (0, 2], its range is [1168, 1200).

1200
1190
1180
1H0F---c === -
1160
1150

x=8p%—32p+ 1200

So the domain of the inverse is
[1168, 1200), and its range is (0, 2]. The

range of p =2 +%\/2x— 2336 is (2, 4], so
it is not the inverse. The range of
p= 2—%\/2x—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.

X

4 -
3t /p =2+ 1\2x=233
N ,

p=2- %\/2x—2336

M140 1160 1180 1200

Note that the bottom half of the graph is the
inverse.

b. p=2 —%,/2(1 180.5)— 2336 = $0.75

2.9 Beyond the Basics

81.

82.

83. a.

f(gB)=f1)=3,f(g(’)=fB)=5, and
f(g(2)=f(4)=2= f(g(x))=x for each x.
g(f(1)=gB)=1¢g(f(3))=g(5) =3, and
g(f(4)=g(2)=4= g(f(x))=x for each x.
So, fand g are inverses.

S(g=2)=f1)=-2,/(g0)=f(2)=0,
S(g(=3)=/(3)=-3, and
JgE=2)=f1)=-2= f(gx)=x

for each x.

g(f()) = g(-2)=1g(/(2) = g(0)=2,
g(f(3) = g(-3)=3, and g(f(4)) = g(1) = 4
= g(f(x)) = x for each x.

So f and g are inverses.

-3 -2 -1 0‘ 1 2 3 X

b. f'is not one-to-one

Domain: [-2, 2]; range: [0, 2]
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84. a.

85. a.

86. a.

87. a.

Domain: (—ee,2)U[3,0). Note that the
domain is not (—ee,2) U (2,0) because
[x]=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.

[ 'satisfies the horizontal line test.

1 .
y =1———. Interchange the variables
x+1

andsolvefory:x=1—L=>
y+1

1
—=l-x=l=y+l-xy—x=>
y+1 Y 4

xy—y=—x=>yx-)=-—x=

-1 X X
— x —_— —
y=7" 1 1-x

Domain of f; (—eo,—1) U (=1, 0);
range of £ (—o0,1) U (1, ).

g satisfies the horizontal line test.
y

N

0 1 X

y=A+l- x2. Interchange the variables

and solve for y :x =/1- y? =
2

x2=1—y2:>y2=l—x =
y=g () =V1-x

Domain of /= range of f: [0, 1]
(i) f(x)=y=2x-1. Interchange the

variables and solve fory: x =2y -1=

o 11
= X)=—x+—
y=f"() R

88. a.

(ii) g(x) =y =3x+4. Interchange the
variables and solve for y: x =3y +4 =

S P .
y=g (x) 373

(iii) (fog)(x)=2(3x+4)—1=6x+7
(iv) (gof)(x)=3(2x-1)+4=6x+1

(v) (fog)(x)=y=6x+7.Interchange
the variables and solve for y :

x=6y+7:>(fog)_l(x)=%x—g

(vi) (go f)(x)=y=06x+1.Interchange
the variables and solve for y:

x=6y+1:(fog)_1(x):%x_é
o (ol - 11 4). 1
oo o oo 3}
121 1 1
=—X—- +—:_x -
6" 3 2 6 6
o (o )= 4 Lo )-2
1 4 1 7
=—xX+———=—x—-——
6 3 6
W (fog) (¥)=cx—
:(g_l Of_l)(x)
@) (g0f)" (W)=~
=(f_log_l)(x)

(i) f(x)=y=2x+3. Interchange the
variables and solve for y: x =2y +3=

o103
y=f (x)—zx 5

(i) gx)=y= x°—1. Interchange the
variables and solve for y: x = y3 -1=

y=g ') =x+1

(i) (fog)(x)=2(x"-1)+3=2x+1

(iv) (gof)(x)=(2x+3)* -1
=8x> +36x% +54x +26
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) (fog)(x)=y=2x+1.Interchange 94. x*—5x+6=(x-2)(x-3)
the variables and solve for y : ,
x=2y3+1$(fog)_l(x)=3 x2_1 95. «x +2x—8=(x+4)(x—2)
: ) 96. x*+7x+10=(x+2)(x+5)

i) (gof)(x)=y

= 8x +36x% + 54x +26 97. x*-Tx+12=0
Interchange the variables and (x=3)(x—4)=0
solve fory: x=3=0|x-4=0
x=8y° +36y% +54y+26 = x=3| x=4
x+1=8y> +36y? +54y+27 = Solution: {3, 4}
x+1=(2y+3)3:1\3/x+ =2§+3=> 98. 2 x_6=0
y=(gof) " (x)==¥x+1-2 (x+2)(x- ) 0
2 2 Xx+2=0 |x-3=0
=2 x=3
.. -1 _1 1 3 X
(vii) (f °og )(x) = §<3 X+ 1)_5 Solution: {2, 3}
Lo 3 99. 3x?+7x+2=0
i) (g7 o /) () =355 +1 (Bx+1)(x+2)=0
1 1 1 3x+1=0 x+2=0
=3=x—==3— 1 x=-2
2 2 2 xX=-=
3
_ S NS |
b. (l) (fog) l(x)::;lx_l::;x_l Solution: { 2, 3}
22 2
=(g_10f_1)(x) 100. x> —4x+1=0
Use the quadratic formula.
.e -1 1 3 3 a=1,b=—4,c=1
(i) (gof) (x)==(x+1)-=
2(1 )1 2 x_—bi\/b2—4ac
=(roe™)) B 2a
2
. R : . _ (A -4
2.9 Critical Thinking/Discussion/Writing = 2(1)
+ +
89. No. For example, f(x) = x> — x is odd, but it 4 ;/— 4 22\/— 2+3
does not have an inverse, because .
£(0)= £(1), so it is not one-to-one. Solution: {2 -3, 2+ }
90. Yes. The function f ={(0,1)} is even, and it 101 y=(x+ 2)2 _3
: ol
has an inverse: /= ={(1,0)}. Start with the graph of f (x)=x?, then shift
91. Yes, because increasing and decreasing it two units left and three units down.
functions are one-to-one. %’ L
92.a. R= {(_171)’ (0’ O)’ (15 l)} 6
4
b. R= {(_1’1)$ (0$ O)» (L 2)} | | 2 L
—6 4U 2 4 6%
2.9 Getting Ready for the Next Section :4:

93. x*—x-12=(x+3)(x—4)
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102.

103.

104.

y=(x- 1)2 +3
Start with the graph of f (x)=x?, then shift

it one unit right and three units up.

y
'\8\_
4

L
S
[y
Py
oy -
%

y=- (x + 1)2 +2
Start with the graph of f (x)=x?, then shift

it one unit left. Reflect the graph across the x-
axis and then shift it two units up

i
{g\_

2

L | | | 1
—6—4 2 4 6%

—4
76_
-8

y=- (x - 3)2 -1
Start with the graph of f (x)=x?, then shift

it three units right. Reflect the graph across
the
x-axis and then shift it one unit down.

4
2
| I T
-2 4 6 8 X

Chapter 2 Review Exercises

Building Skills

1.

False. The midpoint is

(—3+3’1+11)=(0’6)_
2 2

False. The equation is a circle with center
(—2,-3) and radius J5.

True

10.

11.

12.

13.

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.

False.
The slope is 4/3 and the y-intercept is 3.

False. The slope of a line that is perpendicular
to a line with slope 2 is —1/2.

True

False. There is no graph because the radius
cannot be negative.

A d(P,0)=+[(-1-3)2+(3-52 =245

b. M=(3+(_l),5—;3)=(1,4)

2

1
—1-3 2

a d(P,0)=\(3-(3)* +(-1-5 =62

b. M:(ﬂ,sﬂ_l)):(o,z)

2 2

-1-5
m= =
3-(=3)

a. d(P»Q)=\/(9—4)2+(—8—(—3))2 =52
b. M:(ﬂ,ﬂ):(ﬁ _ﬂ)

2 2 27 2

me37C3 _
9—4

-1

a. d(P,0)=(-7-2) +(-8-3)* =202

b, M=(2+(_7)’3+(_8)J=(_§’_§)

2 2 22
-8-3 11
c. m= =—
-7-2 9

a. D(P,0)=+[5-2)7 +(<2-(-7)% =34

b. M(§M)[zg)

2 22

2D s
5-2 3
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276 Chapter 2 Graphs and Functions
14. 2. d(P,0)=+(10—(=5))* +(-3-4)? =274 d(4,€)=d(8,C) =
Ja+5)2+9 = J(x—4)2 +49
M:(_S_Ho’wj:(f,lj (x+5)2+9=(x—4)> +49
2 2 22 22 +10x+34 = x2 —8x +65
c. m:ﬂ:_l x=£=> The point is (2,0).
10-(=5) 15 18 18
20. A=(-3,-2),B(2,-1),C(0,
15. d(4,B)=(-2-0)> +(-3-5)* =68 = )2( 2 .
1) o0 10T - i d(4,0) =40~ (3)* +(y~(-2)
= — =+ — =
( > ) ( ) 2( ) g — [(y+2)2+9
d(B.C)=\(3-(-2))" +(0-(-3) =34 d(B,C) =[(0- @) + (v - (-1))°
Using the Pythagorean theorem, we have _ v+ 1)2 4
’ ) 2 2
AC? + BC? =(\34)" +(V34) d(4,C)=d(B,C) =
2
— 68 = (Ve8)” = 4B? J+27+9 =y +1)? +4
2 2
Alternatively, we can show that AC and CB +2)"+9=(+D"+4
are perpendicular using their slopes. yi+4y+13=p? +2y+5
0-5 5 0-(-3) 3 y =—4= The point is (0,—4).
Myc=5_="5McB = =z
3-0 3 3-(=2) 5 . .
N AABC i 21. Not symmetric with respect to the x-axis;
myc-meg =-1= AC L CB, so 154 symmetric with respect to the y-axis;
right triangle. not symmetric with respect to the origin.
16. d(4,B)= \/(4 _ 1)2 8- 2)2 =35 22. Not symmetr.ic With respect to the x—ax.is;
not symmetric with respect to the y-axis;
d(C,D)= \/(10 - 7)2 +(5-(- 1))2 =35 symmetric with respect to the origin.
d(4,C) = \/(7 D2+ (-1-2) = 3.5 23. Symmetric with respect to the x-axis;
d(B,D) = \/(1 0— 4)2 +(5- 8)2 =35 not symmetr@c w%th respect to the y—gx.is;
) ] ) not symmetric with respect to the origin.
The four sides are equal, so the quadrilateral is
a rhombus. 24. Symmetric with respect to the x-axis;
symmetric with respect to the y-axis;
17. A4=(-6,3),B=(4,5) symmetric with respect to the origin.
2 2
d(4,0) = \/ (-6-0"+3-0)" = V45 25. x-intercept: 4; y-intercept: 2; not symmetric
d(B,0) = \/(4 -0)2+(5-0)% =/41 with respect to the x-axis; not symmetric with
. . respect to the y-axis; not symmetric with
(4, 5) is closer to the origin. .
respect to the origin.
18. A=(-6,4),B=(510),C=(2,3) ¥
10~
d(4,0) =\~ (-6)* + (-4 =65 -
6
d(8,C) =25 +(-10)* =58 \‘
x+2y=4
(5, 10) is closer to (2, 3) [ 2 )| L
—6-4-—20] 2 46g 101214 x
19. 4=(-5,3),B=(4,7),C =(x,0) —2r
76 —

d(4,0) =J(x - (=5)2 +(0-3)?

={J(x+5)%+9

d(B,C)=(x—4)> +(0-7)?

={(x—4)* +49
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26.

27.

28.

29.

x-intercept: 4; y-intercept: —3; not symmetric
with respect to the x-axis; not symmetric with
respect to the y-axis; not symmetric with
respect to the origin.

y
3_
I_
L1 L1 | -
-3 101 5 71X
» 3x—4y=12
75_
—7

x-intercept: 0; y-intercept: 0; not symmetric
with respect to the x-axis; symmetric with
respect to the y-axis; not symmetric with
respect to the origin.

3
—4
—5
—6F
—7
—8H
—9
—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.

oW b S
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.

30.

31.

32.

x-intercept: 0; y-intercept: 0; not symmetric
with respect to the x-axis; not symmetric with
respect to the y-axis; symmetric with respect
to the origin.
y
N
s
.

| | | | | |
-3 -2 -1 0 1 2 3 x

-1k

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.

x-intercepts: —1, 1; y-intercept: 1;

not symmetric with respect to the x-axis;
symmetric with respect to the y-axis;
not symmetric with respect to the origin.

Y
Py

IIII/\IIIII

-5 -3 Ao 35X

-2+
-3+ 5
—4
-5+
—6
—7F
—8F

Copyright © 2019 Pearson Education Inc.

College Algebra and Trigonometry 4th edition Ratti Solutions Manual


https://ravanbooks.com/books/9780134696478-solutions

278

Chapter 2 Graphs and Functions

33.

34.

3s.
36.

37.

38.

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.

1 2ey=16

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.

w
T 1T T

(x-2)2+(y+3)*=25

The center of the circle is the midpoint of the
5+(-5) N 2+4

9,2 j=(0,3).

The length of the radius is the distance from
the center to one of the endpoints of the

diameter = \/(5—0)% +(2—-3) =+/26. The

diameter. M =(

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+57% =4

2
2x—5y=10=>gx—2=y.

Line with slope 2/5 and y-intercept —2.

39.

40.

41.

<

E—Z=1:>5x—2y=1()=>§x—5=y. Line
2 5 2

with slope 5/2 and y-intercept —5.

"

L+ 12+ -3)7=16

WA
x2+y?-2x+4y-4=0=>

P —2x+1+y  +4y+4=4+1+4>
(x-12+(y+2)* =09.

Circle with center (1, —2) and radius 3.

K2 +y?—2x+4dy-4=0
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48. a.

b. The slope of the line we are seeking is 2
and the line passes through the origin, so its
equation is y — 0 =2(x — 0), or y = 2x.

49. Domain: {-1, 0, 1, 2}; range: {-1, 0, 1, 2}.

3x2+3y? - 6x-6=0= x> -2x+y? =2=
2241+ yr =241 (x-1)2 +y% =3.
Circle with center (1, 0) and radius V3.

2 2 - — L :
YA X4y +4x+3=0 This is a function.
y
(=1,2)
o 2
(0, 1)
10—
1.0
| (é) |
-1 0 1 2 X
@ -1
—1+ [

50. Domain: {0, 3}; range: {-2,-1, 1, 2}.

5-0 5 5 .. .
m=——=—=;y=——x+5 This is not a function.
0-2 2 2 y
7-3 2 KR
m=——=-23=2)+b=>5=b=
_1_1 10—
y=-2x+5 .1
I | !
x=1 0 1 2 3 X
10, -1
ca. y=3x-2=>m=3;y=3x+2=>m=3 ©.=D 3. -2)
The slopes are equal, so the lines are 2r °

parallel. )
51. Domain: (—oo,o0); range: (—oo,0).
b. 3x-5y+7=m=3/5;
5x-3y+2=0=>m=5/3
The slopes are neither equal nor negative
reciprocals, so the lines are neither parallel
nor perpendicular.

This is a function.

c. ax+by+c=0=>m=—a/b;
bx—ay+d=0=m=b/a
The slopes are negative reciprocals, so the
lines are perpendicular.

1 1 .
d y+2= E(X -)=>m= E; 52. Domain: [2,e0); range: [0, o).
This is a function.
y=5=3(x-3)=m=3 y
The slopes are neither equal nor negative 5L
reciprocals, so the lines are neither parallel ’
nor perpendicular. 2 y=Vx-2
The equation with x-intercept 4 passes 1~
through the points (0, 2) and (4, 0), so its | L
. 0=-2 1 0 1 2 3 4 5 X
slope is i 0- 7 Thus, the slope of the

line we are seeking is also —%. The line

passes through (0, 1), so its equation is

N -1
y—1= 2(x O):>y 2x+l.
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53. Domain: [-0.2,0.2]; range: [-0.2,0.2]. 57. Domain: (—oo,o0); range: [0, o).
This is not a function. This is a function.
y

04—

x?+y?=0.04

| /%\ | |
-04 -0 0 2 04 x
h 58. Domain: [1,0); range: (—oo, o).

This is not a function.

—041 Y
4 XxX= y2 +1
54. Domain: (—oo,0]; range: [0, o). P
This is a function. L1 11
y 0 4 6 8 10 «x

3.—

x=-Vy 59, f(-2)=3(-2)+1=-5
Ns
= 60. g(-2)=(-2)*-2=2

Lo 1

-4 -3 -2 -1 0 X 61. f(x)=4=3x+1=4=x=1
55. Domain: {1}; range: (—oo, o). 62. g(x)=2= x?-2=2=x=12
This is not a function.
y 63. (f+g)(1)=sM)+g)

10
8
6
! 64. (f-g)(-1)=/(D-g(-]

L f L = (3D +1)=((=D*-2)=-1

= (3 +1)+(1* -2) =3

T T T
=
Il

LS}
3%}
-

—4
-6
-3

-10

65. (f-g)(-2)=f(-2)-g(-2)
= (3(-2)+1)-((-2)* -2)=-10

66. (g-/)(0)=g(0)- f£(0)

56. Domain: (—oo,o0); range: {2}. _ (02 - 2)‘(3(0) +1) _

This is a function.
s
sk 67. (fog)(3)=3(32-2)+1=22
a
s 68. (g0/)(-2)=(3(-2)+1)°-2=23
y=

A 69. (fog)(x)=3(x"-2)+1=3x" -5

Lk : 70. (gof)(x)=(Bx+1)°-2=9x% +6x-1

71 (fof)(x)=3(3x+1)+1=9x+4

72. (gog)(x)=(x2 —2)2 —2=x%-4x? 42
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73.

74.

75.

76.

77.

78.

79.

fla+h)y=3(a+h)+1=3a+3h+1
gla-hy=(a-h)?-2=a*-2ah+h*-2

fx+h)—-f(x) _ (3(x+h)+l)—(3x+l)
h h
_ 3x+3h+1—3x—1=%=

h h

3

gt =gt _ (0407 =2)-67-2)

h h
_x2+2xh+h2—2—x2+2
h
2
_h ;2xh=h+2x

Domain: (—oo,0); range: {-3}.

Constant on (—oo, o).

Domain: (—oo,); range: [—2,o0).
Decreasing on (—ee,0); increasing on (0, o).

y

g
5.—
A
3_
o [ =xr-2
l_

L1 1\l WA
-5 -3 Nij/ 3 05X
73_

74_

Domain: [%, oo); range: [0, o)

reen 5]
Increasing on 3’ oo |

g)=V3x-2

80. Domain: [-6,6]; range: [0,6]. Increasing on

81.

82.

83.

84.

(—6,0) ; decreasing on (0, 6).
y
h(x)=V36 —x?

2

[ |
8-6-4-20 2 4 6 8§ x
Domain: (—ee,0); range: [1,o0). Decreasing
on (—eo,0); increasing on (0, o).
y

x+1 ifx=0
lf(f)l‘{l—)fﬂ ifx<0

8
7
6
5
4
3
2
I
of 1 3 5x

1
-5 -3 -1

Domain: (—eo,); range: [0,o0). Decreasing

on (—e0,0); increasing on (0, ).

y

10—

9

8 _Jx ifx=0
7—((’7(')()_{x2 ifx<0
6

5.—

4%

3%

2_

1.—

I I | I I T |
-5 -3 —10] 1 3 5x

The graph of g is the graph of f'shifted one
unit left.
)7

1 | I
72—]|12345x

The graph of g is the graph of f'shifted one
unit right, stretched vertically by a factor of 2,
then shifted three units up.
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85.

86.

87.

88.

89.

90.

91.

The graph of g is the graph of f'shifted two
units right, and then reflected in the x-axis.

The graph of g is the graph of f'shifted one
unit left, then two units down.
y

6
5

8(x) ar [
3
2
1

I I W

-5 —3‘40
-1

-3
-4

T T ™

=0 = (0t =t -2t = f) =
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.

[0 =0 (0= —x=—f(0) =
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.

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.

f(=x)=-3x+5% f(x)or f(—x) = f(x) is
neither even nor odd. Not symmetric with
respect to the x-axis; not symmetric with
respect to the y-axis; not symmetric with
respect to the origin.

fEx) =N x# f(x) orf(=x) = f(x) s
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)=+vx*-4= f(x)=(goh)(x) where
g(x) =+/x and h(x) = x> - 4.

94. g(x)= (x2 —-x+ 2)50 = g(x)=(foh)(x)
where f(x) = x> and h(x)= x2—x+2.

95. h(x)= 2); ;35 = h(x) = (f o g)(x) where
f(x)= Jx and g(x)= 2);;35 .

96. H(x)=Q2x-1)’+5= H(x)=(fog)(x)
where f(x) = x> +5 and g(x) = 2x — 1.
97. flx)is one-to-one. f(x)=y=x+2.

Interchange the variables and solve for y :
x=y+2:>y=x—2=f71(x).

98. f(x)is one-to-one. f(x)=y=-2x+3.
Interchange the variables and solve for y :

x:—2y+3:>y=—%x+%=f_l(x).

y
fo\
o

5
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99. fx) is one-to-one. f(x)=y=x-2.

Interchange the variables and solve for y :

x=3y-2=y=x3+2=r"1x).

100. f{x) is one-to-one. f(x)=y = 8x> —1.

Interchange the variables and solve for y :

x=8y3—l=>y:3/xT+1:

y=2 kT =,

101 f)=y=""L1 yx
x+2

Interchange the variables and solve for y.

y—1
x=——=xy+2x=y-1=
y+2 Y Y

X _ 2x+1
y= = y=/T0="—
x—1 1-
Domain of £ (—o0,—2) U (=2, )
Range of /2 (—eo, 1) U (1, 2°)

102. f(x) =y=2x—+l3,x¢1.
-

Interchange the variables and solve for y.

x=2y+3zxy—x=2y+3=>
y—=1
xy=2y=x+3=2y(x-2)=x+3=
- x+3
y=r"w=
x=2

Domain of 1 (—e0,1) U (1, %0)
Range of 1 (—0,2) U (2,)

103. a.

A4=(-3,-3),B=(-2,0),C=(0,1),D=(3,4).
Find the equation of each segment:

g =—— 3 _30-32)+bb=6.
-2-(-3)
The equation of 4B is y =3x +6.
1-0 1

S Y
MBCT0 (2 2

. . 1
The equation of BC is y = Ex +1.

4-1
mep =——=Lb=1.
0 =37
The equation of CD is y = x +1.

So,
3x+6 if —3<x<-2

f(x)= %x+l if —2<x<0

x+1 if0<x<3

Domain: [-3,3]; range: [-3,4]

¢. x-intercept: —2; y-intercept: 1

y
(=349 5
. 3
f(=x) L
NOD (2.0
L1 L1
=5 =3 -0 1 \3 5%
73_
3,-3)
_5_
y
S
(=3,3) B
0 i
TR O S
-5 -3 0. -3 5
<7% '
73_
I A
y 3,5)
3_
(—2,1}/]‘(0,2)
[ /A [
-5 —Y—L?_l 3 5%
-3.-2 4|
75_
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g. Y
Sl e
S/ + 1)
(=11
(73’0)\/_
L Ll 11
—5/ -10 1 3 5%
73_
(=4, -3) L
75_
h. 3.8
,2, 1+
AT
= 3 0L 1 3 s
72_
737
4
sk
-3 O
1 y
sL
| o(15,4)
2%@:)
O, 1)
~1,0
A
-5 -3 fP_l 3 5%
(—15,-3»°73
75._
. v
] = 6, 4)
O, D[
—4,0
R andNEEEE
6 101 6 x
(=6, -3) B

-5

k. fis one-to-one because it satisfies the
horizontal line test.

L y

5

4.3)

L1111
-5 -3 =10

=

S
|

N

|
—_| = W
T T 17T
A~
e
w =
o=
=

(=3,-3)

Applying the Concepts

104. a. rate of change (slope) =

105.

106.

107.

25.95-19.2
25-10

19.2=04510)+b=b=14.7.

The equation is P =0.45d +14.7.

=0.45.

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 equation is 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.

£(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 ¢ represents the
amount of time, we reject ¢ = —5/3.

Chloe will lose all her money after playing
for 20 hours.

$100/20 = $5/hour.
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108.

If 100 < x <500, then the sales price per case
is $4 — 0.2(4) = $3.20. The first 100 cases cost
$400.
4x if 0<x <100
f(x)=43.2x+80 if 100 < x <500
3x+180 if x > 500

109.2. (L ox)(1) = 0.5,/(1+ 0.002t2)2 +4

= 0.5v/0.000004¢* +0.004¢> + 5

(Lox)(5)= 0.5\/(1 + 0.002(52))2 +4

=0.5y(1.05)? +4 = 0.5+/5.1025

=1.13

110. a. Revenue = number of units x price per unit:

111. a.

xe p =(5000+ 507 +10¢2)(10 + 0.5¢)
=513 +125¢% +3000¢ + 50,000

p=10+0.5t=t=2p-20.
x(t)=x(2p—-20)
=5000+50(2p — 20) +10(2 p — 20)*
=40p? —700p +8000, which is the
number of toys made at price p. The
revenue is p (40 p2—700p + 8000) =

40 p* —700p +8000 p.

[70, 90, 2] by [150, 300, 25]

c. y=7.4474(76)-363.88 ~ 202

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+(H) 3453
c=(ZHR 22 ) (9

The length of the diameter is
JEa=(2) +(5-3) =\ =242
Therefore, the length of the radius is V2.
The equation of the circle is

(x+3)° +(y-4)" =2.

To test if the graph is symmetric with respect
to the y-axis, replace x with —x:

3(=x) +2(-x)y* =1= —3x - 2xy” =1, which
is not the same as the original equation, so the
graph is not symmetric with respect to the
y-axis. To test if the graph is symmetric with
respect to the x-axis, replace y with —y:
3x+2x(—p)> =1=>3x+2xp” =1, which is
the same as the original equation, so the graph
is symmetric with respect to the x-axis. To test
if the graph is symmetric with respect to the
origin, replace x with —x and y with —y:
3(—=x)+ 2(—x)(—y)2 =1= 3x- 2xy2 =1,
which is not the same as the original equation,
so the graph is not symmetric with respect to
the origin.

0=x*(x-3)x+1)=x=00orx=3orx=-1

y=0%(0-3)(0+1)= y =0. The x-intercepts
are 0, 3, and —1; the y-intercept is 0.

x24+y?—2x-2y=2

Intercepts:
y2—2y=2:>y=1-_h/§
x?-2x=2=x=1%3
7=-12)+b=9=>
The equation is y =—x + 9.
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286 Chapter 2 Graphs and Functions
20. a. C(230)=0.25(230)+30=$87.50
6. 8x—2y=7:>y=4x—%:>theslopeofthe 2 (230) (230) $
line is 4. —1 = 4(2)+b = b=—9. So the b. 57.50=0.25m+30 = m =110 miles
equation is y = 4x—9. Chapter 2 Practice Test B
7. (f2)(2)=7r(2)-2(2) 1. To test if the graph is symmetric with respect
=(-2() + 1)(22 +32)+ 2) to the y-axis, replace x with —x: o
— (-3)12) =36 |—x|+ 2|y| =2= |x|+ 2|y| =2, which is the
same as the original equation, so the graph is
8. M) = o(2A2)=3) = o(1) =1-2(1)2 = —] symmetric with respect to the y-axis. To test if
g(/(2) =8~ =g0) M the graph is symmetric with respect to the x-
i lace y with —:
9. (fof)(x)=(x*-2x)%-2(x*-2x) axis, replace y Y
(fo )= " ~207 =27 =2 x|+ 2-y| = 2= |+ 2]y| = 2, which is the
=x" —4x” +4x" -2x" +4x the orieinal . h hi
_ 4 4.3 2 same as the original equation, so the graph 1s
=X AT 4207 4 4y symmetric with respect to the x-axis. To test if
NN A the graph is symmetric with respect to the
10.a. f(=D=(D"=2=-3 origin, replace x with —x, and y with —y:
b f(0)=03—2=—2 |—x|+2|—y|:2:|x|+2|y|:2, which is the
4 same as the original equation, so the graph is
c. f(H=1- 2(1)2 =-1 symmetric with respect to the origin. The
4 answer is D.
11. 1-x>0= x<1;x must also be greater than 5 5
or equal to 0, so the domain is [0, 1). 2. 0=x"-9=x=13;y=0"-9=y=-9.
The x-intercepts are +3; the y-intercept is —9.
1 S@=O _ 2@ +7)-(2m+7) _ The answer is B.
4-1
3 3. D 4. D 5 C
13, f(-x)=2(-x)* - o =2xt - iz = f(x)= 6. Suppose the coordinates of the second point
fx) is even. are (a, b). Then —% = 3 Substitute each
14. Increasing on (—e,0) and (2,); decreasing of the points given into this equation to see
which makes it true. The answer is C.
on (0,2).
7. Find the slope of the original line:
15. Shift th hof y= th its to th
i ift the graph of y =/x ree.unls o e 6x—3y=5:>y=2x—§. The slope is 2.
right, then stretch the graph vertically by a 3
factor of 2, and then shift the resulting graph The equation of the line with slope 2, passing
four units up. through (-1,2)is y—2=2(x+1).
16. 25=25-(2t-52=0=—(2%-5"= The answer is D.
0=2¢t-5=>1=5/2=2.5 seconds 8. (fog)(x)=3(2—x2)—5:1—3x2.
17. f(2) =7 = f*l (7) -2 The answer is B.
2
9. o f)(x)=2(2x>—x) —(2x* -x
18. f(x)=y= 2_x Interchange the variables (f f)( ) ( ) ( )
x—1 5 =8x*—8x> +x
and solve for y: x = = o The answer is A.
Xxy—x=2y=>xy-2y=x= 10. g(a_l)zﬂﬁ‘_“
. x 1+(a—-1) a
yx=2=x=y=f (x)=x_2 The answer is C.
19. A(x)=100x+1000
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11. 1-x20= x <1; x must also be greater than
or equal to 0, so the domain is [0, 1].
The answer is A.
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= Sl Interchange the variables
3x+2
and solve for y: x = 24
3y+2
Axy+2x=y=3xy-y=-2x=
YBx-T)=-2m y= [ ()= =
3x—-1
-1 2x
x —
S () =
The answer is C.
19. w=5x-190;w=15(70)—-190 =160.
The answer is B.
20. 50=0.2m+25= m=125. The answer is A.

Cumulative Review Exercises
(Chapters P-2)

BlERE

rr 1
xilyfl_xy_xy_ 1
ey 1L yAx x4y

X oy xy

2x2 +x-15=(2x—5)(x +3)

X —2x2 +4x-8=x>(x-2)+4(x-2)
= (x> +4)(x-2)

J75 +108 =192 =53 + 643 =83
=33

x—1_ x-2 _(x-D(x+2)—(x=2)(x+])

x+1 x+2 (x+D(x+2)
(P Hx-2)-(x*-x-2)
B (x+1)(x+2)
_ 2x
S (x+D(x+2)

o '2—\/§:2—\/§:2_\B
2443 243 2-3 4-3

L '\/§+2=J§+2=£+2
J5-2 J5-25+2 5-4

3x-7=5=3x=12=x=4

! = i = There is no solution.
x—1 x-

¥ -3x=0=x(x-3)=0=
x=0o0r x=3

X2 43x-10=0= (x+5)(x—2)=0=
x=-5orx=2

1+.41-412
2x2—x+3=0:>x:—( )B) =
2(2)
1++-23 1+iv23
X = 4 = X = 4

4x2—12x+9=0:>(2x—3)2=O:>x=%

x=6x +8=0= (Vx-4)(Vx-2)=0=
Jx=4=x=160rJx=2=x=4

2
(x—lj —IO(x—l)+2l=0.
X X

Letu=x—l.

x
u? —10u+21=0=
u-7Nwu-3)=0=u=7o0ru=3;

x—l=7:>x2—l=7x:>

X
T+7% = (@)(-D) -

¥ -Tx-1=0=x=

2
+

xzﬂ;x—l=3$x2—1=3x=>

2 X

34432 —4(-1

x2—3x—1=O$x:—2 ( ):
MEEEVE

2

The solution set is

{7—\/3 7++/53 3-413 3+\/B}

2 2 2 2
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288 Chapter 2 Graphs and Functions
~ =2x— —1=(2x-1)? 14. ¥
9.a. V3x-1=2x-1=3x-1=2x-1)"= 2etdy=0 3L 2e-3y=0
3x—l=4x’ —4x+1= 42 - Tx+2=0= L
x_7i\/(—7)2—4(4)(2)_7i\/ﬁ " i
2(4) § S Y O
s
x=7_‘/ﬁ, 3 727 )y oasi 2
8 8 -3
. -1 . . . .
while 2[7 ?;/7] —1=-0.281, so the 15. First, find the equation of the circle with
center (2, —1) and radius determined by (2, —1)
and (-3, -1):
solution set is 7+317 . 2 2
8 r=\2= )+ (1= (1) =5
The equation is (x—2)% +(y+1)> =5 No
b. Vl=-x=2-+2x+1 au . (r=27+ ) . v
) 2 check to see if the other three points satisfy
(\/1 - x) = (2 —~2x+ 1) the equation:
l-x=4-4/2x+1+2x+1 2-2)? +(4+1)? =57 = 5% =52,
~4=3x=-4/2x+1 (5-2)* +(3+1)* =5 = 3% +47 =57 (true
(—4- 3x)2 = (—4\/2x + 1)2 because 3, 4, 5 is a Pythagorean triple), and
16+ 24x+9x2 =16(2x +1) (6-2)*+(2+1)? =5’ =47 +3% =52
16+ 24x+9x2 =32x+16 Since all the points satisfy the equation, they
932 — 8= 0= x(9x —8) = 0 lie on the circle.
x°—8x= x(9x-8) =
x=00rx=§. 16. x2+y2—6x+4y+9:0=>
9 x2—6x+y2+4y=—9.
Check to make sure that neither solution is Now complete both squares:
extraneous. The solution set is {0,8/9}. 2 —6x+9+y2 14y +4=-949+4=>
10. a. 2x-5<11= x<8=>(—=,8) (x-3)2+(y+2)? =4
b, —3x+4>-5= x<3= (—o,3) The center is (3, —2) and the radius is 2.
17. =-3x+5
11.a. -3<2x-3<5=0<2x<8=0<x<4. 4
The solution set is (0, 4). 18. The x-intercept is 4, so (4, 0) satisfies the
b 5<]-2r<7>d<-2xr<6-s-2>x>-3 equation. To write the equation in slope-
’ Th_e solutio_n st is [_ 3 2]_ - intercept form, find the y-intercept:
Sk 0=24)+b=-8=bh
12. a. |2x—1| ST=-7T<2x-157= The equation is y = 2x—8.

—-6<2x<8=-3<x<4
The solution set is [-3, 4].

b. 2x-325=2x-325=x24o0r
2x-3<-5=x<-1I.
The solution set is (—oo,—1]U[4, o).

13. d(4,0)=y2-52+@2-(-2))% =5

d(B,C)=\(2-6)>+(2-5)7% =5
Since the lengths of the two sides are equal,
the triangle is isosceles.

19.

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

. . 1
perpendicular is y = —Ex.
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20. The slope of the parallel line is the same as the

21.

22,

23.

24.

25.

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.

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-(D

5-3

perpendicular is —1/4. The perpendicular
bisector passes through the midpoint of the
original segment. The midpoint is

(3 +5 —-1+7

272

slope to find the y-intercept:

=4, so the slope of the

) = (4,3). Use this point and the

3= —%(4) +b = b =4. The equation of the
. . . 1
perpendicular bisector is y = — 7 x+4.

The slope is undefined because the line is
vertical. Because it passes through (5, 7), the
equation of the line is x = 5.

Use the slope formula to solve for x:

2=5_—151:> 2(x-5)=-6=>2x-10=-6=
X—

x=2

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:

—2=—3_; = 2(x-3)=-4=>x-3=2=
X—

x=5

26.

27.

28.

29.

y
6

T2 —2x+y*—4y—4=0

f=Vx+2+3

T = ~(x= 1) +4

T T

Let x = the number of books initially
1650

x

Then x — 16 = the number of books sold, and
1650

x—1

profit = the selling price — the cost, so

1650 _1650:10:>
x—16 X

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.

purchased, and = the cost of each book.

= the selling price of each book. The
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30. Letx = 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.

31. a. The domain of f'is the set of all values of x
which make x+12>0 (because the square
root of a negative number is not a real
value.) So x = —1 or [-1,0) in interval

notation is the domain.

b. y=V0+1-3=y=-2;0=vVx+1-3=

3=VJx+1=9=x+1=8=x. The
x-intercept is 8, and the y-intercept is —2.

c. f(-D=~+-1+1-3=-3
d f(X)>0=>Vx+1-3>0=>Vx+1>3=

x+1>9 = x> 8. In interval notation, this

is (8,0).
32.a. f(-2)=—(-2)=2; f(0)=0%=0;
f(2)=2*=4
b. fdecreases on (—oo,0) and increases on

(0,20).

¥

sl

T [f@ =57
fo)=-x I
e 5 x
2k

33. a.

1 1
(fog)(x)= 2 2= 2 2x =2_x2x'

X X
Because 0 is not in the domain of g, it must
be excluded from the domain of (f o g).

Because 2 is not in the domain of £, any

values of x for which g(x) = 2 must also be

excluded from the domain of

(fog):g=2:>x=1, so 1 is excluded
X

also. The domain of (f o g) is

(==2,0)U(0,HU (L, o).

(g0/)(¥)=——=2x-2)=2x-4

x=2
Because 2 is not in the domain of f; it must
be excluded from the domain of (g o 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 (g o f).

However, there is no value for x which
makes f{x) = 0. So the domain of (g o f) is

(—=2,2) U (2, ).
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Section 4.2 Logarithmic Functions
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Objectives

. Define logarithmic functions.

. Evaluate logarithms.

. Derive basic properties of logarithmic functions.
. Find the domains of logarithmic functions.

. Graph logarithmic functions.

o O A W DN =

. Use natural logarithms in applications.
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Definition of the Logarithmic Function
For x>0,a>0,and a #1,
y=1log x ifand only if x=a’.

The function f(x)=1og, x, is called the
logarithmic function with base a.
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Example 1: Converting from
Exponential to Logarithmic Form

Write each exponential equation in logarithmic
form.

4
a. 43:64 b (lj :i C. a_2:7

Solution
a. 4’ =64 < log, 64 =73
4
b. (lj =i<:>log1 : =4
16 16
C.a’=T7T<log 7=-2
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Example 2: Converting from
Logarithmic Form to Exponential Form

Write each logarithmic equation in exponential
form.
a.log,243=5 Db.log,5=x c.log, N=x

Solution
a. log,243=5< 243 = 3

b. log,5=x<5=2"

C.log N=x<N=a
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Example 3: Evaluating Logarithms 1 o2

Find the value of each of the following
logarithms.

a. log, 25 b. log, 16 C. log, 9

3
d. log,7 e. log, 1 f. log4%
Solution

a.log.25=y<25=5"or 5°=5" y=2
b. 10g216=y<:>16=2y or 24:2y y:4
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Example 3: Evaluating Logarithms o2

Y
C. 10g19:y<:>9=(%j or 3>=3" y=22
3

d.log,7=y<7=7"or 7'=7" y=1

e.log.l=y<1=6"0or 6°=6" y=0

1 1 1
f. log,—=ye=—=4"or 27'=2% y=——
g42 y 5 y >
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Basic Properties of Logarithms

For any base a >0, with a #1,
1.log a=1.

2.log 1=0.

3. log, a* = x, for any real number x.
4. a"%* = x, for any x> 0.
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Example 4: Using Basic Properties of
Logarithms

Evaluate.
a. log, 3 b. 5"

solution
a. Because log a =1 (property (1)), we have
log,3=1

b. Because ¢"&* = x (property (4)), we have
510g57 —7
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Domain of Logarithmic Function

Domain of y=1log, x is (0, o)
Range of y=log, x is (—o, )

Logarithms of 0 and negative numbers are
not defined.
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Example 4: Finding the Domain (1t2

Find the domain of
a. f(x)=log,(2—x) b. g(x):logz(er;j
¥ —

Solution
Domain of a logarithmic function must be
positive, that is,

2—-x>0
2>x
The domain of fis (-, 2).
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Example 4: Finding the Domain 2ot2

The domain of g consists of all real numbers x

for which x+; > (0. We can solve this inequality
Using the);e_st-point method.
0 Sign of ifl
““++T ++_J'{— —1.— —————— §+++T++ g
RO N O i@,

The domain of g is (o, —1)U(3,).
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Example 5: Sketching a Graph (i .3

Sketch the graph of y =log, x.
Solution by plotting points (Method 1)

X y=log,x (x, )

1 -3 1 -3 1

—=3 =log,—=1log,37 =-3 - _

27 y g; 27 g [27 , 3]
1 — 32 y =log, 1 log,37% =-2 1 -2
9 9 9’
1 1 B 1
—=3 =log.—=log.3 =-1 (—,—1
3 Y 23 3 g3 3
1=3° y=log,1=0 (1,0)
3 =3l y=log,3=1 (3,1)
9=3" y=log,9=1log,3’ =2 (9,2)
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Example 5: Sketching a Graph .3

Plot the ordered
pairs and connect
with a smooth
curve to obtain
the graph of

1
y =log, x. 3
e (L
21 (4.~
3k (L _
J A
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Example 5: Sketching a Graph sof3)

Solution by using the inverse function (Method 2)

Graph y = f(x)=3".

B\

Reflect the graph of
y =3"in the line
y=x to obtain the
graph of

y=f"(x)=log, x.
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Graphs of Logarithmic Functions

YA y

J(x)=log, x(a>1) f(x)=log, x(0<a<1)
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Properties of Exponential and
Logarithmic Functions (112

Exponential Function Logarithmic Function

y=a y =log,x
1. Domain (—o0, o) Domain (0, o)
Range (0, ) Range (—o0, ©)
2. Yy-interceptis 1 x-intercept is 1
No x-intercept No y-intercept

3. x-axis (y=0)isthe y-axis (x=0)Iis the
horizontal asymptote vertical asymptote
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Properties of Exponential and
Logarithmic Functions (o2

Exponential Function Logarithmic Function

y=a" y =log x
4. |s one-to-one, that s one-to-one, that is,
is, a"= a if and log u=log,v
only if u=v. if and only if u = v.
5. Increasing if a > 1 Increasing if a > 1

Decreasing if 0<a<1 Decreasingif0<a<1
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Transformations on Logarithmic
Functions (o5

Transformation | Change the graph
(in each case point (x, y) on Description
c>0) y=log, x

Vertical shift

y=log,x+c (x, y+ C) Shift the graph of y =log,_ x
up ¢ units.

y=log,x —c (X, y—o0) Shift the graph of y =log, x
down c units.
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Transformations on Logarithmic
Functions o5

Transformation Change the
(in each case |graph point(x, y) Description
c>0) ony=a

Horizontal shift Shift the graph of y = log_x

y=log,(x—c) (x+c¢,y) to the right ¢ units.
Vertical asymptote: x =c¢
Shift the graph of ¥ =log_x

y=log_(x+c) (x—c,y) to the left ¢ units.

Vertical asymptote: x = —¢
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Transformations on Logarithmic
Functions 3ofs)

Transformation Change the
(in each case | graph point(x,y) Description
c>0) ony=a’

Reflection Reflect the graph of y = log_x

y =-log x (x,—y) about the x-axis.

y =log_(—x) (=x, ) Reflect the graph of y =log_x
about the y-axis.
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Transformations on Logarithmic

Functions 4of5)
Transformation Change the
(in each case | graph point(x, y) Description
c > 0) ony=a
Vertical stretching Vertically stretch the graph of
or compressing y=log xif c>1.
y =clog,x (x,cp) Vertically compress the graph

of y=log xif 0<c<l.
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Transformations on Logarithmic
Functions o5

Transformation Change the
(in each case | graph point (x, y) Description
c > 0) ony=a"

Horizontal

stretching or Horizontally compress the graph
compressing of y=1log, xifc>1.

y = log, (bx) f Ly Horizontally stretch the graph of

c y=log,xif0<c<1.
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Example 6: Using Transformation on
fof x=Log Base 3 of X (105

Start with the graph of f(x) =log, x and use
transformations to sketch the graph of each

function.

a. f(x)=log;x+2  b. f(x)=log,(x-1)

c. f(x)=-log,x d. f(x)=log,(—x)
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Example 6: Using Transformation on
fof x=Log Base 3 of X 2ot

Solution
a. f(x)=log,x+2

Shift up 2
Domain (0, «)
Range (-, «)
Vertical
asymptote x=0

YA

3

2

y = logy x
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Example 6: Using Transformation on
fof x=Log Base 3 of X o5

b. f(x)=log,(x—1)

Shift right 1
Domain (1, «)

YA

Range (—w, ») |
Vertical
asymptote x = 1 =

y = logi(x — 1)
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Example 6: Using Transformation on
fof x=Log Base 3 of X o5

C.f(x)=-log,x

Reflect graph of
y=1log, xIn

the x-axis
Domain (0, )
Range (-, x)
Vertical
asymptote x=0
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Example 6: Using Transformation on
fof x=Log Base 3 of X 55

d. f(x)=log,(—x)

Reflect graph of

y=1log, xIn B
the y-axis _—
Domain (e, 0) |
Range (—oo, oo) y = logs(—x)
Vertical

asymptote x=0

Ij'.' . IH":.,_:'.;_I'L
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Example 7: Using Transformations on
Logarithmic Functions (112

Sketch the graph of f(x)=2+log,(x—1). State
the domain, range, and vertical asymptote of 1.

YA YA
4 4+
3 3F
y = logyx y = logy(x — 1)
2 2
1 1
1 N L
-1 x -1
1
-1 y=fx—1) -1
Horizontal shift |
-2 -2 !
— 1
-3 -3F
Shift horizontally
1 unit right
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Example 7: Using Transformations on
Logarithmic Functions (o2

Solution
YA : YA
4 41
|
3 3+
| y = logy(x — 1)
2 2
1
1 1}
1
1
| | | >
-1 | -1 X
1
-1+ | y=fx—1)+2 -1F
: Vertical shift
_2 - : _2 -
1
-3 |- : l -3+
Shift vertically
2 units up
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Common Logarithms

The logarithm with base 10 is called the
common logarithm and is denoted by
omitting the base: log x =log,, x. Thus,

y =log x(x>0)if and only if x=10".

App
og
log 1
log

1.
2.
3.

4. ]
@Pea

rson

lying the basic properties of logarithms
10=1
1=0

10" = x, x any real number
Ahologx = X, X > O
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Example 8: Benford’s Law (1ot 5

Benford's Law states that the chances of the
digit m occurring as the first decimal digit (from 1
to 9) from many real-life data sources is

P, =log(m+1)—logm.

This means that about 100P, % of the data can
be expected to have m as the first digit.

a. Find P. Interpret your result.

b. Use part a to decide which column (size | or
size Il) represents the actual data for the size of
countries listed on the next slide.
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Example 8: Benford’s Law (o5

Country Size | Size ll
Afghanistan 608,239 645,807
Albania 29,562 28,748
Algeria 2,481,743 2,381,741
American Samoa 201 197
Andorra 465 464
Angola 997,852 1,246,700
Anguilla 98 96
Antarctica 15,207,012 | 13,209,000
Antigua & 445 442
Barbuda

Antilles, 801 800
Netherlands

Arabia, Saudi 2,250,790 2,149,690
Argentina 2,875,510 2,777,409

Country Size | Size ll

Armenia 29,851 29,743
Aruba 201 193
Australia 7,801,663 | 7,682,557
Austria 83,760 83,858
Azerbaijan 86,640 86,530
Bahamas 20,112 13,962
Bahrain 695 694
Bangladesh 99,763 142,615
Barbados 423 431
Belarus 207,599 207,600
Belgium 31,618 30,518
Belize 23,105 22,966
Benin 99,879 112,622
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Example 8: Benford’s Law o5

Country Size | Size ll
Bermuda 54 53
Bhutan 47,560 46,650
Bolivia 998,582 1,098,581
Bosnia and 49,857 51,129
Herzegovina

Botswana 601,780 581,730
Bouvet Island 48 49
Brazil 8,645,521 8,544,418
British virgin Islands 201 151
Brunei Darussalam 6,123 5,765
Bulgaria 99,949 110,994
Burkina Faso 269,013 267,950
Burundi 27,735 27,834
Cambodia 201,137 181,035

Country Size l Size ll
Cameroon 485,447 475,442
Canada 9,976,231 | 9,976,137
Cape Verde 4,121 4,033
Cayman Islands 260 259
Central African 623,541 622,436
Republic

Chad 999,494 | 1,284,000
Chile 756,589 755,482
China 9,806,441 | 9,806,391
Christmas Island 241 135
Cocos(Keeling) 21 14
Islands

Colombia 986,779 | 1,141,748
Comoros 2,001 1,862
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Example 8: Benford’s Law (4.5
Solution
a. P zlog(m+1)—logm

P =log?2-logl

=log?2
~ 0.301

This means that about 30.1% of the data is
expected to have 1 as the first digit.
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Example 8: Benford’s Law (.5

Solution

b. We count the number of countries having 1 as
the first digit in the columns with headings Size |
and Size Il. We find the following:

Number of countries with 1 as the first digit:

Size | column = 1
Size Il column = 16

30% of 50 countries =(0.30)(50) =15. So size I
column represents the actual data.
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Natural Logarithms

The logarithm with base e is called the
nhatural logarithm and is denoted by In x.

That is, In x =log, x. Thus,
y=Inx(x>0)ifand only if x=¢".

Applying the basic properties of logarithms

1. lne=1

2.In1=0

3. loge® = x. x any real number

4. ™ =x, x>0
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Example 9: Evaluating the Natural
Logarithm

Evaluate each expression.

a. Ine* D. ln%5 c.In3

o
Solution

3. Ine* =4

b. lnL —lne* =-2.5

2.5
€

c. In3~1.0986123 Use a calculator.
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Continuous Compound Interest

Exponential Form Logarithmic Form

A

A= Pe" IHEZI’ZL
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Example 10: Doubling Your Money i o 2)

a. How long will it take to double your money if it earns
6.5% compounded continuously?
Solution

a. If Pdollars is invested, and you want to double it,
then the final amountis A =2P.

(Aj In2 = 0.065¢
In| — |=11
P In2 B
In 2—P = (0.065¢ 0.065
P t ~10.66

It will take about 11 years to double your money.
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Example 10: Doubling Your Money (o2

b. At what rate of return, compounded continuously,
would your money double in 5 years?

Solution
ln(éj:ﬂ In2 =5
P ln2_r
2P 5
In| == | = r(5
n(})j ") r ~0.1386

Your investment will double in 5 years at the rate
of 13.86%.
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Newton’s Law of Cooling

Newton’s Law of Cooling states that

Exponential Form 7' =T + (T, -7, )e™
I(1)-T, ) o
I, —1,

where T is the temperature of the object at
time t, T, is the surrounding temperature, and
T, 1s the value of T at t= 0.

Logarithmic Form ln(
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Example 11: McDonald’s Hot
Coffee (13

The local McDonald’s franchise has
discovered that when coffee is poured from a
coffeemaker whose contents are 180°F into a
noninsulated pot, after 1 minute, the coffee
cools to 165°F if the room temperature Is
/72°F. How long should the employees walit
before pouring the coffee from this
noninsulated pot into cups to deliver it to
customers at 125°F?
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Example 11: McDonald’s Hot
Coffee (o3

Solution

Use Newton’s Law of Cooling with 7, =180
and 7. =72 to obtain

In 165-72 _1nl 22 93 1
108 —72 108

k = —ln( 03 j
108
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Example 11: McDonald’s Hot
Coffee o3

Solve for twhen T = 125.

(125—72) (53) (93)
In =In —| —In| — | |-¢
108 108 108

The employee should
wait about 5 minutes.

1~4.76
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